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LO1 NOI DAU

G vi xF Iy 1ching ta d2 khdo sat cac vi xt Iy co bén & bit clia NTEL v& Ziog va vi didu khién
ho MCS 51 chii y&u 15 AT8OCS1 hay mdi hon 15 ATSOCH! va ATBIS51 hogc ATSOSH2.

Do méi bét déu tié’p can nén viéc gidng day cho nguoi hoc cac loai vi xif Iy va cac loai vi didu
krign & trén 1B phl hop vE ndi dung va tao digu kién thugn 11 d€ ngudi hoc d& tip can véi chi phi
dhu tu thip vi céc vixt Iy va chc vi dibu khién db cb g4 thanh khbng cao.

Sau khi d2 ndm bt dugc cac kién thic co ban clia vi xF Iy 1thi ngudi hoc d& diing ti€p can
Vi chc vi xd ¥ vi diéu khién marh hon, tich hap rhiéu chic ning hon a€ gii quyét chc yéu chu thyc
t& da dang hon r4t rhiéu

Trong t3i léu ndy o ¢idi thiéu vi didu kién ho PIC cfia hzing Microchip duqc sif dyng rit nhiéu
trong chc thiét bj diéu krién cong nghiép.

T3i lu dugc chia l3m 3 chuong chuong 1thiét k& cAc ting ding ding vi digu khién ho AT89S
Y céc yéu cu thyc t&. Trong chuong ndly téc gid duara cc yéu ciu didu krién trong thyc té va
huéng dBin phén tich yéu chu, céc thiét k& va vit cac chuong trivh Qua céc bai thiét k& ndy rhiim
giip cho ngudi hoc biét chch thiét k& mdt hé thdng tit yéu cAu thyc t&.

Chuong 2 gidi thigu vé vi diu kién PIC chii y&u 13 chip 1BF877A dang duqc sif dung rhiéu
Trong chuong ndy gidi thiéu cAu triic, cac khbi tich hap bén trong

Chuong 3 giéi thiéu vé ngdn ngt Bp trinh cho PIC va ¢idi thigu chc mach 18p trinh cho PIC va
céc chuong trivh vi dy rham gilp ngudi hoc 13m quen véi PIC.

Haing ATMEL ¢6 rhiéu vi diéu khién nhu ho AVR va ho ATMEGA cling cb céc tirh néng marh
rhu o PIC 3 trivh by & trén va hiing MOTOROLA ciing cb céc vi diu khién dugc st diing khé phé
bién nhur do thdi gian mdn hoc cb han nén téc g khbng trinh by.

Xin c&m on cAc ban bé dbng nghiép v& c4c ban sinh vién d2 t8t nghiép déng gbp vao t2p gido
trinh ny.

Moi dbng gbp x8y dung xin hdly g&i vé theo dia chl phu_nd@yazhoocom - xin chan thanh cam
on.
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Chuong 1. THét k& céc Ling dung ding vi diéu krién. SPKT — Nguy8hn Dinh Phii ‘

LIET KE CAC HINH

Hinh 1-1. s6 do khéi cGa hé thong.

Hinh 1-2. S d6 nguyén ly.

Hinh 1-3. S6 dd khéi cba hé théng.

Hinh 1-4. S6 dd diéu khién 1 chan cda IC.

Hinh 1-5a. SG dd ké&t ndi vi diéu khién 1 véi IC chét.

Hinh 1-5b. SG dd két ndi cac dudng tin hiéu diéu khién véi socket 18 chan.
Hinh 1-5¢. S0 d6 ké&t ndi vi diéu khién 2 véi LCD va ban phim ma tran.

2 Vit Iy




Chuong 1. THét k& céc Ling dung ding vi diéu krién. SPKT — Nguy8hn Dinh Phii

BAI THIET KE SO 1:
“DO DONG PIEN GIQ CAO PIEM
VA GIO THAP PIEM ”.

PAT VAN DK

Trong hé thdng cung cip dién thi viéc thay d6i tdi dién ra lién tuc va c6 2 khodng thgi
gian trong mot ngay d6 13 thdi gian cao di€m va thdi gian thap di€m.

Thai gian cao diém vao khodng 18 gid d&€n 20 gid va cao diém nhat 1a 17 gid — khi d6 tat
c4 moi ngudi st dung rit nhiéu thiét bi dién trong sinh hoat gia dinh — dong dién dat d&n dinh
di€ém trong ngay va lam gidm dién 4p va néu cong sudt cung cip khong dd sé& sinh ra hién
tugng qud tdi — lam hu hdng thi€t bi cung cip, mat dién va giy thiét hai.

Thdi gian thip di€ém vao khodng 2 gid sdng khi moi ngudi da yén gidc ngl va tit cd cdc
thi€'t bi sinh hoat di tit — dong dién ha thdp nhi't trong ngdy va dién 4p c6 ting trd lai.

Céc k§ su va cong nhin trong cdc nha mdy, tram phan phdi, tram cung cAp can phdi khio
sat va nim bit dudc su bi€n dong d6 dé€ ki€m sodt chiing, tranh sy qda tdi gdy thiét hai cho
thi€'t bi dién.

Mot s cdc tram dién phdi yéu cAu nhin vién truc tram ti€n hanh do dong dién tai cdc
bi€n 4p vao thdi diém gid cao di€m va gid thap diém d€ thong ké, dé ki€m so4t.

Viéc do dong dudc ti€n hanh vao ban dém va trén nhitng tru dién cao & nhitng noi xa thi
rit khé khin va nguy hiém dén tinh mang nhan vién.

GIAI QUYET VAN PE

Véi mdy do dong tu dong luu lai gid tri do trong mot thang, 2 thang hodc nhiéu hon sé&
gitip cho nhan vién c6 thé di 14y k&t qui do vao ban ngay an toan hon va néu két qua do chinh
xdc va mdy do c6 thé giao ti€p véi mdy tinh thi dif liéu c6 dudc hoan toan chinh x4c, néu cé
thém chuong trinh vé bi€u dd hay thong ké s& gitip ddnh gid su bi€n thién clia tdi va ddnh gid
cong suit cung cip clia bi€n 4p hay dudng diy c6 di cong suit hay khong va khic phuc nhanh.

1 THET KE 50 90 kHBI DA HE THONG:

S db khoi clia mdy do do ngudi nghién cttu thi€t k& nhu hinh 1:

Vixd ly 3




‘ Chuong 1 Thigt k& céc ting dung ding vi didu khién. SPKT — Nguy8hn Dinh Phii

2

déng

Mach
chuvén
doi
ADC

Bién

Hinh 1-1. so d6 khéi cOa hé thong.

PHAN TiCH CHIC NANG CAC KHOE

. Khoi bién dong dién:

Véi mot dong dién cung cAp rat 16n dé€ c6 thé do dugc ching ta phdi st dung bién
dong dé€ chuyén ddi dong dién cao thanh dong dién thdp hon nhiéu 1an tuy thudc vao
hé s6 clia bién dong.

Viéc lwa chon bién dong dé€ thuc hién tiy thudc vao dong dién dang do nim trong
khodng nio va dap ng clia mach dién tir ADC c6 thé 1a bao nhiéu.

. Khoi x( ly tin hiéu:

Tin hiéu clia cudn thi cip thudng mic ndi ti€p véi mot dién trd d€ chuyén ddi dong
dién thanh dién 4p va néu bing vdi dién dp chuyén d6i cia ADC thi khdng xi 1y nita
va néu chua bing thi phdi xit Iy cho bing cdch st dung thém mach khuéch dai hoic
mach han ch€ bién do.

. Khéi chuyén déi ADC:

Tin hiéu do dang tuong tu phdi dugc chuyén thanh tin hi¢u s6 dé c6 thé hién thi va luu
trit — giao ti€p vdi mdy tinh . Bo chuyén ddi ADC st dung cang nhiéu bit cang tot.

. Khdi hién thi va ban phim:

Kh&i nay hién thi cdc thong tin do dugc dé kiém tra diing hay sai.

Ban phim ding d€ ra 1énh nhim xem lai k&t qué do.

. Khéi nhé:

Khdi nay ding d€ luu lai cdc gid tri ¢ do dudc trong vong mot thang hoic nhiéu
thang tuy thudc vao bd nhé dang st dung c¢6 dung lugng 16n hay nhd.
Khoi thai gian thyc:

Viéc do dong dién thuc hién vao ding 2 khodng thdi gian 19 gid va 2 gid trong tat cd
cdc 1an do. Khdi nay tao ra thdi gian thuc hoat ddng nhuw mot ddng hd thuc va van hoat

Vixt ly




Chuong 1. THét k& céc Ling dung ding vi diéu krién. SPKT — Nguy8hn Dinh Phii

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

g. Khéi diéu khién:

e Kh&i nay 1a thanh phin chinh trong hé thdng sé& diéu khién khoi ADC thyc hién qia
trinh chuyén d6i tin hiéu twong tu thanh tin hiéu s6 — luu trit dit liéu vao bd nhd — hién
thi k&€t qua ra man hinh va giao ti€p véi mdy tinh.

3. THETKE MACH

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

Khdi diéu khién dudc chon 1a vi diéu khi€n 89S52 c6 32 dudng diéu khién IO va dung
lugng bo nhd 1a 8 kbyte, c6 giao ti€p ndi ti€p véi mdy tinh.

Khdi ADC dugce chon 1a ADC 12 bit 7109. V6i 12 bit nén cap chuyén ddi c6 4096 cip —
diéu nay phit hop vdi sy thay ddi kha 16n ctia dong dién can do.

Khdi 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.

Khdi b nhd: k&t qlia do nim trong pham vi 4095A nén s6 bit can sit dung d€ biéu dién
k&t qua do nay la 16 bit — 2 byte, mot ngay do 2 1an va st dung 4 6 nhé byte dé lvu trit . Mot
thang 31 ngay s& st dung 124 6 nhd byte dé€ luu vdi s& lugng bd nhd nhu vay st dung loai bo
nhd ndi ti€p ho 24C08 c6 dung lugng 1kbyte = 1024 6 nhd byte.

Khd&i ban phim chi diing d€ xem lai k&€t qud do nén ta chi cAn diing 2 phim dé doc 1an ludc
tirng k€t qud do da luu trong bo nhd.

Kh&i thdi gian thuc st dung IC Dallas DS12C887. Chiing ta phdi st dung dong hd thdi
gian thuc dé vi ching hoat dong chinh xdc va vin hoat dong khi mit dién, viéc do dong véi yéu
cau phai theo ding gi di qui dinh va dé gidm b6t sy phiic tap clia chuong trinh nén gidi phap
stt dung dong hd thuc 12 tot nhat.

Kh&i ngudn cung cidp gdbm c6 ngudn +5V va — 5V.

Tir sd d6 khdi va cdc linh kién did chon ta phdi nim 16 hoat dong clia tirng linh kién va
cach k&t ndi sau d6 ta ti€n hanh thi€t k& so d6 nguyén 1y cho hé thdng.

Sd d6 mach clia hé thong nhu hinh 2.
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Chuong 1. THét k& céc Ling dung ding vi diéu krién. SPKT — Nguy8hn Dinh Phii

Sau khi da thi€t k& xong ta ti€n hanh vi€t luu do va chuong trinh diéu khi€n cho mdy do.

Luu do:
Begin

A4
Khéi tao LCD. Truyén di ligu.

>
A

A

Doc théng s6 thgi gian thyc: thang ngdy gid
Tinh toan dia chi luu di liéu do vao bd nhé

Kiém tra gié cao
diém, thép diém

Kiém tra truyén di
lieu vGi may tinh

Tién hanh truyén di liéu vé Tién hanh do déng.
may tinh. Luu két qua do vdo b nhé.
P Y v
end

Dua vao luu d6 diéu khién ta ti€n hanh vi€'t chuong trinh cho hé thong do.

XXX KHXIXXIXIIEKKKKIKIIIXEXEKKKHKXXXIXXEKEKKHKHKHIXXIIXIXIXKIXKHKHKIXIXIXIXIXKXXXXXXKXKXXK
;chuong trinh dong dong gio cao diem thap diem
XXX KKKXXXXXIXKKKKKXXXIXEXEKKXKKHKHXXXIXIXIXKKKKXXXXXIXXKXXXXXKXKXK
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 ré

kgbytel equ 11h
kgbytehequ 12h

bienmode equ 10h

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

;bang phan chia bo nho 24C08 de luu tru ket qua do

tu ngay 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 1
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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 luu 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 luu ket qua do gio thap cao ngay 4

; 050H -> 051h luu ket qua do gio thap diem ngay 5
; 052H -> 053h luu 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 luu ket qua do gio thap diem ngay 8
; 082H -> 083h luu ket qua do gio thap cao ngay 8

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

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

;tu ngay 11 den ngay 20

; 110H -> 111h luu 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 luu ket qua do gio thap cao ngay 12

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

; 140H -> 141h luu 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 luu ket qua do gio thap diem ngay 16
; 162H -> 163h luu ket qua do gio thap cao ngay 16

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

; 180H -> 181h luu ket qua do gio thap diem ngay 18
; 182H -> 183h luu 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 luu ket qua do gio thap diem ngay 20
; 202H -> 203h luu ket qua do gio thap cao ngay 20
;tu ngay 21 den ngay 30

; 210H -> 211h luu 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 luu ket qua do gio thap diem ngay 25
; 252H -> 253h luu ket qua do gio thap cao ngay 25

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

; 270H -> 271h luu 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 luu 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

19,0,0,0,0,0,0,0,0,0,0,0,0.0.9.0,0.0,0,0.0,0,0,0.0.00.000,000.000.000,000,000000,000000.000000,000,0000000 004

org 0000h
sjimp  mmain
org 0023h
limp  ngatnhan

19,0,0,0,0,0,0,0,0,0,0,0,0,0.9,0,0.0,0,0.0,0,0,0.000.000,000.000000,000,000000,000000,000000,000,000,000,0004

:chtrinh chinh
S XXOOXKHHKHKHKXXXIIIIKHKHKKXXXXXEXEKKKKKXXIXEEKKXHKHKKKXIIXIXIKHKHKHKKXXIIIXIXKXKXXXXXKXKXK
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 giua 2 vdk

Icall khoitao_lcd ;goi chtr khoi tao LCD

Icall copydata1 ;copy du lieu hien thi 1
main3: Icall docdongho ;goi chtr con doc thoi gian

Icall giaima ;goi 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,main1 ;kiem tra gio thap diem

cjne phut,#0h,main1 ;kiem tra gio thap diem

cjne  giay,#0h,main1 ;kiem tra gio thap diem

limp  dogio_thapdiem ;nhay den do dong gio thap diem
main1: cjne gio,#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

limp  dogio_caodiem ;nhay den do dong gio cao diem
main2: jb pmode,main3 ;kiem tra phim mode

jnb pmode,$ ;cho buon phim
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mov
ljmp

bienmode,#1
main3

;do binh thuong nhung hien thi ket qua do trong bo nho
;nhay ve lai tu dau

19.9,0,0,0.0,0,.0.0,0,.0.9,0,0.0.0,0.0.9,.0,.0.0.0,0.00,0.00,0.00,0.09,0090,0000000000,00000000000900090000000004

dogio_thapdiem:

mov
anl
swap
mov

mov
anl
swap
mov

Icall
Icall
Icall
Icall

limp

a,ngay
a,#0f0h
a

dph,a

a,ngay
a,#0fh
a

dpl,a

docadc7109
luuketquado
hex_to_bcd
giaima_kqgdo
main3

;ket qua do vao a

;giu nguyen hang chuc ngay
;chuyen xuong 4 bit thap
;chuyen sang cho dph

;ket qua do vao a

;giu nguyen hang don vi ngay
;chuyen len 4 bit cao

;chuyen sang cho dpl

;goi chtr con doc du lieu so tu ADC 7109

;goi giai ma ket qua do

19,0.0.0.0.0.0.0.0.9.9.0.0.0000.099.900000000000009000000000000000000000000000000000000004
dogio_caodiem: mov

anl
swap
mov

mov
anl
swap
add
mov

Icall
Icall
Icall
Icall

limp

a,ngay
a,#0f0h
a

dph,a

a,ngay
a,#0fh
a

a,#8
dpl,a

docadc7109
luuketquado
hex_to_bcd

giaima_kqdo

main3

;ket qua do vao a

;giu nguyen hang chuc ngay
;chuyen xuong 4 bit thap
;chuyen sang cho dph

;ket qua do vao a
;giu nguyen hang don vi ngay
;chuyen len 4 bit cao

;chuyen sang cho dpl

;goi chtr con doc du lieu so tu ADC 7109

;goi giai ma ket qua do

19,0,.0.0.0.0.0.0.0.9.9.0.0.0000.099.900000000000009000000000000000000000000000000000000004
;chuong trinh con doc gio phut giay
OOKXRXRX XXX XXXIIXXXXXXXXXXXXXKKKKKKKHXKXHXXXKXKXXXKXXXXKX

docdongho: mov r0,#0
movx a,@r0 ;doc giay
mov  giay,a
mov r0,#2
movx a,@r0 ;doc phut
mov phut,a
mov  r0,#4
movx a,@r0 ;doc gio
mov  gio,a
mov r0,#7
movx a,@r0 ;doc ngay cua thang
mov  ngay,a
mov r0,#8
movx a,@r0 ;doc thang
mov  thang,a
ret
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S XOOOXIKHKHKHKHXXXXIIIIKHKHKKXXIIIXIXEKKKKXKXXXXEEKKHKHKHKKXXIXIXIXKHKHKHKKXXXXXEXKXXXXXXKXKXK
;chtr con giai ma thoi gian doc
XXX KHXIXXXIXIXKKKKKIKIIXEXEKKKKHKXXXIXXEKEKKKKHKXXIIXIXIXKKKKKXXXXIXIXKXXXXXKXKXK

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,#0fh
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,#0fOh

swap a

add a,#30h

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

mov  a,giay

anl a,#0fh

add a,#30h

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

OOXXXXXIXHXHXKKXXIIXIIXKXKKKXXXIXEXXKXKKXXIX I HXKKKXXIXIXEXXKKKXXKXXXXXXXKXXKXK
;chtr con chuyen ket qua do duoc: kgbytel, kgbyteh sang so BCD
XOOOXXIKHHKHKHXXXIIIXIIKHKHKKXXXXXEXEKKKKKXXXXEEKXHKHKHIKXXIXIXIXKHXHKHKKXXXXXEXKXXXXXXKXKXK

hex_to_bcd:
mov  a,kgbyteh
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  r1,kgbytel
cjne r1,#0,hex1
ret
hex1: mov a,18h
add a,#56h
da a

mov 18h,a
mov a,19h
addc a,#2
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da a

mov 19h,a

djnz r1,hex1

ret
XXX KHHKXXIXIXKKXKKKXXXIXIXKKKKKXXXIXXEXEKKKKHKXXXIXIXXKKKKKXXXIXIXXKXXXXXXKXK
;chtr con giai ma ket qua do duoc: kgbytel, kgbyteh
SOOXXXXIKHXHKHKKXXIIXIIXKXXKXXXIXEEKKKKKKXIIX I KKKXXXIXIXEXKXKKKXKIX XXX XXKXXKXK

giaima_kqgdo: mov  a,19h ;byte cao
anl a,#0f0h
swap a
add a,#30h

mov  48h,a

mov a,19h

anl a,#0fh

add a,#30h

mov  49h,a

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

swap a

add a,#30h

mov  4ah,a

mov a,18h

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

IXOOOXXKXXXXX XXX XXX XXX KKK KKXKKXKKX KKK KKXKKXXKIKKX KKK XXX KKXKKX XXX KKK KKXXX
;chtr con hien thi thong tin ra LCD MAC DINH KHI KHOI DONG
IXOXXXKXKXXXXKXXKXKKXXKIXKXKXKIXKKXKKXKKXKKXXKXKXKXXXXKXKXKXXKXX XXX XKXKXXKXKXX

COPYDATA1: mov dptr#fldata1 ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

fldata1: DB ' !

fldata2: DB 'DONG: !

SOOI XKXXKXKXKKXKXXKXXKKXKKXKKXKKXKKXKKIKKXKKIKXKIKX XXX KKX XXX XKXXXXXX
;lay du lieu tu bo nho chuong trinh vao bo nho ram
IXOOOXXKXKXXXX XXX XXX KKXKKX XXX KKXKKXKKXKKXKKXXKIKKX KKK XXX XXX XXX XXX KKK KKK XX
copydata: mov r0,#30h

mov r1,#0

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

OOKKKKKKEXRXEEXRXRXRXRXXXXXXXXXXXXXXXXXXXXXKKKKKKKKKKKKXKKKKXKXKKXKKXKXXK
;Chuong trinh con hien thi noi dung tren LCD cua2 vung nho

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

POOOKKKEX XXX KRR XXXIXXXXXXXXXXXXXXXXXOKKKKHXXXKXKKXKXKXKKXKXKXK

hienthichung: MOV  A#080h ;set DDRAM
LCALL KTAO
mov r1,#16
MOV RO#30H
fline: Icall Write
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djnz r1,fline

mov a,#0c0h :set DDRAM
LCALL KTAO
mov r1,#16
MOV RO,#40H
sline: Icall Write
djnz r1,sline
ret

19,:9.0.0.0.0.0.0,0.9.0.0.0.000.0,0.0.9.9.0000000.000000000000000000009000000000000000000¢
;chtr con goi data hien thira LCD
POOKXRXRX XXX XXX XXXXXXXXXXXXXXXXXXXKKKKKHXKHXXXKKKKXKXKXKKXKXKXK

write: MOV  byteout,@RO
Lcall data_byte
inc r0
reT

19,0,.0.0.0.0.0.0.0.9.9.0.0.0000.099.9000090000000009000000000000000000000000000000000000004
;:chtr con khoi tao LCD

;chuong trinh dieu khien LCD 16X2 tren kit vi dieu khien LOAI NHO
IXOOOKKXXKXXKXXKXEXKXXKXXKXXKKXKKXKKXKKXKKXKKIXKKXXKIXKXKIXKXKXX KKK XX KXXKXXXX

E BIT P3.5
rw BIT P3.6
rs BIT P3.7
byteout equ p2
khoitao_lcd: mov 0a2h,#0
LCALL khtaolcd :khoi tao Icd
ret

XOOOXXKXXKXX XXX XXX KKXKKXKKXKKX KKK KKK KKXKKXKXKKX XXX KKXKKX XXX KKK KKXXX
:chtr con khoi tao LCD
IXXXXXKXKXXXEXKXXKXKXKIXKIXKXXKIXKKXXXXKKXKXKXKXXKXKXKXXKXKIXKXKXXKXXKXXXX

khtaolcd: setb e :Enable
clr rs ‘RS low
clr rw ;RW low
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#Och ;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 XXOOOOKKHKKHXXXXXXEX KKK HXKXXXXIXKKKKHKXKXXIXEXEKKKIKKKKXXXEXKXXKKXXXXXXKXXKXXX
;chuong trinh con khoi tao LCD
OOXXXXIXHXHXHKXKXIIXEEXXKXKXXIXIIKKHKKKKKKIIEEXXKKKKKIX XXX XKKKXXXXX XXX
KTAO: mov byteout,a

Icall command_byte
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RET

SOOI XKXXKXXKKXK KX KKK KKXKKXKKXKKXKKXKKKXKXKKKXKKXKKXKKXKXKXXX
:Feed command/data to the LCD module

XXX XXX XXX KKX KKK XXX KKX KKK KKK KKXKKXKXKXX XXX KKXKKX KKK KKK KKXXX
command_byte:

clr rs ;RS low for a command byte
limp bdelay
data_byte: setb rs ;RS high for a data byte
bdelay: clr w :R/W low for a write mode
clr e
nop
setb e ;Enable pulse
nop
nop

mov byteout,#0ffh ;configure port1 to input mode

setb w :set RW to read

clr rs :set RS to command
clr e ;generate enable pulse
nop

nop

setb e

Icall ddelay100

ret

POOKXRXX XXX XXX XXXXXXXXIXXXXXXXXXXKKKKKXHKHXXXKXKKXKXKXXKXKXKXK
;chuong trinh con delay 4.1 ms
POOOKKKRX XXX XX XXIXXXXXXXXXXXXXXXXXOKKKKHXXXXXKKXKXKXXXKXKXK

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

S XOOOOXKKHKHKHKXXXXXXEXKKKXKXXXXIKKHKHKKXKIIIEXEKKKKKKKXIXIXEXIXXKKXKXXXXKXXKXXX
;chuong trinh con delay 255 microgiay
XXX XKXKXXXIXEX KKK KHKHXKXXIXEXKKXKIKHKXKXXIXEXKXKKXXXXIXXKKXKXXX
ddelay100: mov  7fh,#00

djnz  7f,$

ret
S XOOOOKKHKHKHKHXXXIXIIKKKXKXXXXIKKHKKKXKIXIEXKKKKKKKXXXEXIXXKKXKXXXXXXXXX
;chon va doc du lieu tu 7109 thu 1
XXX XKXKXXXIXKX KKK KHKHIKXXIXEXKKXKIKHKXKXXXEXKXKXXXXXXKXKXKXXX

docadc7109: clIr p3.3 ;cho phep doc
mov kgbytel,p0 ;doc byte low
mov a,#00h ;doc byte cao
mov c,p2.4
rrc a
mov  c,p2.5
rrc a
mov c,p2.6
rrc a
mov c,p2.7
rrc a
mov  kqgbyteH,p0
ret
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OOOKXXXIKXKKXHKXKXIIKKXKXKXKXKKXKXKXKIXKIKKXKXKXKIXKXXIXKXXXKIKXXXXXXKXXKX
;chtr con khoi tao truyen du lieu giua 2 vdk A va B
OOOKXKXIXKKKXXKXKIIIKKXKXKXKKKKXKXKXIKIXKKKKXKXKXKIKKKKXKXKXXIXXXXXKXKXXXX
khoitao_trxd:  mov th1,#0fah

mov  tl1,#0fah

anl tmod,#0fh

orl tmod,#20h

setb  tr1

mov  scon,#50h
setb i

orl pcon #80h
ret

SXOOOXXIKHKHKHKHXXXIIIIIKHKHKKKXIIIXEXEKKHXKXKXXIXEEKKHKHKKKXXIXIXIKHKHKHKKXXIXIXIXEXKXXXXXXKXKXK
;chuong trinh con luu ket qua do
XXX KKK KKKIKXIIEXEKKKHKKKXIXEKEKKKKHIXXXIXIXEKKKKHKXXXXIXIXKXXXXXXKXKK
luuketquado:  Icall ghibyte

inc dptr
Icall ghibyte
ret

ghibyte: ret

docbyte: ret

S XOOOXXIKHKHKHKHXXXXIIIIKHKHKKXXXXIEXEKKKKKXXIXEKEKKHKHKHKKXXIIXIKHKHKHKKXXXIXIXIXKXXXXXXKXKXK
;chuong trinh con truyen ket qua do ve may tinh:
XXX KHKKIXXIXIXIXEKHKKKKKIXIIEXEKKKKXXIXIIXEEKKHKHKHIKXIXIXIXIKKIXKHKHKXXXIXIXIXKXXXXXXKXKK
ngatnhan: jnb ri,$

clr ri

mov a,sbuf

cjine a,#35h,ngatend

sjimp  ngatx

ngatend: reti

;goi ngay 1 den ngay 9

ngatx: mov dptr,#010h :dia chi bat dau
ngat2: mov  15h#4 ;50 luong byte cua 1 ngay
mov a,15h
Icall sendbyte
ngat1: Icall docbyte
Icall sendbyte
inc dptr
djnz  1h,ngat1
mov  a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;xoa 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,ngat2
;goi ngay 10 den ngay 19

mov dptr,#100h :dia chi bat dau
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ngata2:

ngata1:

mov
mov
Icall

Icall
Icall
inc

djnz

mov
anl
swap
inc
swap

mov
cjine

15h#4
a,15h
sendbyte

docbyte
sendbyte
dptr
1h,ngata1

a,dpl
a,#0
a
a
a

dpl,a
a,#0ah,ngata2

;goi ngay 20 den ngay 29

ngatb2:

ngatb1:

mov

mov
mov
Icall

Icall
Icall
inc

djnz

mov
anl
swap
inc
swap

mov
cjne

dptr,#200h

15h,#4
a,15h
sendbyte

docbyte
sendbyte
dptr
1h,ngatb1

a,dpl
a,#0
a
a
a

dpl,a
a,#0ah,ngatb2

;goi ngay 30 den ngay 31

;S0 luong byte cua 1 ngay

;chuyen dia chi byte thap vao A

;xoa 4 bit thap

;tra lai sau khi tang

;chuyen sang ngay tiep theo

;dia chi bat dau

;50 luong byte cua 1 ngay

;chuyen dia chi byte thap vao A

;xoa 4 bit thap

;tra lai sau khi tang

;chuyen sang ngay tiep theo

mov dptr,#300h :dia chi bat dau
ngatc2: mov  15h,#4 ;S0 luong byte cua 1 ngay
mov a,15h
Icall sendbyte
ngatc1: Icall docbyte
Icall sendbyte
inc dptr
djnz 1h,ngata1
mov a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;xoa 4 bit thap
swap a
inc a
swap a ;tra lai sau khi tang
mov  dpl,a ;chuyen sang ngay tiep theo
cjne a,#02h,ngatc2
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;goi byte 00 de bao ket thuc

mov a,#0
Icall sendbyte
reti

sendbyte: jnb ti,$
clr ti
mov  sbuf,a
ret

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

PAT VAN DE

Thi€t k€ mot hé thong kiém tra IC s6 d€ bi€t IC d6 con hoat dong dugc hay khong, hoic
c6 thé nhan dang ra dudc loai IC s& néu bi mit 6.

GIAI QUYET VAN PE

1 PHANTICH CAc PAC TINH DA IC S8:

Mot trong nhitng dic tinh dién quan trong nh4t ctia IC s6 1a chi ¢6 2 mifc logic 0 va 1. Mic
logic 0 tuong Gng vdi dién dp 0 volt va mic logic 1 tudng tng vdi dién dp 5 volt 1y tudng. VGi 2
trang th4i 1am viéc nén ta c6 thé thyc hién viéc ki€m tra tudng d6i d& dang hon so vdi IC tuong
tu

Céc IC s6 dugc chia ra 1am nhiéu loai nhu sau:

- Céc c6ng logic nhu: and, or, not, nand, nor, ex-or, ex-nor, cdng 3 trang théi.
- Cdc flip flop: flip JK, flip flop T, Flip flop D.

- CécIC d€m BCD, d&€m nhi phan, d€m Ién d€m xudng.

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

- CdcIC gidi ma: m drong sang n dudng, gidi ma led 7 doan.

- Céac IC da hgp, cac IC nhé.
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PE€ kiém tra mot IC s& xem chiing c6 con t6t hay hdng va hdng thanh phan nao trong mot
IC vi mot IC ¢6 thé chifc nhiéu thanh phan nhu IC cdng NOT thi c6 tdi 6 cdng NOT.

D&i vdi tirng IC chiing ta phdi x4c dinh cdc thanh phin c6 trong mot IC va ti€n hanh kiém
tra tirng thanh phan. P€ kiém tra tirng thanh phin ching ta phdi bi€t bing trang thdi hoat dong
ctia ching vi du nhu:

a. Kiém tra cac cdng logic:

C6ng NOT thi ta cho trang thdi ngd vao & mic logic 0 va ki€m tra trang thdi logic clia ngd
ra bing 1 va ti€n hanh ddo trang thdi ngd vao 1a 1 va kiém tra trang thdi ngd ra 1a 0 thi cGng
ndy con tdt. Con néu khong diing trang thai thi cdng nay di bi hdng.

Ti€n hanh ki€m tra cdc cong logic con lai theo cich thifc tuong tng.

Céng AND c6 2 ngd vao A, B va mot ngd ra Y thi ta ti€n hanh ki€m tra theo bang trang
th4i ctia c6ng AND nhu sau:

Céc budc thuc Ngo vao Ngo vao Ngo ra
hién A B Y
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Né&u két qui ki€m tra ding nhu bing trang thdi trén thi cdng AND nay con tt va ti€n
hanh ki€m tra cdc c6ng con lai.

Néu két qua khong diing thi cdng da héng.
b. Kiém tra cac IC dém:

D6i v6i IC dé€m vi du nhu IC7490 thi d6 1a IC d€m BCD ¢6 2 bd d€m doc 1ap : d€m 2 va
dé€m 5 thi ta phai ti€n hanh ki€m tra nhu sau:

e Kiém tra trang thai CLEAR ctia IC.

Ki€m tra bd d€m 2.

Ki€m tra bd d€m 5.

c. Kiém tra cac thanh ghi dich:

D3&i véi thanh ghi dich nhu 74L.S164 thi ta phdi ti€n hanh kiém tra IC theo chifc ning dich
chuyén dit liéu bing cdch tao ra dif liéu va tao xung clock dé dich chuyén dit liéu. Trinh tu
kiém tra nhu sau:

e Kiém tra trang thdi clear cda IC.

e Kiém tra trang thdi dich chuyén dif liéu mic 1.
e Kiém tra trang thdi dich chuyén mic 0.

d. Kiém tra cac IC gidi ma:

DP6i v6i IC gidi ma thi ta cling ti€n hanh tuong tu:

e Kiém tra trang thdi test n€u c6 ctia IC.
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e Kiém tra trang thdi gidi ma clia tirng trang thai ngd vao.

N6i chung chiing ta phai tim hi€u hoat dong cia tirng IC va kiém tra IC con t6t hay da
hdng theo chiic ning hoat ddng clia ching.

2. THETKE 50 DO kHBI VA 50 DO MACH KIEM TRA IC S6;

Phin nay sé& trinh bay cdch thi€t k€ mach dién d€ ki€m tra IC s6 — day chinh 1a van dé
cOt 18i cla yéu cau thi€t k&. Trudc khi ti€n hanh thi€t k& ching ta phdi dit ra cdc yéu cau clia
mach:

e Mach kiém tra IC khong dugc 1am hdng IC trong qué trinh ki€m tra.
e  Mach phai kiém tra dugc nhiu loai IC trén cling mot d€ cai chung.
e Phii ddm bio ki€m tra chinh xdc.

D¢ ti€n hanh thyc hién viéc thi€t k€ mach ki€m tra cdc IC trén cling mot dé€ cai chung
chiing ta phai tim hiu dic tinh dién vio ra clia tirng chan IC.

Céc IC sd dugc tich hgp theo chic ning va s& lugng chan IC tiy thudc vao tirng IC nhu
chiing dugc phin ra lam nhiéu loai nhu sau:

* ICsd 14 chan.
* ICs6 16 chan.
* ICs6 18 chan.
* IC sd 20 chan.
* IC s6 24 chan.
* ICs6 28 chan.

Mot trong cdc vAn dé khé khin nhat Ia cdc IC v6i cdc ngd vao ra la tuy y: d6i v6i IC nay
thi 1 s6 chdn la ngd vao nhu d&i v6i IC khéc thi lai 1a ngd ra. Nén mach dién ki€m tra phai
dudgc thi€t k&€ diy di véi nhiu chic ning: mot chin tin hiéu cda d€ cai c6 thé 1a ngd xuat tin
hiéu, 12 ngd nhin tin hiéu, 12 mass, 12 ngudn cung cAp Svolt.

Cédc ngd tin hiéu phai & mic logic 0 khi gin IC vao kiém tra va lic 14y IC ra khdi mach dé
ddm bao khong lam hong IC.

Tl cdc yéu cau thi€t k& trén ta ti€n hanh xdy dung so dd khdi cdia mach nhu sau:

y 4 y 4
Khoéi

chuyén

Mach di€u mach

khi€n A

Khdéi hi€n
E— -

thi
Khdinhan
lénh
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Hinh 1-3. So d6 khoi cUa hé thong.
Mach diéu khién thyc hién qud trinh ki€m tra st dung vi diéu khién.
Khdi chuyén mach d€ cung c4p tin hiéu cho IC s6 st dung transistor.

Khdi hién thi cho bi€t k&t qua kiém tra, vi ¢6 thé c6 nhiéu thong tin nén ngudi thiét k& si
dung LCD d€ hién thi k&t qua ki€m tra.

Khd&i nhan 1énh stt dung ban phim dé nhap vao cdc thong tin cAn thi€t cho viéc ki€m tra vi
du nhu cin ki€m tra IC s& cdng nand 74LS00 thi hay nhap vao cic thong tin &€ hé thong bi&t IC
dang ki€m tra 12 cdng NAND. Vi c¢6 nhiéu IC nén phai xdy dung mdt bing mi qui dinh hay mot
danh siach lya chon.

Khdi ngudn cung cip chi cin tao ra ngudn 5 volt d€ cung cAp ning lugc cho toan mach
hoat ddng.

Tir so db khdi ta ti€n hanh thi€t k€ so dd nguyén 1y cho hé thong.

Mach diéu khién st dung 89S52 hoic 8958252 c6 bo nhd ndi 8kbyte dé luu trit chuong
trinh. Vi diéu khién c6 4 port xuat nhap 8 bit tdng cong 32 dudng, trong khi d6 mdi mot ngd tin
hiéu c6 thé k&t nGi véi mass, ndi Vee, hodc 1am dudng tin hiéu. Khi d6 so d6 cho mot dudng tin
hiéu phai st dung 3 tin hi¢u diéu khién gdm:

- Mot dudng diéu khién transistor pnp d€ déng ngudn 5V cho mach.
- Mot dudng diéu khién transistor npn d€ d6ng mass OV cho mach.
- Mot dudng diéu khién nhan tin hiéu hoic xut tin hiéu logic.

So @6 mach cia mot chan tin hiéu nhu hinh 2.

=]
As64 | S
X1
C1 T2
cgzs | 2

Hinh 1-4. S6 d6 diéu khién 1 chan cva IC.
T s6 @6 mach clia mot dudng tin hiéu thi ta ¢6 thé tinh dudc:
e Né&u két ndi d€ ki€m tra IC s6 14 chan thi s6 dudng tin hiéu cin thiét 1a 42 dudng.
e Né&u kétndi d€ ki€m tra IC s6 16 chan thi s6 dudng tin hiéu cin thiét 1a 48 dudng.
e Né&u kétndi d€ ki€m tra IC s6 18 chan thi s& dudng tin hiéu cin thi€t 1a 54 dudng.
e Né&u k&t ndi dé€ ki€m tra IC s 20 chan thi s& dudng tin hiéu can thiét 1a 60 dudng.

P& don gidn thi ta gidi han lai yéu cau va chi ki€m tra IC s6 cho 2 loai 14 chan d&n 16
chan va s6 dudng tin hiéu cAn thi€t t5i da 12 48 dudng. PE thém cdc dudng tin hiéu diéu khién
ta c6 thé thyc hién bing nhiéu cich va trong dé tai nay ta chon cach md rong 1a st dung IC
chSt 74573. Viéc két ndi nay sé 1am mat hét 12 dudng diéu khi€n nhung ta c6 thém dugc 32
ngd ra.
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S6 lugng dudng diéu khién con lai cla vi diéu khién 12 20 dudng ta sé& st dung 16 dudng
dé 1am cdc dudng diéu khién 10, nhu vy con lai 4 dudng khong di dé€ k&t ndi v6i ban phim va
LCD nén ngudi nghién ctu st dung thém 1 vi diéu khién thit 2 c6 chitc ning k&t ndi véi LCD
va ban phim va k&t ndi véi vi di€u khién thit nha't qua truyén dit liéu ndi ti€p.

Vi diéu khién thit 2 ¢c6 nhiém vu nhin tin hiéu diéu khién tir ban phim va ra 1énh cho vi
diéu khién thi nha't ti€n hanh ki€m tra va sau khi ki€m tra xong thi phai gdi lai k&t qlia ki€m tra
cho vi diéu khién thit 2 d€ hién thi trang thdi kiém tra trén man hinh.

So db nguyén 1y mach nhu hinh 3a, 3b, 3c.
Trinh ty thyc hién ki€m tra IC do ngudi nghién citu dé ra nhu sau:
Buiéc 1: gin IC vao socket cho ding chiéu qui dinh.

Buiéc 2: ti€n hanh nhap ma ctia IC vi du nhu kiém tra IC 7400 ta ti€n hanh nhip cic s6
7400 roi nhan phim test.

Buic 3: vi diéu khién 2 s& truyén yéu cAu thong tin d&€n vi diéu khién 1 va chd nhan tin
hiéu tra 1i.

Buiéc 5: vi diéu khién 1 ti€n hanh kiém tra va g&i két qua ki€m tra trd lai vi diéu khién 2.

Buidc 6: vi diéu khién 2 nhan thong tin k&t qla trd 18i va hién thi trén LCD.

Buc 7: qua trinh kiém tra két thic.
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‘ Chuong 1. THét k& céc Ling dung ding vi diéu krién.

u khién 1 v&i IC chét.

é

vi di

o

Hinh 1-5a. S6 d6 két n

Vixd Iy

22




Chuong 1. THét k& céc Ling dung ding vi diéu krién.

SPKT — Nguy8hn Dinh Phii

NE18CH
c1t [ g |18_cis
= > 1 1z
C £16
22 I B T
C55 | 5 g5 [ _cia
Cée | : 13 31
L2z 17 12 £l
ces | ¢ 5 [t

s 0
- 8 10 —~
ICé

Hinh 1-5b. Sc d6 két néi ¢

-

ac

dudng tin hiéu di

&u khién véi socket 18 chan .
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P10 P0O0-ADO |32
P11 PO1-ADY |32
P12 P02-AD2 5
P13 P03-AD3 |32 . RS
P14 PO4-AD4 |22 L=, , ) ; ) — 12—
3 P15 POS-ADS |32 — 12— 2 —24 112 2 43 2
> P16 POG-ADS |33 2 43 —34 43 34 43 34
P17 P07-AD7 PIM P13
3 N PIM P1 PIM P5 PIM P9
o2 RST EA F2—>UP3
[ =] =Tl
Zz [JP2 = TXD. ] Po-RXD 0 o | 2 43 —24 F 43 —24 F 43 —4 F 43 —4
o. a RXD__{ p31.1xD PSEN 22 o|©
El i Ayre, s PIM P2 PIM PG PIM P10 PIM P14
O. B pazNTi 15 enoi
grm . 121 veet | = e 1 2 1 == 2
1 35-T1 por-ats 22 2 o7 12 =12 — 112 2o 12 2o
P35 1 P36-WR\ P26-A14 1 D6 43 — F 43 —3 43 —3¢ F 43 —3
P36 17 | p37.RD\ P25-A13 D5
P37 A 11 P P P3 P P7 PIM P11 PIM P15
ﬂ_—m XTAL2 P23-A11 191 o3
14 P22-A10 b2 - —_ = —_
=2 p21-A9 |22 D1 3 ; T2 —5 ‘1 12 —g 11 12 Hg ; 12 —45
STLE 1 P20-A8 Do & 43 3 43 3 43 =3 43 =]
Sl XTAL1 P35 E
P36 RW PIM P4 PIM P8 PIM P12 PIM P16
IC7G§1 8951 P37 4| po
o vée 3 s s
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= o GND
=z
Q.
X
& 8
SN 2
P4
[c]

Hinh 1-5¢. S6 d6 ké&t ndi vi diéu khién 2 véi LCD va ban phim ma tran.

THET KE PHAN MEM:

Sau khi di thi€t k&€ xong cac hé thdng diéu khién 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 lvu d6 cho 2 hé thdng vi diéu khién 1 va 2.
Luu dé va chuong trinh cho vi diéu khién 1:

24
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[ Begin J

Khéi tao truyén du liéu
Khéi tao trang thai tat cho tat ca cac chan cia socket
Béo hiéu san sang - dgi tin hiéu bt tay tU hé théng 2.

.
Lot
Y

Kiém tra nhan tin
higu kiém tra IC

Tién hanh kiém tra theo théng sé
yéu cdu cia vi diéu khién 2.

Y

Luu dé va chuong trinh cho vi diéu khién 2:

Vixd Iy
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[ Begin ]

v

Khgi tqo LCD - hién thi cdc thong tin can thiét.

L

Thyc hién chuong trinh quét phim.

Ki€ém tra ¢6 phim nhin

Kiém tra phim test

g6i ma bat tay dén hé théng 1

X0 1y yéu cdu theo phim sé
(khdng phai l& phim chiic nang)

'

Ki€m tra tin hiéu bit

av

Gdi cdc théng tin dén hé théng 1
Ch& nhin tin hiéu bit tay va nhan két qua

Duva vao luu @6 diéu khién ta ti€n hanh vi€t chuong trinh cho tirng hé thong.

19.9,.0,0,0.0.0.0.0.0.0.9,0.0.0.0,0.09.0.00.0.0.00.0.9000000000900000000000000000009009000900000000 04

;chuong trinh test IC so
IXOOOKKXXKIXKXXKXEXKXXKXXKXXKKXKKXKKXKKXKKXKKIXKXKXXKXXKXKXKXXXXXKXXXXXKXXXX

;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 p0 ;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 luu ma cua IC = 740xxx
23h luu ma so cao de truyen di

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

26
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mov sp,#50h
mov 22h,#00h ;mac nhien la khi khoi dong
mov 21h,#00h ;mac nhien la khi khoi dong
mov 20h,#074h ;mac nhien la khi khoi dong la 74
Icall khoitao_trxd  ;goi chtr con khoi tao truyen du lieu giua 2 vdk
Icall khoitao_lcd ;goi chtr khoi tao LCD
Icall hienthi_lcd ;goi chtr con hien thi thong tin ra LCD
mainia: Icall quetphim ;goi chtr con quet phim
cjine a,#0ffh,main3 ;co phim nhan thi nhay
sjimp mainia ;neu khong co phim nhan thi tiep tuc

19.0,0,0.0,0,0,0.0.0.0.0,0.0.9,0.0.0,.0,0.0,0,00.000.000,000.000000,000,000000,000000.000000,000,000.000,0004

main3: Icall hienthi_Ilcd_key ;goi chtr con hien thi nhan ma so IC
main1i: Icall quetphim ;goi chtr con quet phim

cjine a,#0ffh,main3a ;co phim nhan thi nhay

sjimp  main1 ;neu khong co phim nhan thi tiep tuc
main3a: cjne  a,#10,main4  ;kiem tra phim so
main4: jnc main5 ;cac phim chuc nagn con lai

limp  xuly_phimso ;nhay den chtr xu ly phim so

main5: cjne a,#enter,main2 ;kiem tra phim enter
Icall hienthi_test
limp  xuly_enter ;nhay den chtr xu ly phim enter
main2: cjine a,#pclear,main3;kiem tra phim clear
limp  xuly_clear ;nhay den chtr xu ly phim clear
limp main1 ;nhay den chtr xu ly

XXX KKK KKKKKIIIEKEKKKHKXXXIXEKEKKKKHKHXXXIXIXIXKIXKKHKIXIXIXIXIXKXXXXXKXKXK
;Xu ly cac phim so luu tru vao 2 o nho 21h (byte H) va 22h (byte L)
SOOXXXXXIXHXHXKKXXXXXEIXKXKKKXXXIXEXXKXKKXXIX I XKKKXXIXIXEXXXKKXXKIX XXX XXKXKXKXK
xuly_phimso: push acc ;cat tam noi dung A

mov a,22h

swap a ;

mov 22h,a ;ket qua tu ZVH thanh VZH

clr a ;

mov r0,#22h

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

mov  21h,a ;ket qua (A) = YZH vao o nho 21h

pop acc ;lay lai A

orl 22h,a ;ket qua (22H)=VW: bon 4 thap moi vua vao
xuly_pso1: Icall giaima ;goi chtr con giai ma

Icall hienthichung

limp  main1 ;tro ve chtr chinh

TXOOKXXXIKXKKXKXXXKIKKKKXXXKXKKKKXXXIKKKIXXXKXXKIXKKXKXXXXXKXKXXXXXXKXXKX
;chtr con giai ma
OOKXKXIKIKKXKXKXIIKKXKXKXKKKKXKXKXKIXKKKKXKXKXKIXKIKKXKXKXXKXXXXXKXKXXXX

giaima: mov a,21h
anl a,#0fh
add a,#30h

mov  4dh,a
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mov a,22h
anl a,#0fOh
swap a

add a,#30h
mov  4eh,a
mov a,22h
anl a,#0fh
add a,#30h
mov  4fh,a
ret

POOKXRXRX XXX XXX KKK XXXIXIXXXXXXXXXXXKKKKKKKHXKXXXXKXKXKXKXXKXXKX
;xu ly phim clear bang cach xoa 2 o nho 21h (byte H) va 22h (byte L) ve 00
POOOKKKEX XXX XXIXX XX XXIXXXXXXXXXXXXXKKOOKKKXXXXXXXKXKXKXXXKXKX

xuly_clear: mov  21h,#00h ;Xoa cac thong tin ve 00
mov  22h,#00h
limp  xuly_pso1

POOOKKKEXRX XXX E XXX XX XXIXXXXXXXXXXXXXKKKOOKKKHKXXXXXKXKXXXKXKXKXKX
;xu ly phim enter bang cach goi noi dung 2 o nho 21h (byte H) va
;22h (byte L) sang vdk 1
SOOKKKKKKEKKEKEXEXRXRXRXXXEXXKXXXXXIXXXXXXXXXXXXKKKKKKKKHXKHXHKHXHKHXKKXKKKXKKXKXKXXX
xuly_enter: mov  a,21h ;chuyen byte

mov dptr,#1000h ;nap dia chi 1000h

movc a,@a+dptr :

cjine  a,#0ffh,xuly_en1

Icall hienthi_tbao1 ;hien thi thong bao chua cai dat IC

limp  mainia ;nhay ve chuong trinh chinh
xuly_en1: Icall truyenma ;goi chtr truyen ma kiem tra ic di
limp mainia ;tro ve sau khi xu ly xong

SOOI XKXXKXEXKKXKXXKXXKKXKKXKKXKKXKKXKKIKKXKKKIXKIXXKKXKKXKXXXKXKXKXXX
;chtr con khoi tao truyen du lieu giua 2 vdk A va B
XXX XXX XXKXKXXXKIKKXXKIXKKXKKXKKXKKXXKXKXKXXXXKKXKKXKXX XXX XKXKXXKXKXX
khoitao_trxd:  mov  th1#0fah

mov  tl1,#0fah

anl tmod,#0fh

orl tmod,#20h

setb  tr1

mov  scon,#50h
setb ti

orl pcon,#80h
ret

XXX HKHXHIXXIXIXIXIHKHKHKKIKIIIEXEKKHKHKXXXIXEKEKKKKHKXXXIXIXIKKIXHKHKHKXXXXIXIXKXXXXXXKXKXK
;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
OOXXXXIKHXHXHKKXXIIXXEIXKHXKKKXIIIIEXXKXKKXIIX I KKKKXXIXIXEXHKXKKKXKIXIXXXXXKXXKXK
truyenma: jnb ti,$ ;kiem tra co truyen

clr ti

mov sbuf #0aah ;goi ma bat tay di

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

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

ret
truyenma1: clr ri
mov a,sbuf ;nhan byte bat tay
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cjne a,#0bbh,truyenma4
sjmp  truyenmab

truyenma4: Icall hienthi_tbao3 ;goi thg bao bat tay khong dung

ret
OOXXXXXIKHXHXHKKXXIIXIIXKXKKKXIIIEEXKKKKKXIIXEEXXHXKHKXIIXIXEKKXKKKXKXX XXX XXKXXKXK
;goi ma test cua IC den ht 1

truyenmab: 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
XXX IKKKKXIXXKXKKXKXKXIKKKKIXKXKXXKXKXXKXKXKXXKXKXXXXXXKXXKX
;cho nhan ket qua
XOOOKXXXKKXKKXHKXKXIIKKXXXKXKXKKXKXKXKIXKIKKIXKXKXXKIXKXKXKXKXKXXKKXKXXXXXKXXKX

mov 7dh,#0 ;kiem tra co truyen co delay de
truyenmaa: mov  7eh#0 ;kiem tra co truyen co delay de
truyenma6: mov  7fh,#0 ;thoat khi he thong khong bat tay
truyenma?: jb ri,iruyenma8

djnz  7fh,truyenma7
djnz  7eh,truyenma6
djnz  7dh,truyenmaa

Icall hienthi_tbao5 ;goi thong bao khong co ket qua hoi am
ret

XXX KKK KKKXKIIIEKEKKKHKXXXIXEEKKXHKHKHKXXXIXIXEXKIXKHKHKXXIIXIXIXKXXXXXXXKXXK
;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
SOXXXXXIKHXHXKKXXIIXIIXKXKKKXKXIIEXXKXKKXIIX I KKKKXXIXIXEXKXKKKXKXX XXX XXKXXKXK

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

ret

truyenma9: cjne  a,#0dOh,truyenma10
Icall hienthi_tbao7 ;goi thong bao IC hong
ret

truyenma10: cjne  a,#0cfh,truyenmat1
truyenma11: Icall hienthi_tbao1 ;hien thi thong bao chua cai dat IC ben ht1
ret

XXOOOXXKIX KKK KKKKIKIXIXEXEKKKHKXXXIXXEEKKKKHKKXIXIXIIXKIKKHKIXXXIXIXKXXXXXXKXKXXK
;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 Ofh:

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

S XOOOXIKHHKHKHKXXIIXIIIHKHKHKKXXIIIXEXEKHXKXKXIIXEKEKKHKHKHIKXXIXIXIKHKHKHKKXXIIIXIXKXXXXXXKXKXXK

quetphim:
keypres: mov  r3,#10 ;nhap so dem 10 lan
keypres1: Icall KEY ;Neu co phim an thi co c=1
jc pn1 ;kiem tra tiep neu c = 1
ret ;Neu khong co phim nhan thi co c=0
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pni: djnz  r3,keypres1 ;Quay ve lap lai chong nay

push acc ;Cat noi dung ma phim trong A
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  r3,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

19.9,0.0.0.0.0.0,0.9.0.0.0.000.0,0.0.9.9.00000000.00000000000000000009000000000000000000¢
;Chuong trinh con quet phim
POOKXRXRX XXX XXX XIXXXXXXXIXXXXXXXXXXKKKKKKHXKHXXXXXKKXKXKXXKXKXXXK

key: mov  r7,#0feh ;bat dau voi cot so O(feh)
mov r6,#4 ;Su dung r6 lam bo dem
mov r5,#00
key1: mov  pkey,r7 ;Xuat ma quet ra cot
mov  a,pkey ;Doc lai port1 de xu ly tiep theo
anl a,#0fOh ;xoa 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 r7,a
mov a,r5 ;chuyen ma fim sang cot ke
add a#4
mov r5,a
djnz  r6,key1 ;Neu nhu sau moi lan 1 cot ma khong
clr c ;clr ¢ neu nhu khong co phim duoc an
mov a,#0ffh ;thoat voi ma trong a = FFh
ret
key2: swap a
key4: rrc a ;Xoay sang phai tim bit 0
jnc key3 ;nhay neu (c)=0
inc r5 ;tang ma fim len cot ke
simp  key4 ;tiep tuc cho den khi duoc (C)=0
key3: mov  a,rd
setb ¢
ret

SXXXXXXRXKKXXXXXXIIKK KKK KXXXKIKKK KKK KXIIXKEKKKKKKXXIKKKKK KKK XXIIXKKKKXKX XXX
;goi chtr con hien thi nhap ma so IC
SXXXXXXXXKXXXXXXXXXRXKKKXKXKXKXKKKKKKKXIKXKKKKKXKXIIXKKKKK KKK XXKXKKXKXKX XXX
hienthi_lcd_key:mov  dptr,#tbaoA1_DATA ;nap dia chi bat dau

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

SXXXXXXRXKKXXXXXXIIKK KKK KXXXIIEKKKKKKKXIIXKKKKKKKXXIKEXKKKKKKXXKIXKKKXXKXXXXK
;goi chtr con hien thi dang test so IC

XXX HKHKHXXXXIXIXKKKKKXXXXXIXKKKXXKXXIXKKKKKHKHXXXIXEXKKKKKKXXXXIXKKXXXXXXXK
hienthi_test: mov  dptr,#tbaob1_DATA ;nap dia chi bat dau

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

XXX XXX XKXKXKXXXKXXKXXKIXKKXKKXKKXKKXKKXKKXXXXKXKXKKXKXX XXX XKXXXXKXKXX
;chtr con hien thi thong tin ra LCD MAC DINH KHI KHOI DONG
XOOOKKXKXXXXKXXKXEXKXXKXXKXXKKXKKXKKXKKXKKXKKEXKXKXXXXXKXKXKXXKKXKXXXXXKXXXX
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hienthi_lcd: mov  dptr,#tbao01_DATA ;nap dia chi bat dau

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

SXOXXXXXIKHXHXHKKXXIIXIIXKXKKKXIXXEEXXKKKKXIIX I KKKKXXIXIXEXKXKKXXKXXIXXXXXKXXKXK
;hien thi thong bao chua cai dat IC

S XOOOXXKHKHXHKHKXXIIIIIKHKHKKXXIIIXEXEKKKKXKXXIIXEEKKHKHKHKKXXIIXIXKHKHKKKXXXXXIXKXXXXXXKXKXK
hienthi_tbao1: mov  dptr,#tbao11_DATA ;nap dia chi bat dau

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

S XOOOXXKKHKHKHXXXXXIIIKHKKKXXXIIXEXEEXXKKKXXXXEEKKHKHKHKKXXIXIXIKHKHKKKXXIIXIXEXKXXXXXXKXKXK
;hien thi thong bao khong bat tay he thong 1

XXX KHXIXXXIXIXIKHKHKKXKIXIIXEKEKXKHKHKXXXIXEKEKKHKHKHIXXIIXIXIXKIXKKHKXXXXIXEXKXXXXXXKXKXK
hienthi_tbao2: mov  dptr,#tbao21_DATA ;nap dia chi bat dau

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

SXXXXXXXXKKKXXXXXIIKKKKKXXXXKIKKKKKKKXXXKKKKKKXKXXIKKKKK KKK XXKKXKKKK XXX XXX
;goi thg bao bat tay khong dung
SXXXXXXXXKXXXXXXXXXKXKKXXKXXXKXKKKXXKKXIKXKXKKKKKKXXIXKKKKK KKK XXKXKKXKXKXXXK
hienthi_tbao3: mov  dptr,#tbao31_DATA ;nap dia chi bat dau

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

OOXXXXXIXHXHXHKKXXXIXIIXKXKKKXXXIIEXXKKKKXIIX I HKKKKXIIXIXEXXXKKXXKIXXXXXXKXKXKXK
;goi thong bao bat tay tot

S XOOOXXIKHKHKHKHXXXXXIIIKHKHKKXXXXIEXEKKKKXKXXXXEEKKKHKHKKXXIIXIKHKHKHKKXXIIXXIXKXXXXXXKXXXK
hienthi_tbao4: mov  dptr,#tbao41_DATA ;nap dia chi bat dau

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

S XOOOXIKHHKHKHXXXXIIXIIKHKHKKXXXXXEXEKKKKHKKXXIXEEKKHKHKIKXXIXIXIKHKHKHKKXXIIIXEXKXXXXXXKXKXK
;goi thong bao khong co ket qua hoi am

XXX KHXIXXXIXIXKKKKKXKXXIEXEKKKHKXXXIXXEEKKKKHKHXXIIXIXIXKIX KKK XXXXKXKK
hienthi_tbao5: mov  dptr,#tbao51_DATA ;nap dia chi bat dau

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

SXXXXXXXXKKXXXXXXIIKK KKK KXXXKIKKK KKK KXIIXEX KKK KKK XXIKKXKKKKKKXXKIXKKKKXKKX XXX
;goi thong bao IC tot
SXXXXXXXXKXXXXXXXXXKXKKKXKXXXKXKKKKXKKXIKXXKKKKKKXXIXKXKKKK KKK XXKXXKKKXKXXKK
hienthi_tbao6: mov  dptr,#tbao61_DATA ;nap dia chi bat dau

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

SOOKKKKKKEKRKEXIKEXEXRXEXRXEXEXXXXXXXXXXXXXXXXXXXXXKKKKKKKKHKKHXHKHKKHXXKXKXKXKXXKXKXXX
;goi thong bao IC hong

OOKXRXRX XXX KK XXX XXXXIXXXXXXXXXXXXXKKKKKHXKHXHXXXKXKXKXKXXXXXX
hienthi_tbao7: mov  dptr,#tbao71_DATA ;nap dia chi bat dau

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

OOXXXXXIXHXHXHKKXXXIXIIXKKKKKXXXIEEXXKKKKXIIX KK KKKKXXIXXIXEXHXXKKXXKXXXXXXXKXXKXK
;lay du lieu tu bo nho chuong trinh vao bo nho ram
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19.0,0,0,0.0,0,0.0,0.0.0,0,0.9.0,0.0,0,0.0,0,00.000.000.000.000000,000,000000,000000.000000,000,000000,0004

copydata: mov  r0,#30h
mov  r1,#0
copydata1: mov a,ri
movc a,@a + dptr ;lay data
mov @r0,a :cat data
inc r1
inc r0
cjine  r1,#33,copydata
ret

XK HXKXIXIEKXKXXXXIXIKHKHKKHKXKXXXEXEKKXKKKKKXXXEXKXKKXXXXXXXXXXX
;Chuong trinh con hien thi noi dung tren LCD cua2 vung nho

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

hienthichung: MOV A #080h ;set DDRAM
LCALL KTAO
mov r1,#16

MOV  RO,#30H

fline: Icall Write
dinz  r1,fline

mov a,#0c0h :set DDRAM
LCALL KTAO
mov r1,#16

MOV  RO,#40H

sline: Icall Write
djnz r1,sline

ret
XOOKXKXIIKXKKKXKXKXIKKKXKXKXKKKKXKXKXKKXKKXKXKXKXXKXKXXXKXXXXKXXXXX
;chtr con goi data hien thira LCD
XXX IKKXKXIKXKXKIKKXXXIXKKKIXKXKXXKIXKKXXXXXXXXXKXKXX

write: MOV  byteout,@RO
Lcall data_byte
inc r0
ret

XOOOKKXIXXXXKXXKXEXKXXKIXKXXKKXKKXKKXKKXKKXKKIXKKXKXXXKXKXKXX XXX XX KXXKXXXX
:chtr con khoi tao LCD

;chuong trinh dieu khien LCD 16X2 tren kit vi dieu khien LOAI NHO
OOKXXXIXXKXKXKXKXIKKKXKXKXKXXKXKXKXKKKKXKXKXKXXKKXKXKXKXKXXXKXKXXXXKXXXX

E BIT P3.5
rw BIT P3.6
rs BIT P3.7
byteout equ p2

khoitao_lcd: mov 0a2h,#0
LCALL khtaolcd :khoi tao Icd
ret

IXOOOKKXKXHKXXKXXKXXKKXK KX KKK KKXKKXKKXKKXKKXKKKXKXKXXXXKKX XXX KKXXKXXX
;chtr con khoi tao LCD
IXOOXXKXKXXXXKXXKXKXKXXKIXKXXKKXKKXXXXKKXKXKXKXXKXKXKXXKKIXKXXKXXKXXXX
khtaolcd: setb e :Enable

clr rs :RS low
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clr w ‘RW low

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

OOOKXKXXIKXKKXKXKXKIKKXXXIKXKXKKXKXKXXKIKIKKIXKXKXKIXKXXXXXXXXXXXXXXX
;chuong trinh con khoi tao LCD
XOOKXKXKKKKKXKXKXIIKKXKXKXKKKKXKXKXKIXKKKKIXKXKXKIKKKXXXKXXXXKXXXXX

KTAO: mov byteout,a
Icall command_byte
RET

TXOOOKKXKXKXXKXXKXXKKXKKXKXXKKXKKXKKXKKXKKXXKKXKIXKXXXKKX XXX KKXKKXXX
:Feed command/data to the LCD module

SOOI XKXXKXXKKXK KX KKK KKXKKXKKXKKXKKXKXKKXKXKKKXKKXKKXKKXKXKXXX
command_byte:

clr rs ;RS low for a command byte

limp bdelay
data_byte: setb rs ;RS high for a data byte
bdelay: cr rw ;R/W low for a write mode

cr e

nop

setb e ;Enable pulse

nop

nop

mov  byteout,#0ffh ;configure port1 to input mode

setb rw ;set RW to read
clr rs :set RS to command
cr e ;generate enable pulse

nop

nop

setb e

Icall ddelay100
ret

OOKKKKKKERXEXEXRXEXRXXXXXXXXXXXXXXXXXXXXXXXKKKKKKKKHXKHKKXKKKKKKXKKKXKKXKXXK
;chuong trinh con delay 4.1 ms

POOKXRXRX XXX XXXXXXXXXXXXXKKKKKHXHKXXXKXXKXKXKXXKXKXKXK
ddelay41: mov 7eh,#90h
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del412: mov 7fh,#200
dinz  7fh,$
djnz 7eh,del412
ret

POOKXRX XXX XXX XXX XXIXXXXXXXXXXKKKKKKHXXXXXKKXKXKXKKXKXKXK
;chuong trinh con delay 255 microgiay
POOOKKRXEX XXX KR XXXXXXXXXXXXXXXXXXXXXKOKKKHXXXXXKKXKXKXXKKXKXK
ddelay100: mov  7fh,#00

dinz  7fh,$

ret

XXX IKKKXXIKXKXKIKKXXXIXKKKIXXXKXXKIXKXXXXXXXXXXKXKXX
; Data bytes
OOOKXKXXKKXKKXKXKXIIKKXXXKXKXKKXKXKXKIXKIKKIXKXKXKIXKKXXXXXXXXXXXXXX
FLINE_DATA: DB 'NGUYEN DINH PHU ';,099h

SLINE_DATA: DB 'DAI HOC SPKT HCM';,099h

tbaoa1_DATA: DB 'HAY NHAP MA 3 SO';,099h
tbaoa2_DATA: DB 'CUQI 74XXX'";,099h

tbaob1_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
tbao11_DATA: DB 'IC NAY CHUA CAI ';,099h
tbao12_DATA: DB 'TRONG HE THONG ';,099h

tbao21_DATA: DB 'HE THONG 2 KHONG';,09%9h
tbao22_DATA: DB 'BAT TAY HETHONG1';,099h

tbao31_DATA: DB 'MA BAT TAY TRA ';,099h
tbao32_DATA: DB 'KHONG DUNG -****;,099h

tbao41_DATA: DB 'HE THONG BAT TAY";,099h
tbao42_DATA: DB 'TOT - TIEP TUC ';,099h

tbao51_DATA: DB 'KHONG CO KET QUA';,099h
tbao52_DATA: DB 'TRA LOI -HT2 LOI';,099h

tbao61_DATA: DB 'IC NAY CON TOT ';,099h
tbao62_DATA: DB 'GOODBYE GOODLUCK!';,099h

tbao71_DATA: DB 'IC NAY DA HONG ';,099h
tbao72_DATA: DB 'MONEY-MONEY -BAD';,099h

19,0,0,0,0,0,0,0,0,0,0,0,0,0.9,0,0.0,0,0.0,0,0,0.000.000.000.000.000,000,000000,000000.000000000,000.0000004

;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

19.9,0,0.0.0,0.0.0,0,0.9,0,0.0.0,0.0.9.0.09.0,0.00,0.00,0.00,0.09,0,090,0000000,000,00000000000900000000000 04

org 1000h
db 00h,01h
end
BAI TAP:
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Bai S6° 1: Hay doc datasheet cda bd nhd ho 27Cxx va thi€t k€ mach nap chuong trinh cho bd
loai 27C64 va sau d6 md rong thi€t k& cho cd ho tir 27C16 d&én ho 27C512.

Bai S6° 2: Hiy doc datasheet cia bd nhd ho 27Cxx va thi€t k€ mach nap chuong trinh cho bd
loai 27C64 va sau d6 md rong thi€t k€ cho cd ho tir 27C16 d&€n ho 27C512.

Bai S6°3: Hiy doc datasheet clia vi diéu khi€n 89C51 va thi€t k& mach nap chuong trinh cho vi
diéu khién.

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

the end
return
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Chucng 2

VI DIEU KHIEN PIC 16F877A

TONG QUAN VE VI DIEU KHIEN PIC

MOT SO DAC TiNH CUA VI DIEU KHIEN PIC

VI BIEU KHIEN PIC 16F877A

TONG QUAT VE PICIGF877A
Gigi thiéu
So do khdi
S0 d6 chdn va chic néng cac chén
70 cHic BO NHG
Cau tric bé nhé chuang trinh
Cau troc b nhé di liéu
File thanh ghi két qua téng quéat
Cac thanh ghi ¢6 chdic nang dac biét
Phan trang b6 nhé chucng trinh
Cac thanh ghi dia chi gian tiép, thanh ghi INDF vé FSR
DU LIEU EEPROM VA B0 NHG CHUONG TRINH FLASH
Thanh ghi EEADR va EEADRH
Thanh ghi EECON1 va EECON2
Poc du liéu t4 b6 nhé EEPROM
Ghi dU liéu vao bé nhé EEPROM
Poc di lieu 1t bé nhé chucng trinh Flash
Ghi dU liéu vao bé nhé chuong trinh Flash
Bdo vé chéng ghi nham
Hoat dong trong lic bdo vé chdng ghi
CAC PORT XUAT NHAP ()

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 DNH THOI TMERO

Ngdt cOa Timer0
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Timer0 v6i ngudn xung dém tU bén ngodi
Bo chia trudc

BO PNH THOI TMER1

Hoat déng cla Timerl & ché do dinh thdi

Hoat dong cla Timerl & ché d6 Counter

Hoat dong cUa Timerl & ché d6 Counter dong bd
Hoat dong cva Timerl & ché do Counter bat dong bd

Doc va ghi Timerl trong ché d6 dém khéng dong bd
B dao déng cua Timerl

Reset Timerl si dung ngé ra CCP Trigger

Reset cap thanh ghi TMRIH, TMRIL cUa Timerl

BO DINH THOI TIMER2

Bd chia trudc va postscaler cba Timer2
Ngé ra cba TMR2

KHOI CHUYEN B0 TUONG TU SANG S8 ADC

Ngé ra cba TMR2

Céc yéu cdu nhdn di liéu ADC

Lya chon xung clock cho ADC

Dinh cdu hinh cho céc ngd véo tuong ty cia ADC
Chuyén ddi ADC

Cac thanh ghi lvu két qué cGa ADC

Hoat déng chuyén déi ADC trong ché db Sleep
Anh hudng cba reset

KHOI SO SANH

Hoat dong so sanh

bién ap so sanh

Thai gian dap Gng

Ng6é ra bo so sanh

Ngét cUa bd so sanh

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

Két néi cdc ngd vdo tuong ty

cAc cAu TRiC PAC BET ClIA CPU

CAU HINH BO DAO DONG

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

MACH RESET CPU

Reset MCLR

Reset khi méi cp dién POR

Timer reset khi m&i cap dién (PWRT)
Bo dao dong Start-up (OST)

38
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Reset Brown-out (BOR)
Trinh ty thgi gian
Thanh ghi trang thai/thanh ghi céng suat
HOAT DONG NGAT
Ngat ngodi INT
Ngat TMRO
Ngét PORTB thay déi
Luu dU liéu khi xdy ra ngdt
HOAT DPONG ClA WATCHDOG TMER WDT
HOAT PONG C0A CPU B CHE DO NGU SLEEP
Danh thic cpu khdi ché dé ngd
DPanh thic cpu ding cac ngdt
MACH G0 RO
KIEM TRA CHJONG TRINH/ BAO VE BANG MA
MA NHAN DANG
LAP TRINH TUAN TU CUA MACH TICH HOP BEN TRONG ICSP (vCirat Serid Programing)
LAP TRINH PEN AP THAP IcSP (NGUON BON)
50 DO NGUYEN LY GIAO TEP GIUA MAY TINH VA PIC 16F877A
Mach nap PIC tryc tiép tU cdng COM
Mach nap PIC gian tiép 1 cdng COM qua ic max232
Mach nap PIC qua céng LPT
Bdng va hinh:
Bang 2-1. Céc vi diéu khién ho PIC16F87X.
Béng 2-2. Tom tat dac diém PICI6F877A
Bang 2-3. Lya chon bank thanh ghi.
Bang 2-4. Tom tat cac thanh ghi dac biét.
Bang 2-5. Tom tdt cac thanh ghi dac biét.
Bang 2-6. Tom tdt cac thanh ghi dac biét.
Bang 2-7. Cac bit lya chon hé s6 chia truéc.
Bdng 2-8. Cac thanh ghi st dung cho bd nhé EEPROM.
Bang 2-9. Cac chic ndng cia PORTA.
Bang 2-10. Tom tat cac thanh ghi lién két v6i PORTA.
Bang 2-11. Cac chlic nang cba PORTB.
Bdng 2-12. Cdac thanh ghi két néi v6i PORTB.
Bdang 2-13. Cac thanh ghi két n6i véi PORTB.
Bang 2-14. Cac chic nang cua PORTC.
Bdang 2-15. Cac thanh ghi két n6i véi PORTD.
Bdng 2-16. Cac chic ndng cua PORTD.
Bang 2-17. Cac thanh ghi két n6i v6i PORTE.
Bdng 2-18. Cac chic ndng cua PORTE.
Bdng 2-19. Cac bit lya chon ti 1é bd chia truéc.
Bdng 2-20. Lua chon ty cho bé dao déng.
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Bang 2-21.
Bang 2-22.
Bang 2-23.
Bang 2-24.
Bang 2-25.
Bang 2-26.
Bang 2-27.
Bdng 2-28.
Bang 2-29.
Bang 2-30.
Bang 2-31.

Bang 2-32
Bang 2-33
Bang 2-34
Bang 2-35

Cac thanh ghi cOa Timerl.

Cac thanh ghi coa Timer2.

Cac bit lya chon xung chuyén ddi ADC.
Cac bit diéu khién ADC.

Cac bit lya chon xung chuyén ddi ADC.
Cac thanh ghi ding cho chuyén ddi ADC.
Cac thanh ghi dung cho b so sanh.

Cac thanh ghi ding cho bé tao dién ap chudn.
Chon cac thach anh va tu.

Chon cac thach anh va tu.

Chon cac thach anh va tu.

. Gia tri cua cac thanh ghi khi bi reset.

. Gia tri cOa cac thanh ghi khi bj reset (tiép tuc).
. Cac thanh ghi coa WDT.

. Cac tai nguyén cva mach gé roi.

Hinh 2-1. So d6 chan ho PIC16F87XA.

Hinh 2-2. So d6 khoi PIC16F87XA.

Hinh 2-3. S6 d6 chan

Hinh 2-4. S6 d6 bé nhé chuong trinh va ngan xép.

Hinh 2-5. So d6 File thanh ghi.

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

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

Hinh 2-8. Ghi di¥ liéu khoi vao bd nhé chuang trinh flash.
Hinh 2-9. So d6 mach chan RA3:RAO.

Hinh 2-10.

So d6 mach chan RA4/TOCKI.

Hinh 2-11. S6 d6 mach chan RAS.

Hinh 2-12.
Hinh 2-13.
Hinh 2-14.
Hinh 2-15.
Hinh 2-16.
Hinh 2-17.
Hinh 2-18.
Hinh 2-19.
Hinh 2-20.
Hinh 2-21.
Hinh 2-22.
Hinh 2-23.
Hinh 2-24,

So d6 mach cac chan RB3:RBO.

So d6 mach cac chdan RB7:RBA4.

So d6 mach cac chan RC7:RB5 va RC2:RBO.
So d6 mach cac chan RC4:RB3.

So d6 mach cac chan PORTD.

SJ d6 mach cac chan PORTE.

S do6 khoi cGa timer0 va bé chia trudc véi WDT.
Gidn do thdi gian xung dém cOa Counterl.
S do6 khoi cOa Timerl.

So do khoi cUa Timer2.

S do6 khoi cOa Timer2.

SJ d6 mach cba ngd vao ADC.

Chu ky chuyén ddi ADC.

Hinh 2-25. Cap thanh ghi két qua hiéu chinh phai va trai.
Hinh 2-26. Céc kiéu hoat dong cua bd so sanh.
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Hinh 2-27.

Hinh 2-28.
Hinh 2-29.
Hinh 2-30.

Cac kiéu hoat déng cua bd so sanh.

So d6 mach cua bd so sanh.

SJ d6 mach ngd vdo tuong ty.

So dd khéi mach tao dién ap chudn cho bé so sanh.

Hinh 2-31. Dao dong dung thach anh/tu cdng hudng cau hinh XT, LP hodic 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.

Ngo vao nhdn xung tU bén ngodi cdu hinh XT, LP hodic HS.
B6 dao dong RC.

Sd d6 mach reset trong chip.

Mach reset.

Trinh ty théi gian khi reset POR ¢ ndi MCLR.

Trinh ty thdi gian khi reset POR khong ndi MCLR.

Trinh ty thdi gian khi reset POR khong ndi MCLR.

Sd do logic ca cac ngdt.

So do khéi cba WDT.

Danh thiic cpu bdang cach dung ngét.

Hinh 2-41. Cac dudng giao tiép véi mach nap néi tiép.

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

S dd nguyén Iy mach nap tryc tiép ti cdng COM.

Cac dudng giao tiép véi mach nap nbi tiép qua IC chuyén dai.

S db nguyén Iy mach nap néi tiép t¥ cdng COM qua IC chuyén déi.
S dd nguyén Iy mach nap ding céng LPT.
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. TONG QUAN VE VI BIEU KHIEN PIC

PIC 12 mdt ho vi diéu khién RISC dudc san xuit bdi cong ty Microchip Technology. Thé hé
PIC diu tién 1a PIC1650 dudc phét trién bi Microelectronics Division thudc General — Instrument.

PIC 1a viét tit cia "Programmable Intelligent Computer" 13 mdt sdn phd&m clia hing General
Instruments dit cho dong sdn phaAm dau tién 12 PIC1650. Tai thdi di€ém d6 PIC1650 dugc diung dé
giao ti€p véi cdc thi€t bi ngoai vi cho may chii 16 bit CP1600, vi vay, ngudi ta cling goi PIC véi cdi
tén "Peripheral Interface Controller" — bd diéu khién giao ti€p ngoai vi.

CP1600 132 mdt CPU manh nhung lai y&u vé cdc hoat dong xuit nhap vi vy PIC 8-bit dugc
phét tri€n vao khodng nim 1975 @€ hd trg cho hoat dong xui't nhap ctia CP1600.

PIC ROM dé€ chita mi, mic di khdi niém RISC chua dugc sit dung thdi biy gid, nhung PIC
thuc sy 12 mot vi diéu khién véi ki€n tric RISC, chay mot 1énh v6i mdt chu ky may — gdm 4 chu ky
ctia bd dao dong.

Niam 1985 General Instruments ban cong nghé cdc vi dién tf cda ho, va chid s hitu mdi huy
bé hdu hét cdc du 4n - lic d6 da qud 13i thdi. Tuy nhién PIC dudc b6 sung EEPROM dé€ tao thanh 1
bd diéu khién vao ra lap trinh.

Ngay nay rit nhiéu dong PIC dugc xuadt xudng vSi hang loat cdc module ngoai vi tich hdp
s&n (nhu USART, PWM, ADC...), véi bd nhé chuong trinh tir 512 Word dé€n 32K Word.

n. MOt 56 PAC TiNH CUA VI DIEU KHIéN PIC

Hién nay c6 kh4 nhiéu dong PIC va c6 rat nhiéu khdc biét vé phan citng, nhung chiing ta cé
thé diém qua mot vai nét nhu sau:

= Li CPU 8/16 bit, xay dung theo kién tric Harvard c6 stta d6i.

=  C6 bo nhé Flash va ROM c6 thé tuy chon tir 256 byte dén 256 Kbyte .

»=  C6 cdc cong xuit — nhap (I/O ports).

= (6 timer 8/16 bit.

»  C6 cdc chuin giao ti€p ndi ti€p ddng bo/khong ddng bo USART.

= C6 cdc bd chuyén ddi ADC 10/12 bit.

= (C6 cac bo so sanh di€n dp (Voltage Comparators).

*  C6 cac khdi Capture/Compare/PWM.

»= (o6 hd trg giao ti€p LCD.

»  C6 MSSP Peripheral dung cho cdc giao ti€p I2C, SPI, va I2S.

=  C6 bd nhé ndi EEPROM - ¢6 thé ghi/xod 1€n t6i 1 tri€u 1an.

»  C6 khoi Diéu khién dong cd, doc encoder.

=  C6 hd trg giao ti€p USB.

= (C6 hd trg diéu khién Ethernet.

*  C6 hd trg giao ti€p CAN.

Dic di€m thyc thi toc do cao CPU RISC clia ho vi di€u khi€n PIC16F87XA 1a:
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Chi gdm 35 1énh don.

Tat cd cdc1énh 1a 1 chu ki ngoai tritr chuong trinh con 12 2 chu ki.
T6c do hoat dong:

* DC- 20MHz ngd vao xung clock.

* DC- 200ns chu ki 1é€nh.

Dung lugng clia bd nhd chudng trinh Flash 1a 8Kx14words.
Dung lugng ctia bd nhé dit liéu RAM 1a 368x8bytes.
Dung lugng ctia bo nhg dit liéu EEPROM la 2568 bytes.
Céc dic tinh ngoai vi
e TimerO: 1a b dinh thdi timer/counter 8 bit c6 b chia trugc.
e Timerl: 1a bo dinh thdi timer/counter 16 bit ¢6 bd chia trudc, cé thé€ d€m khi CPU
dang & trong ch& d6 ngd v6i ngudn xung tir tu thach anh hoic ngudn xung bén ngoai.
e Timer2: by dinh thdi timer/counter 8 bit v4i thanh ghi 8-bit, chia truGc va postscaler.
e Hai khdi Capture, Compare, PWM.
= Capture c6 d6 rong 16-bit, dd phan gidi 12.5ns
= Compare c¢6 d6 rong 16-bit, dd phan gidi 200ns
* Do phan gidi 16n nhat cdia PWM 1a 10-bit.
Céc diic tinh vé tuong tu
e C6 8 kénh chuyén ddi tin hiéu twong ty thanh tin hiéu s6 ADC 10-bit.
e (o reset BOR (Brown- Out Reset).
e Khodi so sanh dién dp tuong tu:
= Hai b0 so sdnh tuong tu.
» Kh&i tao dién dp chudn Vggr tich hgp bén trong c6 thé 14p trinh.
* Da hdp ngd vao 1ap trinh tif ngd vao ciia CPU véi dién 4p chudn bén trong.
» Cécngd ra clia bd so sdnh c6 thé truy xudt tir bén ngoai.
Céc dic tinh dic biét cha vi diéu khién:
Bo6 nhé chuong trinh Enhanced Flash cho phép x6a va ghi 100000 1an.
B0 nhé dit liéu EEPROM cho phép x6a va ghi 1000000 14n.
Bd nhé EEPROM c6 thé luu gilt dit li€éu hon 40 ndm va c6 thé tu lap trinh lai duéi su
diéu khi€n clia phAn mém.
Mach 14p trinh ndi ti€p ICSP thong qua 2 chan (In-Circuit Serial Programming).
Ngudn st dung 12 ngudn don 5V cap cho mach lap trinh ndi ti€p.
C6 Watchdog Timer (WDT) v6i bo dao ddng RC tich hgp sdn trén Chip.
C6 thé 14p trinh ma bdo mat.
C6 thé hoat dong & ché do Sleep d€ ti€t kiém ning lugng.
C6 thé lua chon bd dao dong.
C6 mach dién gd r6i ICD (In-Circuit Debug) thong qua 2 chan.
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d. Congnghé CMOS:

Cong nghé CMOS c¢6 céc dic tinh: cong sudt thap, cong nghé bd nhé Flash/EEPROM toc do
cao. Dién 4p hoat dong tir 2V dé€n 5,5V va tiéu ton ning lugng thip. Phi hgp véi nhiét do lam viéc
trong cong nghi€p va trong thuong mai.

Béng 2-1 trinh bay tém tit ciu tric clia 4 loai PIC16F87X.

Program Memory Data ) MSSP ]
Device | | #Single wora {SBRAM E{EZtRez;d Wo | oo E:I:ﬂ {fﬁ;] < | Master | USART aroor |Comparators
Instructions | (BYtes) 1’c
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 211 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 211 2
PIC16F876A | 14 3K 8192 368 256 22 5 2 Yes| Yes Yes 211 2
PIC16F877A | 14 3K 8192 368 256 33 8 2 Yes| Yes Yes 211 2

Bang 2-1. Céc vi diéu khién ho PIC16F87X.
Hinh 2-1 trinh bay so dd chin clia cdc loai PIC16F87XA.

a
o O
. < o
40-Pin PDIP SoBessolsa
CRREREERac
MCLRAVPP —= [T 1 N 40 [ =—= RB7/PGD 883885838300
RAD/AND «—[7 2 39 [T «——= RBEPGC EEEEEEREEE 2
RAT/ANT =—=[] 3 38 [J=—= RB5 44-Pin TQFP Pttt
RAZAN2NVREF-/CVREF w—m [ 4 37 [J=-—= RB4
RA3/AN3/VREF+ =[] 5 36 [] ~—» RB3/PGM OEEEEEEEEEEE
RAA/TOCKICIOUT =[] 6 35 [] «—» RB2 REdL = sEm SoFo <+ REQTIOSOMTICK]
RASB/AN4/SS/C20UT == []7 ﬁ 34 [J=—= RBI1 RO5PSPS == CIT 3 31T = OSCACLKO
REORDIANS =—=[}8 &5 33 [J<— RBOINT ROTier; i PICIGFST4A  somma—— ves
RE1MWR/ANG =—=[11g -1 32 ] -—— /DD Vs — =CId6 PIC16F877A 2811 VoD __
P — — HT1-=—= RE2/CS/ANT
RE2/CS/ANT <— [ 10 E 31 [] =—— Vss e ST EQEH REVVR/ANG
Voo ~Omn 0 30 [J =—= RD7/PSPT SE; :% ?0 545:::“ RASIANA/SS/C20UT
Vss . [12 % 29 [] -=— RDG/PSP6 RBIPGM =TI 11, o o o o o o2 == RA4/TOCKICIOUT
OSCUCLKl —=[T713 -— 28 [J=—= RDSPSPS L z=r2eoos Say
OSC2/CLKO =[] 14 E 27 [] <—» RD4/PSP4 HEHEHEEEEE
RCOIT10SO/TICKI == [] 15 26 [] «—» RC7/RX/DT ittt
RC1T10SICCP2 =— [ 16 25 []=—= RCB/TX/CK 0232888822588
RC2/CCP1 =[] 17 24 [J] -— RCH/SDO Erog g % § BE
RC3/SCK/SCL =——[] 18 23 [J=—»= RC4/SDI/SDA EEQray 2
RDO/PSPD == [] 19 29 [] - RD3PSP3 EE
RD1/PSP1 =[] 20 21 [ =—= RD2/PSP2 ES
T
o

Hinh 2-1. SG d6 chan ho PIC16F87XA.

. Vi DIEU KHIéN PIC 16F877A
1 TONG QUAT VE PCIGFBT7A:

a. Giéi thiéu:
PIC16F877A c6 40/44 chan véi ciu tric nhu sau:
e (6 5 port xuat/ nhap.
e C6 8 kénh chuyén d6i A/D.
e Dugc bd sung céc port tif song song.
e C6 bd nhd gap ndi so véi PIC16F873A/PIC16F874A.
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Béang 2-2 sé& tém tit dic diém PIC16F877A:

bic diém
Tan s6 hoat dong
Reset (va Delay)
B& nhd chuong trinh Flash (14-bit word)
B0 nhé dit liéu (byte)
B6 nhé dit lieu EEPROM (byte)
Cé4c ngudn ngit
C4c port xud't nhap
Timer
Céac module capture/compare/PWM
Giao ti€p ndi ti€p
Giao ti€p song song
Module A/D 10bit
B so sdnh tuong ty
Téap l1€nh

S& chian

PIC16F877A
DC- 20MHz
POR, BOR (PWRT, OST)
8K
368
256
15
CacportA,B,C,D, E
3
2
MSSP, USART
PSP
8 kénh ngo vao
2
35 1énh

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

Bang 2-2. Tom tét dac diém PIC16F877A

b. So dé khéi:
Hinh 2-2 trinh bay so d6 khdi ctia PIC16F877A, sd db khdi clia PIC gdm cdc khoi:

C.

Kh&i ALU — Arithmetic Logic Unit.

Kh6i bd nhé chita chuong trinh — Flash Program Memory.
Khéi bd nhé chita dit liéu EEPROM — Data EPROM.
Khoi bd nhé file thanh ghi RAM — RAM file Register.

Khdi gidi ma 1énh va diéu khi€n — Instruction Decode Control.

Kh&i thanh ghi dic biét.
Kh&i ngoai vi timer.

Khéi giao ti€p noi tiép.

Khd&i chuyén ddi tin hiéu tuong tu sang s6 —ADC.

Khéi cdc port xud't nhap.

So d6 chdn va chic néng cac chén:

So dd chan clia PIC gdm nhiéu loai nhung & day khdo sdt loai PIC 40 chan nhu hinh 2-3.
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B ——— . Datasus PORTA
1.7 raciano
Flash i 4—[<] RAT/AN1
Program by ) <X RAZIANZ2/\VREF-/CVREF
Memory 5 Lovel Stack RAWM i 4—=[X]| RAZ/ANINVREF+
Registers 4—=[%<] RAS/AN4/SS/C20UT
Program | iy
Bus 14 RAM Addr" 4p g FORTE
A MUX RBO/INT
Instruction reg RB1
A AN RB2
‘ | Direct Addr 7 [ glfndrect g RB3/PGM
I ' RB4
FSRreg [<— RB5
j RBE/PGC
s —= Statusreg ::,_I RET/PGD
PORTC
1 l d <+ RCOT10SO/TICKI
Power-up N\ MUX S 404 RC1T10SICCP2
i Timer 4% RC2/CCP1
. y ; <+—%| RC3/SCKISCL
Instruction Oscillator — =
Decode & [ Start-up Timer =1 RC4/SDISDA
Control 4| RC5/SDO
P%wer—?n | RCEMTX/CK
=
: ese W7 [+—=<] RCTRXDT
.| Tming | . - Watchdog
XK=>{ ceneration [<— Timer PORTD
OSC1/CLEKI Brown-out e RDO/PSPO
OSC2/CLKO Reset l—=[<] RD1/PSP1
In-Circuit | RD2/PSP2
Debugger . +—=| RD3/PSP3
Low-\follage il e RD4/PSP4
Programming [ RDE/PSPS
4= RDB/PSPG
<—=<| RD7/PSPT
PORTE
MCLR VDD, Vss [4—[<] REO/RDI/ANS
—> 4—=<] RE1WRIANG
<+—[X] RE2ICSIANT
. y P Parallel
Timer0 Timer1 Timer2 10-bit A/D Slave Port
Il it it 1 I
]L I il 1l 1 1
Voltage
Data EEPROM CCP1.2 Synehronous USART Comparator rotoro
Device Program Flash Data Memory Data EEPFROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A 8K words 268 Bytes 256 Bytes

Hinh 2-2. S6 d6 khéi PIC16F87XA.

Chiic ning cda cdc chian nhu sau:

e Chan OSCI/CLKI -: 12 ngd vao két ndi véi dao dong thach anh hodc ngd vao nhin xung
clock bén ngoai.
= OSCl: ngd vao dao dong thach anh hodc ngd vao ngudn xung & bén ngoai. Ngd vao
c6 mach Schmitt Trigger n€u st dung dao dong RC.

» CLKI: ngd vao ngudn xung bén ngoai.
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e Chin _ -: ngd ra dao dong thach anh hodc ngd ra cAp xung clock.
» OSC2: ngd ra dao dong thach anh. K&t ndi dén thach anh hoic bd cdng hudng.
= CLKO: § ch& @ RC, ngd ra clia OSC2, bing ¥4 tan s6 clia OSCI1 va chinh 13 tdc do
cua chu ki 1énh.

40-Pin PDIP
MCLRNVPE —= [ 1 _/ 40 [J =—= RB7/PGD
RAD/AND =[] 2 39 [] «—= RB&/IPGC
RAT/ANT =—=[] 3 38 [J == RB5
RAZ2JAN2NVREF-/CVYREF .q_p.]: 4 a7 :[.q_p. RB4
RAAN3/VREF+ - =[] 5 36 [] =—= RB3PGM
RA4/TOCKICIOUT =—[] 6 35 [] =—» RB2
RAS5/AN4/SS/C20UT = 7 :t__ 34 [] =—= RB1
REO/RD/ANS =[] 8 I~ 33 [J-=—= RBOJINT
RE1/WRI/ANS =—+[] 9 g 32 [ =—— VoD
RE2/CS/ANT =[] 10 < 31 [J=— Vss
VoD —» [J11 & 30 [J=—= RD7/PSPT
Vss_ . []12 L 29 []<—= RDE/IPSPE
OSC1/CLKI —= [T 13 v~ 28 []=—= RDS/PSPS
OSC2/CLKO ——[] 14 E 27 [] ~—» RD4/PSP4
RCOT10SOMICKI =—w[] 15 26 [ =—= RCT/RX/DT
RCUT10SIICCP2 =[] 16 25 [T =—= RCBITX/CK
RC2/CCP1 =[] 17 24 [ «—= RC5/SDO
RC3/SCK/SCL =—=[] 18 23 [ =—= RC4/SDI/SDA
RDO/PSPD —=— [ 19 99 [ =—= RD3/PSP3
RD1/PSP1 = [ 20 21 [ =—= RD2/PSP2

Hinh 2-3. SG d6 chan
e Chin - .: c6 2 chic ning:
= MCLR:1a ngd vao reset tich cuc mic thap.
*  Vpp: khi 14p trinh cho PIC thi d6ng vai tro 1a ngd vao nhdn di€n dp 14p trinh.
e Chan - .: c6 2 chirc ndng:
» RAO: xud't/ nhap s6.
= ANO: ngd vao tudng ty cia kénh thi 0.
e Chan _:
* RAO: xud't/nhap so.
= ANI: ngd vao tudng ty cia kénh thi 1.
* Chan — @
RA2: xudt/nhap s6.
= AN2:ngd vao tuong tu cia kénh thi 2.
= VREF-: ngd vao dién 4p chuin (thdp) clia bo A/D
CVREEF: dién 4p tham chi€u VREF ngé ra bo so sanh
* Chan _ o)
» RA3: xudt/nhip s6.
* AN3:ngd vao tuong ty kénh thit 3.
= VREF+: ngd vao dién 4p chudn (cao) ciia bd A/D.

» Chan RA4/TOCKI/CIOUT [6):
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» RA4: xudt/nhip s6 — md khi dudc ciu tao 1a ngd ra.
= TOCKI: ngd vao xung clock bén ngoai cho Timer O.
= CIOUT: ngd ra by so sanh 1.
* Chan _ )
RA35: xudt/nhap s6.
= AN4: ngd vao tuong tu kénh thit 4.
= SS: ngd vao chon lva SPI phu.
C20UT: ngd ra bd so sdnh 2.
« Chan - (33):
» RBO: xudt/nhap s6.

* INT: ngd vao nhan tin hi€u ngdt ngoai.

e Chan RBI [@%): xuat/nhap so.
e Chan RB2 [@8): xuatnhap s6.
e Chan RB3/PGC:
» RB3: xudt/nhip s6.
» Chan cho phép l4p trinh dién 4p thap ICSP.

e Chan RB4 (@D, RB5 [B8): xuat/nhap so.
e Chan - -:
* RB6: xudt/nhap s6.
* PGC: mach g& rdi va xung clock 1ap trinh ICSP.
e Chin - -:
» RB7: xudt/nhap s6.
» PGD: mach g& r6i va dit liéu 1ap trinh ICSP.
» Chan REO/PIOCO/TICKI {5}
= RCO: xudt/nhap so.
* TIOCO: ngd vao bd dao dong Timerl.
* TICKI: ngd vao xung clock bén ngoai Timerl.
» Chan REI/TIOSHCCP2 ({6):
» RCI1: xudt/nhap s6.
= TI10SI: ngd vao bo dao dong Timerl.
= CCP2: ngd vao Capture2, ngd ra compare2, ngd ra PWM2.
e Chan _ -:
= RC2: xudt/nhip sd
= CCPI: ngo vao Capturel, ngd ra comparel, ngd ra PWM1
» Chan RE3/SCK/SCL {8\

» RC3: xudt/nhap s6.

» SCK: ngd vao xung clock ndi ti€p ddong bd/ngd ra clia ch& do SPL.
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» SCL: ngd vao xung clock ndi ti€p ddng bd/ngd ra clia ché do I,C.
e Chan RE4/SDUSDA [B8):
» RC4: xudt/nhap s6.
=  SDI: dir liéu vao SPI.
= SDA: xudt/nhip dit liéu I°C.
e Chin - -:
» RC5: xudt/nhap s6.
= SDO: dir liéu ra SPI.
« Chan REG/XI/CK [B5):
» RC6: xudt/nhap s6.
= TX: truyén bat dong bo USART.
= CK: xung dong bd USART.
« Chan RCHRX/DT [@6).
» RC7: xudt/nhap s6.
» RX:nhin bit dong USART.
= DT: dit liéu dong bd USART.
e Chéan - -:
= RDO: xudt/nhap sd.
= PSPO: dir liéu port t§ song song.
e Chin - -:

» RDI: xudt/nhap s6.

= PSPI1: dit li€u port t§ song song.

-9--’--’--’--’

tuong tu chan 19, 20.
« Chan REO/RDJANS [8):
» REO: xuidt/nhap s6.
= RD: diéu khién doc port t§ song song.
= ANS: ngd vao tuong tu 5.

. Chan_l

RE1: xudt/nhap so.

e (Cacchan

=  WR: diéu khién ghi port t§ song song.
ANG6: ngd vao tuong tu kénh thit 6.
« Chin _ (10
» RE2: xudt/nhap s6.
= CS: Chip chon Iya diéu khién port t& song song.
= ANT7:ngd vao tuong ty kénh thit 7.

e Chan - - va - -: la cdc chan ngudn cia PIC.
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2. 18 cHiC BO NHG:

C6 3 khoi bd nhé trong PIC16F877A. B nhé chuong trinh va bd nhé dit liéu dugc mo ta chi
ti€t trong phan nay. Khoi b nhé dit lieu EEPROM dugc md ta chi ti€t & phan sau.

a. Cau tric bé nhé chuong trinh:

PIC16F877A c6 bd d€m chuong trinh 13 bit ¢6 thé quan 1y bd nhé chuong trinh ¢6 dung lugng
la 8Kwordx14bit (1IKWord = 14bit).

Khi PIC bi reset thi thanh ghi PC ¢6 gi4 tri 12 0000h hay con vector ngit c¢6 dia chi 0004H.

‘ PC<12:0> ‘

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2
-
-
-
Stack Level 8
Reset Vector 0000h
-
- <:
-
Interrupt Wector 0004h
0o0sh
Page 0
O7FFh
0800h
FPage 1
on-Chip |
OFFFh
Program =
Memory | 1000h
Page 2
17FFh
1800h
Fage 3
1FFFh

Hinh 2-4. S6 d6 bé nhé chuong trinh va ngan xép.
b. Cau troc b nhé di ligu:

B0 nhd dit liéu dugc phan chia thinh nhiéu Bank va nhitng thanh ghi chifc ning dic biét. Hai
bit RP;RP, — bit trang thi thit 6 va thit 5 dugc dung d€ chon bank nhu bang 2-3.

MJi bank c6 thé mé rong 1én d&n dia chi 7Fh (tuong duong véi 128byte). Cac 6 nhé c6 dia
chi thAp cia mdi bank dugc dinh cho cdc thanh ghi chifc ning dic biét. Trén cdc thanh ghi chitc
ning dic biét 1a cdc thanh ghi da dung — xem nhu bd nhé RAM. TAt cd cdc bank thanh ghi déu
chtta nhitng thanh ghi dic biét.

RP1:RPO ' Bank
00 0
01 1
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10
11

2
3

Bang 2-3. Lua chon bank thanh ghi.

c. File thanh ghi két qué tdng quét:

File thanh ghi c6 thé dudc truy xui' tryc ti€p hodc gidn ti€p thong qua File thanh ghi dic biét.

File
Address

Indirect addr.(') | 0oh
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTD(" | 08h
PORTE!" | 0Sh
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L 0Eh
TMR1H 0Fh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPR1L 15h
CCPR1H 16h
CCP1CON 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPR2L 1Bh
CCPR2H 1Ch
CCP2CON 1Dh
ADRESH 1Eh
ADCONO 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank 0

File
Address
Indirect addr.”) | soh
OPTION_REG | 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD™ | 88h
TRISE" | 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
SSPCON2 91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 9%9h
9Ah
9Bh
CMCON 9Ch
CVRCON 9Dh
ADRESL 9Eh
ADCONA1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses FOh
70h-7Fh
FFh
Bank 1

File
Address
Indirect addr.) | 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH 10Eh
EEADRH 10Fh
110h
111h
112h
113h
114h
115h
116h
PGeneral 117h
Rmoss | o
16 Bytes 119h
11AhR
11Bh
11Ch
11Dh
11Eh
11Fh
120h
General
Purpose
Register
80 Bytes
16Fh
accesses 170h
70h-7Fh
17Fh
Bank 2

Hinh 2-5. So d6 File thanh ghi.

Quy udc: (1) Cdc 6 nhé td mau xdm 12 chua thi€t k€ néu doc sé c6 gid trila 0.

File
Address
Indirect addr.!)| 1s0h
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
EECON1 18Ch
EECON2 18Dh
Reserved® [ 18Eh
Reserved® | 18Fh
190h
191h
192h
193h
194h
195h
196h
S | o
Register 198h
16 Bytes 199h
19ANh
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h
General
Purpose
Register
80 Bytes
1EFh
accesses 1Foh
70h - 7Fh
1FFh
Bank 3
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Quy udc: (2) Cdc dau (*) khong phai la thanh ghi vatly.

Chu y: (1) Nhitng thanh ghi nay khong c6 trong PIC 16F876A.
Chii y: (2) Nhitng thanh ghi nay dugc bdo vé.

Bdng liét ké nhitng thanh ghi nim trong bank thit 0 dugc trinh bay trong bang 2-4.

Address|  Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 :g:;'f;gﬁ oae;':;:
Bank 0
0oh3 INDF Addressing this location uses contents of FSR to address data memory (not a physical register) {0000 o0ooo| 31, 150
01h TMRO Timer0 Module Register xxxx xxxx| 55 150
0zht  |PcL Program Counter (PC) Least Significant Byte 0000 0000| 30,150
03n  [sTATUS rP | rRrt | R0 | 70 | PD | z | bc | ¢ [ooor mmxx| 22,150
04h  |FSR Indirect Data Memory Address Pointer xrxx wxxx| 31,150
05h PORTA — | — |F’ORTA Data Latch when written: PORTA pins when read --0x 0000| 43, 150
06h FORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45 150
07h PORTC PORTC Data Latch when written: PORTC pins when read axxx xxxx| 47,150
oshl®  |PORTD PORTD Data Latch when written: PORTD pins when read sxx xxxx| 48, 150
0sh®  |PORTE = — — — — RE2 RE1 REO |---- -xxx| 49,150
0ah(13) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 30,150
0BhB3)  |INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |o000 oo0ox| 24, 150
0Ch PIR1 PsPIF®! | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 oooo| 26, 150
0Dh PIR2 — CMIF — EEIF BCLIF s = CCP2IF |-0-0 0--0| 28, 150
0OEh TMR1IL Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register ooxx wacxx| 60, 150
10h T1CON — | — [rmickest| Tickeso [T10SCEN| TISYNC | TMRICS | TMRION |--00 oooo] 57, 150
11h TMR2 Timer2 Module Register 0000 0o000| 62,150
12h T2CON —  |TouTPs3|TOUTPS2| TOUTPS1 [ TOUTPSO| TMR2ON | T2CKPS1|T2CKPSO0|-000 0ooo| 61, 150
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register Hxxxx xxxx| 79, 150
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO |oooo oooo| 82,82,
150
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) awoxx wxxx| 63, 150
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxxx xxxx| 63, 150
17h CCP1CON = 2 CCP1X | CCP1Y | CCPIM3 | CCPIM2 | CCP1M1 | CCPIMO |--00 oooo| 64, 150
18h RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR | RXSD |o0ooo 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) xxxx xxxx| 63,150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) xxxx xxxx| 63, 150
1Dh CCP2CON — | — | coPax | ccpay | ccpama | coPam2 | CCP2M1 | GCP2MO |--00 0000| 64, 150
1Eh ADRESH AD Result Register High Byte xxxx xxax| 133, 150
1Fh  |ADCONO ADCS1 | ADCSO | cHs2 | cHSt | cHso [GOMONE| — | ADON |oooo oo-ol 127,150

Bang 2-4. Tom tat cac thanh ghi dac biét.

Quy udc: x = khong xdc dinh, u = khong thay ddi, q= gia tri tuy thudc vao diéu kién,- =chua
st dung né€u doc s& c6 gid tri 0, r = dy tri.

Chii y: (1) Byte cao clia thanh ghi PC khong thé truy xuit truc ti€p. PCLATH chita céc bit
PC<12:8>, n6i dung ctia thanh ghi nay s& chuyén cho byte cao clia thanh ghi PC.

Chu y: (2) Cac bit PSPIE va PSPIF dudc dir trit cho PIC 16F873A/876A.

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

Chii y: (5) Bit thit 4 cua thanh ghi EEADRH chi dugc ding cho PIC 16F876A/877A.

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

Address|  Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 :SII:,EE?SI:? oaelzi;:
Bank 1

80h3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 oooo| 31, 150
gth  |oPmioN Rec| RBPU | NTEDG | Tocs | TosE | psa | ps2 | st | Pso 1111 111 23150
g2ntd  |PcL Program Counter (PC) Least Significant Byte 0000 0000/ 30, 150
83n®  [sTATUS R | ret | rro | 70 | PD | z | bc | ¢ Jooo1 1wmex| 22 150
84h®  |FSR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
85h TRISA — | —  |PORTAData Direction Register S_11 1111] 43, 150
86h TRISB PORTB Data Direction Register 1111 1111 45,150
87h TRISC PORTC Data Direction Register 1111 1111 47,150
8shi¥  |TRISD PORTD Data Direction Register 1111 1111 48, 151
8gh¥ | TRISE IBF OBF IBOV [PSPMODE| — |PORTE Data Direction bits 0000 -111| 50, 151
sant3) | pcLATH — — — | Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 30,150
8Bht | INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF INTF RBIF |0000 0o0o0x| 24, 150
8ch PIE1 PSPIER) |  ADIE RCIE TXIE SSPIE | CCPIIE | TMR2IE | TMR1IE |0000 oooo| 25, 151
8Dh PIE2 = CMIE — EEIE BCLIE — — CCP2IE |-0-0 0--0| 27,151
8Eh PCON — — — — — — POR BOR |---- -- qql| 29, 151
8Fh — Unimplemented — —

90h — Unimplemented — —

9th  [SSPCON2 | GCEN |ACKSTAT| ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |oooo oooo| 83, 151
92h PR2 Timer2 Peniod Register 1111 1111 B2, 151
93h SSPADD Synchronous Senal Port (I’c mode) Address Register 0000 0o000| 79, 151
94h SSPSTAT SMP ‘ CKE ‘ D/A | P ‘ s ‘ RW ‘ UA ‘ BF |0000 o0ooo| 79,151
95h — Unimplemented — —

96h — Unimplemented — —

97h — Unimplemented — —

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

9Bh — Unimplemented — —

9Ch CMCON C20UT | C10UT | C2INV C1INY cIs CM2 CM1 CMO {0000 0111135, 151
9Dh CVRCON CVREN | CVROE | CVRR — CVR3 CVR2 CYR1 CVRO |000- 0000|141, 151
9Eh ADRESL A/D Result Register Low Byte xxx wxxx| 133, 151
9Fh ADCON1 aDFM | apcs2 | — |  — | PcFG3 | PCFG2 | PCFG1 | PCFGO [oo-- oooo [ 128, 151

Bang 2-5. Tom tdt cac thanh ghi dac biét.
Bdng liét ké nhitng thanh ghi nim trong bank thit 2 dugc trinh bay trong bing 2-6.
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. . . . . . . . Value on: | Details

Address Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR | on page:
Bank 2
100n?  [INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 oooo| 31, 150
101h TMRO Timer0 Module Register xxxx xxxx| 55, 150
102n8  [PCL Program Counter's (PC) Least Significant Byte 0000 0000| 30, 150
102h® |sTATUS rRP | Rt | Rro | 70 | P0 | z | bc | ¢ Jooor 1xmx| 22,150
104h!  |FSR Indirect Data Memory Address Pointer ;oo xxxx| 31, 150
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read ooxx xxxx| 45, 150
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10AR("3) [ PCLATH - — — | Write Buffer for the upper 5 bits of the Program Counter  |---0 cooo| 30, 150
10Bh |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24, 150
10Ch EEDATA EEPROM Data Register Low Byte ooy xxxx| 39, 151
10Dh EEADR EEPROM Address Register Low Byte xxxx xxxx| 39, 151
10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx| 39, 151
10Fh  |EEADRH — — — | —®  |EEPROM Address Register High Byte ---- x| 39,151
Bank 3

180n1)  [INDF Addressing this location uses contents of FSR to address data memory (not a physical register) |0ooo oooo| 31, 150
18th  |oPTIoN REG| RBPU | INTEDG | Tocs | Tose | psa | ps2 | pst | pPso [1111 1111 23 150
182n8  [PCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
1830 |STATUS IRP | RP1 \ RPO \ TO | PD \ z | DC | C  [0001 1xxx| 22,150
184h8)  [FSR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 45,150
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18an13) [ PCLATH — - — | Wirite Buffer for the upper 5 bits of the Program Counter  |---0 oooo| 30, 150
18Bh! |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |o0000 0o00x| 24, 150
18Ch EECON1 EEFGD — — — WRERR WREN WR RD x--- x000| 34, 151
18Dh EECONZ2 EEPROM Control Register 2 (not a physical registery — |--oo —on- 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 chifc ning dic biét 1a nhitng thanh ghi dugc sit dung bdi CPU va nhitng khdi
ngoai vi d€ diéu khién hoat dong theo yéu ciu ctia CPU. Nhitng thanh ghi nay xem nhu RAM finh.

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

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD Z DC C
bit 7 hit 0

Chtc ndng cla cdc bit trong thanh ghi trang thdi:
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Bit 7

Bit 6-5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

IRP: bit lya chon thanh ghi (dung dia chi gidn ti€p).

1 = bank 2, 3 (100h-1FFh)

0 =bank 0, 1 (00h- FFh)

RP1:RPO: cic bit Iya 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 (00h- 7Fh)

MOdi bank 1a 128 byte.

TO : Time-out bit (Bit thdi gian chd)

1 = sau khi md ngudn, 1énh CLRWDT hoic SLEEP

0 = thoi gian chd ciia WDT dugc thuc hién

PD: Power-down bit (bit tit ngudn)

1= sau khi m& ngudn hoic bing 1énh CLRWDT

0= thyc thi 1énh SLEEP

Z: Zero bit (bit 0)

1 = khi két qua bing 0.

0 = khi két qua khac 0.

DC: Digit Carry/m bit (cac Iénh ADDWF, ADDLW, SUBLW, SUBWF)
(bit tran / mugn)

1 = khi cdng 4 bit thap bi tran.

0 = khi cong 4 bit thap khong bi tran.

C: Carry/ borrow bit (cac 1énh ADDWF, ADDLW, SUBLW, SUBWF)
1 = khi k&t qua phép todn c6 tran.

0 = khi két qué phép todn 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 0 thi ¢ C bing 1, néu k&t qud trir nhd hon 0 thi ¢ C bing 0.

Quy udc: R = bit c6 thé doc, W = bit c6 thé ghi, U = bit chua st dung doc 12 0,

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

Thanh ghi OPTION_REG

La thanh ghi c6 thé doc/ghi, thanh ghi ndy c6 nhitng bit diéu khién khdc nhau dé thiét 1ap bo
chia trugc cho TimerO/WDT, ngdt INT bén ngoai, Timer( va treo PORTB.

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RW-1  RMW-1 R/W-1 RW-1  RW-1  RW-1
RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO
bit 7 bit O

Bit 7 RBPU : PORTB Pull-up Enable bit (bit cho phép treo PORTB)
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Bit 6

Bit 5

Bit 4

Bit 3

Bit 2-0

1 = khong cho phép treo PORTB.
0 = cho phép treo PORTB.
INTEDG: Interrupt Edge Select bit ( bit Ira chon canh ngit)

1 = cho phép chian ngdt RBO/INT tich cuc canh l1én.

0 = cho phép chian ngdt RBO/INT tich cuc canh xudng.

TOCS: TMRO Clock Source Select bit (bit Ita chon ngudn xung clock TMRO)
1 = cho phép nhian xung ngd vao § chan RA4/TOCKI.

0 = cho phép nhan xung nd1 bén trong.

TOSE: TMRO Source Edge Select bit (bit Iya chon ki€u tic dong cho TMRO)
1 = cho phép xung vao chan RA4/TOCKI tich cuc canh 1én.

0 = cho phép xung vao chan RA4/TOCKI tich cyc canh xudng.

PSA: Prescaler Assignment bit (bit gdn b chia)

1 =bd chia dugc gan cho WDT.

0 = bd chia dudc gan cho TimerO.

Gia tri bit

000
001
010
011
100
101
110
111

PS2:PS0: Prescaler Rate Select bits (bit Iya chon hé sd chia truéc)

Til¢ TMRO Tilé WDT

1:2
1:4
1:8
1:16
1:32
1:64
1:128
1:256

1:1
1:2
1:4
1:8
1:16
1:32
1:64
1:128

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

Chii y: Khi st dung 1ap trinh dién 4p thdp ICSP (LVP) va treo PORTB dugc cho phép thi phai
x04 bit 3 trong thanh ghi TRISB d&€ khong cho phép treo & chan RB3 va ddm bio cho hoat dong
riéng cua PIC.

Thanh ghi INTCON

La thanh ghi c¢6 thé doc va ghi, chita nhitng bit ¢ va bit cho phép cdc ngit khdc nhau nhu
ngit khi TMRO tran, ngit khi c6 thay d6i & PORTB va ngit ngoai & chan RBO/INT.

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/AW-0 R/AW-x
GIE PEIE TMROIE INTE RBIE TMROIF INTF REIF
bit 7 hit 0
Bit 7 GIE: bit cho phép ngit todn cuc

1= cho phép tit ci cdc ngudn ngit.
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Bit 6

Bit 5

Bit4

Bit 3

Bit2

Bit 1

Bit 0

0= khong cho phép ti't cd cdc ngudn ngit.
PEIE: bit cho phép ngit ngoai vi

1= cho phép ngit.

0= khong cho phép ngit.

TMROIE: bit cho phép ngit TMRO

1= cho phép ngit.

0= khong cho phép ngit.

INTE: bit cho phép ngdt ngoai § chin RBO/INT
1= cho phép ngit.

0= khong cho phép ngit.

RBIE: bit cho phép ngit thay d6i PORTB

1= cho phép ngit khi PORTB thay ddi

0= khong cho phép ngit khi PORTB thay d6i
TMROIF: c3 tran TMRO

1= thanh ghi TMRO tran (x6a biing phan mém).
0= thanh ghi TMRO khdng tran hay chua tran.
INTF: cd bdo ngidt ngoai RBO/INT.

1= ngit ngoai & chan RBO/INT d3 x3y ra (x6a biing phin mém)

0= ngit ngoai & chan RBO/INT khong x4y ra
RBIF: c5 bio khi PORTB c6 thay ddi

1= c6 it nhat cdc chain RB7:RB4 thay ddi trang thdi; diéu kién khong tuong
thich s& ti€p tuc lam bit nay bing 1. Khi doc PORTB sé& cham dit diéu kién

khong twong thich va cho phép x6a cd bdo nay biing phin mém.

0= cdc chin RB7:RB4 khong c6 su thay di trang thdi.

Thanh ghi PIE1

La thanh ghi chita cédc bit cho phép ngit ddc 14p cho cdc ngit ngoai vi.
PIE1 REGISTER (ADDRESS 8Ch)

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0

PSPIEM)

ADIE

RCIE TXIE SSPIE CCP1IE | TMRZIE

TMRA1IE

bit 7
Bit 7

Bit 6

Bit 5

PSPIE: bit cho phép ngit doc/ghi & port nhdnh song song
1= cho phép ngdt PSP doc/ghi

0= khong cho phép ngidt PSP doc/ghi

ADIE: bit cho phép ngit bo chuyén ddi A/D

1= cho phép ngit.

0= khong cho phép ngit.

RCIE: bit cho phép ngdt nhan dit liéu USART

bit 0

57

VixdF ly




Chuong 2. Vi diéu khién PIC.

SPKT — Nguyén Drh Pha

Bit4

Bit3

Bit 2

Bit 1

Bit 0

1= cho phép ngit.

0= khong cho phép ngit.

TXIE: bit cho phép ngit phat dit liéu 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.

CCP1IE: bit cho phép ngdt CCP1

1= cho phép ngidt CCP1.

0= khong cho phép ngit CCP1.

TMR2IE: bit cho phép ngit tuong thich tng TMR2 véi PR2
1= cho phép ngit tuong thich TMR2 vé§i PR2.

0= khong cho phép ngit tuong thich TMR2 vé6i PR2.
TNRIIE: bit cho phép ngit tran TMRI1

1= cho phép ngdt TMRI tran.

0= khong cho phép ngit TMRI tran.

Thanh ghi PIR1

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

Chd y: nhitng bit cd ngit dugc Set khi diéu kién ngit x3y ra bt chap trang thdi cda bit cho
phép hoic bit cho phép ngit toan cuc GIE (INTCON<7>). Phan mém cda ngudi dung phdi ddm
bdo nhitng bit ngit tuong ng phdi bi x6a trude khi cho phép ngit.
PIR1 REGISTER (ADDRESS 0Ch)

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PspIF(!) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF
bit 7 bit 0
Bit 7 PSPIF: ¢S bdo ngit port nhdnh song song doc/ghi

Bit 6

Bit 5

Bit 4

1=hoat dong doc hodc ghi dugc thuc thi.
0= hoat dong doc hodc ghi khong xay ra.
ADIF: ¢ bdo ngit bd chuyén d6i A/D

1= chuyén d8i A/D di dugc hoan thanh.
0= chuyén d6i A/D chua dugc hoan thanh.
RCIF: ¢6 bdo ngdt nhan USART

1= USART nhin xong.

0= USART nhin chua xong.

TXIF: c& bdo ngit truyén USART

1= truyén dém cia USART con trong.

58

VixdF ly




Chuong 2. Vi diéu khién PIC. SPKT — Nguy8n Pirh Phi

0= truyén dém ctia USART day.
Bit 3 SSPIF: cd bdo ngit port ndi ti€p dong bo (SSP)
1= diéu kién ngdt SSP di x4y ra va phdi x6a biing phan mém trudc khi quay
tré vé tir chuong trinh con phuc vu ngit (Interrupt Service Routine). Diéu
kién d€ bit trang thdi nay 1én 1 Ia:
o SPI- truyén/nhin da dudc thyc thi.
o [I°C Slave: truyén/nhan di dugc thuc thi.
o I’C Master:
» Truyén/nhin di dugc thyc thi.
» Diéu kién Start khdi dong di dudc hoan thanh bsi khdi SSP.
= Diéu kién Stop khdi dong da dugc hoan thanh bdi khdi SSP.
= Diéu kién Restart khdi dong di dugc hoan thanh bdi khdi SSP.
» DPiéukién bit tay di dugc hoan thanh bdi khdi SSP.

= Diéu kién Start di x4y ra khi khdi SSP dang & trang thdi rdi (multi-
master system: hé thong nhiéu chit).
= Diéu kién Stop di xay ra khi khdi SSP dang & trang thdi rdi.
0= khong c6 diéu kién ngit SSP nio x4y ra.
Bit 2 CCP1IF: c3 bdo ngit CCP1
Ché& d6 Capture:
1= thanh ghi bit nhip TMR1 c¢6 x4y ra (x6a bing phan mém).
0= thanh ghi bit nhip TMR1 khong x4y ra.
Ché& d6 so sdnh:
1= thich &ng so sanh thanh ghi TMR1 ¢6 xay ra.
0= thich @ng so sanh thanh ghi TMR1 kh6ng xay ra.
Bit 1 TMR2IF: ¢3 bdo ngit tuong thich TMR2 véi PR2
1= TMR2 tuong thich véi PR2 (x6a bing phin mém).
0= TMR2 khong tuong thich véi PR2.
Bit 0 TMRIIF: ¢ bdo ngit tran TMR1
1= thanh ghi TMRI1 da tran.
0= thanh ghi TMR1 khdng tran.
“17=bit dudc set

Thanh ghi PIE2

La thanh ghi chira cdc bit cho phép ngit ngoai vi CCP2, ngit xung dot dudng truyén SSP,
ngit hoat dong ghi cia EEPROM va ngdt cia bo so sdnh.
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PIE2 REGISTER (ADDRESS 8Dh)

U-0 RAN-0 U-0 R/AWW-0 RAW-0 U-0 U-0 R/W-0
— CMIE —_ EEIE BCLIE — —_ CCP2IE
bit 7 hit 0
Bit 7 Chua dung: doc 1a ‘0’
Bit 6 CMIE: bit cho phép ngit bo so sinh
1= cho phép ngit.
0= khong cho phép ngit.
Bit 5 Chua dung: doc 1a ‘O’
Bit 4 EEIE: bit cho phép ngit hoat dong ghi cia EEPROM
1= cho phép ngit.
0= khong cho phép ngit.
Bit 3 BCLIE: bit cho phép ngit sy xung dot dudng din
1= cho phép ngit.
0= khong cho phép ngit.
Bit2-1  Chua dung: doc la ‘O’
Bit0 CCP2IE: bit cho phép ngit CCP2

1= cho phép ngit.

0= khong cho phép ngit.

Chii y: bit PEIE (INTCON<6>) phai dugc set d& cho phép bat ki sy ngit ngoai ndo.

Thanh ghi PIR2

La thanh ghi chita cdc bit ¢d bdo ngit CCP2, ngit xung dot dudng dan SSP, ngit hoat dong
ghi clia EEPROM va ngit bd so sdnh.
PIR2 REGISTER (ADDRESS 0Dh)

U-0 R/W-0 uU-0 R/W-0 RAW-0 U-0 U-0 R/W-0
— CMIF — EEIF BCLIF — — CCP2IF
bit 7 bit O

Bit 7 Chua dung: doc 1a ‘0.
Bit 6 CMIF: cJ bdo ngdt bd so sdnh
1=ngd vao bd so sdnh da thay d6i (x6a bing phan mém).
0= ngd vao bd so sanh khong thay doi.
Bit 5 Chua dung: doc 1a “0’.
Bit4 EEIF: c5 bdo ngit hoat dong ghi cia EEPROM
1= hoat ddng ghi dugc hoan thanh (x6a bing phin mém).
0= hoat dong ghi chua hoan thanh hodc chua khdi dong.
Bit 3 BCLIF: ¢ bdo ngdt xung dot dudng din
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Bit 2-1
Bit 0

1= xung dot dudng din da x4y ra trong SSP khi dugc thi€t 1p c&u hinh
& ch& d¢ I°C chu.

0= dudng dan khdng x4y ra xung dot.

Chua dung: doc 1a ‘O’

CCP2IF: bit ¢ ngidt CCP2

Ch€& d6 Capture:

1= thanh ghi bit nhip TMRI1 x4y ra (x6a bing phan mém).

0= thanh ghi bdt nhip TMRI1 chua x4y ra.

Ché€ d6 so sénh:

1= tuong thich so sanh thanh ghi TMR1 x3y ra (x6a bing phin mém).

0= tudng thich so sanh thanh ghi TMR1 chua xay ra.
Ch€ d6 PWM:
Khong dugc st dung

Chii y: ¢ bdo ngit duge Set khi ngit x4y ra véi di€u kién bit cho phép twong tng hoic toan
bo bit dugc phép, GIE (INTCON<7>). Ngudi dung phdi ddm bdo sy phil hgp cda nhitng bit ngit
dugc x6a sém hon dé cho phép ngit.

Thanh ghi PCON

Thanh ghi PCON (Power Control) chta cdc ¢ d€ cho phép phan biét sy khic nhau cla céc
trang thdi reset: khi mé dién — Power-on Reset (POR), Brown-out Reset (BOR), Watchdog Reset
(WDT) va MCLR Reset.

PCON REGISTER (ADDRESS 8Eh)

U-0 u-0 u-0 U-0 u-0 U-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
1= reset khi m& dién khong xdy ra.
0= reset khi m3 dién da x4y ra (phdi Set biing phin mém sau khi Power-on
Reset xdy ra).
Bit0 BOR : bit trang thdi Brown-out Reset
1= Brown-out Reset khong xdy ra
0= Brown-out Reset xdy ra (phdi Set bing phan mém sau khi Brown-out
Reset xdy ra).
Thanh ghi PC va PCLATH

Thanh ghi b6 d€m chuong trinh (PC) c6 d6 rong 13 bit, 8 bit thip nim § thanh ghi PCL, céc
bit nay c6 thé doc va ghi. Cdc bit cao con lai (8:12) thi khong thé doc nhung c6 thé ghi gidn ti€p
thong qua thanh ghi PCLATH. Khi bat ky Reset nao xay ra thi cdc bit cao clia thanh ghi PC s& bi
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x6a. Hinh 2-6 trinh bay cdc tinh huéng thanh ghi PC dugc nap gid tri. Cdc vi du s& minh hoa céch
thirc PC dudc nap gid tri thong qua 1€nh CALL hodc 1énh GOTO.

Tinh toan GOTO

Tinh todan GOTO dugc thyc hién bing cdch cdng gid tri 1énh (offset) v6i bd dém chuong trinh
PC (bing 1énh ADDWF PCL). Khi thyc hién doc bidng dung phuong phdp tinh toin GOTO, nén
quan tim dé€n gi6i han clia bdng né€u vi tri bing vudt qud gidi han bd nhd PCL (mdi khdi bd nhd
gdm 256 byte).

PCH PCL
12 8 _7 O Instruction with
PC | | PCLas
) A\ o Destination
sﬂLﬂ‘THﬂ'o;} = AL
ENEEEEEE
PCLATH
PCH PCL
12 11 10 8 7 0
PC‘ ‘ ‘ GOTO, CALL
/ )
5 E PCLATH<4:3> 1
T T ey
PCLATH

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

Ngdn xép

PIC16F877A ¢6 8 ngin x&p, dd rong 1a 13 bit, bd nhé ngin x&p khdng 14y tir bd nhé chuong
trinh hay dif liéu, con tré ngin x&p khong thé doc hoic ghi.

Dia chi cia thanh ghi PC dugc cit vao ngin x&p khi thyc hién 1énh CALL hoic ngit xay ra.
Dit liéu trong ngin x&p dugc 13y ra khi thyc hién cdc 1énh RETURE, RETLW hoic RETFIE. Thanh
ghi PCLATH khong bi 4nh hudng bdi viéc cat va 14y.

Ngin x&p hoat ddng nhu 12 mdt vong kin. Piéu d6 c6 nghia sau khi ngin x&p dudc cit vao 8
14an, thi 1an thit 9 s& ghi chong 1én gid tri di dudc luu tir 14n cat vao du tién. Lan cit thit 10 s& ghi
chdng 1én gi4 tri da dugc luu & 1an cit thit 2.

Chii y: Khong c6 bit trang thdi d€ bio ngin x&p bi tran hoic chua tran. Khong cé cdc 1énh
goi 1a 1énh cit (PUSH) hoic 14y (POP). Nhitng 1énh lién quan dén ngin x€&p 1a 1énh CALL,
RETURN, RETLW va RETFIE hoic ngit.

e. Phan trang bé nhé chuong trinh:

PIC16F877A c6 bd nhé chuong trinh 12 8K word. Nhitng 1énh CALL va GOTO chi cung cip
dia chi 11bit d€ cho phép chuong trinh con nim trong pham vi 2K word trang bd nhd.
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Khi thyc hién 1énh CALL hoic GOTO thi 2 bit cao cia dia chi dugc 14y tir thanh ghi PCLATH
(4:3). Khi thyc hién 1énh CALL hodc GOTO, ngudi dung phdi ddm bdo rdng bit lya chon trang da
dugc 14ap trinh d€ xdc dinh ding dia chi trang bd nhd chuong trinh. N&u thuc hién 1énh tr§ vé thi
toan bo 13 bit dugc 1y tir ngiin x&p trao cho PC. Vi th€ cdc bit ctia thanh ghi PCLATH(4:3) khong
can khi thyc hién lIénh tré vé.

Chii y: cdc thanh phan clia thanh ghi PCLATH khong bi thay d6i sau khi thuc hién 1énh
RETURN hoidc RETFIL. NguGi st dung phai nap lai ndéi dung cho thanh ghi PCLATH khi goi
chuong trinh con ti€p theo hodc cho 1énh GOTO.

Vi du 2-1 minh hoa cho 1énh goi chuong trinh con nim trong trang 1 ctia bd nhé chuong trinh.
Vi du nay gid st ring thanh ghi PCLATH dudc cit va dudc khdi phuc bdi chuong trinh con phuc vu
ngit.
ORG 0x500
BCF PCLATH, 4
BSF PCLATH, 3 ;Select page 1
; (B00h-FFFh)
CRLL SUB1 P1 ;Call subroutine in
ipage 1 (B0C0h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

SUB1 P1
;jealled subroutine
;page 1 (B0Ch-FFFh)

EETUEM jreturn to
;Call subroutine
jin page O
; (000h-7FFh)

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

Thanh ghi INDF khong phai 1a thanh ghi vat 1i. Pia chi hod thanh ghi INDF s€ tao ra dia chi
gian ti€p. Pia chi gidn ti€p thi c6 thé thuc hién dudc bing ciach dung thanh ghi INDF. B4t ki Iénh
nao st dung thanh ghi INDF déu truy xuit thanh ghi chi dinh bdi thanh ghi lua chon file (File Select
Register —FSR). Khi doc gidn ti€p chinh thanh ghi INDF nay s& doc 1a 00h. Khi ghi gidn ti€p vao
thanh ghi INDF, két qua sé& khong dugc gi (mic di cdc bit ciia thanh ghi trang thai c6 thé bi dnh
huéng). Mot chuong trinh don d€ x6a RAM & vi tri 20h-2Fh sit dung dia chi gidn ti€p dugc trinh bay
trong vi du 2-2:
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Direct Addressing

Indirect Addressing

RP1:RPO 6 From Opcode 0 IRP 7 FSR Register 0
% % J 8 s A i 3
Bank Select Location Select Bank Select Location Select
e > 00 01 10 11 </
00h 80h 100h 180h
Data
Memorym
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 ;tdng FSR
BTFSSFSR,4 :ki€m tra bit 4 trong FSR
GOTO NEXT ;nhdy d€n NEXT
CONTINUE
;ti€p tuc

3. DU LEUEEPROM VA BO NHG CHUONG TRINH FLASH:

Dit liéu EEPROM va bo nhé chuong trinh Flash c6 thé doc va ghi trong sudt qud trinh hoat
dong binh thudng. B6 nhé nay khong dudgc thi€t 1ap truc ti€p trong khong gian file thanh ghi. Ching
dugc dinh dia chi gidn ti€p thong qua cic thanh ghi dic biét. C6 6 thanh ghi FSR dugc sit dung dé
doc va ghi bd nhd nay:

v

AN N NI

v

EECONI
EECON?2
EEDATA
EEDATH
EEADR
EEADRH

Khi giao ti€p vdi khdi bd nhd dir liéu, thanh ghi EEDATA chita 8bit dit liéu cho viéc doc/ghi
va thanh ghi EEADR chita dia chi 6 nhé ctia EEPROM dang dudc truy xudt. Néu PIC c6 by nhd
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EEPROM la 128 byte thi dia chi nim trong khodng tit 80H d€n FFH, né€u PIC ¢6 bd nhé EEPROM
1a 256 byte thi dia chi nim trong khodng tir 00H dén FFH.

Khi giao ti€p vdi khdi bd nhé chuong trinh thi hai thanh ghi EEDATA va EEDATH két hop
lai v6i nhau thanh thanh ghi 16 bit d€ luu trit dit liéu 14 bit cho 1énh doc/ghi va hai thanh ghi
EEADR va EEADRH két hop lai v6i nhau thanh thanh ghi 16 bit dé€ luu trit dia chi 13 bit cia 6 nhé
dang truy xudt. V6i PIC c¢6 dung lugng bo nhé chuong trinh 12 4Kword thi dia chi nim trong khodng
tr 0000H dén OFFFH, vdi PIC ¢6 dung lugng bd nhé chuong trinh 12 8Kword thi dia chi nim trong
khodng tir 0000H d&€n 1FFFH. N€&u truy xuit 6 nhd c6 dia chi 16n hon thi s& bi cuén nim trong viing
nhd thyc.

B6 nhd dir liéu EEPROM cho phép doc va ghi 1byte. BO nhé chuong trinh Flash cho phép
doc 1 word va ghi khdi 4 word. Hoat dong ghi ctia bd nhé chuong trinh sé ty dong thuc hién x6a
trude khi ghi vao khdi 4 word. Mot byte ghi vao bd nhé dit liéu EEPROM sé tu dong x6a & nhé rdi
mdi ghi dif liéu mdi — xo04d trudc khi ghi.

Khi chip ¢6 ma bdo vé thi CPU c6 thé doc va ghi dit li€u bd nhé EEPROM. Tuy thudc vao
cach thi€t 1p cdc bit bdo vé chdng ghi, PIC c¢6 thé cho hoic khong cho ghi dit liéu vao mot vai
kh6i bd nhé chuong trinh; tuy nhién cho phép doc bd nhé chuong trinh. Khi PIC c6 ma bdo vé, thi
ngudi ding khong con dugc phép truy xuit bd nhé dit liéu hodc bd nhé chuong trinh.

a. Thanh ghi EEADR va EEADRH:

Cip thanh ghi EEADRH:EEADR c6 thé dinh dia chi t3i da 256 byte clia bd nhd dit liéu
EEPROM hoic t6i da 8k word ctia bd nhé chuong trinh EEPROM.

Khi truy xu&'t bo nhé dit liéu thi chi dung thanh ghi EEADR dé luu byte dia chi thap.

Khi truy xudt bd nhé chuong trinh thi diing thanh ghi EEADR d€ luu byte dia chi thdp va
thanh ghi EEADRH luu dia chi byte cao.

b. Thanh ghi EECON1 va EECON2:

EECONT1 1a thanh ghi diéu khién d€ truy xudt bo nhé. Bit diéu khi€én EEPGD diing dé xdc
dinh truy xudt bd nhd chuong trinh hoic bo nhé dit liéu. Khi reset hoidc khi xod bit EEPGD sé& cho
phép truy xuat bd nhé dit liéu. Khi bit EEPGD bing 1 thi truy xuidt bd nhd chuong trinh.

EECON1 REGISTER (ADDRESS 18Ch)

RAN-x U-0 U-0 u-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD — — — WRERR | WREN WR RD
bit 7 bit 0

Bit7 EEPGD: bit lva chon bd nhé§ dir li€¢u/chuong trinh EEPROM

1= truy xuat bd nhé chuong trinh

0= truy xuit bd nhd dif liéu

Doc ‘0’ sau khi POR, bit nay khong thay d6i trong khi hoat dong ghi dang dién ra.
Bit 6-4 Chua st dung: doc 1a ‘0’
Bit3  WRERR: bit ¢c5 16i EEPROM
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1= viéc ghi thuc hién xong sém.
0= viéc ghi da dugc hoan thanh.
Bit2  WREN: bit cho phép ghi EEPROM
1= cho phép ghi.
0= khong cho ghi.
Bit 1 WR: bit diéu khién ghi
1= Bit dau chu ky ghi. Bit WR dudc x6a biing phan citng sau mdi 1an ghi xong.
0= quad 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 cing. Bit RD chi ¢6
thé dugc Set trong phan mém.
0= khong khdi dong chu ky doc EEPROM.

Céc bit diéu khi€n, RD va WR khdi dong doc va ghi hoic xod theo thit ty. C4c bit nay khong
thé xod ma chi set bing phan mém. Cic bit nay dudc xod bing phin cling ngay sau khi cdc hoat
dong doc ghi thuc hién xong.

Khi set bit WREN s& cho phép ghi hoic x6a. Khi md ngudn bit WREN bi x6a. Bit WREN
dugc set khi hoat dong ghi hodc x6a bi ngdt bdi MCLR hodc WDT Time-out Reset trong qué trinh
hoat dong binh thudng. Khi rdi vao tinh hudng nay thi ngudi ding c6 thé kiém tra bit WRERR va
c6 thé ghi lai. Dit liéu va dia chi trong cdc thanh ghi EEDATA va EEADR khong bi thay déi.

Bit c& ngit EEIF trong thanh ghi PIR2 dudc set khi qud trinh ghi hoan tit va phai x6a cJ ngit
nay bing phAin mém.

Thanh ghi EECON2 khong 1a thanh ghi vat li. Khi doc EECON2 sé& c6 gia tri la ‘0’. EECON2
dudc st dung riéng cho hoat dong ghi dit liéu vao EEPROM.

c. Doc du liéu ti b6 nhé EEPROM:

b€ doc dit liéu clia 1 6 nhé thi ngudi sit dung phai ghi dia chi vio thanh ghi EEADR, x6a bit
diéu khi€n EEPGD (EECON1<7>) va sau d6 Set bit diéu khi€n RD (EECON1<1>). Dit liéu s& xuit
hién trong thanh ghi EEDATA & chu ki k€. EEDATA sé& luu trit gi4 tri nay cho dén khi xuit hién
1an doc k& hoic bi thay ddi bdi ngudi st dung.

Céc buéc @€ doc bd nhé dit liéu EEPROM:

o Ghi dia chi vao EEADR dia chi khong dugc 16n hon dung lugng bo nhd.
o Xoéa bit EEPGD chi huéng vao bo nhé dit liéu EEPROM
o Set bit RD d€ bit dau hoat dong doc.
o boc dir liéu tir thanh ghi EEPROM.
Vi du 2-3: doc dir liéu 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 EECONI1, RD ; EE read
BCF STATUS,RPO ; bank 2
MOVF EEDATA, W ; w=EEDATA

d. Ghi du lieu vao b6 nhé EEPROM:

D& ghi dit liéu vio EEPROM thi ngudi st dung phai ghi dia chi vao thanh ghi EEADR va dit
liéu vao thanh ghi EEDATA. Sau d6 phdi thuc hién ghi theo trinh tu chi dinh d€ bit dau ghi cho
mdi byte.

Qu4 trinh ghi s& khong dugc khdi dong néu thit ty ghi khong dugc thuc hién chinh x4c (ghi
55h vao EECON2, ghi AAh vao EECON2, sau dé set bit WR) cho mdi byte. Phdi cAm t4t cd céc
yéu cau ngit khi thuc hién qué trinh ghi nay.

Ngoai ra, bit WREN trong thanh ghi EECON2 phdi dugc Set d€ cho phép ghi. Co ché nay
ngin chin cdc hoat dong ghi ngiu nhién vao EEPROM lién quan dén sai s6t ma bdo vé. Ngudi sit
dung nén gitt bit WREN § trang thdi Clear, ngoai trit khi cAp nhdp dit liéu vao bd nhd dit liéu
EEPROM. Bit WREN khong xéa dugc bing phan cing.

Sau khi trinh ty ghi di dugc khdi dong thi n€u ta x6a bit WREN sé& khong 4nh hudng dén chu
ki ghi nay. Bit WR s€ bi chdn khong cho 1€n 1 trir khi bit WREN dudc Set.

Khi hoan tit chu ki ghi, bit WR dugc xéa bdi phan ciing va bit ¢ bdo ngit hoan thanh xong
qud trinh ghi EEIF dugc Set. Ngudi diing c6 thé cho phép su ngit hoic ki€m tra bit nay d€ bi€t qua
trinh ghi k&t thiic. Bit EEIF phai dugc x6a bing phan mém.

Céc budc dé ghi vao bo nhég dit liéu EEPROM:

Bude 1: N&u budce thit 10 khong hoan thanh thi ki€m tra bit WR d€ xem c6 con trong tién

trinh ghi hay khong.

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

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

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

Buide 5: Set bit WREN dé cho phép hoat dong ghi.

Buide 6: CAm tat cd ngit (n€u da cho phép ngit trude do).

Buide 7: Thuc hién tuan tu 5 lénh dic biét:

» Ghi 55H vao thanh ghi EECON2 dudc chia thanh 2 budc: bu6c thit nhat vao
thanh ghi W, budc thit 2 vao thanh ghi EECONZ2.

* Ghi AAH vao thanh ghi EECON2 dugc chia thanh 2 buéc: buéc thit nhit vao
thanh ghi W, buGc thit 2 vao thanh ghi EECON2.

=  Set bit WR.
Buige 8: Cho phép ngit trd lai néu c6 st dung ngit.
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Bude 9: X6a bit WREN dé khong cho phép hoat dong ghi.

Buide 10: Khi hoan thanh chu ki ghi, bit WR dudc x6a va bit ¢d bdo ngit EEIF dugc set. (EEIF
phdi dugc x6a). Néu bude 1 khong hoan tit thi phin mém sé& kiém tra EEIF d€ set, hoic WR
dé x6a, d€ xdc dinh chu ky ghi.

e.

BSF STATUS, RP1
BSF STATUS , REO
BTFSC EECON1,WR ;Walt for write
GOTO S-1 ;to complete
BCF STATUS, RPO ;Bank 2
MOVF DATA EE ADDR,W ;Data Memory
MOVWF EEADE ;Address to write
MOVF DATA EE DATA,W ;Data Memory Value
MOVWF EEDATA ;to write
BSF STATUS , RFPO ;Bank 3
BCF EECON1, EEPGD ;Point to DATA
;memory

ESF EECON1, WREN ;Enable writes
BCF INTCON, GIE ;Disable INTs.
MOVLW 55h H

- 38 MOVWF EECONZ2 ;Write 55h

g § MOVLW BAZh ;

§§ MOVWF EECON2 ;Write AAh
BSF EECON1, WR ;Set WR bit to

;begin write

BSF INTCON, GIE ;Enable INTs.
BCF EECON1, WREN ;Disable writes

Poc di lieu 1t bé nhé chuong trinh Flash:

P& doc dif liéu cia bo nhd dit lidu thi phai nap dia chi 2 byte vao hai thanh ghi EEADR va
EEADRH, set bit dié¢u khién (EECON1<7>) va sau d6 set bit di€u khi€én RD (EECON1<0>). Mbi
1an set bit diéu khi€n doc thi bd diéu khién bd nhé chuong trinh Flash s& diing hai chu ki 1énh ti€p
theo d€ doc dit liéu. Piéu nay 1am cho hai Iénh sau “BSF EECON1, RD” bi bé 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 1énh ti€p theo. Hai thanh ghi EEDATA va EEDATH sé luu dit liéu cho dén
khi thuc hién 1an doc ti€p theo hoic do ghi bdi ngudi sit dung.

Vi du 2-4: doc b nhd chudng trinh Flash

BSF
BCF
MOVLW
MOVWF
MOVLW
MOVWF
BSF
BSF

STATUS, RP1
STATUS, RPO
MS_PROG_EE_ADDR
EEADRH
LS_PROG_EE_ADDR
EEADR
STATUS, RPO
EECONI1, EEPGD

b
b
2
b

b

: bank 2

; MS byte of Program Address to read

; LS byte of Program Address to read

b

bank 3

; 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

BCF STATUS, RPO ; bank 2

MOVF EEDATA, W ; W=LS byte of program EEDATA
MOVWF DATAL ;
MOVW EEDATH, W ; W= MS byte of program EEDATA

MOWF DATAH ;

f. Ghi dU liéu vao bé nhé chuong trinh Flash:

Bo nhé chuong trinh Flash chi cho phép ghi n€u 6 nhé khong c6 bdo vé chdng ghi, khi dugc
xdc dinh & cdc bit WRT1:WRTO cia tir dinh ciu hinh ctia thi€t bi. B nhé chuong trinh Flash phai
dugc ghi mdi 1an 1 khdi gdm c6 4 word. Mot khoi gdm 4 word cé dia chi lién tuc va dung dia chi
thdp nh4t 1am dia chi cho cd khdi, cdc bit EEADR<1:0> = 00. Cung lic d6, tat cd cdc khoi ghi vao
bd nhd chuong trinh dudc thuc hién nhu cadc hoat dong ghi va xda.

D€ ghi dif liéu vao bd nhd chuong trinh thi trude tién ta phdi nap dit liéu vao cdc thanh ghi
dém nhu hinh. Piéu nay dudc thuc hién hoan tit chi khi dia chi vao hai thanh ghi EEADR va
EEADRH trudc va sau dé6 méi ghi dit liéu vao EEDATA va EEDATH. Sau khi dia chi va dit liéu
dudc thi€t 1ap thi trinh ty ghi dugc thuc hién theo thi ty nhu sau:

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

o) Ghi 55H, sau d6 AAH vao thanh ghi EECON?2.

o Set bit diéu khién WR (EECON1<1>).

T4t cd bon thanh ghi dém PHAI dugc ghi ding dit liéu. Néu chi 1, 2 hodc 3 word va giit
nguyén cdc word con lai trong bd nhd thi ta phdi 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 tai dit liéu vao
céc thanh ghi dém va thuc hién gidng nhu ghi day dd 4 word.

P& chuyén dit liéu tir cdc thanh ghi dém 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 d6é phai thuc hién
cac budc sau mdt cach tuan tu:

o  Set bit diéu khi€n EEPGD ( EECON1<7>).

o Ghi 55h, sau d6 AAh vao EECON2.

o Set bit diéu khién WR (EECON1<1>).

Ngudi st dung phdi thuc hién theo diing cic trinh ty &€ khdi dong qud trinh ghi cho mdi word
trong khdi bd nhé chuong trinh, ghi tirng word theo tuan ty (00,01,10,11). Khi ghi word cudi ciing
(EEADR<1:0> = 11) thi khoi dit liéu 4 word sé tu dong bi x6a va ndi dung clia thanh ghi dém da
dugc ghi vao by nhd chuong trinh.
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Sau khi thyc hién 1énh “BSF  EECONI, WR” thi bo xi 1i can hai chu ki dé thi€t 1ap hoat
dong x6a/ghi. Ngudi sit dung phdi dit hai 1énh NOP sau khi bit WR dugc set. Khi dit liéu dang ghi
vao cdc thanh ghi dém thi qud trinh ghi 3 word diu tién clia khdi thuc thi ngay 1ap tifc. BO xit 1i sé
tam ngiing cdc hoat dong bén trong khodng 4ms, chi xdy ra trong chu ki x6a. Pay khong phai la
ch& d6 SLEEP ciing nhu xung dong hod va thi€t bi ngoai vi van ti€p tuc hoat dong. Sau chu ki ghi,
bd xi 1i s& hodi phuc lai hoat dong ngay 1énh thit 3 nim sau 1énh ghi EECONI1. Né&u trinh ty thuc
hién cho bat ki 6 nhd khéc thi hoat dong sé bi hiy.

7 5 07 0
EEDATH EEDATA FeaiEwonte ol
Flash are erased,
6 8 then all buffers
are transferred
to Flash
\ Y :
. automatically
First word of block f 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 Reqgister | ‘ Buffer Register ‘ Buffer Register ‘ Buffer Reqgister

l

Hinh 2-8. Ghi d¥ liéu khéi vao bé nhé chuong trinh flash.

Program Memory

Vi du 2-5 sé& trinh bay trinh tu ghi dif liéu 4 word vao bd nhé. Pia chi bit dau dugc nap vao
cip thanh ghi EEADRH:EEADR, 4 word dit liéu dugc nap ding kiéu truy xua't dia chi gidn ti€p.

;7 This= write routine asgsumes the following:

; 1. & valid starting address (the least significant bits = *00’')is leaded in ADDEH:ADDREL
;i 2. The 8 bytes of data are leocaded, starting at the address in DATADDR
; 3. ADDRH, ADDRL and DATADDR are all located in shared data memory 0x70 - 0x7f

BSF STATUS ,EP1 i
BCF STATUS ,RPO ; Bank 2
MOVF RADDRH, W ; Load initial address

MCVWF  EEADEH i
MOVE ADDEL, W i
MCOVHWF  EEALDR i

MOVFE DATRADDR , W ; Load initial data address
MOVHWF FSE i
LOOP MOVFEF INDF, W ; Load first data byte inte lower
MOVHWF EEDATA H
INCF FER.,F ; Next bvte
MOVFEF INDF, W ; Load second data byte into upper

MOVWF  EEDATH i
INCF FER,F i
ESF STATUS ,RFPOD ; Bank 3

ESF EECCON1 , EEPGD ; Point to program memory
BSF EECON1 , WREN ; Enable writes
BCF INTCON,GIE ; Disable interrupts (if using)
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[ moviw  s5h ; Start of required write sequence:
MOVHF EECON2 ; Write 55h
MOVLW Anh i
B¢ wMovwr EECON2 ; Write AAh
'g_%c"_ BSF EECON1 ,WR ; Set WR bit to begin write
&3,3' HOP i BAny instructions here are ignored as processor
; halts to begin write sequence
HOP i processor will stop here and wait for write complete
| ; after write processor continues with 3rd instruction
BCF EECONL , WREN ; Disable writes
BSF INTCCON, GIE ; Enable interrupts (if using)
BCF STATUS ,RPO ; Bank 2
INCEF EELDE, F ; Increment address
MOVE EELDR, W ; Check if lower two bits of address are ‘007
ANDLW  0x03 ; Indicates when four words have heen programmed
ZORLW 0x03
BTFSC STATUS, Z ; BExit if more than four words,
GOTO LOOP ; Continue if lesg than four words

g. Bdo vé chong ghi nham:

C6 nhitng trudng hdp vi diéu khi€n khong cho ghi dit liéu vio bd nhé EEPROM hoic bd nhé
chuong trinh Flash. P& bdo vé viéc chdng ghi nhadm thi ¢6 nhiéu ki thuit khic nhau dudc thiét k€.
Khi m& ngudn thi bit WREN bi x6a. Do d6 bo dinh thdi khi mé dién sau khodng 72ms sé& ngin chin
ghi dit liéu vao EEPROM.

Trinh ty khdi dong ghi va bit WREN ciing hd tr¢ d€ bdo vé ghi ngdu nhién trong sudt khodng
thdi gian ngudn dién bi sut 4p do qud tai bt thudng, ngudn xung tap nhiéu hoic sy c6 phan mém.

h.

Khi bd nhé dir liéu EEPROM c6 ma b3o vé thi vi diéu khién c6 thé doc va ghi vao EEPROM
mdt cdch binh thudng. Tuy nhién tit cd cdc truy xuat tif bén ngodi vao bd nhé EEPROM thi khong
dudc cho phép.

Khi bd nhé chuong trinh EEPROM c6 ma bdo vé, vi diéu khién c6 thé doc va ghi vio bo nhé
chuong trinh mot cdch binh thudng ciing nhu thyc hién cdc 1énh. Tuy nhién tat cd cdc truy xult t
bén ngoai vao bd nhé EEPROM thi khong dugc cho phép.

Hoat déng trong lGc bdo vé chéng ghi:

Value on Value on

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other

Reset Resets
10Ch EEDATA |EEPROM/Flash Data Register Low Byte XHXX XXXX [uuuu uuuu
10Dh EEADR |EEPROM/Flash Address Register Low Byte MHHK HHHX |UUUU uuul
10Eh EEDATH = — |EEPROM/Flash Data Register High Byte HHHH XHXX |---0 g000
10Fh EEADRH — — — |EEPROM/Flash Address Register High Byte KEXK KHEK | & =mm omn
18Ch EECON1 |EEPGD| — — — WRERR | WREN | WR RD X--- %000 [---0 g000
18Dh EECON2 |EEPROM Control Register 2 (not a physical register) | e com | oo oo
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.

Bdng 2-8. Cac thanh ghi st dung cho bd nhé EEPROM.

4. CACPORT XUAT NHAP (10}
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a. PORTA va thanh ghi TRISA:

PORTA 1a port hai chiéu chi c6 6 bit, thanh ghi dinh huéng dif liéu tuong ng 1a TRISA. Khi
bit TRISA bing 1 thi PORTA Ia port nhdp va khi bit TRISA béng 0 thi PORTA 1a port xuét dit liu.

Poc thanh ghi PORTA la doc trang thdi & cdc chidn, nhung ngudc lai khi ghi thi dit liéu s€ vao
mach chdt port. TAt cd hoat dong ghi gdm 3 giai doan: doc — hiéu chinh — ghi. Do d6 ghi dif liéu
vao 1 Port dugc hi€u ngdm 1a doc dit liéu tir port rdi hiéu chinh va sau cling 13 ghi dit liéu vao
mach chot dir liéu.

Chan RA4 dugc da hgp vGi ngd vao xung clock ctia module Timer0 cé tén 1a RA4/TOCKI —
c6 cAu hinh Schmitt trigger va cuc mang d€ hd. TAt cd cdc chan con lai cia PORTA & chudn TTL
khi n6 12 ngd vao va khi xuat dit liéu thi theo chusin CMOS.

Nhitng chian khdc cia PORTA dugc da hgp vdi cdc ngd vao tuong tuw va ngd vao tuong tu
Vrer cho cdc bd chuyén d6i A/D va cic bd so sanh. Hoat dong ctia mdi chan dugc lwa chon bing
cdch xod/lap cdc bit diéu khién cho phii hgp trong thanh ghi ADCON1 va/hoic thanh ghi CMCON.

Thanh ghi TRISA diéu khi€n huéng cdc chan clia Port ngay ca khi chiing dugc st dung nhu 12
ngd vao tuong tu. Ngudi sit dung phdi ddm bdo ring cdc bit & thanh ghi TRISA dudc duy tri § mifc
1 khi st dung chiing 1a ngd vao tuong tu.

Data Data Latch
Bus
D Q
VDD
WR
PORTA —
CK Q
- F& ° o
TRIS Lafch '—g
*— D Q :D_‘ N
WR
TRISA — o
CK 0 Vss
Analog
Input
Mode
[
RD
TRISA TTL
Input
Buffer
Q D

EN
RD PORTA D’l

To A/D Converter or Comparator

Note 1: I/O pins have protection diodes to VoD and Vss.
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Hinh 2-9. So d6 mach chan RA3:RAO.

CMCON<=2:0= = x01 or 011

C10UT DO

Data Latch
Data Bus D Q

# 110 pin(M
WR PORTA !EK\_Q . N
Vss

TRIS Latch
— D Q

4&@@ ?ﬁ'&&”é‘r‘ %7

Input
RD TRISA “ﬁ
<]

WR TRISA

Buffer

EN

RD PORTA DC T

TMRO Clock Input

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

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

CMCON=2:0==0110r1o01

C20UT D"

Data Latch
Data Bus D Q VoD
WR PORTA pok-a @—{
TRIS Latch /0 pin!
+—D Q Analog
liP Mode
WR TRISA ccua Vs -
Input
Buffer
RD TRISA Oﬁ
e Q Dl—
EN
RD PORTA ) D@ —‘
A/D Converter or SS Input
Hinh 2-11. S6 d6 mach chan RAS.
TEN BIT#  KIEU DEM CHUC NANG
RAO/ANO Bit 0 TTL I/0
RA1/AN1 Bit 1 TTL I/0
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RAZ/ANZ/VREF_/CVREF Bit 2 TTL 1/0 hOQ:C VREF- hOB:C VCREF
RA3/AN3/VREF+ Bit 3 TTL 1/0 hOﬁ.C VREF+
RA4/TOCKI/C10UT Bit 4 TTL I/0 hodc ngd vao xung clock
cho Timer0 hodc ngd ra bd
so sanh
RAS5/AN4/SS /C20UT Bit 5 TTL I/0 hodc ngd vao tuong tu
Bang 2-9. Cac chic ndng cia PORTA.
Value on- Value on
Address | Name Bit 7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR
Resets
05h PORTA — — RAS RA4 RA3 RAZ2 RA1 RAOD --0x 0000| --0u 0000
a5h TRISA — — PORTA Data Direction Reqgister --11 1111 --11 1111
9Ch CMCON | C20UT | C10UT | C2INVY | C1INV CIS Cm2 CM1 CMO |ooo0 0111 o000 0111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 | CVR2 CVRI1 CVRO |o00o0- 0000| 000- 0000
9Fh ADCON1 | ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO |00-- o0o00| 00-- 0000

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

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

Ba chin ctia PORTB dugc da hdp véi mach dién g& rdi bén trong va chifc ning 1ap trinh dién
4p thap: RB3/PGM, RB6/PGC va RB7/PGD.

M&i chan cia PORTB c6 dién trd kéo 1én. Bit diéu khi€n RBPU (OPTION_REG<7>) = 0 thi
c6 thé md tit cd cdc dién trd kéo 1én. Khi PORTB dugc thi€t 14p 1 cdc ngd ra thi s& ty dong tit
chitc ning dién tr§ kéo 1én ciing tuong ty khi CPU bi reset lic méi cAp dién.

B6n chian cia PORTB RB4:RB7 c6 cdu triic ngit thay ddi. Chi c6 nhitng chan dudc thi€t 1ap
& cAu hinh 12 ngd vao thi méi c6 chitc ning ngit. Cdc chan ngd vao (RB7:RB4) dudc so sinh vdi
gid tri cii ¢4 dudc chot trong 1an doc trude clia PORTB. Cdc ngd ra khong tring nhau clia cdc chin
RB4:RB7 dudc OR lai véi nhau d€ tao ngit 8 PORTB vdi bit cd bao ngit RBIF (INTCON<0>).

Ngit nay c6 thé kich hoat vi diéu khi€n trd lai trang thdi hoat dong khi né dang & ch& do
SLEEP. Trong chuong trinh phuc vu ngit thi ngudi diing c6 thé x6a ngit biing cic cich sau:

o  BAtky lénh doc hay ghi PORTB sé& két thic diéu kién khong thich ng.

o Xdba bit cd RBIF.

Diéu kién khong tuong thich sé ti€p tuc 1am cd bdo ngit RBIF bing 1. Khi doc PORTB sé&
cham dit diéu kién khong tuong thich va cho phép x6a bit cd bdo ngit RBIF.
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VDD
(2)
RBPU Weak
P Pull-up
Data B Data Latch
ata Bus
D Q ™~
10 pint!
WR Port ! CK 1
TRIS Latch
D Q
TTL
Input
WRTRIS | CK % Buffer
' L
RD TRIS
/—1 Q D
RD Port \ﬁ
EN
RBO/INT
RB3/PGM {_,_;:]
]
Schmitt Trigger | RD Port
Buffer

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

Yoo
RBPUZ Weak
;l:}}_{ P Pull-up
Data Latch
Data Bus
10 pint!)
WR Port ! CK—L
TRIS Latch
o— D Q
WRTRIS ! CK_\_ |1;1Tp|ﬁt 7 _\_
Buffer ST
* ] . Buffer
RD TRIS T
Latch
’d » Q D —w
RD Port \[\J
EM Q1
Set RBIF
2l ,
Iﬁ Q D
From other RD Port
RB7:RB4 pins EN
Q3
RET.-RBG

In Serial Programming Mode
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Hinh 2-13. S d6 mach cac chdan RB7:RBA4.
CAu tric ngit thay d6i dung dé€ thodt khdi ch€ @6 nghi khi c6 nhan phim va cdc hoat dong ma
PORTB chi dudc diing cho ciu tric thay ddi ngit.
CAu tric ngit khong tuong thich k&t hdp véi 4 chian cé ciu hinh dién trd kéo 1én bing phin
mém dé dang cho phép giao ti€p vSi ban phim.

Tén Bit# Kiéu dém Chtic ning
RBO/INT Bit0 TTL/ST I/O hoidc ngd vao ngit. C6 1ap trinh dién tr§ kéo Ién.
RB1 Bit 1 TTL I/0. C6 1ap trinh dién tré kéo 1én.
RB2 Bit 2 TTL I/0. C6 1ap trinh dién tré kéo 1én.
RB3/PGM | Bit3 TTL I/O hoic lap trinh & ch& d6 LVP.
C6 lap trinh dién trg kéo 1én.
RB4 Bit 4 TTL I/O (ngit khi c6 thay d6i). C6 1ap trinh dién trd kéo 1én.
RB5 Bit5 TTL I/O (ngit khi c6 thay d6i). C6 1ap trinh dién trd kéo 1én.
RB6/PGC Bit5 TTL/ST I/O (ngit khi c6 thay d6i) hoic chan mach g& rdi.
C6 1ap trinh dién tr§ kéo 1én. Xung 14p trinh ndi ti€p.
RB7/PGD | Bit5 TTL/ST I/0 (ngit khi c6 thay d6i) hoic chan mach g8 ri.
C6 lap trinh dién trd kéo 1én. Dit liéu 1ap trinh ndi tiép.
Bang 2-11. Cac chic ndng cUa PORTB.
Value on: Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 : all other
POR, BOR
Resets
06h, 106h |PORTB REB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO |axx st |uuuu uuuu
86h, 186h | TRISB PORTE Data Direction Register 1111 1111(1111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG | TOCS | TOSE | PSA | Ps2 | PS1 | PSO |1111 11111111 1111

Bang 2-12. Cac thanh ghi két n6i véi PORTB.
c. PORTC va thanh ghi TRISC:

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

PORC la dugc da hgp v6i vai chiic ndng ngoai vi. Cac chian cia PORTC c6 mach dém
Schmitt Trigger ¢ ngd vao.

Khi khoi I°C dugc cho phép thi cic chin PORTC<4:3> c¢6 thé dudc dinh ciu hinh § cdc mic
I’C hodc mitc SMBUS biing cdch st dung bit CKE (SSPSTAT<6>).

Khi cho phép cédc chic ning ngoai VI, nén chii y dé€n cdc bit TRIS cho mdi chan clia PORTC.
Mot vai thi€t bi ngoai vi ghi neon 1&n bit TRIS d€ 1am mot chan nhu 12 1 ngd ra, trong khi d6 cic
thi€t bi ngoai vi khac ghi neon Ién bit TRISB d€ 1am mdt chan nhu 1a 1 ngd vao. Khi ghi d& bit
TRIS thi khong 4nh hudng dé€n cédc thi€t bi da cho phép, cdc 1énh doc — hiéu chinh — ghi (BSF,
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BCF, XORWF) véi TRISC 1a dich d&n phai tranh ding. Ngudi st dung tham chi€u t6i phan thiét bi
ngoai vi tuong tng d€ thi€t 1ap cho ddng bit TRIS.
Port/Peripheral Select'?

Peripheral Data Out

0 oD
Data Bus
D Q
P
WR Port
PO L pCKYLQ 1
P9 L.
Data Latch
/O
D Q pint)
M_tcm Q i/\ } N
TRIS Latch E‘

) Wss
RD TRIS : Schmitt %
Trigger

Peripheral

OER) e a b

EN
RD Port D“ —‘

Peripheral Input

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

Port/Peripheral Select?)

Peripheral Data Out

0 VoD
Data Bus
D Q P
WR Port I R a 1
Data Latch E
fle]
D Q pint1)
URILS Ly ocve |—5 T )
TRIS Latch
Wss
L
mj Scmitt \§, /
Trigger _\_
Peripheral
3)
OF @ D Schmitt
Trigger
EN with
SMB
RD Port . DC W Levels
SSP Input
CKE
SSPSTAT<6>
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Hinh 2-15. S6 d6 mach cac chdan RC4:RB3.

Value on: Value on
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 all other
POR, BOR
Resets
07h FORTC | RCY RCG RCH RC4 RC3 RC2 RC1 RCO |zoooo o000 | unuu uuun
87h TRISC |PORTC Data Direction Register 1111 1111{1111 1111
Legend: = unknown, u = unchanged

Bang 2-13. Cdc thanh ghi két n6i v6i PORTB.

TEN

RCO/T10SO/T1CKI

RCI/T10SI/CCP2

RC2/CCP1

RC3/SCK/SCL

RC4/SDI/SDA

RC5/SDO

RC6/TX/CK

RC7/RX/DT

d. PORTD va thanh ghi TRISD:

BIT#

Bit0

Bit 1

Bit2

Bit3

Bit 4

Bit5

Bit 6

Bit 7

KIEU
PEM
ST

ST

ST
ST
ST
ST
ST

ST

CHUC NANG

I/O hodc ngd ra bd dao ddng
Timerl/ngd vao xung cta Timerl.

I/O hodc ngd vao bd dao dodng
Timerl/ngd vao Capture, ngd ra
compare2/ngd ra PWM.

I/O hodc ngd vao Capturel/ngd ra
Comparel/ngd ra PWM.

RC3 ciing c¢6 thé 1a xung clock ndi
ti€p déng bd cho ch& d6 SPI va I°C.
RC4 ciing c6 thé 1a dit liéu SPI hoic
dit liéu xudt/nhap (ché do I°C).

I/O hodic ngd ra dit liéu port ndi ti€p
ddng bo.

I/O hoic truyén bat dong bd USART
hoic xung déng bd.

I/O hoic nhian bit dong bd USART
hoac dir liéu dSng bd.

Bdng 2-14. Cac chic néng cua PORTC.

PORTD 12 port 8 bit vdi ngd vao c6 mach Schmitt Trigger. Mi chan cé thé dudc cidu hinh

doc lap 1a ngd vao hodc ngo ra.

PORTD c6 thé dinh ciu hinh nhu port cda vi x& 1y 8 bit biing cdch thi€t 14p bit diéu khién

PSPMODE (TRISE<4>). Trong mode nay thi cic b d¢m ngd vao dang TTL.
Chu y: PORTD va TRISD khoéng dugc xay dung cho chip PIC 28 chan.
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Data Data Latch
Bus D Q /0/
WR ey mint1)
11O pin
& CK_\_
TRIS Latch
[ D Q
WR
TRIS CK W Schmitt L
Trigger
Input
| Buifer
RD
TRIS
| Q D
EN
RD Port —‘

i

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

. . . . - . . . Value on: Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR all other
Resets
08h PORTD | RD7 | RD&6 | RD5 RD4 RD3 RD2 RD1 RDO |zxxxx xxxx|uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111{1111 1111
89h TRISE | IBF | OBF |IBOV|PSPMODE| — |PORTE Data Direction Bits| 0000 -111[0000 -111
Bdng 2-15. Cac thanh ghi k&t ndi v&i PORTD.
TEN BIT# KIEUPEM CHUC NANG
RDO/PSPO Bit 0 ST/TTL Port I/0 hodc bit O ctia port tG song song
RD1/PSP1 Bit 1 ST/TTL Port I/0 hodc bit 1 clia port tG song song
RD2/PSP2 Bit 2 ST/TTL Port I/0 hodc bit 2 clia port tG song song
RD3/PSP3 Bit3 ST/TTL Port I/0 hoic bit 3 ctiia port t& song song
RD4/PSP4 Bit4 ST/TTL Port I/0 hoic bit 4 ctiia port t& song song
RD5/PSP5 Bit5 ST/TTL Port I/0O hoidc bit 5 ciia port t& song song
RD6/PSP6 Bit 6 ST/TTL Port I/0O hoic bit 6 ctiia port t& song song
RD7/PSP7 Bit7 ST/TTL Port I/O hoic bit 7 cia port té song song

Bang 2-16. Cac chlic ndng cia PORTD.
e. PORTE va thanh ghi TRISE:
PORTE c6 3 chan: RE0/ RD/ANS, RE1/WR/AN6 va RE2/CS /AN7 ¢6 c&u hinh doc lap dé

thi€t 14p ngd vao hoidc ngd ra. Nhitng chan nay c6 mach dién Schmitt Trigger & ngd vao.

PORTE tr§ thanh cdc ngd vdo diéu khi€n xudt/nhiap cda vi x& 1i khi bit PSPMODE
(TRISE<4>) bing 1. Trong ch€ dd nay ngudi stt dung phdi chic chin riing cdc bit TRISE<0:2> phai
bing 11 va chic chin ring cdc chan dé dugc thi€t 1dp 1a cdc ngd vao s6. Cing ddm bdo ring
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ADCONI1 dugc c&u hinh nhu nhitng ngd xudt/nhap s6. Trong ch€ d6 nay, bd dém ngd vao dang
TTL.

Céc chian ¢ PORTE ciing dugc da hgp vdi cdc ngd vao tuong tu. Khi dugc chon 1a ngd vao
tuong ty thi khi doc cdc chan nay sé& c6 gia trila ‘0’.
TRISE diéu khién dinh huéng cidc chdn RE, ngay c4 khi ching dugc diing nhu nhitng ngd vio

twong tv. Ngudi dung phdi chic chin cdc chin dudc dinh cAu hinh 13 nhitng ngd vao khi diing
ching la nhitng ngd vao tuong tu.

Value on- Value on
Address Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 - all other
POR, BOR
Resets
09h PORTE — — — — — REZ2 RE1 REO | ---- -xx|---- -uuu
89h TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits | oocoo -111 | 0000 -111
9Fh ADCON1 [ ADFM | ADCS2 — — PCFG3 | PCFG2Z | PCFG1 | PCFGO0 | oo-- o000 | 00-- 0000

Bang 2-17. Cac thanh ghi két n6i v6i PORTE.

Data Data Latch
Bus ' S~
110 pintY
TRIS Latch
D Q
WR
TRIS | CK Schmitt _|
Trigger \7
Input
P Buffer
ro 7
TRIS
| Q D

EN
RD Port :

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

TEN BIT# KIEU PEM CHUC NANG
REO/RD/ANS5 Bit0 | ST/TTL I/O hoic ngd vao diéu khién doc trong
ch& do port t6 song song hoic ngd vao
tuong ty: 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 thudng.
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0= diéu khién ghi.

RE2/CS /AN7 Bit2 | ST/TTL I/O hodc ngd vao diéu khién chon lya
chip trong ch& dd port t6 song song hoic
ngo tuong ty: cs
1= VDK khong dugc chon.
0= VDBbK dudc chon.

Bang 2-18. Cac chic ndng cua PORTE.

TRISE REGISTER (ADDRESS 89h)
R-0 R-0 R/W-0 R/AW-0 u-0 RAN-1 RAN-1 RAW-1

IBF OBF IBOV PSPMODE — Bit 2 Bit 1 BitO

bit 7 bit 0
Trang thdi port t& song song/céc bit diéu khién:
Bit7 IBF: bit b4o trang thdi bd dém ngd vao day (Input Buffer Full Status bit):
I=mdt word da nhan va dang chd CPU doc.

0= khdng c¢6 word nao dugc nhén.

Bit 6 OBF: bit b4o trang thdi bd dém ngd ra day (Output Buffer Full Status bit):
1= bd dém ngd ra vin con giit word da ghi true do.
0=bd dém ngd ra da dudc doc.

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

Bit4  PSPMODE: Bit chon Iwa ch& do port t6 song song
1= PORTD dudc dinh & ché& dd 1a port t6 song song.
0= PORTD dudc dinh & ch€ do 1a port xudt nhap.

Bit3  Chua dung: doc la ‘0’

Céc bit 8 PORTE 1a cdc bit dit liéu truc ti€p:

Bit2  Bit 2: bit diéu khi€n huéng cho chan RE2/ CS /AN7

1=ngo vao.
0= ngo ra.

Bit 1 Bit 1: bit diéu khi€n huéng cho chin RE1/WR/AN6
1=ngo vao.
0= ngo ra.

Bit0  Bit 0: bit diéu khi€n huéng cho chan RE0/ RD/AN5
1=ngd vao.
0= ngo ra.

5 BO DINH THOI TIMERO:
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Bo timer/counter ciia module Timer c¢6 nhitng dic di€m sau:
o La timer/counter 8 bit.
o  C6 thé doc va ghi.
o  C6 bd chia tru6e 8 bit c6 thé 1ap trinh bing phin mém.
o Cho phép lua chon ngudn xung clock bén trong hoic bén ngoai.
o  Ph4tsinh ngdt khi bi tran tir FFH d&€n 00H.
Cho phép lva chon tdc dong canh cho xung clock bén ngoai.
So @b khoi cda timer0 va bd chia truéc véi WDT nhu hinh 2-18:

O

CLKO (= Fosc/4)

Data Bus

- | ,, b
RA4/TOCKI g M Sync
pin ] ol Y - 2 TMRO Reg
T X Cycles
C

s 1 _
PSA Set Flag bit TMROIF
on Overflow

PRESCALER
r—— - - - — — — — — — 7
a M | - 8-bit Prescaler |
1T |
Watchdog 1 X | 8 |
Timer | |
T | 8-to-1 MUX a—— PS2:PS0 |
T PSA JI" D N i TR . _

WDT Enable bit 0 ‘ 1

WL le—— PSA

WDT
Time-out

Hinh 2-18. SS dd khéi coa timer0 va bé chia truéc véi WDT.

Ch€ dd dinh thdi dugc chon bdi viéc x6a bit TOCS (OPTION_REG<5>). Trong ch& do dinh
thdi Timer thi Timer0 sé& ting gid tri sau mdi chu ki 1énh (khdng c6 bd chia). Néu thanh ghi TMRO
bi ghi gid tri mdi thi qua trinh ting s& bi cAm trong 2 chu ki theo sau. Ngudi st dung c6 thé lam tron
gid tri ndy biing cdch ghi gid tri c6 di€u chinh vao thanh ghi TMRO.

Né&u bit TOCS (OPTION_REG<5>) bing 1 thi chon ch&é do d€m Counter. Trong ché d d€m
Counter thi Timer0 s& ting gid tri d€m mdi khi c6 xung tdc dong canh 1&én hoic canh xudng & chan
RA4/TOCKI. Canh tic dong ctia xung dugc chon lua bdi bit TOSE (OPTION_REG<4>): TOSE = 0
thi chon canh Ién, ngugc lai thi chon canh xudng.

Bo6 chia tru6c khong thé doc/ghi va cé m&i quan hé v6i Timer0 va Watchdog Timer.

a. Ngdt coa TimerO:

Ngit TMRO dugc kich hoat khi thanh ghi TMRO tran tir 00h dé€n FFh. Khi trin x3y ra sé 1am
bit TMROIF (INTCON<2>) 1én mifc 1. Ngit c6 thé che (cAm) biing cdch xéa bit TMROIE
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(INTCON<5>). Bit TMROIF phdi dugc x6a bing phin mém bdi chuong trinh con phuc vu ngit clia
Timer0 truSc khi cho phép ngit trd lai. Ngit TMRO khong thé kich vi xit li thoat khéi ché do
SLEEP vi by dinh thdi s& ngirng khi vi xtt 1y & ché do6 SLEEP.

b. Timer0 v6i nguon xung dém tU bén ngoai:

Khi khong st dung bd chia triude thi ngd vao xung clock bén ngoai gidng nhu ngd ra bo chia
truc. Su ddng bd héa clia TOCKI véi cdc xung clock bén trong dudc thuc hién biing cdch 14y miu
ngd ra bd chia & nhitng chu ki Q2 va Q4 ctlia xung clock bén trong. Do dé, n6 rit cin thi€t cho
TOCKI & trang thai mifc cao it nhi't 2 Tosc va & trang thai mitc thap it nhat 2 Togc.

c. Bo chia truéc:

Chi ¢c6 mot bo chia c6 tdc dung ma né cé quan hé v6i Timer0Q va WDT. Khi gdn b6 chia trugc
cho TimerO thi s& khong c¢é bo chia cho Watchdog Timer va ngugc lai. Bd chia trude thi khong thé
doc hodc ghi. Cac bit PSA va PS2:PSO (OPTION_REG<3:0>) xdc dinh gian clda b6 chia va ti 1&
chia.

Khi dugc gdn cho TimerO thi tit cd cdc 1énh ghi cho thanh ghi TMRO (vi du CLRF 1,
MOVWF 1, BSF 1, ...) s€ xo04 bd chia trudc.

Khi dugc gédn cho WDT thi 1énh CLRWDT s& x0d bd chia trudc cung v61 Watchdog Timer.
Bo chia trudc cling khong thé doc hoic ghi.

OPTION_REG REGISTER

R/AW-1 R/W-1 R/W-1 R/W-1 RAW-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0

Bit 7 RBPU

Bit 6 INTEDG

Bit 5 TOCS: bit lva chon ngudn xung cho TMRO (TMRO Clock Source Select bit)
1= xung duwa d€n chan TOCKI.
0= xung clock bén trong.

Bit4 TOSE: bit Iya chon canh tich cyc 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 trudc
1= gdn bd chia cho WDT.
0= gdn b chia TimerO.

Bit 2-0  PS2:PS0: cic bit Iua chon ti 1€ bd chia truGc

Bitlva chon  Tilé TMRO Tilé 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

Bdng 2-19. Cac bit lya chon ti 1é bd chia trudc.
6. BO DNH THOI TMER?

Timerl 13 dinh thdi/d€m 16 bit gdm 2 thanh ghi 8 bit (TMR1H va TMRIL) — c6 thé doc va
ghi. Hai thanh ghi nay ting tr 0000h dé€n FFFFh va quay tr§ lai 0000h. Ngit cia Timerl néu dugc
cho phép sé& phat sinh ngit khi tran va ngit dudc chdt vao bit cd ngit TMRIIF (PIR1<0>). Ngit
nay c6 thé cho phép/cam khi bit TMRIE (PIE1<1>) c6 gid tri 1/0 tuong dng.

Timer] c6 thé hoat dong & 1 trong 2 ch& do dugc lua chon bdi bit TMR1CS (TICON<1>):

[] Bo dinh thdi — timer.
[] B d€m — counter.

Trong ch& d6 dinh thdi timer, Timerl ting gid tri 8 mdi chu ki 1énh. Trong ché do d€m thi bo
dé&m ting gid tri mdi khi ¢6 canh clia xung clock ngd vao tif bén ngoai.

Timerl c¢6 bit diéu khién cho phép/cAm d€m TMR1ON — bing 1 thi cho, bing 0 thi cAm.
Timer] ciing c6 ngd vao reset. Ngd vao reset c6 thé dudc tao ra bdi ca 2 khoi CCP.

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — T1CKPS1|T1CKPS0| T1OSCEN |T1SYNC|TMR1CS |TMR1ON
bit 7 bit 0
Bit 7-6  Chua st dung néu doc sé& c6 gid tri ‘0’.
Bit 5-4  T1CKPS1:T1CKPS1: cic bit Iva chon b chia
11=1:8 gi4 tri chia.
10=1:4 gi4 tri chia.
01=1:2 gi4 tri chia.
00=1:1 gi4 tri chia.
Bit 3 T10SCEN: bit diéu khi€n cho phép bd dao dong Timerl
1=bd dao dong dudc phép.
0= T4t bd dao dong.
Bit2 T1SYNC: bit diéu khién ddng bo ngd vao xung clock bén ngoai clia timerl

Khi TMR1CS =1
1= khong thé ddng bd ngd vao clock & tir bén ngoii.

0= dong bd ngd vao clock & tir bén ngoai.
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Khi TMR1CS =0
Bit nay bi b6 qua. Timerl dung xung clock bén trong khi TMRI1CS = 0.

Bit 1 TMRICS: bit lya chon ngudn xung clock ciia timerl
1= chon ngudn xung clock tir bén ngoai & chan RCO/T10SO/T1CKI (canh 1&n).
0= Chon ngudn xung clock bén trong (Fosc/4).

Bit 0 TMRI1ON: bit diéu khién Timerl
1= Cho phép Timerl dé€m.
0= Timerl ngirng dé€m.

a. Hoat dong cba Timerl & ché dé dinh théi:

Né&u bit TMR1CS (T1CON<I1>) bing 0 thi Timerl sé& 1am viéc & ch& do dinh thdi va tan sd
xung déng hd dua d€n bd d€m bing Fosc/4. Bit diéu khién déng bo T1SYNC (T1CON<2>) khong bi
4nh hudng do xung clock bén trong luén dong bd.

b. Hoat dong cla Timerl & ché dé Counter:

Timerl c6 thé hoat dong & ch& do ddng bd hoic bat ddng bd tuy thudc vio bit TMRICS.

Timerl ting 1én 1 khi c6 canh 1én ctia xung bén ngoai. Sau khi Timerl dugc phép bit dau
hoat dong & ch& @6 Counter thi Counter phdi nhan 1 xung canh xudng trudc khi c6 xung d€m dugc
minh hoa hinh 2-19.

T1CKI — |
(Default High)

T1CKI
(Default Low) —————————— —

! ! ' }

Hinh 2-19. Gidn d6 thdi gian xung dém cOa Counterl.

c. Hoat déng cOa Timerl & ché dé Counter dong bé:

Khi bit TMR1CS biing 1 thi Timer1 hoat dong & ch&é do Counter va sé& ting gi4 tri néu:
= (C6 xung canh lén dua d&€n ngd vao & chan RC1/T10SI/CCP2 va bit TIOSCEN bing 1.
* (C6 xung canh 1én duwa d&€n ngd vao & chin RCO/T10SO/T1CKI va bit TIOSCEN bing 0.

Néu bit T1SYNC bi xéa thi ngd vao xung clock tif bén ngoai dugc dong b véi xung clock bén
trong. Su dong bo dugc thuc hién sau ting chia trude. Tang chia truc 1a bd d€m ba't ddng bd.

O c4u hinh nay, trong sudt ch& do SLEEP, Timerl s& khong ting gid tri d€m khi ¢6 xung tit
bén ngoai xuat hién do mach ddng bd ngirng hoat dong. Tuy nhién bd chia van ti€p tuc ting.

85 Vixd ly




Chuong 2. Vi diéu khién PIC. SPKT — Nguy8n Pirh Phi

Set Flag bit
TMR1IF on
Overflow B Synchronized
L TMR1 Clock Input
TMR1H TMRIL .
-
TMR1ON
-------- On/Off TISYNC
., T10SC
RCO/T10SQ/TICKI * » {}\ 1 S——
: : | Prescaler ync_romze_
! = T10SCEN  Fosc/4 1,2,4,8 A et
AT ¥ (2} | ! Ena_ble (1] |I‘1terna| U‘ |
RC1/T10SI/CCP2 E . | Oscilator Clock ) o et
"""" T1CKPS1:T1CKPSD
TMR1CS

Hinh 2-20. S6 d6 khéi cOa Timerl.

d. Hoat déng cOa Timerl & ché dé Counter bat dong ba:

Néu bit T1SYNC (T1ICON<2>) biing 1 thi xung ngd vao tir bén ngoai khong dugc dong bo. Bd
dém ti€p tuc ting bat ddng bd vSi xung bén trong. BO d&€m sé ti€p tuc d€m khi & trong ch& do
SLEEP va c6 thé phdt sinh ngit train d€ khdi dong lai bd xit li. Tuy nhién, cdc phong ngira dic biét
trong phAn mém thi can phai doc/ghi bo dinh thdi.

O ch& do bd d€m khong ddng bo thi Timerl khong thé€ dung bo tao thdi gian chudn dé bit
kip hodc cdc hoat dong so sdnh.

e. Doc va ghi Timerl trong ché d6 dém khéng dong bé:

DPoc cdc thanh ghi TMR1H hoic TMRIL trong khi timer dang hoat dong d€m xung bi't dong
bd bén ngoai thi gia tri doc c6 hiéu luc.

Khi ghi thi ngudi ding nén ngirng timer lai rdi mdi ghi gid tri mong mudn vao cdc thanh ghi.
No6i dung ghi vao timer c6 thé thuc hién khi timer dang d€m nhung cé thé tao ra mot gid tri d€m
khong dy dodn dugc & cdc thanh ghi clia timer.

f. Bd dao ddng clUa Timerl:

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

Osc Type Freq. C1 c2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

Badng 2-20. Lua chon ty cho bé dao déng.
g. Reset Timerl sU dung ngd ra CCP Trigger:
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Néu khdi CCP1 va CCP2 dugc dinh cAu hinh & ché& d6 so sanh d€ tao ra “xung kich su kién
dac biét” (CCPIM3:CCPIMO = 1011), tin hi€u nay s€ reset Timerl.

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

Timer1 phai dinh ciu hinh & ch€ do dinh thdi hoic bd dém ddng bd d€ tao tién ich cho ciu
tric nay. N&u Timerl dang hoat dong & ch& do d€m bat ddng bo thi hoat dong Reset khong thé
thuc hién dugc.

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

Hai thanh ghi TMR1H vad TMRIL khong thé vé 00h khi reset liic cAp nguén POR (Power On
Reset) hodc bat ki reset ndo khéc, ngoai trir “xung kich sy kién dic biét” cia CCP1 va CCP2.

Thanh ghi TICON dudc reset vé 00h khi hé thdng bi reset liic cAp ngudén POR hoic khi
Brown-out Reset, reset ndy sé& tit timer va hé sd chia trudc c6 gid tri 1:1. O tat ¢4 cdc reset khdc
con lai thi thanh ghi khong bi anh hudng.

Cdc thanh ghi cia Timerl nhu bang 2-21:

ks g Value on
Address | Name Bit7 Bit 6 Bit 5 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 |oooo ooox|o000 000u
10Bh, 18Bh

0Ch PIR1 pspPIFM| ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF o000 Do00|0000 0000
8Ch PIE1 pspIEM| ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |o000 0000|0000 0000
OEh TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR 1 Register WK WK | UL uuun
OFh TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register HKHHX XK | Uuul uuul
10h TiIcoN | — | — |TickPs1|T1cKPS0|T10SCEN| TISYNC | TMRICS | TMRION|--00 0000]--uu wauu

Bang 2-21. Cac thanh ghi coa Timerl.
7. BO DINH THOI TMER2:

Timer2 1a timer 8 bit c6 bd chia trudc va cé postscaler. Timer2 c6 thé dugc si dung nhu bo
tao xung c6 PWM cho ch& d6 hoat ddng PWM cia khdi CCP. Thanh ghi TMR2 ¢6 thé doc va ghi
va c6 thé xod khi bi reset.

Ngo vao xung clock (Fosc/4) c6 tuy chon hé sO chia trudc 1a: “1:1”, “1:4” hodc “1:16” dudc
lya chon biing cdc bit di€u khié€n T2CKPS1:T2CKPS0 (T2CON<1:0>).

Timer2 c6 1 thanh ghi chu k¥ 8 bit PR2. Timer2 ting gi4 tri tit 00h cho d&n khi bing PR2 va
sau d6 reset vé 00h & chu ki k€& ti€p. PR2 1a thanh ghi c6 thé doc va ghi. Khi hé thdng bi reset thi
thanh ghi PR dugc khdi tao gia tri FFH.

Ngé ra cia TMR2 di qua postscaler 4 bit dé€ tao ra yéu ciu ngit TMR2 dugc chdt trong bit c&
TMR2IF (PIR1<1>). C6 thé tit Timer2 bing cich xod bit diéu khi€én TMR20ON (T2CON<2>), dé
gidm cong suit tiéu thy.
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Sets Flag
bit TMR2IF | Ooipat®

Reset

-

Prescaler
1:1,1:4, 1118

}2

T2CKPST:
T2CKPS0

TMRZ2 Reqg

\/

Comparator

i

PR2 Reg

— Foscid

Fostscaler
11t 1116

ba

T20UTPS3:
T20UTPS0

Hinh 2-21. So d6 khéi cba Timer2.
Thanh ghi diéu khién timer2:

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

EQ

uU-0

R/W-0

R/W-0

R/W-0

RW-0

R/W-0

R/W-0

R/AW-0

TOUTPS3

TOUTPS2

TOUTPST

TOUTPSO

TMR20ON

T2CKPS1

T2CKPS0

bit 7 hit 0
Bit 7

Bit 6-3

Chua st dung néu doc sé& c6 gid tri ‘0’.

TOUTPS3:TOUTPSO: céc bit lwva chon ngd ra Postscaler ciia Timer2
0000=1:1 postscaler.

0001=1:2 postscaler.

0010=1:3 postscaler.

1111=1:16 postscaler.
TMR2ON: Bit diéu khién cho phép/cam Timer2
1= cho phép timer2 dé€m.

Bit 2

0= Timer2 ngirng d€m.

T2CKPS1:T2CKPSO0: bit Irra chon hé s6 chia trude cho ngudn xung clock clia timer2
00=hé s6 chia 1a 1.

01=hé s6 chia la 4.

1x=hé s6 chia 12 6.

Bit 1-0

a. Bo chia truéc va postscaler cha Timer2:

Bd d&€m chia trude va bd d€m postscaler s& bi x6a khi x4y ra mot trong cdc su kién sau:
D Thyc hién ghi di¥ lié¢u vao thanh ghi TMR2.
] Ghi vio thanh ghi T2CON.
[] Bat ki su Reset nao cda linh kién.

TMR?2 khong bi x6a khi ghi dit li€u vao thanh ghi T2CON.
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b. Ngb ra cia TMR2:
Ngd ra ctia TMR2 dudc ndi t6i khdi SSP — khdi nay c6 thé tiy chon d€ tao ra xung nhip.

Value on: Value on
Address | Name Bit7 Bit 6 Bit 5 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 |oooo ooox|oooo0 ooou
10Bh, 18Bh

0Ch PIR1 psPIF™|  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |coco oooo|oooo 0000
8Ch PIE1 psPIiE™| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |[oo00 0000|0000 0000
11h TMR2 |Timer2 Module's Register 0000 0000[0000 0000
12h T2CON | — |TOUTPS3|TOUTPS2|TOUTPS1| TOUTPSO | TMR2ON|T2CKPS1[T2CKPS0[-000 0000]-000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111

Bang 2-22. Cac thanh ghi coa Timer2.
8. KHOI CHUYEN D8I TUONG TU SANG 58 ADC:

Khdi chuyén ddi ADC 8 kénh va mdi kénh ADC 1a 10 bit véi chip 40 chin. Kh&i ADC c¢6 cédc
ngd vao dién 4p chuin thdp va cao va cic chan nay cé thé bing phin mém d€ tao t6 hop Vpp, Vss,
RA2 hoiac RA3.

B6 chuyén ddi ADC c6 ciu tric ddc 1ap d€ c6 thé hoat dong trong khi vi diéu khién dang &
ch& @6 SLEEP, xung cung cip cho ADC dugc 13y tir dao dong RC bén trong ctia khdi ADC.

Khéi ADC c¢6 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 chiic ning diéu khién hoat dong ctia khdi ADC dugc trinh bay & hinh
2-22. Thanh ghi ADCONI thiét 1ap chic niing cho cdc chin cda port 1a cdc ngd vao nhin tudng tu
hoic chan xuit nhap IO.
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CHTﬁcTSD
""" Tt
111
—0 P—‘E RE2/AN7(
110 :
RE1/ANB(T)

101
O \D—:—‘E RED/ANS(T)

1
I
1
1
I
. —0O
1
1
I
1
1
1

; 100 :
I:Z \o——% RA5/AN4

VAIN :
(Input Voltage) ; \3——0—[0“ : X RA3/AN3/VREF+
Comesiier O \o&ﬁﬂ% RA2/AN2/VREF-
VDD &5 ok @ RAT/AN
T ! 000
VREF+ ! | N T RAD/AND
1 0/ : ............... g
(Reference : o~
Voltage) T
1T
PCFG3:PCFGO
VREF- | :
o
R I
R |
[ vss
PCFG3:PCFGO
Hinh 2-22. So d6 khéi cOa Timer2.
Thanh ghi ADCONO
ADCONO REGISTER (ADDRESS 1Fh)
R/W-0 R/W-0 R/AW-0 R/W-0 R/W-0 R/W-0 U-0 R/AW-0
ADCS1 ADCS0 CHS2 CHS1 CHSO0 GO/DONE — ADON
hit 7 hit 0
Bit7  ADCS0:ADCS: cic bit Iya chon xung chuyén ddi AD
ADCON1 ADCONO .
<ADCS2> | <ADCS1:ADCSO0> Clock Conversion
0 00 Fosc/2
0 01 Fosc/g
0 10 FOsC/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/d
1 01 Fosc/16
1 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)

Bdng 2-23. Céc bit lya chon xung chuyén déi ADC.

Bit 5-3 CHS2:CHSO0: cdc bit lya chon kénh tuong tu
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 thdi chuyén d8i ADC
Khi ADON = 1:
1= chuyén d6i ADC dang dién ra (bing 1 khi bit ddu qud trinh chuyén ddi va sé bi
x04 vé 0 khi qua trinh chuyén d6i két thiic).
0= chuyén d6i ADC khong dién ra.

Bit1  Chuwa dung néu doc la ‘0’

Bit0  ADON: bit m& nguén cho ADC hoat dong:
1= kh&i chuyén ddi ADC dudc md ngudn.
0= khdi chuyén ddi ADC bi tit ngudn d€ gidm cong suit tiéu thy.

Thanh ghi ADCON1
ADCON1 REGISTER (ADDRESS 9Fh)

R/W-0 R/MW-0 U-0 U-0 R/W-0 R/W-0 R/W-0 RMW-0
ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO
bit7 bit 0

Bit7  ADFM: bit lya chon dinh dang két qua ADC:
1= canh I phai, 6 bit MSB ctia ADRESH c6 gid tri la “0’.
0= canh 1€ trdi, 6 bit LSB ctia ADRESL cé gid trila ‘0.
Bit6  ADCS2: bit Ira chon xung clock cho chuyén d6i ADC:
Bit 5-4: chua dung n€u doc s& c6 gi4 trila ‘0’
Bit 3-0: PCFG3:PCFGO: bit diéu khién ADC
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zg;‘: AN7 | AN6 | AN5 | AN4 | AN3 AN2 | AN1 | ANO | VRer+ | VRer- | 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 71
0010 D D D A A A A A VDD 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 VDD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 2/
011x D D D D D D D D — — 0/0
1000 A A A A | VREF+ | VREF- A A AN3 ANZ2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A | VREF+ A A A AN3 Vss 5/1
1011 D D A A | VREF+ | VREF- A A AN3 ANZ 4/2
1100 D D D A | VREF+ | VREF- A A AN3 ANZ2 32
1101 D D D D VREF+ | VREF- A A AN3 ANZ2 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 ANZ 1/2

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

Bdng 2-24. Cdc bit diéu khién ADC.

Ciéc thanh ghi ADRESH:ADRESL chita két qua 10 bit ctia chuyén d8i. Khi chuyén d6i ADC
dugc hoan thanh, k&t qua dudc nap vao cip thanh ghi két qua, bit GO/ DONE bi x6a va bit ¢ bdo

ngit ADC 1a ADIF 1én 1. Sd d6 khdi ciia khdi ADC dudc trinh bay trong hinh 2-22.

Sau khi khdi ADC di dugc dinh ciu hinh theo yé&u cau, thi phdi thuc hién chon kénh truéc khi
bit ddu qua trinh chuyén ddi. C4dc kénh ngd vao tuong tu phdi c6 cdc bit TRIS tudng tng dugc chon

nhu nhitng ngd vao.

Buide 1: D€ thyc hién chuyén ddi ADC thi phdi thuc hién cic budc sau:
Buide 2: Thi€t 1ap cAu hinh ADC:
[] Pinh c4u hinh cho cic chin tuong ty/dién d4p chuin va xuit/nhip s6 (ADCON1).
[] Chon Iva kénh ngd vao ADC (ADCONO).
[] Chon Iva xung clock cho chuyén déi ADC (ADCONO).
[] M dien cho ADC (ADCONO)
Buide 3: Thi€t 1ap ciu hinh ngit ADC (néu dugc yéu cau):
[] X6a bit ASDIF.
[] Set bit ADIF.
[] Set bit PEIE.
[] Set bit GIE
Buide 3: Chd hét thdi gian theo yéu cau:
Buie 4: B3t ddu chuyén ddi: set bit GO/ DONE
Budec 5: Chs chuyén ddi ADC hoan thanh biing cédch:

[] Kiém tra lién tuc bit GO/ PONE v& 0 hay chua (n€u khong diing ngdt).
[ chs ngit ADC x4y ra.
Buiée 6: Doc cip thanh ghi két quda (ADRESH:ADRSL), x6a bit ADIF néu dugc yéu cau
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Bude 7: Thyc hién chuyén d6i k€ ti€p. Thdi gian chuyén d6i cho 1 bit 1a TAD.

a. Ngb ra ca TMR2:

Ngd ra ctia TMR2 dudc ndi t6i khdi SSP — khdi nay c6 thé tiy chon d€ tao ra xung nhip.

b. Cac yéu cdu nhan du liéu ADC:

D3i v6i cdc bd chuyén d6i A/D d€ ddm bio chuyén ddi chinh xdc theo thong sd chi dinh thi
cdc tu giff dién 4p nap phdi nap day ding bing mic dién 4p clia kénh ngd vao. So d6 ngd vao
tuong tu dudc trinh bay trong hinh 2-23. Trd khang ngudn (Rs) va trd khing clia chuyén mach 14y
mau bén trong (Rss) 4nh hudng tryc ti€p d&n thdi gian nap cia tu Cporp. Trd khang clia chuyén
mach 14y miu thay ddi theo dién dp clia vi mach nhu hinh 2-23. Trd khdng t3i da cho ngudn tin
hiéu tuong ty duge dé nghi 1a 2,5Q. Khi trd khang gidm thi thdi gian thu nhin cé thé gidm. Sau khi
kénh ngod vao dugc chon thi thu nhdn dir liéu mdéi dugc thyc hi€n truGe khi thuc hién chuyén dai.

D€ tinh todn thdi gian thu nhin nhd nhat thi ta ¢ thé sit dung phuong trinh 2-1. Gij sit 15i clia
phuong trinh nay 1a %2 LSB v6i ADC 10 bit ¢c6 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) 11’1(1/2047)
= -120pF(1kQ + 7kQ + 10k€Q) In(0,0004885)

=16,47us
Taco = 2us + 16,47us + [(50°C -25°C)(0,05us/°C)
=19,72us
Yoo Sampling
% VT =086V - .qséw.'tR‘E". ,
Ic= 1K 2 SSH
WL —
------- AR capac
i apacitance
vr=06v() TR T =120pF
- * __\fss
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\
SS = sampling switch ¢ R
CHOLD = sample/hold capacitance (from DAC) 9 1'3 1{. IB é 1'0 5”
ot
Sampling Switch
(ke2)

Hinh 2-23. S d6 mach cUa ngd vao ADC.
c. Lua chon xung clock cho ADC:
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Thdi gian chuyén ddi ADC cho mdi bit dugc xdc dinh 1a Tap. Chuyén ddi ADC sé diing tdi
thi€u lugng thdi gian 12 Tap d€ chuyén d6i cho 10 bit. Ngudn xung ddong hd cho ADC dudc lwa
chon biing phan mém. B4y kh4 niing lya chon cho Txp la:

(12 Tosc

[ 4 Tosc

(18 Tosc

[ 16 Tosc

[ 32 Tose

[ 64 Tosc

D Bd dao dong RC bén trong module ADC.

P& chuyén d6i ADC 1a chinh xdc thi xung dong hd phai dugc chon thdi gian nhd nhat Tap =

1,6us. Badng 2-25 trinh bay thdi gian TAD dudc tinh todn tif cdc tAn s& hoat dong cta vi diéu khién
PIC va lya chon ngudn xung clock.

AD Clock Source (TAD)
Maximum Device Frequency

Operation ADCS2:ADCS1:ADCSO0

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
rRc(-2:3) x11 (Note 1)

Bang 2-25. Céc bit lya chon xung chuyén déi ADC.
d. Dinh cdu hinh cho cdc ngd vao tuong ty cha ADC:

Hai thanh ghi ADCONI1 va TRIS diéu khién hoat d6ng cac chan port ADC. Cac chin ctia port
dung 1am cdc ngd vao tuong ty thi cdc bit TRIS tuong ¢ng phdi & mic 1(ngd vao). N&u bit TRIS
bing 0 (ngd ra) thi sé chuyén thanh ngd ra sd. Hoat dong chuyén ddi ADC ddc 1ap vdi trang théi
cta cdc bit CHSO:CHS?2 va céc bit TRIS.

e. Chuyén ddi ADC:

X6a bit GO/ DONE trong thdi gian chuyén ddi s& huy bd qud trinh dang chuyén ddi. Cip
thanh ghi lvu k&t qui chuyén d6i ADRESH:ADRESL sé& khong dudc cip nhiap chuyén ddi va ti€p
tuc chifa cdc gid tri dd chuyén ddi clia 1an trudc. Sau khi huy chuyén di ADC thi qué trinh chuyén
ddi ti€p theo clia kénh di chon dudce bit ddu mot cach ty dong. Lam bit GO/ DONE 1én 1 dé€ bit
dau qué trinh chuyén ddi.

Trong hinh 2-24 trinh bay cdc chu ky chuyén d6i tir khi bit GO 1én 1 cho d&n lic bit diu
chuyén d6i va cho dé&n lic két thic.
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ToY to TAD, TADT |, TAD2  TAD3  TAD4  TAD5 TADG TAD7 . TADS . TADY  TAD10 TAD11

T

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 bit ADRES is loaded

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

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

Cip thanh ghi 16 bit ADRESH:ADRESL diing dé luu k&t qua chuyén ddi 10 bit cia ADC sau
khi chuyén ddi xong. Do k&t qua chi c6 10 bit nhung lwu trong cip thanh ghi 16 bit nén c6 cic kiéu
dinh dang sau tuy thudc vao trang thdi bit ADFM (ADC Format). Hinh 2-25 trinh bay 2 kiéu dinh
dang cda cip thanh ghi k&t qua:

| 10-bit Result

ADFM =1 ADFM =10

[ _A_ © _A‘_ ™
7 2107 0 7 0765 0

000000 . \ 000000
Y > Y ’ v A e g
ADRESH ADRESL ADRESH ADRESL
e Y i . -‘\‘/— A
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 dé Sleep:

Khéi ADC c6 thé hoat dong trong ché dd Sleep va ngudn xung clock dudc thi€t 1ap cho RC
(ADCS1:ADCSO = 11). Khi chon nguén xung clock RC thi khdi ADC chd thém mot chu ky 1énh
trudc khi qud trinh chuyén ddi bit ddu. Viéc chd thém mot chu ky 1énh cho phép thuc hién 1énh
SLEEP &€ vi diéu khién PIC vao ch& dd nhim loai trir tit cd nhiu chuyén mach s8. Khi chuyén
ddi két thidc thi bit GO/ DONE bi x6a va k&t qua luu vao thanh ghi ADRES. Néu ngit ADC dugc
cho phép, vi diéu khién PIC sé& thodt khdi ché d6 SLEEP va hoat dong binh thudng trd lai. Néu
ngit ADC khong dugc cho phép, khdi ADC sé tit sau d6, mic du bit ADON vén duy tri  mic 1.

h. Anh hudng cba reset:
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Reset PIC s& budc cdc thanh ghi & trang thdi reset. Khi reset sé& 1am khoi ADC tit va huy bd
luon qud trinh ADC dang chuyén d6i. T4t ca cac chan ngd vio ADC dugc dinh ciu hinh nhu nhitng
ngd vao tuong tu.

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

dién. Hai thanh ghi ADRESH:ADRESL chia dit liéu khong xédc dinh sau khi reset ldc cap dién.
Céc thanh ghi st dung cho khdi ADC:

: : ; . . : : : Value on Value on

Address Name Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit 0 POR, BOR m} WDT
0Bh,8Bh, |INTCON GIE PEIE | TMROIE INTE RBIE | TMROIF | INTF RBIF | 0000 000x| 0000 000U
10Bh, 18Bh
OCh PIR1 psPIFM| ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | o000 0000 | 0000 0000
8Ch PIE1 psPiEM| ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
1Eh ADRESH | A/D Result Register High Byte MK HHXK | UUUU uuiu
9Eh ADRESL |A/D Result Register Low Byte HE XHMX | uuuu uuuu
1Fh ADCOND | ADCS1 | ADCS0| CHS2 CHS1 CHSO | GOIDONE| — ADON | 0000 00-0| 0000 00-0
9Fh ADCON1 | ADFM |ADCS2| — — PCFG3| PCFG2 | PCFG1 | PCFGO | 00-- o000 | 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
goh(™ TRISE IBF | OBF | IBOV |PSPMODE| — |PORTE Data Direction bits 0000 -111|0000 -111
oo  |porTE | — | — | — — — RE2 | RE1 | RED |---- -xxx|---- -uuu

Bdng 2-26. Cac thanh ghi dong cho chuyén déi ADC.
9. KHOIS0 SANH

Kh6i so sdnh chita hai by so sdnh tuong tw. Ngd vao bd so sanh da hdp vé6i cdc chan 1/0 tir
RAO d&€n RA3 va cdc ngd ra da hgp vdi cdc chan tir chain RA4 va RAS5. Pién dp chuin trén IC ciing
c6 thé 12 mdt ngd vao cla bod so sanh.

Thanh ghi CMCON diéu khién bd da hdp ngd vao va ngd ra clia bd so sinh. So d6 khdi cic
mo 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/AW-1 R/W-1 R/AW-1
c20UT C1ouUT C2INV C1INV CIS CM2 CM1 cMO
bit 7 bit 0
Bit 7 COUT: bit ngd ra bd so sdnh 2
Khi C2INV=0:

1=C2 Vine > C2 Vi
0=C2 Vine < C2 VN
Khi CINV=1:
1=C2 Ving< C2 V.
0=C2 Vine > C2 VN
Bit 6 C10UT: ngd ra bo so sdnh 1
Khi C1INV=0:
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I=CVn:>Cl Vix

0=C1 Vine <C1 Vo

Khi CINV=1:

1=C1 Vi< C1 Vix-

0=Cl Vine > C1 VI

C2INV: bit ddo ngd ra bo so sdnh 2
1=ngo ra C2 dugc ddo

0= ngd ra C2 khong dudgc ddo
C1INV: bit ddo ngd ra bo so sdnh 1
1=ngd ra C1 dugc ddo

0= ngd ra C1 khong dugc ddo

Bit 5

Bit 4

Bit 3 CIS: bit chuyén ddi ngd vao bd so sdnh
Khi CM2:CMO0 = 110:
1= C1 Vin. két n6i v6i RA3/AN3
C2 Vin. két ndi v6i RA2/AN2
0= C1 Vix. két ndi véi RAO/ANO
C2 Vin. k€t n6i véi RA1/AN1

CM2:CMO: cic bit chon ki€u so sinh

Bit 2-0

Comparators Reset

CM2:CMO =000
RAD/AND &X |
RA/ANT A vint |, Cl1 Off (Read as '0’)
RAVANT A Ve |
—— Off (Read as ‘o’
RAZANZ A Ve | C2 ( )

Comparators Off (POR Default Value)

CM2:CM0 = 111
RAD/AND 2 Ve | =

—— Off (Read as ‘0’

RA3/AN3 D g+ |, C] (Read as ‘0’)
RATANT 2= g¥m- | =

Off (Read as ‘o’

RAZ/ANZ D JVint y ( )

Two Independent Comparators

CM2:CMO0 = 010
RAD/ANO A VN [
RAZ/AN3 A Vi | G127 CTOUT
RATANT A Vi |
—— C20UT
RAZAN2 A Vi || €2

CM2:CM0 = 011
RAD/AND —A Vi
RA3/AN3 _A Vint

RA4/TOCKI/C10UT

Two Independent Comparators with Outputs

k-— c1oUT

+

RATANT A Ve

RA2/AN2 _A Vint

RAS/AN4/SS/C20UT

Cz2 _>+— C20UT
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Two Common Reference Comparators Two Common Reference Comparators with Outputs
CM2:CMO0 =100 CM2:CM0O =101

:

RAO/AND —A— Y= | RAD/AND A Vi
C10UT —s— CI10UT
RA3/AN3 A vie |, C1 RAYANZ A gvm+ |, CI

RATANT A Vi X
c2 C20UT

RAZ/AN? D [ Vv |,

RA4/TOCKI/C10UT

RAT/ANT A V-

»— C20UT
RA2/AN2 D v+ y

RAS/AN4/SS/C20UT

One Independent Comparator with Output Four Inputs Multiplexed to Two Comparators
CM2:CMO0 = 001 CM2:CM0 =110
, A
RAOD/AND —& V- - RADIANO —  cig-g v >
RA3IANS w_;_ Ct >~ clout RA3JAN3 A, CIS=1 Vine c1 >—— C10UT
RAATOCKI/C10UT » A
RAT/ANT ? JCis= 0 | vm- [
mAlAN] D i RAZANZ o " CS= 3 |y, | c22>— c2ouT
5 | vae| €2>— Off (Read as 0))
RA2/AN2 — + 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. Cac kiéu hoat déng cua bd so sanh.

C6 8 ki€u hoat dong ctia bo so sanh. Thanh ghi CMCON dudgc sit dung dé Iwa chon cic ki€u
nay. Thanh ghi TRISA diéu khién dit liéu tryc ti€p cdc chan clia bd so sdnh & mdi kiéu.

a. Hoat dong so sanh:

B9 so sdnh don trinh bay trong hinh 2-27 cling véi mdi quan hé giita cdc mifc ngd vao tuong
tw va ngd ra so.
e Khingd vao Vin, nhd hon ngd vao V. thi ngd ra sd clia bd so sinh & mitc thap (0).
e Khingod vao Vin: I6n hon ngd vao Vi thi ngd ra sd clia bd so sdnh & mic cao (1).

Hinh 2-27 trinh bay mach so sdanh, dang s6ng cla céc tin hi€u vao so sinh va tin hiéu ra: ngd
ra s6 c6 thé bi 1éch nhanh hay chim 13 do dién 4p offset va thdi gian ddp ng.

VIN+

Qutput

VIN-

VIN- o

VIN+

Output I . l .
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Hinh 2-27. Céc kiéu hoat dong cba bd so sanh.

b. Dién ap so sanh:

Tin hiéu chudn bén ngoai hoic bén trong c6 thé dugc si dung tuy thudc vao ki€u hoat dong
ctia bo so sanh. Tin hiéu tuong ty Vin. dudc so sdanh vdi tin hiéu Vi, va ngo ra s& dudc diéu chinh
sao cho phu hgp.

, LN pd A [N
Tin hi¢u chuan bén ngoai:

Khi st dung dién d4p chudn bén ngoii thi bd so sinh c6 thé dugc dinh hinh d€ c6 cic hoat
dong so sdnh vdi ngudn dién 4p chuin gidng nhau hoic khic nhau. Tuy nhién nhitng ting dung tdch
séng theo ngudng thi cAn dién 4p chuin gidng nhau. Tin hiéu chuin nim trong gidi han tir Vss dén
Vpp va ¢6 thé cAp d€n cac chian ngd vao ciia bd so sanh.

s LUN ~ A
Tin hiéu chudn bén trong:

B0 so sdnh cling cho phép lua chon ngudn dién dp chuin bén trong cho bo so sdnh. Tin hiéu
chudn bén trong dugc st dung khi cdc bd so sinh hoat dong & ki€u CM<2:0> = 110 nhu hinh 2-24 &
trén. O kiéu nay thi di€n 4p chudn bén trong dugc dua d€n chan Vi, cla cdc bd so sdanh.

c. Thdi gian dap Ung:

Thdi gian d4p ng 1a thdi gian nhé nh4t sau khi lya chon mot dién 4p chudn mdi hodc ngudn
ngd vao, truSc khi ngd ra bd so sdnh & mitc hdp 1&. N&u dién 4p chuin bén trong bi thay ddi, thdi
gian tri hodn 16n nhA't clia dién 4p chudn bén trong phai dudc xem xét khi si¥ dung cdc ngd ra clia
bd so sanh. Tra bang thong s6 dic tinh d€ biét thdi gian dap Gng.

d. Ngob ra bd so sanh:

Ng6 ra b6 so sanh dugce doc thong qua thanh ghi chi doc CMCON. Céc ngd ra ctia b6 so sanh
ciing c¢6 thé 12 cdc ngd ra tryc ti€p & cdc chan xuidt/nhap RA4 va RAS. Khi dugc cho phép, bd da
hdp cdc chin RA4 va RA5 sé& chuyén mach va ngd ra cia mdi chian sé khong ddng bo vdi ngd ra
clia bd so sdnh. Hinh 2-28 trinh bay s6 dd mach clia bd so sdnh.

C4c bit TRISA vin con chifc ning cho phép/cAm ddi v6i cdc chan RA4 va RAS.

Cuc tinh ngd ra ctia bd so sdnh c6 thé dudc chuyén ddi st dung 2bit C2IHV va CIINV
(CMCON<4:5>)

Chd y: khi doc thanh ghi port, tit cd cdc chan dudc dung 13 ngd vao tuong tu sé& doc 1a ‘0’.
Céc ngd vao dugc dinh cAu hinh nhu ngd vao sd sé chuyén ddi thanh ngd vio tuong ty ty vio yéu
cAu ki thudt ngd vao Schmitt Trigger.

Céc mifc dién 4p tuong tu trén bat ky chin nio dudc dinh nghia nhu ngd vao sd cé thé trd
thanh bo dém dé ting thém dong.

RA4 13 chan IO dang cuc thu &€ hd. Khi dudc diing 1am ngo ra thi phai cé dién trd kéo Ién.
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Port Pins

%%
v

CxINV

To RA4 or
RAS Pin

Bus | Q D

Data

Set l
CMIF —1 Q D
hit From
Other EN b
Comparator
P CL Read CMCON

Reset

Hinh 2-28. SG d6 mach cOa b so sanh.

e. Ngdt cva bd so sanh:

C3 ngit bd so sanh 1én mic 1 bat ky lic ndo cé sy thay dbi gid tri ngd ra bd so sinh. Phan
mém duy tri ki€m tra trang thdi cdc bit ngd ra bing cdch doc cdc bit CMCON<7:6>, d€ x4c dinh
chuyén d6i thuc da xdy ra hay chua. Bit CMIF (thanh ghi PIR) 13 ¢d bdo ngit bo so sdnh. Bit CMIF
phdi dugc reset biing cdch x6a nd. Do ciing c¢6 thé ghi mic 1 vao thanh ghi nay, khi d6 ngit mo
phéng dudc bit dau.

Bit CMIE (thanh ghi PIE) va PEIE ( thanh ghi INTCON) phdi dugc set & miic 1 d€ cho phép
ngit. Thém vao d6, bit GIE ciing phdi dudc set & mitc 1. N&u bat ki mot trong nhitng bit nay bi x6a
thi ngit s& khong dudce cho phép, mic dit bit CMIF vAn con & mitc 1 néu diéu kién ngit x3y ra.

Trong chuong trinh phuc vu ngit, ngudi sit dung c6 thé xéa sy ngit theo nhitng cch sau:

[] Thyc hién bat ky 1énh doc/ghi CMCON sé két thic diéu kién khong thich @ng.
[]  Xéa bit c5 CMIF.

f. Hoat dong cla bd so sanh & ché do Sleep:

Khi bd so sdnh hoat dong va vi diéu khién & trong ch& do Sleep, bo so sanh vin duy tri hoat
dong va s& bdo ngit n€u dugc cho phép. Ngit do bd so sdanh tao ra s& 1am vi di€u khién thodt khdi
ch€ d6 Sleep. P& gidm tiéu ton ning lugng trong ch& dd Sleep thi nén tit bd so sinh
(CM<2:0>=111) trudc khi thyc hién Sleep. Né&u vi diéu khién thodt khoi ch& do Sleep thi nd1 dung
cta thanh ghi CMCON khdng bi 4nh hudng.

g. Anh hudng cla reset:

100 Vixd ly




Chuong 2. Vi diéu khién PIC. SPKT — Nguy8n Pirh Phi

Khi Reset PIC sé& dnh hudng dén trang thdi reset cia thanh ghi CMCON lam cho kh&i so sdnh
& trong ch& do tit, CM<2:0>=111.

h. Két néi cac ngd vao tuong tuy:

Mach dién don gidn cho ngd vao tuong tu dugc trinh bay trong hinh 2-29. Do cédc chan tuong
trr k&t ndi dén cdc ngd ra sd nén chiing ¢6 2 diode phan cyc nguge d6i v6i Vpp va Vss. Do dé, ngd
vao tuong ty phdi nim trong gidi han dién 4p tt Vpp dén Vss.

Né&u dién 4p ngd vao léch khdi gidi han trén khodng 0,6V theo chiéu ting hoic gidm thi mot
trong cdc diode s& phin cuc thuin va x3y ra hién tugng ghi 4p. Trd khang ngudn 16n nha't nén ding
12 10kQ cho ngudn tuong tuy. BAt ki thanh phan ndo bén ngoai két ndi dén chian ngd vao tuong tu
nhu 12 tu hodc diode Zener s€ c6 modt dong ro ¢6 gid tri nho.

VDD
VT=06V RIC
cC ILEAKAGE
5F;ET vr=06V (¥ ) 500 nA
— Vss

Legend: Crin = 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. S6 d6 mach ngd vdo tuong ty.
Céc thanh ghi k&t hop clia khdi so sdanh nhu bing sau:

Valie o Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
9Ch CMCON | C20UT | C10UT | C2INV | CTINV CIs CM2 CM1 CMO 0000 0111 | 0000 0111
9Dh CVRCON | CVREN | CYROE | CVER — CWVR3 | CVR2 CVR1 CVRO | ocoo- 0000 |000- 0000

0Bh, 8Bh, | INTCON GIE/ PEIE/ | TMROIE | INTIE | RBIE | TMROIF | INTIF RBIF | oooo ooox | 0000 000w
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 RAZ2 RA1 RAD --0x 0000 | --0Ou 0000
85h TRISA — — PORTA Data Direction Register =11 1311 | --I1 11311

Bdng 2-27. Cac thanh ghi ding cho bd so sanh.
Bo tao dién 4p chudn clia mach so sdnh 12 mdt mang dién trd bac thang 16 cdp nhim tao ra
dién 4p chudn cd dinh khi bd so sdnh 1am viéc & ki€u ‘110°. Thanh ghi 14p trinh diéu khién chirc
ning ctia bd tao dién 4p chudn 12 CVRCON.
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Hinh 2-30 12 so @6 bac thang dién tr§ dudc phan doan d€ tao ra hai diy gid tri cia CVggr va
chifc ning gidm cong suit d€ gidm cong sut tiéu tan khi ngudn dién 4p chuin khong st dung.
Dién 4p cung cAp cho mach tao dién 4p chudn Idy tif nguén Vpp.

Ngd ra clia bo tao dién dp chudn c6 thé ndi véi chin RA2/AN2/Vref-/CVggr. Chian nay c6
thé diing nhu chin ngd ra ctia by chuyén ddi DAC don gidn nhung chifc ning chinh cla viéc dwa
dién 4p chudn ra chan d6 12 nhim ki€m tra xem ngudn dién 4p chudn c6 chinh xdc hay khong.

CVRCON CONTROL REGISTER (ADDRESS 9Dh)

R/W-0 RW-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN | CVROCE CVRR —_ CVR3 CVR2 CVR1 CVRO
bit 7 bit 0

Bit 7 CVREN: bit cho phép mach tao dién 4p chuin cho bd so sinh
1= cho phép mach hoat dong.
0= khong cho phép mach hoat dong.
Bit 6 CVROE: bit cho phép ngd ra bo so sinh Vgrgr
1= mic dién 4p VCREF dugc dua d&€n chan RA2/AN2/Vref-/CVggk.
0= mifc dién 4p VCREF khong dudc dua dé€n chin RA2/AN2/Vref-/CVggr.
Bit5 CVRR: bit lya chon day dién dp Vgrgr clia bd so sdnh 2
1=tr 0 d&€n 0.75 CVgsrc v6i d6 phan gidi clia budc 1a CVgsre /24.
0= tlr 0.25 d€n 0.75 CVgrsrc Vi dd phan gidi clia bude 1a CVgsrce /32.
Bit 4 Chua dung né&u doc sé cé gia tri ‘0’
1=ngd ra C1 dugc ddo
0= ngd ra C1 khdong dugc ddo
Bit3-0  CVR3:CVRO: cic bit lya chon gid tri VREF ctia bd so sdnh tir 0 dén 15
Khi CVRR=1:
CVger =(VR<3:0>/24)*CVRgsgre.
Khi CVRR=0:
CVger =1/4 * CVgsre +(VR<3:0>/32)*CVgsre.
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VDD

16 Stages

A
\ —| >0}
CVREN 8R R R R R

A AN AN @ 0 0 AN ANAA

F—CVRR

RA2/AN2/VREF-/CVREF —

-

cvrRoE —{[_ _1b-

CVR3
CVR2
CVR1
CVRO

CVREF
Input to -
Comparator

161 Analog MUX

Hinh 2-30. SG dé khéi mach tao dién ap chudn cho bé so sanh.
C4c thanh ghi k&t hop clia khdi so sdénh nhu bang sau:

Value on Value on
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
9Dh CVRCON|CVREN |CVROE| CVRR — CVR3 | CVR2 | CVR1 | CVRO |000- 0000|000~ 0000
9Ch CMCON | C20UT | C10OUT | C2INV | C1INV | CIS CM2 CM1 CMO (0000 0111|0000 0111

Bang 2-28. Céc thanh ghi ding cho bd tao dién ap chudn.
10. CcAc cAUTR(C PACBET 0A CPU:

PICI6F87XA c6 mot sd dic di€m lam ting dd tin cdy, gidm gid thanh d&n mic t6i thi€u
thong qua viéc loai bd cdc bo phan bén ngoai, cung cip cdc ché dd hoat dong ti€t kiém ning lugng
va cung cAp ma bdo vé. D6 la:

[] Su lya chon b dao dong (OSC).

[] Reset:
= Power-on Reset (POR).
=  Power-up Timer (PWRT).
= BO dao dong Start-up Timer (OSC).
= Brown-out Reset (BOR).

Céc ngit.

Watchdog Timer (WDT).
Sleep.

M3 béo vé.

Nhén dang ID.

LAp trinh tuin ty trong mach.

OO n
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[] Lap trinh tuin ty trong mach dién 4p thap.

[l B6 g8 0.

PIC16F87XA c6 WDT c6 thé dirng thong qua céc bit dinh cAu hinh. WDT c6 bd dao dong
RC hoat dong riéng d€ ting do tin ciy.

C6 hai bo dinh thdi cung cAp thdi gian tri hodn cin thi€t khi cAp dién. Mot 1a OST (Oscillator
Start-up Timer) c6 chiic ning giit IC & trang thdi Reset cho dén khi bd dao dong thach anh hoat
dong &n dinh. Hai 13 PWRT (Power-up timer) cung cip thdi gian tri hodn ¢ dinh khodng 72ms chi
khi mdi cap dién. N6 dugc thi€t k& d€ giir thi€t bi § trang thai Reset chd ngudn cung cip dn dinh.
Vi hai bo dinh thdi, hau hét cdc tng dung khong cAn mach Reset ngoai.

Ch¢& dd Sleep dugc thiét k& d€ tiéu thu dong thap khi & ch& d6 power-down. Ngudi st dung
c6 thé khdi dong vi diéu khién khéi ché do Sleep thong qua Reset ngoai, WDT hoic thong qua

<

ngat.

Mot vai bo dao dong tiry chon ciing dudc thiét k& d€ cho phép mot s& bd phan hoat dong phi
hdp véi ttng dung. B6 dao dong tuy chon RC tiét kiém chi phi trong khi bd dao dong thach anh LP
ti€t kiém ning lugng. Mot tdp hdp cdc bit dinh ciu hinh dugc sit dung cho nhitng chon lya khdc.

Cdc bit dinh cdu hinh:

Céc bit dinh cdu hinh c6 thé 1ap trinh dugc (khi doc c6 gid tri ‘0’) hoic khong lap trinh dugc
(khi doc c6 gid tri ‘1°) d€ Iya chon cdc cdu hinh khdc nhau cho vi diéu khién. Gi4 tri x6a hoic
khong 1ap trinh dugc cla thanh ghi dinh cdu hinh (Configuration Word register) 1a 3FFFh. Nhitng
bit ndy ndm trong bd nhé chuong trinh tai dia chi 2007h. Péc biét chi y 1a dia chi ndy nim ngoai
gidi han ctia bd nhé chuong trinh.

Thanh ghi Configuration Word

RP-1 U0 RP-1 RIP-1 RP-1 RP-1 RP-1 RP-1 U0 U0O RP-1 RP-1 RP-1 RIP-1
| cp | — |pEBUG|WRT1|WRT0| CPD | LVP |BOREN| — | — |PWRTEN|WDTEN |Fosc1 | Fosco |
bit 13 bit0

Bit 13 CP: bit ma bao vé bd nhG chudng trinh Flash
1= ma bdo vé tit.
0= tAt cd bd nhS chuong trinh ¢6 ma bio vé.
Bit 12 chua st dung: docla ‘1’
Bit 11 DEBUG: bit thi€t 1ap ch& do g6 roi
1= mach g& rdi khong dugc cho phép, RB6 va RB7 1a cdc chan IO.
0= mach g& rdi dugc phép, chain RB6 va RB7 danh cho viéc gd rdi.
Bit 10-9 WRT1-WRTO: cic bit cho phép ghi bd nhé chuong trinh Flash
11= tit bdo vé ghi; c6 thé ghi dif liéu vao bd nhd chuong trinh bing cich diéu khién
thanh ghi EECON.
10= cdc 6 nhé c6 dia chi tir 0000h d€n O0FFh bdo vé chdng ghi, tr 0100h dén 1FFFh
cho phép ghi biing cich diéu khién thanh ghi EECON.
0l= cdc 6 nhd c6 dia chi tir 0000h d€n 07FFh bdo vé chong ghi, tir 0800h d&én 1FFFh
cho phép bing cdch diéu khi€n thanh ghi EECON.
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00= cdc 6 nhG c6 dia chi tir 0000h dé€n OFFFh bio vé chong ghi, tir 1000h d&én 1FFFh
cho phép ghi biing cdch diéu khién thanh ghi EECON.

Bit 8 CPD: bit ma bao vé bd nhég dit liéu EEPROM
1=tit ma bdo vé& bd nhé dit liéu EEPROM.
0= bd nhd dit liéu EEPROM c6 mi bdo vé chdng ghi.
Bit 7 LVP: bit cho phép mach I4p trinh tuin tu dién 4p thap.
1= chan RB3/PGM c6 chitc ning PGM — cho phép lap trinh dién 4p thap.
0= chan RB3 12 IO s6, chdn HV 8 MCLR dung d€ 1ap trinh.
Bit 6 BOREN: bit cho phép Reset Brown-out
1= cho phép BOR
0= khdng cho phép BOR
Bit 5-4 Khong dugc hd trg: doc 1a ‘1’
Bit3 PWRTEN : bit cho phép Timer hoat dong khi reset lic md dién:
1= khong cho phép PWRT.
0= cho phép PWRT.
Bit 2 WDTEN: bit cho phép WDT
1= cho phép WDT
0= khong cho phép WDT
Bit 1-0 Fosc1:Fosc0: cdc bit lya chon bo dao dong
11=bd dao dong RC
10=bd dao dong HS
01=bd dao dong XT
00=bd dao dong LP
. CAUHNHBO DAO DONG:

a. Cac loai mach dao dong:

PIC16F877A c6 thé hoat dong & 4 ki€u dao dong khic nhau. Ngudi ding c6 thé 14p trinh cho
hai bit dinh c4u hinh d€ chon 1 trong 4 ché dd:

LP: Low-power Crystal (thach anh niing lugng thip)

XT: Crystal/Resonator (thach anh/cong hudng)

HS: High-speed Crystal/Resonator (thach anh/ cdng hudng téc do cao)
RC: Resistor/Capacitor (dién trg/tu)

Ot

b. Dao dong thach anh/ty Ceramic:

Trong cédc ki€u dao dong XT, LP hoidc HS, thach anh hoic tu Ceramic dugc n6i dé€n cdc chan
OSC1/CLKI va OSC2/CLKO d€ tao dao dong nhu hinh 2-31. Thi€t k& bo dao dong PIC16F877A
yéu cau st dung ki€u cit thach anh song song. S& dung thach anh kiéu cit ndi ti€p c¢6 thé khic véi
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tan sd yéu cau cda nha san xuat. Khi hoat dong & ki€u XT, LP hoic HS thi PIC c6 thé si dung
ngudn xung clock tr bén ngoai dwa d€n chan OSC1/CLKI nhu hinh 2-32.

C1 (1) OSC1 DO_],
| i To
r1a Internal
[ XTAL < REB) Logic
= | — OsC2 1" Sleep
col) — PIC16F87XA

Hinh 2-31. Dao dong dung thach anh/tu cdng hudng cau hinh XT, LP hodic HS.
Chii y: (1) Xem bang 2-22 d€ c6 cic gid tri ctia tu C1 va C2.
Chii y: (2) Bién trd noi ti€p Rs c6 thé dude yéu ciu d6i vdi thach anh.

Clock from ~Do—> 0SC1
Ext. System PIC16F87XA

Open -+—— OSC2

Hinh 2-32. Ngo vdo nhan xung tU bén ngodi cdu hinh XT, LP hodic HS.
Bédng 2-29 liét ké tu C1 va C2:

Osc Type Cges;z.al Cap.cR‘Iange Cap.glzange

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

32 kHz | Epson C-001R32.768K-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 | =30 PPM
20 MHz | EPSON CA-301 20.000M-C | + 30 PPM

Bang 2-29. Chon cac thach anh va ty.
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c. Bo dao dong RC:

Trong nhitng tng dung doi hdi vé tdc dd, chon bd dao dong RC dé ti€t kiém chi phi. Tan s6
clia bo dao dong RC 12 ham cda dién 4p ngudn cung cap, gid tri cda dién tré (Rgxr) va tu (Cexr) va
nhiét @6 hoat dong. Bén canh dé, tin s& ctia bd dao dong sé thay ddi tir gid tri nay dén gid tri khdc
lién quan d&n cdc bi€n tham s& cda tién trinh. Hon nita, sy khdc nhau vé gi4 tri dién dung giita cic
ki€u déng g6i s& dnh hudng dén tin s& dao dong, dic biét vdi gid tri tu Cexr thdp. Hinh 2-33 trinh
bay t8 hgp RC ndi véi PIC 16F87XA

VDD

REXT

0SC1 Internal
L j;l N —m= Clock

CEXT F——" Pic16F87XA

Vs —

% OSC2/CLKO
Fosc/4

Recommended values: 3 kQ = REXT = 100 k&2
CEXT =20 pF

Hinh 2-33. B6 dao dong RC.
2. MACHRESET CPU:

PIC16F877A c6 6 loai Reset khac nhau:
[] Power-on Reset (POR).
[] Reset MCLR trong lic hoat dong binh thudng.
[] Reset MCLR trong ché& do Sleep.
[] Reset WDT trong ché do Sleep.
|:| Khdi dong WDT (trong ché& do hoat dong binh thudng).
[] Brown-out Reset (BOR).

C6 mdt vai thanh ghi khong bi dnh hudng v6i bat ki hoat dong reset nao. Trang théi cla
chiing 13 khong xdc dinh khi POR va khong thay d6i cdc ki€u reset con lai. Hiu hét cdc thanh ghi
khéc con lai déu & Reset d6i vdi reset POR, reset MCLR va reset WDT, reset MCLR trong ch& do
Sleep va reset BOR. Céc thanh ghi khong 4nh hudng WDT d€ d4nh thitc CPU khdi ché dd ngl vao
trang thai hoat dong binh thudng trd lai. Cédc bit TO va PD dudc set hodc x6a tuy thudc vao tinh
hudng Reset khdc nhau. Bdng 2-22 dién td cdc trang thdi reset clia tit cd cdc thanh ghi.

S db khdi don gidn ctia mach reset trén chip nhu hinh 2-34.
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External
Reset
L
MCLR 5
BEp
WDT | WDT
Module | Time-out
Reset
VoD Rise i
* Detect — F
v L FPower-on Reset
oo
Brown-out
Reset BODEN ) > 5
OST/PWRT
osT
b 10-bit Ripple Counter | " Chip_Reset
_ I R Qb—=
osct —d _ ——/
(1) PWRT
it —[> 10-bit Ripple Counter |
Enable PWRT
Enable OST
Note 1: This is a separate oscillator from the RC oscillator of the CLKI pin.
Hinh 2-34. Sc d6 mach reset trong chip.
POR | BOR | TO | PD Condition
0 x 1 1 |Power-on Reset
0 x 0 x |lllegal, TO is set on POR
0 x x 0 |lllegal, PD is set on POR
1 0 1 1 |Brown-out Reset
1 1 0 1 |WDT Reset
1 1 ] 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
Bdng 2-30. Chon cac thach anh va ty.
- Program Status PCON
Condition Counter Register Register
Power-on Reset 000h 0001 1xxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u wuuu | ---- -- uu
MCLR Reset during Sleep 000h 0001 OQuuu |  ---- -- uu
WDT Reset 000h 0000 luuu | ---- -- uu
WDT Wake-up PC +1 wuld Ouuu |0 ---- -- uu
Brown-out Reset 000h 0001 luuu | 0 ---- -- uo
Interrupt Wake-up from Sleep PC + 11 wul Ouuu | —--- -- uu

Badng 2-31. Chon cac thach anh va tu.

Chii y: (1) khi thoat khéi ch& do ngili tuy thudc vao ngit x3y ra va bit GIE bi set 1én 1, ndi

dung thanh ghi PC dugc nap vector dia chi ngdt 1a 0004h.
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Gid tri cia cdc thanh ghi khi bi reset:

Register Disdicas Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
W T3A | T4A | TBA | TTA KXKK XKKX uuuu uuuu uuuu uuuu
INDF T3A | T4A | 7T6A | TTA N/A N/A N/A
TMRO T3A | T4A | T6A | TTA XKKK HKKX uuuu Ui uuuu uuuu
PCL 73A | 74A | 7T8A | TTA 0000 0000 0000 0000 pc + 12
STATUS 73A | 74A | 7T6A | T7A 0001 lxxx 000g quuul® wuug quuul®
FSR T3A | T4A | TBA | TTA KXKK XKKX uuuu uuuu uuuu uuuu
PORTA T3A | 74A | TBA | TTA --0x 0000 --0u 0000 --uu uuuu
PORTE T3A | T4A | TBA | TTA XXKK HKKX uuuu uuuu uuuu uuuu
PORTC T3A | T4A | TBA | TTA XXHK XKKX uuuu uuuul uuuu uuuu
PORTD T3A | 74A | TBA | TTA bole o dib oo d uuuu uuuu uuuu uuuu
PORTE T3A | T4A | TBA | TTA ---- -XXX ---- -uuu ---- -uuu
PCLATH T3A | T4A | 7T6A | TTA ---0 0000 ---0 0000 ---u uuuu
INTCON 73A | 74A | TBA | TTA 0000 000x 0000 000u uuuu uuuulM
BIRA 73A | 74A | 76A | TTA r000 0000 r000 0000 ruuu uuuul?
73A | 74A | T6A | TTA 0000 0000 0000 0000 wauu uauul?
PIR2 73A | 74A | 78A | T7A -0-0 0--0 -0-0 0--0 -u-u u--ull
TMRAIL T3A | 74A | TBA | TTA AHKK KX uuuu uuuu uuuu uuuu
TMR1H T3A | T4A | TBA | TTA XKKK XKXX uuuu uuuu uuuu uuuu
T1CON T3A | 74A | TBA | TTA --00 0000 --uu uuuu --uu uuuu
TMR2 T3A | T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
T2CON T3A | T4A | TBA | TTA -000 0000 -000 0000 -uuu uuuu
SSPBUF T3A | 7T4A | TBA | TTA bole o dib oo d uuuu uuuu uuuu uuuu
SSPCON T3A | T4A | TBA | TTA 0000 0000 Q000 0000 uuuu uuuu
CCPR1L T3A | 74A | TBA | TTA bole o dib oo uuuu uuuu uuuu uuuu
CCPR1H T3A | T4A | TBA | TTA XKKK HKKX uuuu Ui uuuu uuuu
CCP1CON T3A | T4A | TBA | TTA --00 0000 --00 0000 --uu uuuu
RCSTA T3A | 74A | TBA | TTA 0000 000x 0000 000x uuuu uuuu
TXREG T3A | T4A | TBA | TTA 0000 0000 Q000 0000 uuuu uuuu
RCREG T3A | 74A | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
CCPR2L T3A | T4A | TBA | TTA XKKK XKXX uuuu uuuu uuuu uuuu
CCPR2H T3A | T4A | TBA | TTA XXHK XKKX uuuu uuuul uuuu uuuu
CCP2CON T3A | 74A | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
ADRESH T3A | T4A | TBA | TTA KKKK XKKX uuuu uuuu uuuu uuuu
ADCONO T3A | T4A | 7T6A | TTA 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG T3A | T4A | T6A | TTA 1111 1111 1111 1111 uuuu uuuu
TRISA T3A | T4A | TBA | TTA --11 1111 --11 1111 --uu uuuu
TRISB T3A | 7T4A | TBA | TTA 1111 1111 1111 1111 uuuu uuuu
TRISC T3A | T4A | TBA | TTA 1111 1111 1111 1111 uuuu uuuu

Bang 2-32. Gia tri cOa cac thanh ghi khi bi reset.
Chii §: (1) Mot hoidc nhiéu bit trong INTCON, PIR1 va/hoic PIR2 sé& bi 4nh hudng.

Chii y: (2) khi thoat khéi ch&€ do ngili tuy thudc vao ngit xay ra va bit GIE bi set 1én 1, ndi
dung thanh ghi PC dudc nap vector dia chi ngdt 1a 0004h.
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Chii y: (3) Xem bang 2-31 d€ c6 cac gid tri reset v6i di€u kién chi dinh.

Register Diiceé Power-on Reset, M Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

TRISD T3A | T4A | 76A | TTA 1111 1111 1111 1111 uuul uuuu
TRISE T3A | T4A | T6A | TTA 0000 -111 0000 -111 uuuu -uuu

T3A | T4A | 7T6A | TTA r000 0000 r000 0000 ruuu uuuu
PIET T3A | T4A | 76A | T7TA 0000 0000 0000 0000 uuuu uuuu
PIE2 T3A | T4A | 7T6A | TTA -0-0 0--0 -0-0 0--0 -u-u u--u
PCON T3A | T4A | TEA | TTA |  ---- -- ag | - -- mw | - - uu
SSPCON2 T3A | T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
PR2 T3A | T4A | TBA | TTA 1111 1111 1111 1111 1111 1111
SSPADD T3A | T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
SSPSTAT T3A | T4A | 7T6A | TTA --00 0000 --00 0000 --uu uuuu
TXSTA T3A | T4A | 7T6A | TTA 0000 -010 0000 -010 uuuu -uuu
SPERG T3A | T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuul
CMCON T3A | 974 | 76A | TTA 0000 0111 0000 0111 uuul uuuu
CVRCON T3A | T4A | 76A | TTA 000- 0000 000- 0000 uuu- uuuu
ADRESL T3A | T4A | T6A | TTA KXKKK XKKKX uuuu uuun uuuu uuud
ADCON1 T3A | T4A | 76A | TTA 00-- 0000 00-- 0000 uu-- uuuu
EEDATA T3A | T4A | 76A | TTA KKKK KKKX uuuu U uuuu uuul
EEADR T3A | T4A | T6A | TTA KKK XKKX uuuul uuun uuul uuuu
EEDATH T3A | T4A | T6A | TTA bole o dib oo d uuuu uuuu uuuu uuuu
EEADRH T3A | T4A | T6A | TTA KKK XKKX uuul uuua uuul uuuu
EECON1 T3A | T4A | T6A | TTA x--- =000 u--- u000 u--- uuuu
EECON2 T3A|T4A | TEA | TTA |  ---- === | —-oe = | meee —-o

Bdng 2-33. Gia tri c0a cac thanh ghi khi bi reset (tiép tuc).

a. Reset MCLR:

PIC16F877A ¢6 bd loc nhiéu cho ngd vao clia chan reset MCLR . B6 loc nhiéu
hdy cdc xung nhd.

Nén chi ¥ ring reset WDT khong diéu khién chan MCLR xu6ng mic thap.

VoD

§ r1(M

Y]
/]

Q

R2(2)

XH

PIC16F87XA

rMCLR

Hinh 2-34. Mach reset.

s€ tach va
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Chii y: (1) Gia tri dudc dé nghi cho dién tr§ 1a R1< 40kQ dé dam bdo ring dién dp roi trén
dién tr§ khong vudt qué cdc thong sd chi dinh.

Chii y: (2) Gi4 tri yéu cau cho dién trd 12 R2 > 1kQ d€ han ch& dong dién chay vao chin
MCLR t tu C bén ngodi, trong trudng hgp chan MCLR /Vpp sut 4p lién quan dén phéng tinh dién.

b. Reset khi méi cdp dién POR:

Mot xung reset khi méi cAp dién dugc tao ra trén chip khi phdt hién ngudn Vpp ting gid tri
nim trong khodng tir 1,2V dé&n 1,7V. D€ tao thuin 1gi cho reset POR, ta n6i chin MCLR d&n Vpp
thong qua mach RC nhu da trinh bay & trén.

Khi chip bit dau lam viéc binh thudng vé6i cdc thong s& 1am viéc nhu dién dp, tin s6, nhiét
dd, ... phdi ding d€ ddm bio cho hoat dong ctia mach. N&u nhitng diéu kién nay khong ding thi
chip bi giit § trang thdi Reset cho dén khi diing. Reset Brown-out c6 thé dugc ding d€ 1am diing
cac diéu kién khdi dong.

c. Timer reset khi méi cGp dién (PWRT):

PWRT tao ra thdi gian 72ms chd md ngudn tirf POR. PWRT hoat ddng dua vio by dao dong
RC bén trong. Chip dudc gift & trang thai Reset trong sudt khodng thdi gian PWRT hoat dong. Thoi
gian tri hodn cda PWRT cho phép ngudn Vpp ting d&n gia tri ¢ thé chdp nhan dugc. Mot bit dinh
cau hinh s& cho phép hoic khdong cho phép PWRT.

Thdi gian tri hodin m§ ngudn sé thay ddi ddi vé6i cac chip khic nhau lién quan d&n Vpp,
nhiét dd va cdc bi€n xi ly.
d. Bo dao dong Start-up (OST):

B6 dao dong OST cho phép tré 1024s chu ki dao dong (tir ngd vao OSC1) sau khi delay
PWRT di két thiic (n€u PWRT dugc phép). Thdi gian tré nay gitip cho dao dong thach anh mach
cong hudng dudc bit ddu hoat dong va dn dinh.

Bo6 dao dong OST chi ding & cdc ki€u reset XT, LP va HS va chi ding cho rest POR hoic
ddnh thitc CPU khéi ché do ngd.

e. Reset Brown-out (BOR):

Bit dinh cAu hinh BODEN c6 thé cho phép hoic khong cho phép mach reset BOR. Né&u dién
4p Vpp gidm xudéng dudi mic Vpor (khodng 4V) trong khodng thdi gian dai hon Tpor (khodng
100us) thi x3y ra reset Brown-out sé& reset chip. Néu Vpp gidm xudng dudi mifc Vpor trong khodng
thdi gian ngin hon Tgo thi reset khong thé x3y ra.

Khi Brown-out x4y ra, chip s& duy tri 8 trang th4di Brown-out Reset cho d&€n khi dién 4p Vpp
ting 16n hon Vpor. Sau d6 Power-up Timer giit chip & trang thdi Reset trong thdi gian Tpwgrr
(72ms). Néu Vpp gidm xuéng dudi mic Vpor trong thdi gian Tpwrr thi tién trinh Brown-out Reset
s€ khgi dong trd lai khi Vpp ting 1é€n 16n hon dién dp Vpor VGi reset Power-up Timer. Power-up
Timer luén dugc phép khi mach dién Brown-out Reset dugc phép bat chdp trang thdi clia bit dinh
cau hinh PWRT.

f. Trinh ty thGi gian:
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Khi m& ngudn, trinh ty thdi gian chd 1a nhu sau: thdi gian tri hoin PWRT bit dau khi reset
POR xdy ra. Sau d6, OST bit ddu d€m 1024 chu ky dao dong khi PWRT két thic. Khi OST két
thuc thi chip méi thodt khéi trang thdi Reset.

Né&u chan MCLR dugc giit § mic thdp trong thdi gian dd dai thi thdi gian nghi sé két thiic.

Sau d6, khi chin MCLR & mic cao thi chip bt ddu thuc hién ngay 1ap titc. Piéu nay hitu dung hon
cho cdc chifc ning ki€m tra hoic d€ dong bo nhiéu PIC16F877A hoat dong song song.

g. Thanh ghi trang thai/thanh ghi céng sudt:

Thanh ghi cong suat/ trang thdi PCON c¢6 2 bit phu thudc vao chip.

Bit tht 0 12 bit trang thdi Brown-out Reset BOR c6 gié tri khong x4c dinh khi reset POR. Sau
d6 ngudi diing phai set bit nay 1én 1 va ki€m tra cdc trang thdi Reset x3y ra sau d6 d€ xem bit c6 bi
x6a, d€ xdc dinh ring reset BOR di x4y ra.

Khi Brown-out Reset khdng dugc cho phép thi trang thdi cia bit BOR 1a khdng xac dinh.

Bit thit 1 1a bit trang thdi POR cta reset POR. N6 bi x6a khi reset POR va khong anh hudng
ctia cac ki€u reset khiac. Ngudi st dung phai set bit nay sau khi reset POR.

Trinh ty thdi gian khi c&p dién nhu hinh 2-35 vdi ngd vao MCLR ndi v6i Vpp qua mach RC:

1
Vob #
R 4
L
MCLR '
I

Internal POR

TPWRT

PWRT Time-out - TOST p

OST Time-out [

Internal Reset ‘

Hinh 2-35. Trinh ty thdi gian khi reset POR ¢ n6i MCLR.

Trinh ty thdi gian khi cap dién nhu hinh 2-36 v6i ngd vao MCLR khong ndi v6i Vpp:

VoD 4 :
i /!
MCLR - !
: :
Internal POR |

TPWRT

PWRT Time-out

1 TOST —
.

OST Time-out

Internal Reset

Hinh 2-36. Trinh ty thdi gian khi reset POR khéng néi MCLR.
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Trinh ty thdi gian khi ngudn ting chim nhu hinh 2-37 véi ngd vao MCLR ndi véi Vpp qua
mach RC:

av

VDD ov \ Iy
I
MoR
internal POR
-

TEWRT |

1
1
:
PWRT Time-out :
1
1
1

OST Time-out : l

Internal Reset |
Hinh 2-37. Trinh ty thdi gian khi reset POR khéng néi MCLR.
B, HOAT PONG NGAT:

PIC16F87XA c6 15 ngudn ngit. Thanh ghi diéu khién ngidt (INTCON) ghi nhin nhitng yéu
cau ngit doc 14p & cdc bit cd va chita cdc bit cho phép ngit riéng va ngit toan cuc.

Chii y: Céc 8 bdo ngit dudc set 1én 1 bat chap trang thdi clia ngit tuong dng cho hay khong
cho phép hoic bit ngit toan cuc GIE.

Bit cho phép ngit toan cuc GIE (INTCON<7>) néu biing 1 thi cho phép tit ci cdc ngudn ngit
va néu bing 0 thi khong cho phép tat cd cdc ngit. Khi bit GIE dugc phép va néu bit cd ngit va bit
cho phép ngit ddc 1ap 1én 1 thi ngit s& x4y ra ngay lap tiic. Cdc ngudn ngit doc 1ap cé thé cho
phép hoidc cAm bdi cdc bit cho phép ngit riéng tuong tng. Cdc bit ngit riéng dudc set bat chdp
trang thai bit GIE. Bit GIE bi x6a khi reset.

Lénh RETFIE 12 1&énh két 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 c¢6 thay d6i PORTB va ngit cd tran cia TMRO dudc chia
trong thanh ghi INTCON.

Céc cd ngidt ngoai vi dudc chita trong thanh ghi dic biét PIR1 va PIR2. C4c bit cho phép ngit
tuong @ng chita trong cdc thanh ghi dic biét PIE1 va PIE2, bit cho phép ngit ngoai vi chifa trong
thanh ghi ddc biét INTCON.

Khi mot ngit duge ddp tng thi bit GIE bi x6a d€ khong cho phép bat ki hoat dong ngit nio
x4y ra nita, dia chi tré vé dugc cit vao trong ngin x&p va PC dudc nap dia chi 0004h. Trong mdi
chudng trinh con phuc vu ngit, ngudn ngit c6 thé dudc xdc dinh biing cdch ki€m tra cdc bit cd bdo
ngit. Bit cd ngdt phdi x6a trong phan mém trude khi cho phép ngit trd lai d€ tranh goi lai ngit da
thuc hién.
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EEIF
EEIE
pspPIF(
PSPIE!
ADIF
ADIE Wak (Ifin SI de)
ake-up (If in Sleep mode
RCIF TMROIF
RCIE TMROIE
INTF
TX|F:]:>7 el :1  E—
TXIE y Interrupt to CPU
REIF
SSPIF L= RBIE
SSPIE
CCP1IF PEIE
CCP1IE =
GIE
TMREIF:D_.
TMR2IE
TMFUIF:{ }
TMR1I
CCPZIFj }
CCP21
BCLIF
BCLIE
CMIF
CMIE

Hinh 2-38. S0 d6 logic cua cac ngdt.

a. Ngdt ngoai INT:

Ngit ngoai trén chan RBO/INT kich biing canh Ién né&u bit INTEDG (OPTION_REG<6>)
bing 1 va kich bing canh xudng n€u bit INTEDG bing 0. Khi c6 canh tich cuc xuit hién trén chan
RBO/INT thi bit cd INTF (INTCON<I>) bi set 1én mitc 1. Ngit RBO/INT niy c6 thé cAm bing cich
x6a bit cho phép INTE (INTCON<4>). Bit ¢d bao ngit INTF phdi dudc x6a trong phan mém trudc
khi cho phép ngit trd lai. Ngit & chan INT c6 thé danh thitc vi xit 1y khdi ché dd Sleep néu bit
INTE da dudc set truéc khi di vao ch&é dd Sleep. Trang thdi ctia bit cho phép ngit toan cuc GIE
quyé&t dinh bd vi x¥ 1i ¢6 phadn nhdnh hay khong d€ cho vector ngit sau khi bi ddnh thitc.

b. Ngdt TMRO:

Khi gia tri trong thanh ghi TMRO tran tr FFh sang 00h s€ set bit cd TMROIF (INTCON<2>).
Ngit nay c6 thé cho phép/caAm biing cich set/clear bit cho phép TMROIE (INTCON<5>).

c. Ngdt PORTB thay ddi:

Khi ¢6 thay ddi & cdc bit PORTB<4:7> s& lam bit ¢ RBIF (INTCON<0>) 1&n 1. Ngdt c6 thé
cho phép/cAm bing cich set/clear bit cho phép RBIE (INTCON<5>).

d. Luu di liéu khi xdy ra ngat:

Khi thuc hién ngit thi chi ¢ gi4 tri trd vé clia thanh ghi PC dugc luu vao bd nhé ngin x&p.
Thudng thi ngudi sit dung mudn Ivu cdc thanh ghi quan trong khi xdy ra ngdt nhu thanh ghi W va
thanh ghi trang thdi. Piéu nay chi dugc thyc hién trong phin mém.

Do 16 byte cao nim trén mdi bank c6 trong PIC16F877A chita tam thdi cdc thanh ghi
W_TEMP, STATUS_TEMP va PCLATH_TEMP, nén phdi diat § vi tri nay. Vi tri 16 byte nay
khong nim trong bank va vi vy dé dang luu trit vd phuc hdi.
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%, HOAT DONG CUA WATCHDOG TMER WDT:

WDT la bd chay ty do dua vao bo dao dong RC cilia chip ma khong yéu ciu bat cit thanh
ph?in nao ¢ bén ngoai. B6 dao dong RC nay dugc tach tir bd dao dong RC cla chan OSCI1/CLKI.
Piéu nay c6 nghia 12 WDT sé& chay du cho xung clock trén cdc chan OSC1/CLKI va OSC2/CLKO
ctia PIC bi durng lai, vi du khi thuc thi 1é€nh Sleep.

Khi hoat dong viéc binh thudng, sau khi hét modt khodng thdi gian WDT sé reset cpu. N&u
cpu dang & ch& dd Sleep, thi sau khi hét thdi gian cia WDT sé& ddnh thic cpu d€ trd lai hoat dong
binh thuong. Bit 7O trong thanh ghi trang thdi s& bi x6a khi WDT dém di thdi gian.

WDT c6 thé bi cAm thudng xuyén biing cich xéa bit dinh cdu hinh WDTE.

Chii y: (1) Cac 1énh CLRWDT va SLEEP xod WDT va postscaler néu dugc gan cho WDT va
ngin chin WDT hét thdi gian d€ khdi x4y ra diéu kién reset cpu.

Chii y: (2) Khi 1énh CLRWDT dugc thuc hién va bd chia trude duge gdn cho WDT, bo dé€m
chia tru6c s& bi xod nhung gid tri gdn cho bd chia truéc van khong ddi.

0
‘ M - Postscaler
o
WDT Timer
X #8
+ * 8-to-1 MUX  |-=— PS2:PSO
wWDT PSA
Enable Bit
To TMRO (Figure 5-1)

0* 1

MUX -2— PSA

v

WDT
Time-out

Note: PSA and PS2:PS0 are bits in the OPTION_REG register.

Hinh 2-39. S6 dd khoi coa WDT.
Tém tit cdc thanh ghi cia WDT

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1 BODEN(" | cP1 cP0 | PWRTEM™ | WDTE | Fosc1 | FoscO
81h, 181h |OPTION_REG| RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PS0

Bdng 2-34. Cac thanh ghi cba WDT.
B. HOAT PONG ClIA cPu B cHE DO NGO SLEEP:

Ché& d6 Power-down dugc nhiap vao bdi viéc thuc thi 1énh Sleep. Néu dugc cho phép bd dinh
thdi WDT sé& bi x6a nhung van chay, bit PD (Status<3>) bi x0a, bit TO (Status<4>) bi set I€n miic
1 va bo diéu khién dao dong bi tit di. Nhitng port IO van duy tri trang thdi dd xdc dinh truéc khi
thuc hién 1énh Sleep (8 mifc cao, thip hoic trd khdng cao).
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D€ dong tiéu ton trong ch& d6 nay 1a thap nhAt thi phai dit tit cd cdc chan IO § tai dién dp
Vpp hoic Vs @€ bdo ddm khong c6 mach dién nao & bén ngoai 14y dong tir cac chan 10, tit ngudn
cung cAp cho kh&i ADC va khdng cho phép cdc ngudn xung clock & bén ngoai. Kéo tit cd cdc chin
IO ma ching c6 ngd vao trd khdng cao & mifc cao hoic thap d€ tranh nhitng dong chuyén mach
gdy ra bdi ngd vao thd ndi. Ngd vao chan TOCKI ciing nén dit & Vpp hoic Vs d€ cho dong tiéu
ton 12 thap nhat.

Chan MCLR phai & mic logic cao (Vigme).

a. Danh thic cpu khéi ché dé ngl:

PIC c6 thé ddnh thitc cpu khdi ch€ @6 Sleep thong qua mot trong nhitng trudng hdp sau:

[] Ngo vao Reset bén ngoai trén chan MCLR
[] St dung WDT (né€u WDT dugc cho phép)
[l Ngit tir chan INT, ngit PORT thay d6i hoic ngit ngoai vi.

Reset ngoai MCLR s& lam cho cpu bi reset bit dau thyc hién chuong trinh tif ddu. Nhitng
trudng hgp con lai s& ddnh thitc cpu ti€p tuc thuc hién chuong trinh. Céc bit TO va PD trong thanh
ghi trang thdi c6 thé dugc dung dé xdc dinh nguyén nhan Reset clia thi€t bi. Bit PD dudgc set khi
mdi cAp ngudn, s& bi x6a khi vao ch& do Sleep. Bit TO bi x6a néu thdi gian cda WDT xay ra va
danh thitc cpu khéi ch€ do ngu.

Nhitng ngit ngoai vi theo sau c6 thé danh thic cpu khdi ch€ @6 ngi:

e DPoc hoic ghi PSP chi cé G PIC 16F874/877.

e Ngitclia TMR1. TMRI phdi lam viéc nhu bd d€m bat dong bo.

e  Ngitki€u Capture CCP.

e  Bo kich sy kién dic biét (TMR1 trong ki€u bat ddng bo diing xung clock bén ngoai).

e  Ngit phdt hién bit SSP (khd&i dong/dirng).

° Truyén hodc nhan SSP & ché& dd t6 (SPI/IZC).

e  Truyén dif liéu bat ddng bd USART Tx hoic Rx.

e  Chuyén ddi ADC (khi ngudn xung clock cia ADC 1a RC).

e  Hoan thanh hoat dong ghi d¥ lié¢u vao bd nhé EEPROM.

e B0 so sdnh thay ddi trang thdi ngd ra.

Céc thiét bi ngoai vi khac khong thé tao ra ngit khi cpu & trong ch& dd ngd, khong c6 ngudn
xung clock. Khi 1énh SLEEP dang dugc thyc thi, thi 1énh k€ ti€p (PC+1) dugc dodn vé. Pdi véi PIC
d€ ddnh thitc thong qua mot sy kién ngit thi bit cho phép ngit tuong ng phdi dugc set 1én mic 1.
Dénh thitc bit chdp trang thdi clia bit cho phép ngit toan cuc GIE.

N&u bit GIE bi x6a (khdng cho phép) thi cpu ti€p tuc thuc thi 1énh sau 1énh Sleep.

Néu bit GIE dugc set (cho phép) thi cpu thyc thi Iénh ditng sau Iénh Sleep va sau d6 ré nhdnh
nhdy dén dia chi ngdt (0004h).

b. Danh thic cpu ding cac ngét:
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Khi bit ngit toan cuc 12 khong dudc cho phép (bit GIE bi x6a) va bat ki ngudn ngit nao cé bit
cho phép ngdt va bit ¢ ngdt1én 1 thi mot trong nhitng sy ki€n sau s€ xdy ra:

[] Né&u ngit xdy ra trudc 1énh SLEEP thi 1énh SLEEP s& hoan thanh nhu 13 1énh NOP.
Vi vdy, WDT va postscaler WDT s€ khong bi x6a, bit TO s& khong dudc set 1én 1
va bit PD s& khong bi x6a.

[] N&u ngit xay ra trong ltic va sau khi thuc hién 1énh Sleep, ngay lap tic cpu s& bi
ddnh thitc khdi ch€ do ngli. Lénh SLEEP sé dudc thuc hién xong trude khi ddnh thitc
cpu. Vi vay, WDT va postscaler WDT s€ b1 x0a, bit TO & dudc set va bit PD s& bi
xda.

Tham chi néu bit ¢ da dugc ki€m tra trudc khi thyc hién 1énh SLEEP, c¢6 kha ning cdc bit cd
dudc set trudc khi 1€nh Sleep hoan thanh. P€ xdc dinh 1énh Sleep c6 thuc hién hay khong phai
kiém tra bit PD. N&u bit PD dugc set thi 1&énh SLEEP dudc thyc hién nhu I€énh NOP.

Pé€ chic chin WDT bi x6a, 1énh CLRWDT nén thuc hién true khi 1énh thuc hién SLEEP.

rQ1lazl a3lQ4, Q1lQzlQ3l o4 ) a1l . ratlQzlQzlad a1l@2lQ3 e Q1] @2l @3l a4, Q1] Q2| Q3| @4,
0SsC1 WWF;F@NMHJMMW
CLKOW | 1\ %k [ Tostél T\ 7 \_ N

INT pin 1 : :

|
\

! |

! |
INTF Fla . : ; ‘ . :
(INTCON<1>) : : 'Interrupt Latencym ] :
GFE blt I | | : | | I I I
(INTCON<7>): : :F’rocessor in, : : \ : : :
: : | Slee | : : :
INSTRUCTION FLOW | | : I | | | |
PC j( PC N PCH X PC+2 X Pc+2 X PC+2 ¥ 0004n X 000BA |
Instruction ‘ ' : ‘ ‘ : ‘
Fatched {‘ Inst(PC) = Sleep'  Inst(PC + 1) ! ' Inst(PC+2) | ; Inst(0004h) ' Inst(0005h) '
Instruction [ Inst(PC - 1) : Sleep : : Inst(PC + 1) : Dummy cycle 1 Dummy cycle : Inst(0004h) :

Executed

Hinh 2-40. Panh thic cpu béng cach dung ngat.
Chii y: (1) S& dung bd dao ddong XT, HS hoic LP.
Chi y: (2) TOST = 1024 TOSC.

Chii y: (3) N&u bit GIE = 1. Trong trudng hgp nady sau khi dénh thic thi cpu nhdy dén thuc
hién chuong trinh con phuc vu ngit. Néu bit GIE = 0 thi thuc hién ti€p 1&énh trong chuong trinh.

Chii y: (4) CLKO khong c¢6 tic dung trong cdc ki€u dao dong trén nhung dudc trinh bay dé
tham khdo.
6. MACHGO RO
Khi bit g& roi nim tif thi€t 14p c4u hinh dugc 1ap trinh & mifc 0 thi chifc ning cia mach g& rdi
dugc phép. Chitc ning nay cho phép chic ning g roi khi sit dung v6i chudng trinh MPLAB ICD.
Khi vi diéu khién c6 chifc ning nay dudc phép thi mot tai nguyén sé trd nén mat tic dung. Bang
sau liét ké cdc ciu tric bi bd khi lam viéc & ché do g6 roi.
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/O pins RB6, RB7
Stack 1 level
Program Memory Address 0000h must be NOP
Last 100h words
Data Memory 0x070 (OxOF0, Ox170, Ox1F0)
Ox1EB-Ox1EF

Bdang 2-35. Cdc tai nguyén c0a mach g roi.
DE€ st dung chitc ning g& rdi cla vi diéu khi€n thi phdi thi€t k&€ giao ti€p lap trinh ndi ti€p
véi cdc chin MCLR /Vpp, Vpp, GND, RB7 va RB6. K&t ndi nay sé giao tiép vdi mach gd roi duge
xay dung Microchip.

7. KEM TRA CHJONG TRINH/ BAO VE BANG MA:

Né&u bit ma bdo vé khong dugc 1ap trinh thi bd nhé chuong trinh trén chip c6 thé doc ra cho
muc dich kiém tra.

1B, MA NHAN DANG:

B6n vi tri bd nhé ¢6 dia chi tir 2000h d&€n 2003h dudc thi€t k& d€ chita ma nhin dang, ndi ma
ngudi st dung c6 thé luu trit tdng ki€m tra (checksum) hoic nhitng con s6 nhian dang mat ma khac.
Nhitng mi nay 1a c¢6 thé khong can thiét truy xud't khi cpu hoat dong binh thudng nhung c6 thé doc
va ghi trong qué trinh 14p trinh/ki€m tra. Chi st dung 4 bit thAp LSB ctia cdc & nhd dinh vi ID.

9. LAP TRINH TUAN TU A MACH TICH HOP BEN TRONG ICSP (n-Cirauit Serid Programming):

Vi diéu khié€n PIC16F87XA c6 thé 1ap trinh tudn tu khi ching nim trong mach #ng dung.

Mach giao ti€p ri't don gidn gdm 5 dudng diy: mot cho dudng xung clock, mot cho dudng di
liéu, mot dudng ngudn, mot dudng mass va mot dudng ciAp dién 4p 1ap trinh. Piéu nay cho phép
khdch hang sdn xuat nhitng bo mach st dung cpu chua dugc 14p trinh va sau d6 1ap trinh cho vi diéu
khién trudc khi giao hang.

Khi sit dung 14p trinh ndi ti€p ICSP thi mach nap phdi cAp ngudn tir 4,5V dé&n 5,5V néu cin
thuc hién x6a bd nhd. Pién dp nay ding dé 1ap trinh lai ma bdo vé, c3 trang thai m3 dén trang thdi
tat. Trong tit c& cdc trudng hdp khdc con lai cia ICSP thi mach nap si dung ngudn dién 4p binh
thudng thi€t bi c6 thé dugc 1ap trinh & dién dp 1am viéc binh thudng.

20. LAP TRINH PEN AP THAP ICSP (NGUON DONY

Bit LVP niim § tir dinh cdu hinh cho phép 1ap trinh dién 4p thap ICSP. Ki€u Iap trinh nay cho
phép vi diéu khién 1ap trinh qua ICSP st dung dién 4p ngudn Vpp nim gi6i han dién dp 1am viéc.
Trong kiéu 1ap trinh nay, chin RB3/PGM dudc diung cho chifc ning 1ap trinh va khong thé 1am cic
chian I/0. Trong qu4 trinh lap trinh ngudn Vpp dugc cAp d€n chin MCLR. D€ di vao ch& do lap
trinh thi nguén Vpp dugc cip cho chAin RB3/PGM lam cho bit LVP dugc set 1én mifc a. Bit LVP
mic dinh 12 1 t* nhd mdy ché tao.

Chii y: (1) Ch€& @6 1ap trinh dién 4p cao ludn c6 hiéu lyc b4t chap trang thdi cia bit LVP bing
céch cdp dién dp Viuy t6i chin MCLR.

Chii y: (2) Khi & ki€u 1ap trinh dién 4p thap thi chan RB3 khong dudc st dung 12 1/0.
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Chu y: (3) Khi st dung 1ap trinh dién dp thap ICSP va chitc ning kéo PORTB la dudc phép,
bit thit 3 trong thanh ghi TRISB phdi dugc x6a dé khong cho phép kéo chan RB3 va ddm bdo hoat
pht hdp cho chip.

Chii y: (4) Chan RB3 khong dugc thd ndi néu LVP dudc phép. Thiét bi l1ap trinh bén ngoai
mic nhién phdi dit CPU & trang thdi hoat dong binh thudng. Khi diéu khi€n RB3 I1én mic 1 thi
diéu khi€n CPU chuyén sang ché& do l4p trinh.

Né&u ch& @6 1ap trinh dién 4p thap khong dude st dung, bit LVP ¢6 thé dudc 1ap trinh vé 0’
va chan RB3/PGM trd thanh chin IO. Tuy nhién bit LVP chi c6 thé dudc chuyén sang 1ap trinh khi
dién 4p Vigu xudt hién trén chAn MCLR . Bit LVP chi c6 thé thay d6i khi st dung dién 4p cao &
chan MCLR.

21 50 PO NGUYENLY GIAO TEP GIJA MAY TINH VA PIC 16F877A:

PIC16F877A cho phép nap chuong trinh dang ndi ti€p qua céng LPT va cdng COM.
a. Mach nap PIC tryc tiép 1 céng COM:

Khi nap néi ti€p qua cdng COM cho VDK PIC16F877A thi can ding 4 dudng diéu khién:

e Chian MCLK la dudng reset d€ nap chuong trinh cho PIC.
e Chan RB7/PGD.
e Chan RP6/RGC.
e Chan RB3/PGM.

Sd db trinh bay cdc dudng tin hiéu diéu khién nap:

+ 5V
Reset |3iciR Vd
Vs
D oo
PGC | ppe
PGM | pgs
DSCI—_L
[ ] 20MHz
oscl T

Hinh 2-41. Cac dudng giao tiép véi mach nap néi tiép.
S db nguyén li cia mach nap tryc ti€p qua cdng COM:
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1] e

VDD
2N MCLR#THV "
o o PGDRB7 |2
_|le e RAO/ANO PGC/RBE  [1—
xlp= == M RA1/AN1 RB5 2=
—: co = RA2/AN2 RB4 |3
. - | RA3/AN3 PGM/RB3  [-2—
RA4/TOCKI RB2 |22
8 3 N4148 g RA5/AN4 RB1 [34
Zs f b3 REO/RD#/AN5 INT/RBO |22
7o RE1WR#ANS -
— 19 RE2/CSHIANT PSP7/RD7 52
X1 1”’ 15 PSPB/RDE |2
4E =1 OSCI/CLKIN PSPS/RD5  [£2
X = i3] osczicLkout PSP4/RD4 [
= Bl reorioso RX/RC7 |22

C1815
— = 181 Retrriosi TXRes |2
- LEN#728 1N41480 = 5| RC2/CCP1 SDO/RC5  [22
N =Pt NS, To] Roaisck SDIRC4 |22
o W DB o L ] 55| RDOPSPO RD3/PSP3 |22
0

T - BA= N £l RD1/PSP1 RD2/PSP2  |&

vss

;{NI PIC16E877P

Hinh 2-42. S6 dé nguyén Iy mach nap tryc tiép 1 cdng COM.

b. Mach nap PIC gian tiép ti cdng COM qua ic max232:

Nap chuong trinh cho PIC16F877A thong qua IC MAX232 (hoic RS232) thi cin c6 dao dong
xung clock va k&t ndi cdc dudng TX vad RX clia RS-232 véi cdc dusng TX va RX vi diéu khién

PIC16F877A:

Chan RX: chdn nhdn dit li€u tr mdy tinh.

Chan TX: chan truyén dit liéu vé mdy tinh.

So dd trinh bay cdc dudng tin hiéu nap cho PIC16F877A qua RS-232:

Reset

i

RC6H
RCT

wdd
Vas

05C1

QsC2

+5V

[ ]20MH=

Hinh 2-43. Cac dudng giao tiép véi mach nap nbi tiép qua IC chuyén déi.

So dd nguyén li ctia mach nap qua RS-232:
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Q1 -

. —0 L4y o+ —
congcomt GNP TN ve |83 T
s\ et v e
7 2 L% ] o,
g 3 ™ T g
9 4 5 Co- Cc4
5] RX
14

2 11 ae

—J or o TIN - T1OUT |— )
COMPOR o] 181 tan  T2ouT o

|—9 R1OUT  RIN |1

GNO RX-TX -2 1 RoouT R2IN 2

MAX-232

Hinh 2-44. S6 dé nguyén Iy mach nap ndi tiép tU cdng COM qua IC chuyén déi.
c. Mach nap PIC qua cdng LPT:

(]
(@]
>
IC16
9 8
o 3
74ALS0O5 AN
Io
JP1 IC1C o gt
LPT Pin5 [ 5 6 T] L —L_~ictr
LPT Pin1q 32 lo| MCLR| T~ 4
LPT Pin2 | 53 74/2.Sp5N 25 1 Ve RE
LPT Pin3 | 4 > 35 Gnd
LPT Pin4 | X5 s5|rB7/PGD _L
LPT Pin18-25 | S 58 RB6/PGC  GND
O IC11, 65 | RB3/PGM
3 %]
74ALSOSN & . 8
> >
GND Q1
BC
<
1 14
R5
74ALSO05N

Hinh 2-45. S6 d6 nguyén ly mach nap ding cdng LPT.
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the end
return
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CHUONG TRINH BIEN DICH VA NAP CHO

VI DIEU KHIEN PIC16F877A
]

CHUGNG TRINH BIEN DICH
CHUONG TRINH BEEN DICH MPLAB DE
CHUONG TRINH BEN DICH CCS C
CHUONG TRINH NAP CHO PIC
CHUONG TRINH NAP WINPICBOO
CHUONG TRINH NAP IC-PRO
NGON NGU LAP TRINH ASM CUA MPLAB
cAc QUY UGC COA NGON NG MPLAB
[nhan]
Lénh va cac tham sé
Quy udc ki hiéu trong MPLAB
DEN TA CAC LENH
Lénh: ADDLW
Lénh: ADDWF
Lénh: ANDLW
Lénh: ANDWF
Lénh: BCF
Lénh: BSF
Lénh: BTFESS
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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Lénh: IORLW
Lénh: IORWF
Lénh: MOVLW
Lénh: MOVF
Lénh: MOVWEF
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

GOITHEU CCS C
NGON NG LAP TRINH C TREN CCS C
KHAI BAO VA SJ DUNG BEN, HANG, MANG
Khai bdo bién, hdng, mdng
Cach sU dung bién
CcAc CAU TROC LENH
cHl TH TEN X LY
#ASM va #ENDASM
#INCLUDE
#BIT, #BYTE, #LOCATE va #DIFINE
#DEVICE
#ORG
#USE
M6t s chi thi tién xU ly khéc
CAC HAM XU LY 58, XU LY BIT, DELAY
Cac ham xU ly s6
Cac ham xU ly bit va cac phép toan
Cac ham xU ly bit va cdc phép toan
XU LY ADC VA CACHAMIO TRONG C
Cac hdm 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 DONG NGAT
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Khai bao ngdt

Cac ham thiét lap hoat dong ngat

Cac ham giao tiép véi may tinh qua cdng COM

CAC CHUONG TRINH Vi DU

CHUONG TRINH DEU KHEN & LED DON cHOP TAT
CHUONG TRINH DEU KHEN 1 DEM SANG DI CHUYEN TU TRAI SANG PHAI
CHUONG TRINH DEU KHEN 8 LED SANG DON
CHUONG TRINH DEU KHEN BEM TU 0 DEN 9999 TREN LED 7 DOAN
CHUONG TRINH DEU KHEN LED MA TRAN HEN TH cHUBI “sPKT™

Hinh va bdng

Hinh 3-1. CUa sé khéi déng.

Hinh 3-2. Cla sé lam viéc cba 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. Cla sé lam viéc cia CCSC.
Hinh 3-7. Théng bao sau khi bién dich.
Hinh 3-8. Clia sé cOa WINPIC800.

Hinh 3-9. CUa sé Hardware Setting.

Hinh 3-10. Man hinh cOa IC-Pro.

Hinh 3-11. Cla sé Hardware Setting.

Hinh 3-12. Cla sd Sefting.

Hinh 3-13. CUa s lya chon.

Hinh 3-14. CUa sd lya chon.

Hinh 3-15. Cai dat Driver.

Hinh 3-16. Chon PIC cdn nap.

Hinh 3-17. Binh dang chung cho mét s6 lénh cGa PIC 16F877A.
Bang 3-1. Ki hiéu cac thanh ghi trong MPLAB.
Bang 3-2. Tom tat tap lénh.

Bang 3-3. Tap lénh ngén ngu C.

Bang 3-4. Két qud doc ADC.
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. CHUONG TRINH BIEN DICH:

Hién nay c6 rat nhi€u chuong trinh bién dich cho PIC viét trén nhiéu ngdn ngit khdc nhau nhu
ASM, BASIC, C,... hai phAn mém MPLAB ctia haing Microchip va phan mém CCS C. Ngoai ra con
c6 cdc phan mém bién dich khdc nhu: Mikro BASIC, Mikro C, HI-TECH, ...

1 CHJONG TRINH BEEN DICH MPLAB DE:

Chuong trinh bién dich MPLAB IDE clia hing Microchip cho mién phi tai website
http://www.microchip.com.
Phin mém MPLAB IDE tuong thich véi hé diéu hanh:
[]  Windows 98 SE
[]  Windows ME
|:| Windows NT 4.0 SP6a Workstations (NOT Servers)
[]  Windows 2000 SP2
[] Windows XP Home and Professional

Sau khi cai dit xong thi click vao bifu tugngh

Hinh 3-1. CUa sé khéi déng.

Sau d6 ¢6 man hinh soan thdo nhu sau:
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File Edit Wiew Project Debugger Programmer Tools Configure  Window  Help
DS @ S ?|
0x0fcf @ RO

| Checksum:

X | E E:AANH HOC SRR ng trinh\chuongtrinh.asm

|| Build | Version Cortral | Findin Files |

lr

PIC1GFGETTA i zdcc bankd Lni, Coll INS  WR

Hinh 3-2. Cla sé Iam viéc cba MPLAB.

Khi mudn bién dich tir file .ASM sang file .HEX vao menu Project rdi chon Build all hoic
QuickBuild d€ bién dich.

Né&u chuong trinh viét bi 16i thi tai cia s Output s& xui't hién mot thong bao 1a bién dich that
bai (BUILD FAILED) va s6 16i ctia chuong trinh véi vi tri clia tirng 181 ndm trong chuong trinh.

Khi ding MPASM, cdc s& c¢6 thé dudc bién dich mot trong cdc hé thdng s6 co bdn. Mic dinh
cho file ngudn c6 thé dudc thiét 14p bing chi din Radix:

Radix dec

Bén trong file ngudn, gia tri ma c6 thé nhap vao cic cd s6 khdc nhau sit dung ciu tric sau:
D*123* .123 ; thap phan

H‘1AF O0x1F ; thap luc phan

o171 ; 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 cia chuong trinh”
Include <p16f877a.inc>; Tén PIC cin vi€t chuong trinh

_CONFIG CP_OFF &...... ; khai bao cho PIC
— Khai bdo bién--------------m-m-m--
temp EQU 0x20 ; dit bi€n c6 tén temp c6 dia chi 1a 6 nhé 0x20
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ORG 0x0000 ;vector reset

GOTO START

fmmmmmmmmmmemee Chuong trinh ngdt---------

ORG 0x0004 ;vector interrupt
;...ma ngit & day.

RETFIE ; thodt khdi chuong trinh ngit

ma chuong trinh chinh § ddy

END ;k€t thiic chuong trinh chinh

b

Cong cu MPLAB SIM trong MPLAB IDE (cdng cu m6 phdng cho chuong trinh):

Chon Debugger = Select Tool d€ chon cong cu, sau d6 chon MPLAB SIM. Pay 13 cong cu
mo phdng diing d€ gid 14p tin hiéu dién clia cdc chdn va trang thdi cdc thanh ghi ctia con chip dugc
diing. C6 hai loai: ddong b va khong ddng bo.

Pong bo: tin hiéu dudc gid 14p dong bd vSi nhitng vong 1énh clia chip.
Khong Pong bd: tin hiéu dugc 4p dit bdi ngudi dung trong thdi gian thuc (real time) khi
MPLAB SIM dang chay.

2. CHJONG TRINHBEN DICH CCS C:

Chuong trinh bién dich CCS C dudc cung cAp tai dia chi:
http://www.ccsinfo.com/download.shtml.
Vi 1a trinh bién dich c6 thu phi nén phién bdn demo c6 mdt s6 han ch€ so vdi phién ban ¢c6
thu phi.

CCS 1a trinh bién dich 14p trinh ngdn ngit C cho Vi diéu khién PIC clia hing Microchip.
Chuong trinh 1a sy tich hgp cla 3 trinh bién dich riéng biét cho 3 dong PIC khéac nhau d6 la:

e PCB cho dong PIC 12bit opcodes

e PCM cho dong PIC 14bit opcodes

e PCH cho dong PIC 16 va 18bit

T4t c& 3 trinh bién dich nay dudgc tich hgp lai vao trong mdt chuong trinh bao gom c4 trinh
soan thdo va bién dich 1a CCS.

Gidng nhu nhiéu trinh bién dich C khac cho PIC, CCS gitip cho ngudi st dung nim bit nhanh
dugc vi diéu khién PIC va st dung PIC trong cdc du 4n. Cdc chuong trinh diéu khién sé& dugc thuc
hién nhanh chéng va dat hiéu qud cao thdng qua viéc st dung ngdn ngit 1ap trinh cidp cao — ngdn
ngir C.

Khi khdi dong chuong trinh CCS thi ctra s& chuong hinh nhu hinh duéi:
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¢ PCW C Compiler IDE

File Project Edit Options Compile ‘View Tools Debug Help

hE HEsead & g AriE 7 &

Hinh 3-3. Man hinh khdéi déng coa CCS C.

Hu6ng din tao mot Project méi trong CCS:

b€ tao mot Project trong CCS c6 nhiéu cach, c6 thé dung Project Wizard, Manual Create,
hay 13 tao mot Files mdi va thém vao d6 cdc khai bdo ban diu can thi€t. Vao Project >chon PIC
Wizard sau khi chon mdt ctra s6 hién ra yéu cau nhap tén file can tao nhu hinh sau:

E Save As @
Savein: | [ CCS C v O mE-
b : PIT banphimled? . hex chuongtrinhdemBCD, Ei
! | ADC. Bk banphirnled? . lst chuongtrinhdemBCD.cl
My Recent | £l apc.c banphimled? PIT chuongtrinhdemBCD ¢
Documents . =) ADC.cof _{J’banphimled?.sta g chuongtrinhdermBCD &
e |. =] ADC err banphimled? . sym ﬂ chuongtrinhdernBCD. b
T I,
- [l ADC. he banphinnled? tre E chuangtrinhdenBCD. I
Desktop ; | aDC Isk [ choptatports, Bk i] chuonagtrinhdemBCD. F
! ADC.PIT E’J choptatportB.c <] = chuongtrinhdemBCD <
: | 2 ADC sta | choptatportB, cof E chuongtrinhdemBCD, =
.J ||_!| ADC.sym = choptatportE. err E chuongtrinhdemBCD £
i i anents |. ADC kre choptatportE. hesx E chuangtrinhngatTimer
,. banphimled? BAK | choptatporte. st Ig chuongtrinbngatTimer
== | ri banphimled?.c f=f| choptatportE, PIT chuongtrinbngatTimer
'il : banphimled? . cof i choptatports, sym E chuongtrinbngatTimer
banphimled?.err f| choptatportE. tre E chuongtrinhngatTimer
My Computer | :
(= | E
e . . | |
' File narme: i| > [ Save ]
fy Metwork | Save as type: | ~| [ Cancel ]

Hinh 3-4. Luu file.

Chon Save mdt ctra s& mdi hién ra nhu hinh sau:
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New project

General
Fioject Name: E:ychoptatporB.c Vv 0K
Device: F'II:

Bl Benekig [C]Enable Integrated Chip Debugging (ICD)

(%) Dpening brace on the following line []Use 1E bit painters for Full R4 use ? Help
() Opening brace on the zame line ] Restat WDT during call to DELAY

X]
w | Oscilator Frequency; | 20.000000  HZ

One fuze per line with comments

Fuses

Yiew Code

Generated

from this tab
L4440

|, Genera /{ Communications 5P and LCD i Timers f PCH T imers j Analog i Othes fInterupts . Diivers 4170 Pins fHigh/Low Yoltage |

Hinh 3-5. Tao Project mai.

Sau d6 nhap OK 1a di tao dugc mot Project mdi va c6 clra s6 lam viéc méi nhu hinh sau:

i PCW C Compiler IDE
File Project Edit Options Compile View Tools Debug Help

he HEsF & & [Tl RBaG| AIrw =i )

[Microchip 146t | ¢ &

choptatports.c ]
#tinclude “E:\choptatportB.h"

void main()
1

setup_adc_ports(HO_AHALODGS);

setup_adc (ADC_OFF);
setup_psp(PSP_DISABLED) ;
setup_spi({FALSE};
setup_timer_B{RTCC_INTERNAL|RTCC_DIV_1);
setup_timer_1(T1_DISABLED);
setup_timer_2{T2_DISABLED,8,1);
setup_comparator (HC_HC_HNC_NC) ;

setup uref(FALSE);

1:1 E:ichoptatpartB.c choptatports chaoptatportE

Hinh 3-6. Cla sé lam viéc coa CCSC.

Nhu vay, chiing ta d tao dugc mot 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 vaio Compile = chon Compile hoic bAm F9
thi CCS sé ti€n hanh bién dich file *.c sang file * . Hex dé nap cho PIC. Khi bi€n dich thi trinh bi€n
dich s& xudt hién ctra s6 nhu hinh sau 13 chuong trinh bién dich thanh cong (chuong trinh khong c6
181 vé cAu tric 1énh).

i~; CCS PCM C Compiler, Yersion 3.249

. m '-l@ Registered to: @
.Y Victionics Ltda, Ricardo Gonzalez Cepeds @) |
[Project: E:AANH HOC KI 9iChuong trinh\CCS CchoptatportB.c |
IFiIes: 3. Statements: 7, Time: 1 Sec, Lines: 668 I
|0utput files: ERR HEX SY¥YM LST COF PJT TRE STA |
Il] Errors, 0 Warnings, Time: 1 Seconds I
RoM: | 1%
Ram: ] 3%

Hinh 3-7. Théng bdao sau khi bién dich.
Néu chuong trinh vi€t ¢6 10i thi khi bién dich sé& bdo 161 tai vi tri con trd § trong chuong trinh.

Il. CHUONG TRINH NAP CHO PIC:

Hién nay c6 rdt nhi€u phin mém nap khdc nhau cho PIC nhu phan mém nap Winpic800 va
IC-Pro d€ gi6i thiéu vi hai phan mém nay dudc si dung nhiéu va dudc cdng ddng st dung PIC
ddnh gid tot.

1 CHJONG TRINHNAP WNPICBOO:

Hudng din cai dit Winpic800: chay file WinPic800_V3_59.exe d€ cai dit Winpic800, sau d6
chon next &€ ti€n hanh cai dit.

Khi cai dit xong thi trén man hinh desktop xudt hién bi€u tugng Winpic800, click vio bi€u
tugng Winpic800 dé€ chay chuong trinh nap, ctta s6 cia Winpic800 nhut hinh sau:

| =~ WinPicB0OD, - v 3.59 E@

d File Edit Device Utlities Settings Language Help
= - = i} S ¥ %

'2 Code ?ﬂ Data o Settineg

% | rIc 157 S| | &
& % | 16F877a I~ ®

8 [0x0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0008: 3FFF 3IFFF 3FFF 3FFF 3FFF 3FFF 3JFFF 3FFF
0x0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
1 [0x0020: 3IFFF 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
Jl |0x0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF JFFF 3FFF
0x0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
4 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
i lox0060: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

M Har=JDM Proacarmmer - COM1

Hinh 3-8. CUa sé coa WINPICS800.

LR I TR R U Y
WY A Al o3 M o3 e M3 Y oMy
WO A Al o ) M3 ) My
N W W
N owow owow wow wow ww w
N o W e W W
N W W
N owow owow wow wow ww w
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Sau d6 vao Settings = chon Hardware d€ ti€n hanh cai dit phan ctiing cho chuong trinh nap,
man hinh hardware settings xut hién nhu sau:

Selection of hardware I/0 Bits to port
3DIP8 -~ m‘ Blockade configuration ™
ART2003 r r
ETT-HIGH VPP ICSP 'l r
ETT-LOW VPP ICSP ox00 | = -
GTP-04
GTP-07
GTP-244 D OTR r - r
GTP-Lite
GTP-USB [Plus] ] cTE r
JDM Programmer O ’m r - r
Pahlin w
o s r - |r
;DSFE; comt > O - ol ¥ r r
° =
o —= = & or|r

x|l 9
Cancel Apply edits |

Hinh 3-9. CUa sé Hardware Setting.

Chon hardware 12 JMD Programmer, chon Apply Edits d€ chap nhan.

Sau dé chon ho PIC va tén PIC mudn nap chuong trinh. Vi du nhu mudn nap cho
PIC16F877A thi chon ho 16F tén PIC la 16F877A.

Huéng din nap chuong trinh cho PIC16F877A bing Winpic800:

Chon File > Open hoic chon ¥ € chon file *.Hex cin nap. Sau dé chon Device >
Program All (Ctrl+P) hodc chon * dé nap chuong trinh.
2. CHUONG TRINHNAP IC-PRO:

Huéng din cai dit IC-Pro: gidi nén file IC-pro vao thu muc bat ki nhu IC-Pro sau d6 chay file
ICProg.exe bd qua tit cd cdc 16i d€ md chuong trinh ra. Sau d6 chon Settings >> Clear Settings nhu
hinh sau:

IC-Prog 1.05C - Prototype Programmer

File Edit Buffer RSN Command Tools  Wisw Help

2 Device L% e
E-d \ Recent Devices 3 e @ RN - @
Address - Progral Hardware F3 Configuration
0000: FEFF  Hardware Check FFFF FFFF FFFF ¥iiyd  ~

0008: FFFF Jptions FFFF FFFF FFFF §¥§¥yvyy

0010: FFFF | Smartcard (Phoenix) FEFF FFFF FEFF  yyyiyvyy

FEFF FFFF FFFF  Yyyyyyyy
FEFF FFFF FFFF  Yyyyyyyy
0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFEF  $9y9yvyy
0030: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFEF  $9y9yvyy
0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF  y¥yvyiyy

Clear Settings

Checksum

FFCO

e

Buffer 1 | Butfer 2 | Butter 3 | Butter 4 | Butfer 5 |

JOM Programimer on Comz2 Device: 59C11 (37)

Hinh 3-10. Man hinh cOa IC-Pro.

Sau khi nhan Yes lién tuc, mdt man hinh Hardware settings s& hién ra nhu sau:
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Harndware settings

Irterface
Progratminet: .
" Direct 110
|.JDru1 Programmer ﬂ & i
Partz Cammunicatian
. [ Irevert Diata Out
{* Com 2 [ Invert Data In
& Com S [ Invert Clock
< [ Irevert MCLE:
142 Delay (100 [ Invert WCC
! r
IIII|J||||||||||||||||
o ]

Hinh 3-11. Ca sé Hardware Setting.

Do chiing ta chon diing bd nap PG1A 1a mot by nap dudc phat trién ctia JDM, cho nén phin
Programmer chiing ta s& chon JDM Programmer. Phin cdng, chiing ta s& chon COM1, COM2 hoic
COM3 tlly theo mdy tinh. Phin Interface, cic ban chon Windows API va phin Communication
khong ddnh dau gi cd, sau d6 chon OK. Khi st dung Windows API, khong can quan tAim d&n phan
I/0 Delay.

Main hinh ban diu sau khi kh&i dong lai IC-Prog hién ra nhu hinh dudi. Ching ta s& chon
Settings > Options dé ti&p tuc cai dit cho IC-Prog.

Prototype Programmer

Edit Euffer Command  Tools  VWiew Help
e Device L3
F E ) Recent Devices 3 e @J @ @
Address - Progral Hardware F3 Configuration
0000: OOFF | Hardware Check OOFF O0O0FF OOFF ~
000&: OOFF Cptions DOFF O0OOFF
0010: DOFF Smartcard (Phoenix) 00FF DOFF DOFF
001&: OOFF ) 0D0FF O0OFF OOFF
0020: QOFF | Clear Settngs D0FF 00FF O0FF
0028: OOFF OOFF OOFF 00FF OOFF OOFF OOFF OOFF
0030: 0O0OFF OOFF OOFF 0QOFF OOFF OOFF OOFF OOFF
0038: OOFF OOFF OOFF 0OFF DOFF OOFF OOFF OOFF
0040: OOFF OOFF OOFF 00FF OOFF OOFF OOFF OOFF
0048: 0O0OFF OOFF OOFF 0OFF OOFF OOFF OOFF OOFF
0050: OOFF OOFF OOFF 0OFF 0OOFF OOFF OOFF OOFF
0058: ODOFF OOFF OOFF 00OFF OOFF OOFF OOFF OOFF
0060: OOFF OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF
0068: OOFF OOFF OOFF 0OFF DOFF OOFF OOFF O0OOFF
0070: ODOFF OOFF OOFF 00FF OOFF OOFF OOFF OOFF
0078: OOFF OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF
0030: OOFF OOFF OOFF 00FF OOFF OOFF OOFF OOFF
0088: 0O0OFF OOFF OOFF 0QOFF OOFF OOFF OOFF OOFF ™ CheckBaxg
0090: OOFF OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF Checksum
0098: O0OFF OOFF OOFF 00FF OOFF OOFF OOFF OOFF W
0D0AOD: OOFF OOFF OOFF 0QOFF OOFF OOFF OOFF OOFF 3
nnas- NNTE NPT NNPEF ONPF ONTRF NNTEF QNPT NNy
Biufter 4 |Eluffer 2 J Buffer 3 I Buffer 4 I Buffer 5 I

JO Programmer on Cam2 Device: SDAZ546 (58]

Hinh 3-12. Cla sd Sefting.

Man hinh Options sé& hién ra. Chi quan tAm t6i phadn Misc, con cdc phan khdc khdng cin quan
tam. C &€ mic dinh nhu chuong trinh ban dau di cé.
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Options [‘S_<|

Drag & Drop ] Smartcard ] Language ] Shell ] Ilizc I
Motification ] I ] Programming ] Shortcuts ]

A=k my confirmation when

[v Programming a device [~ Overwriting & file
[ Erasing a device

[~ Codeprotecting a critical device

Ok | Cancel |

Hinh 3-13. Cda sd 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 1ap tdc s€ c6 mot man hinh Confirm hién 1€n nhu trong hinh bén
dudi nhan Yes dé cai dit.

Luu ¥ ring, driver di nim sdn trong thu muc ICProg. Do vay, ICProg s& ty dong nhan ra va
khéi dong lai ICProg.

IC-Prog 1.05C - Prototype Programmer "

F-0 | 5 %Yo @@ [oms - | @

Address - Program C - Configuration
0 Y
0000: OOFF pof 00 E

0o0&: O0OFF 00

0010: OOFF 00 Zonfirmation ] Motification ] [ ] Programming 1 Shortouts ]
0018: OOFF 0O Drag & Drop ] Smartcard ] Lanauage ] Shell Mizc
0o020: OOFF OO0

0028: 0OOFF 0O Options :

0030: OOFF 00]

0038: OOFF 0O — Process Priority | W Enabls NT/2000F Ori

0040: OOFF 00 = ke AL

0048: OOFF 0O v Enable “oo control for JOM
Ol DEE00 " High [ Make all outputs high (Combi)
0058: OOFF 00

nDo60: OOFF 00  Reatime [ Select device from file

0068: OOFF 00

0070: 0OOFF 0O

0078: OOFF 00

0080: OOFF 00 Funifi

nDo0&8: OOFF 00

0050: OOFF 00 9P Before this driver will work, ywou must restart IC-Prog. Checksum
0098: 0OOFF 0O e

00A0: 0OOFF OOFF O Do wou wank ko restart IC-Prog now? FE0O

nNag- NORE NOFE 0 |
e I
IO PO T e SDAZSAE (55)

Hinh 3-14. Cla s6 lya chon.

[~ CheckBoxa

Mot man hinh Confirm khac s& hién ra d€ yéu ciu xdc nhin viéc cai dit driver cho Windows
NT/2000/XP,chon Yes.
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Confirm &|

9, IC-Prog driver is not installed, Do you want to install this driver now?
\_ﬁ

Hinh 3-15. Cai dat Driver.

Nhu Véi céni viéc cai dit dd hoan tat.

Khdi dong chuong trinh nap IC-Pro sau d6 chon tén PIC cin nap nhu hinh sau:

S IC-P rog 1.05D - Prototype Programmer

File Edit Buffer Settings Command Tools Wiew Help

- TF % %%%w 0 FICIGFETTA v e

FIC 16FE7E Al
Address - Program Code FIC 16FE7EA ration

0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF yyyy|PIC 16FE77 o
0008: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF YHW —L|
0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  ¥¥¥¥|pC 150924

0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  ¥o¥y|PIC 18F242

0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  yyvylPIC 19F245 e
0028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥y yvvyy [FRTORE j'
0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

0048: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF VYV ¥yyyyy i
0050: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  $yivvyy ¥ WDT
0058: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF YV ¥yyyyy b [~ PORT
Address - Esprom Data [w BODEN
ooo0o0: FF FF FF FF FF FF FF FF -~ [v LwP
oo08: FF FF FF FF FF FF FF FF - [~ CPD
0010: FF FF FF FF FF FF FF FF [ cp
0018: FF FF FF FF FF FF FF FF |~ DEBUGGER

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

Checkzsum 1D Value

o

|| Config word : 3FFFh

.Eluffer1 |Butter 2 | Butfer 3 | Buffer 4 | Bufter 5 |

JOM Programmer on Comd Device: PIC 16F377A (99)

Hinh 3-16. Chon PIC cdn nap.

Vi du nhu chon PIC16F877A, sau d6 vao File -> chon Open file hodc chon L= 3& chon file

HEX can nap. Sau d6 chon Command ->Program All (F5) hoic chon % dé nap chuong trinh cho
PIC16F877A.

. NGON NGU LAP TRINH ASM COA MPLAB:
1 cAcauy UG cA NGON NG MPLAB:

[nhdn] LENH tham s& 1, tham sd 2

Mot dong nhu trén goi la mot dong 1€nh. Chuong trinh MPLAB dudc chia 1am 4 ¢4t r0 rang:
e (Cot thtt nhat d€ viét nhan.
e (Cot thtt hai d€ viét tén 1énh mudn thuc hién.
e Cotthtt 3 12 tham sd thit nhat ctia 1énh.
e (ot tht tu 13 tham so thit hai ca 1énh.
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Giita tham sd thit nhat va tham s& thi 2 ludn cdch nhau mot dau phay (). Cac cot dude cach
nhau biing it nhdt mot ky ty TAB (khodng tring rong) hay mot ki tu tring.

a. [nhan]:

[nhan] 12 mot chudi ky ty @€ ddnh ddu mot di€m nao d6 trong chuong trinh, thay vi phai ghi
dia chi bo nhd thi ching ta thay dia chi d6 bing mot cdi [mhadn]. [nhidn] nay thudng dugc goi lai
bing 1énh GOTO hoic CALL.

MJi ciu 1énh, c6 thé c6 hoic khong c6 [nhin]. Tuy nhién, nén viét sao cho s& [nhan] Ia it
nhat dé€ tranh sy 1dm 14n va r6i mat khi 14p trinh.

[nhin] dudc vi€t trong cot thif nhit cia dong 1énh. [nhan] khong dudce bit diu bing cdc ky
ty dic biét nhu: *,&, khodng tring, cdc con s6 (0,1,2...)... Giita cdc ky tu clia nhin cling khong dudc
c6 cac ky tu dic biét *A,..

D6 dai cia mot [nhan] khong gii han, tuy nhién, ching ta phdi viét sao cho [nhan] luon
nim trong cot th nha't ciia dong Iénh, dd dai nhin vira phai d€ dé quan sit, di thong tin gdi nhé va
thudn tién khi 14 p trinh.

Chiing ta hoan toan c6 thé ky hiéu cdc [mhan] 12 NHAN_1, NHAN_2... nhung n6i dung thong

tin clia nhan khong di dé th€ hién cong viéc sé dugc thuc hién, nhu viy sé rat khé nhé khi lap
trinh, nha't 12 khi chuong trinh vi€t dai va c6 d€n hang chuc hang trim nhin trong chuong trinh.

Vidu:

Nhan ding:
Good_bye
Exit
KHOIDONG
Lap_1

Nhan sai:
1Exit
Good”bye
Khoi dong

b. Lénh va cac tham sé:

LENH 1a tén cta cdc Iénh goi nhé dudc liét ké theo bang bén dusi. LENH dugc viét vio cot
th hai, mdi dong 1énh phii c6 tén LENH, n€u khong c6 thi s& khong bi€t dong 1énh d6 1am viéce
gi. LENH thé hién cong viéc phailam ctia dong 1énh.

Ty theo LENH ma c6 thé c6 tham s 1 va tham sd 2, hodc chi ¢6 tham s& 1, hoidc khong c6
tham s6 nao hét. Trong mot dong 1énh, phii viét di tham s6 cia LENH d6.

c. Quy udc ki hiéu trong MPLAB:

Bang 3-1: Ki hiéu quy udc ciu tric 1énh

Ki hiéu Chttc nang
f Dia chi cda file thanh ghi tit 0x00 d&€n 0x7F
w Thanh ghi W - Working register (accumulator)
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o x|~ o

PC
TO
PD

La dia chi ndm trong file thanh ghi 8 bit
Hiing s6 hoic nhin
Khong quan tdm la 0 hay 1

Luc chon ndi nhin dir liéu

d =0 luu két qué vao thanh ghi W

d =1 luu két qué vao trong thanh ghi f
Micdinhd=1

B9 dé€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 0

| 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 7 6 0

OPCODE b (BIT #) f(FILE #)

b = 3-hit bit address
f = 7-bit file register address

Literal and control operations
General
13 8 7 0
OPCODE | k (lteral) |

k = 8-bit iImmediate value

CALL and goTo instructions anly
13 T 10 0
| OPCODE k (lteral) |

k = 11-bit immediate value

Hinh 3-17. Khuén khd chung cho mét s6 lénh cOa PIC 16F877A.
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Bang 3-2: Tap 1énh cua PIC16F877A:

Mnemenic, s 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF fd Add W and f 1 0o 0111 dfff ffff| CDCZ 1,2
ANDWF fd AND W with T 1 00 0101 dfff ffff z 12
CLRF f Clear f 1 00 0001 1fff ffff z 2
CLRW 2 Clear W 1 00 0D01 OxHX XXX Z
COMF f.d Complement f 1 00 1001 Afff ffff Z 1,2
DECF fd Decrement f 1 o0 0011 dfff ffff z 1,2
DECFSZ fd Decrement f, Skip if O 1(2) 00 1011 dfff ffff 1123
INCF f.d Increment f 1 00 1010 dfff ffff zZ 1.2
INCFSZ f.d Increment f, Skip if 0 1(2) 00 1111 Qfff ffff 1,23
IORWF fd Inclusive OR W with f 1 o0  0lo0 Afff ffff z 1,2
MOVEF fd Move f 1 o0 1looo Afff ffff Z 12
MOVWEF f Move W to f 1 o0 o000 1fff ffff
NOP - No Operation 1 00 0000 Oxx0 0000
RLF f.d Rotate Left f through Carry 1 00 1101 JAfff ffff C 1,2
RRF f.d Rotate Right f through Carry 1 00 1100 Afff ffff C 1.2
SUBWF fd Subtract W from f 1 oo oolo dAfff ffff| CDCZ 1,2
SWAPF fd Swap nibbles in f 1 00 1110 Adfff ffff 1.2
XORWF f.d Exclusive OR W with f 1 00 0110 dfff ffff Z 12
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF fb Bit Clear f 1 01 00bb bfff ffff 12
BSF f b Bit Set f 1 01 0lkk bEfff ffff 12
BTFSC f.b Bit Test f, Skip if Clear 1(2) 01 10kk bEff ffff 3
BTFSS f b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 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 ¥
CALL k Call Subroutine 2 10 o0kkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 oloo| TOPD
GOTO k Go to Address 2 10  1kklk kkkk kkkik
IORLW k Inclusive OR Literal with W 1 11 1000 kkkk kkkik Z
MOVLW k Move Literal to W 1 11 ooxx 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 oo o000 0110 oo11| TOPD
SUBLW k Subtract W from Literal 1 11 110x kkkk kkkk| CDCZ
XORLW k Exclusive OR Literal with W 1 11 1010 kkkk kkkk zZ

Bang 3-2. Tom tat tap lénh.

Chii  (1): khi thanh ghi IO bi thay ddi (vi du nhu 1énh MOVF PORT, 1) thi gid tri diing trong
lénh 1a gid tri xui't hién & ngd ra. Vi du thanh ghi chdt dit liéu 1a ‘1’ d€ dinh cdu hinh 14 ngd ra va
dugc diéu khi€n xuéng mitc thap bdi thi€t bi bén ngoai thi dit liéu doc vao 1a mic.

Chii $ (2): n€u Iénh nay dugc thuc hién cho thanh ghi TMRO thi bd chia trudc sé bi xod néu
gan cho khdi Timer0.

Chii $ (3): néu thanh ghi PC bi thay d6i thi can 2 chu k¥, chu ky thi 2 thyc hién 1énh NOP.
2. DENTACACLENH

a. Lénh: ADDLW

Cong hiing sd k vio W

e Ci phép: ADDLW k

e Ticto:

0< k< 255
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e Thuc thi: W)+k > (W)
e (& anh huéng: C,DC,Z

e Chifc ning: cong ndi dung thanh ghi W véi hiing s6 k 8 bit va két qua luu vao W.

e Chu ky thuc hién: 1.

b. Lénh: ADDWF Cong W véi f
e Cu phap: ADDWF f,d
e Tic td: 0 <f <127,d €[0,1]
e Thuec thi: (W) + (f) = (dest)
e (08 anh hudng: C,DC,Z

e Chuc ning: cong ndi dung thanh ghi W véi thanh ghi f. N&€u d= 0 thi Ivu két qud vao
thanh ghi W, con d=1 thi luu vao thanh ghi f.

e Chu ky thyc hién: 1.

c. Lénh: ANDLW Anal hiing s6 v6i W

e Ciphip: ADDLW k
e Tic td: 0 <k <255

e Thuyc thi: (W) AND (k)=>(W)
e CJ dnh hudng: Z

e Chifc ning: noi dung thanh ghi W dugc AND véi hiing s§ k 8 bit, k&t qud luu vao

thanh ghi W
e Chu ky thyc hién: 1.

d. Lénh: ANDWF Anal W vé6i F
e Cu phap: ANDWF f,d
o Tictd: 0 <f <127,d €[0,1]
e Thuc thi: (W) AND (f) = (dest)
e C0& anh hudng: Z

e Chitc ning: AND thanh ghi W véi thanh ghi f. N&u d = 0 thi k€t qué luu vao thanh
ghi W, n€u d=1 thi k&t qud luu vao thanh ghi f.

e Chu ky thyc hién: 1.

e. Lénh: BCF x04 bit trong thanh ghi F

e (Cu phap: BCF f,d
e Tic td: 0 <f<127,0 <b<7

e Thuyc thi: 0 = (f<b>)

e CJ dnh hudng: khong

e Chtc ndng: bit b trong thanh ghi f bi x6a
e Chu ky thuc hién: 1.

f. Lénh: BSF set bit trong thanh ghi F
e (Cu phap: BSF fd
e Ticto: 0 <f<127,0 <b<7
e Thuyc thi: 1 = (f<b>)
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C& 4nh hudng: khong
Chitc nang: bit b trong thanh ghi f dugc set1én 1.
Chu ky thyc hién: 1.

g. Lénh: BTFSS ki€m tra 1 bit trong thanh ghi F va nhdy n&u bing 1

Cé phdp:  BTFSS f.d
Téc t3: 0 <f <127,0 <b<7
Thuyc thi: nhdy néu f<b>=1

CG anh hudng: khong

Chtc ning: néu bit b trong thanh ghi f biing 1 thi 1énh k& bi b qua va thay biing 1énh
NOP.

Chu ky thuc hién: 1(2).

h. Lénh: BTFSC ki€m tra 1 bit trong thanh ghi F va nh3y néu bing 0

Ci phdp:  BTFSC fd
Tac to: 0 <f<127,0 <b<7

Thuc thi: nhdy néu f<b>=0

Cd 4nh hudng: khong

Chdc ning: n€u bit b trong thanh ghi f=0 thi 1énh k& bi bd qua va thay bing 1énh
NOP.

Chu ky thyc hién: 1(2).

i. Lénh: CALL go1 chuong trinh con

Cu phép: CALL k

Téc t6: 0 <k <2047

Thuec thi: (PC) + 1= TOS; k=>PC<10:0>; (PCLATH<4:3>)>(PC<12:11>)

C& 4nh hudng: khong

Chifc ning: goi chuong trinh con. 13 bit dia chi tré vé (PC+1) dugc ci't vao ngin x&p.
Ti€p Theo 11bit dia chi <10:0> dugc tdi vao PC. Hai bit cao clia PC dugc nap tir
PCLATH<4:3>.

Chu ky thuc hién: 2.

j. Lénh: CLRF x0d thanh ghi f

Cu phép: CLRF f

Téc t6: 0 <f <127

Thyc thi: 00h 2>(f); 1 2> Z

Trang thdi 4nh hudng: Z

Chic ndng: Xod thanh ghi f va bit Z dudgc set.
Chu ky thuc hién: 1.

k. Lénh: CLRW xo0d thanh ghi W

Cu phép: CLRW
Téc t0: khong
Thuc thi: 00h 2> (W), 1 > Z
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L

CS anh hudng: Z
Chittc nang: xod thanh ghi W va bitZ 1én 1.
Chu ky thyc hién: 1.

Lénh: CLRWDT x04 WDT

Cu phap: CLRWDT

Téc t6: khong

Thuc thi: 00 = WDT; 0 = B0 dém chia trudc cia WDT; 1 > ﬁ; 1> PD

C& 4nh hudng: 7O, PD

Chtc ning: 1énh CLRWDT sé xo4 bd dinh thdi WDT va xo04 ludn bd d€m chia truéc
ctia WDT. Cdc bit PD,TO dugc setlén 1.

Chu ky thuc hién: 1.

m. Lénh: COMF bu thanh ghi f

Cu phép: COMFft,d

Téc to: 0 <f <127,d €[0,1]

Thyc thi: () = (dest)

Cd anh hudng: Z

Chtrc niing: bu 1 ndi dung thanh ghi f. N€u d=0 thi k&t qué Iuu vao thanh ghi W. N&u
d=1 thi k€t qud Ivu vao thanh ghi f.

Chu ky thuc hién: 1.

n. Lénh: DECF gidm ndi dung thanh ghi f

Ciphip: DECF fd

Téc to: 0 <f <127,d €[0,1]

Thuc thi: (f) — 1 > (dest)

CG anh hudng: Z

Chitc niing: gidm noi dung thanh ghi f di 1. N&€u d= 0 thi k€t qué luu vao thanh ghi W.
Néu d= 1 thi k€t qué Ivu vao thanh ghi f.

Chu ky thuc hién: 1.

0. Lénh: DECFSZ gidm noi dung thanh ghi f va nhdy néu bing 0

Cu phép: DECFSZ f,d

Téc t6- 0 <f<127,d €[0,1]

Thuec thi: (f) — 1 = (dest); Nhdy n€u k&t qud =0

Cd 4dnh hudng: khong

Chtrc niing: noi dung thanh ghi f gidm di 1. Néu d = 0 thi k&t qua luu vao thanh ghi f.
Né&u d = 1 thi k€t qud luu vao thanh ghi W. N&u két qud bing 0 thi bé qua 1énh k& va
thay biing 1énh NOP (do ma dén vé trong liic 1énh dang thyc hién).

Chu ky thuc hién: 1(2).

p. Lénh: GOTO 1énh ré nhdnh khong diéu kién

Cd phip:  GOTO k
Tac to: 0< k<2047
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e Thuc thi: k 2 PC<10:0>; PCLATH<4:3> > PC<12:11>

e CJ anh hudng: khong

e Chifc ning: GOTO 1a 1énh nhdy khong diéu kién. Gid tri ca 11bit <10:0> dudc tai
vao PC. Cic bit cao cia PC dugc tai tir PCLATH<4:3>.

e Chu ky thuc hién: 2.

q. Lénh: INCF Iénh ting ndi dung thanh ghi f

r.

e (Cu phap: INCF f,d

e Ticto: 0 <f<127,d €][0,1]

e Thuec thi: () + 1 = (dest)

e CJ dnh hudng: Z

e Chifc ning: ndi dung clia thanh ghi f ting 1én 1. Néu d = 0 thi k&t qud luu vao thanh
ghi W. N€&u d = 1 thi k&t qua luu trd lai vao thanh ghi f.

e Chu ky thyc hién: 1.

Lénh: INCFSZ 1&nh ting ndi dung thanh ghi f va nhdy n€u bing 0

e Ciphip: INCFSZ  fd

o Tictd: 0 <f <127,d €[0,1]

e Thuc thi: (f) + 1> (dest)

e CJ anh hudng: khong.

e Chifc ning: ndi dung clia thanh ghi f ting. N&éu d= 0 thi k&t qua luu vao thanh ghi W.
N€&u d= 1thi k€t qud luu vao thanh ghi f. Néu k&t qué 1a bing 0 thi bd qua 1&énh k& va
dugc thay biang 1énh NOP.

e Chuky thuc hién: 1(2).

Vidu: HERE INCFSZ CNT,1
GOTO LOOP
CONTI

Truong hop 1: Truge khi thuc hién 1€nh thi PC=dia chi HERE, CNT = 0xFF.

Sau khi thyc hi€n 1énh thi PC=dia chi CONTI, CNT = 0x00. B6 qua 1énh GOTO

Truong hop 2: Truge khi thuc hién 1€nh thi PC=dia chi HERE, CNT = 0x00.

Sau khi thyc hién 1€nh thi PC=dia chi HERE+1, CNT = 0x01. Lénh GOTO dudc thuc hién.

S.

Lénh: IORLW 1énh OR hiing s6 véi W
e (Cu phap: IORLW k
e Tic td: 0<k<255
e Thuc thi: (W)ORk > W
e C§ anh hudng: Z
e Chiic ning: OR hiing s6 k 8 bit véi W. N&u d= 0 thi két qud dugc Ivu vao thanh ghi
W. N€u d= 1 thi k&t qud Ivu vao thanh ghi f.
e Chu ky thuc hién: 1.
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t. Lénh: IORWF 1énh OR W vdi f

e Cu phap: IORWF f,d
e Ticto: 0<f<127

e Thuc thi: (W) OR k - (dest)

e CJ dnh hudng: Z

e Chifc ning: noi dung thanh ghi W dugc OR v6i ndi dung thanh ghi W. N&u d= 0 thi
k&t qua luu vao thanh ghi W. Néu d= 1 thi k€t qud Ivu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidu: IORWF RESULT,0
Tru6ce khi thyc hi€n 1é€nh 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 1€nh copy dit liéu
e (Cu phap: MOVLW k
o Tictd: 0<k<255
e Thuc thi: k=>W
e CJ anh hudng: khong.
e Chttc ndng: dir liéu 8 bit k nap vao thanh ghi W.
e Chu ky thyc hién: 1.

Vidul: MOVLW (0x5A

Sau khi thuc hién 1é€nh thi W=0x5A

Vidu2: MOVLW MYREG

Trudc khi thuc hién I1€nh thi W=0x01.

Ki hiéu MYREG la dir liéu ctia 6 nhé 1a 0x37.

Sau khi thuc hién 1é€nh thi W=0x37.

Vidu3: MOVLW HIGH(LU_TABLE)
Trudc khi thuc hién 1€nh thi W=0x01.

LU_TABLE la nhidn cia 6 nhd c6 dia chi 1a 0x9375.
Sau khi thuc hién 1é€nh thi W=0x93.

v. Lénh: MOVF 1€nh copy dir liéu

e (Cu phap: MOVF f,d
e Ti4cto: 0<f<127,d €[0,1]

e Thuec thi: ®>W

e CJ anh hudng: Z.

e Chifc ning: noi dung thanh ghi ‘f* dudc copy sang noi dén tuy thudc vao gia tri clia
‘d’. N&u ‘d’ = 0 thi noi dén 1a thanh ghi W. N&u ‘d’=1 thi ndi d€n chinh 1a thanh ghi
‘. Trudng hgp ‘d’=1 rit tién Igi d€ ki€m tra thanh ghi file vi trang thdi clia c& Z bi
anh hudng.

e Chu ky thyc hién: 1.
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Vidul:

MOVF FSR,0

Trudc khi thyc hién 1€nh thi: W=0x01, FSR=0xC2.
Sau khi thuyc hién I€nh thi W=0xC2 va cd Z=0.

Vidu2:

MOVLW  FSR,1

Truong hgp 1: TruGce khi thyc hi€n I€nh thi FSR=0xC2.
Sau khi thuc hién 1€nh thi FSR=0xC2 va Z =0.
Truong hgp 2: Trudc khi thyc hi€én 1€nh thi FSR=0x00.
Sau khi thuc hién 1€nh thi FSR=0x00 va Z =1.

w. Lénh: MOVWF 1€énh copy dit li¢u

Cd phip:  MOVWE f
Téc to: 0<f<127,d €[0,1]

Thuc thi: (W) > f

Trang thdi dnh hudng: khong.

Chttc ndng: ndi dung thanh ghi W dugc copy sang thanh ghi ‘f’.
Chu ky thuc hién: 1.

Vidul:

MOVWEF  OPTION_REG

Trudc khi thyc hién 1€nh thi: OPTION_REG=0xFF, W=0x4F.
Sau khi thuc hi€n 1€nh thi OPTION_REG=0x4F, W=0x4F.

Vidu2:

MOVLW  INDF

Trudc khi thyc hién 1énh thi W=0x17, FSR=0xC2 va ndi dung ctia dia chi (FSR)=0x00.
Sau khi thuc hién 1é€nh thi W=0x17, FSR=0xC2 va ndi dung ctia dia chi (FSR)=0x17.

x. Lénh: RETFIE 1énh trg vé tir chuong trinh con phuc vu ngit.

Cu phép: RETFIE

Téc t0: khong cé.

Thuc thi: TOS - PC, 1 - GIE.

Cd 4nh hudng: khong.

Chtic 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 toan cuc tu dong dudc set 1én mic 1
dé cho phép ngit.

Chu ky thuc hién: 2.

y. Lénh: RETLW 1énh trd vé tir chuong trinh con phuc vu ngit.

Cu phép: RETLW k
Téc t0: 0<k<255

Thuc thi: k 2> W, TOS - PC.
Trang thdi 4nh hudng: khong.
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e Chuc ning: thanh ghi W dudc nap gid tri 8 bit ‘k’. 13 bit dia chi & dinh ngin x&p (dia
chi tr vé&) dudc nap cho thanh ghi PC.
e Chu ky thyc hién: 2.

z. Lénh: RLF l€énh xoay trdi qua cd C
e (Cu phap: RLF fd
o Ticto: 0<f<127,d €[0,1]

e Thuyc thi:
F—{C|-q—| Register f  |=—

e Trang thdi anh hudng: C

e Chifc niing: ndi dung clia thanh ghi f dugc xoay sang trdi mot bit qua ¢ C. Néu d= 0
thi k&€t qué dugc luu vao thanh ghi W. Né&u d= 1 thi k€t qua Ivu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidul: RLF REG1,0

Trugc khi thuc hién 1€nh thi: REG1=1110 0110 va C =0.

Sau khi thuc hién 1é€nh thi REG1=1110 0110, W=1100 1100 va C =1.
Vidu2: RLF INDF,1

Truong hop 1: TruGc khi thyc hién 1€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011
1010 va C=1.

Sau khi thyc hién 1&nh thi: FSR=0xC2, ndi dung clia dia chi (FSR) = 0111 0101 va C = 0.

Truong hgp 2: TruGc khi thuc hién 1énh thi: FSR=0xC2, n6i dung cta dia chi (FSR) = 1011
1001 vaC=0

Sau khi thuc hién 1énh thi: FSR=0xC2, ndi dung cta dia chi (FSR)=0111 0010 va C = 1.

aa. Lénh: RRL 1énh xoay phai qua ¢ C
e Ciu phép: RRF fd
e Ticto: 0<f<127,d €[0,1]

e Thuyc thi:
I——-| C = Registerf }—p‘

e Trang thdi anh hudng: C

e Chifc ning: ndi dung cuia thanh ghi f dudc xoay sang phdi mot bit qua ¢ C. Néu d=0
thi k&€t qué dugc luu vao thanh ghi W. Né&u d= 1 thi k€t qua Ivu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidul: RRF REG1,0
Trude khi thyc hién 1&nh thi: REG1=1110 0110, W=xxxx xxxx vi C =0,
Sau khi thuc hién 1énh thi REG1=1110 0110, W=0111 0011 va C =0.
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100l vaC=0

Vidu2:

RRF INDF,1

Truong hgp 1: TruGe khi thuc hién 1énh thi: FSR=0xC2, n6i dung cta dia chi (FSR) = 0011
1010 va C=1.

Sau khi thyc hién 1énh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 1001 1101 va C = 0.
Truong hgp 2: TruGc khi thyc hién 1€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011

Sau khi thyc hién 1€nh thi: FSR=0xC2, n6i dung cta dia chi (FSR) = 0011 1100 va C = 1.

bb. Lénh: RETURN 1&énh k€t thiic chuong trinh con

Ci phip:  RETURN
Téc t6: khong

Thuc thi: TOS - PC

Trang thdi anh hudng: khong

Chitc ning: 1&énh tré vé tir chuong trinh con. Noi dung dinh ngin x€&p trd cho PC.
Lénh nay thyc hi€n trong 2 chu ki 1€nh.

Chu ky thuc hién: 2.

cc. Lénh: SLEEP 1énh ngt

Cu phap: SLEEP

Téc t0: khong

Thyc thi: ~ 00h > WDT; 0 & bj d&€m chia truée cia WDT; 1 > TO; 0> PD
C& 4nh hudng: 7O, PD

Chdc nidng: bit trang thdi gidm nguénﬁ (Power Down Status bit) bi x6a. Bit trang
thdi tam nghi TO (Time-Out) dudc set. B dinh thdi WDT va bd chia trudc bi xda.
Vi xtt 1i bude vao ché do ngii (SLEEP) va b dao dong ngirng hoat dong.

Chu ky thuc hién: 1.

dd. Lénh: SUBLW 1&€nh trir hiing s6 cho thanh ghi W

Cu phap: SUBLW k

Téc t0: 0<k<255

Thuc thi: k- (W)> (W)

Co anh hudng: C, DC, Z

Chtrc ning: hing s6 k 8 bit trit cho ndi dung thanh ghi W va két qud dudc luu vao
thanh ghi W.

Chu ky thyc hién: 1.

Vidul:

SUBLW  0x02

Truong hgp 1: TruGe khi thyc hi€n I€nh thi: W=0x01,cd C=xva Z = x.
Sau khi thyc hién 1énh thi: W=0x01, ¢ C = 1 (két qua duong) va Z = 0.

Truong hgp 2: Trudc khi thyc hi€én 1€nh thi: W=0x02, c6d C=x va Z = x.
Sau khi thyc hién 1&énh thi: W=0x00, ¢ C = 1 (k€t qud bing 0) va Z = 1.
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Truong hgp 3: TruGe khi thyc hi€n I€nh thi: W=0x03,cd C=xva Z = x.

Sau khi thyc hién 1énh thi: W=0xFF, ¢ C = 1 (két quad 4m) va Z = 0.

Vidu2: SUBLW MYREG

Trudce khi thyc hi€n 1€nh thi: W=0x10, ki hi€u MYREG la ndi dung 6 nhé c6 gid tri 0x37.
Sau khi thyc hién 1&énh thi: W=0x27, ¢ C = 1 (két qua duong) va Z = 0.

ee. Lénh: SUBWF 1énh trir thanh ghi f cho thanh ghi W

e (Cu phap: SUBLW f,d

e Ticto: 0<f<127,d €[0,1]

e Thuec thi: () = (W)= (dest)

e (C0& 4nh hudng: C,DC, Z

e Chifc ning: ndi dung thanh ghi f trir cho ndi dung thanh ghi W. N&u d= 0 thi két qua
luu vao thanh ghi W. N&u d= 1 thi k€t qua luu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidul: SUBWF REGI,1

Truong hgp 1: TruGe khi thyc hi€n I€nh thi: REG1=0x03, W = 0x02,cd C=xva Z = x.
Sau khi thyc hién 1énh thi: REG1=0x01, W=0x02, ¢ C = 1 (k€t qua duong) va Z = 0.
Truong hop 2: Trudc khi thyc hi€én 1€nh thi: REG1=0x02, W = 0x02, c§ C=Xx va Z = X.
Sau khi thyc hién 1&€nh thi: REG1=0x00, W=0x02, c5 C = 1 (két qua zero) va Z = 1.
Truong hop 3: Trudc khi thyc hién 1€nh thi: REG1=0x01, W = 0x02, cd C = x va Z = x.
Sau khi thyc hién 1énh thi: REG1=0xFF, W=0x02, ¢c3 C = 1 (k€t qua 4m) va Z = 0.

ff. Lénh: SWAPF 1énh hodn chuyén 4 bit clia thanh ghi f

e Cu phap: SWAPF f,d

o Tictd: 0<f<127,d €[0,1]

e Thuec thi: (f<3:0>) = (dest<7:4>); (f<7:4>) - (dest<3:0>)

e (& anh hudng: khong

e Chifc ning: 4 bit cao va 4 bit thip clia thanh ghi f dugc ddi v6i nhau. N&u d= 0 thi két
qué luu vao thanh ghi W. Né&u d= 1 thi k&t qud luu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidul: SWAPF REGI1,0

TruGc khi thuc hién I€nh thi: REG1=0xAS5.

Sau khi thuc hién 1é€nh thi: REG1=0xA5, W=0x5A.

Vidu2: MOVLW FSR,1

Trudc khi thyc hién 1é€nh thi FSR=0xC2, ndi dung cia dia chi (FSR) = 0x20.
Sau khi thuc hién 1é€nh thi FSR=0xC2 va ndi dung cda dia chi (FSR) = 0x02.

gg. Lénh: XORLW lénh XOR hiing s6 v6i W

e Cu phap: XORLW k
o Tictd: 0<k<255
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e Thycthi: (W) XOR k > (W)

e CJ anh hudng: Z

e Chic ning: ndi dung thanh ghi W dugc XOR v6i hiing s6 k 8 bit va két qud luu vao
thanh ghi W.

e Chu ky thyc hién: 1.

Vidu: XORLW 0xAF
Trugc khi thuc hién I€nh thi: W=0xB5.
Sau khi thuc hién 1€nh thi: W=0x1A, Z=0.

hh. Lénh: XORWF 1énh XOR W vdi f
e (Cu phap: XORLW f,d
e Tic td: 0<f<127,d €[0,1]
e Thuc thi: (W) XOR (f) > (dest)
e CJ dnh hudng: Z
e Chifc ning: ndi dung thanh ghi W dugc XOR véi ndi dung thanh ghi f. N&u d= 0 thi
k&t qud dugc luu vao thanh ghi W. N€u d= 1 thi k&t qud Iwu vao thanh ghi f.

IV. NGON NGU LAP TRINH C CUA CCS C:
1 d&biTHEUCCs G

CCS C 1a trinh bién dich diing ngdn ngit C cho vi diéu khién PIC diy 12 ngdn ngit cAp cao
gitp vi€t chuong trinh dé dang hon ngdn ngit Assembly.

M3 1énh dudc tdi wu khi bién dich.

CCS chita nhiéu ham phuc vu cho moi muc dich va c¢6 nhiéu cdch 14ap trinh cho mot van dé
din d&n khic nhau vé tdc dd thuc thi mad va bo nhé chuong trinh, sy t&i vu clia chuong trinh 13 do
ngudi 1ap trinh quyé&t dinh.

2. NGONNGJ LAP TRINH C TREN CC5 C:

DPé€ viét mot chuong trinh C méi chay CCS vao New tao mot Project mdi.

Trén thanh toolbar: Chon “Microchip 12 bit” d€ viét chudng trinh cho PIC 12 bit. “Microchip
14 bit” @€ viét chuong trinh cho PIC 14 bit. “Microchip PIC18” d€ viét chuong trinh cho PICI1S.
Chon “Compiler” dé bién dich chuong trinh.

C4u triic mdt chuong trinh C vi€t trong CCS:

#include <16F877A.h> // khai bdo PIC sit dung cia chudng trinh

#device RS232 // Khai bdo thi€t bi can st 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 // khai bdo ngit
Void xu_ly_ngat_timer () //chuong trinh x 1i ngdt

Main () /I chuong trinh chinh

3, KHAIBAO VA SJ DUNG BEN, HANG, MANG:

a. Khai bdo bién, hdng, méng:
Céc loai bién sau dudc hd trg:
intl  :s6 1 bit = true hay false (0 hayl)
int8  :s6 nguyén 1 byte (8 bit)
intl6 :sd 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 nhu ki€u int8
int  :mic dinh nhu kiéu int8
long :mic dinh nhu ki€u int16
Thém signed hoic unsigned phia truSc dé chi @6 1a s6 c¢6 dau hay khong dau.
e Khai bdo hing:
Vi du: int8 const a=12;// a 12 hiing s6 c6 gid tri 1a 12
e Khai bdo 1 ming hiing s6:
Vi du: int8 const a[2]={1,2,0};// m4dng c6 3 phan tif va chi s6 mang dau tién 12 0 vdi a[0]=1
va d6 16n ctia mot phan tir 12 1byte (hay 8bit).
D&i vdi vi diéu khién PIC16F877A thi chi s6 mang c6 kich thudc t&i da 1a 256 byte.
b. Cach sU dung bién:
Khi stt dung cdc phép todn cAn luu y: trin s6, tinh todn v6i s6 4m, d6i ki€u va ép kiéu.
Giong nhu C trong 14p trinh C cho mdy tinh. Bi€n c¢6 thé dugc khai bdo nhu toan cuc hay cuc
bd. Bi€n khai bdo trong ham sé& 14 cuc bd va chi dung dugc trong ham dé, ké ca trong haim main().
Ngoaira con cé thé khai bdo ngay trong 1 khdi Iénh, va ciing chi ton tai trong khdi 1énh dé.

4. CcAc CAU TRIC LENH

GOm céc 1énh nhu while . . do, case, . . .
e while (expr) stmt: xét diu kién trudc rdi thuc thi biéu thic sau.
e do stmt while (expr): thuc thi biéu thic rdi méi xét diéu kién sau.
e Return: ding cho ham c6 trd vé tri, hoic khong trd vé tri cling dugc, khi d6 chi can
dung: return (nghia 1a thodat khdi ham tai d6).
e Break: ngit ngang (thoat khdi) vong lip while. Continue: quay tr§ vé diu vong lip
while.
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Bang 3-3: Tap lénh cia ngdn ngit C

STATEMENT EXAMPLE
if (expr) stmt; [else stmt;] if (x==25)
x=1;
else
x=x+1;
while (expr) stmt; while (get_rtcc()!=0)
putc(‘n’);
do stmt while (expr); do {

for (exprl;expr2;expr3) stmt;

switch (expr) {

case cexpr: stmt; //one or more case case O: printf(“cmd 07);

[default:stmt] break;

w1} case 1: printf(“cmd 17);
break;
default: printf(“bad cmd”);
break; }

return [expr]; return (5);

goto label; goto loop;

label: stmt; loop: I++;

break; break;

continue; continue;

expr; i=1;

5 ;

{[stmt] } {a=1;

Zero or more b=1;}

putc(c=getc());
} while (c!=0);
for (i=1;i<=10;++1)
printf(“%u\r\n”,1);
switch (cmd) {

Bang 3-3. Tap lénh ngén ngU C.
Céc muc trong [ ]1a c6 thé c6 hoic khong.
5. CH THTENXJ LY:
a. #ASM va #ENDASM:

Cho phép diat 1 doan ma ASM gitta 2 chi thi nay, chi dit trong ham. CCS dinh nghia sin 1
bi€n 8 bit RETURN dé gdn gid tri trd vé& cho ham tir doan md Assembly.

Khi st dung cdc bi€n khong & bank hién tai, CCS sinh thém ma chuyén bank ty dong cho
cdc bi€n d6. Néu st dung #ASM ASIS thi CCS khong sinh thém mi chuyén bank ty dong. Mi
assembly diing theo mi tip 1énh ciia vi diéu khié€n, khong phai la ma 1énh cia MPLAB.
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Vi du:
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 phdp: #include <filename> hay #include “ filename”

Filename: tén file cho thi€t bi c¢6 thé *.h hay *.c. Néu chi dinh file § dudng din khédc thi
thém dudng din vao va ludn c6 d€ khai bdo chuong trinh vi€t cho vi diéu khién nao va dit & dong
dau tién.

Vi du: #include <P16F877A.h> //khai bdo chudng trinh vi€t cho PIC16F877A
#include <lcd.c> //khaibdo cdc ham hay chuong trinh con cho LCD

c. #BIT, #BYTE, #LOCATE va #DIFINE:
#BIT id = x.y v6i id 1a t&n bi€n, x 12 bi€n (8,16,32bit,....) hay hiing s& dia chi thanh ghi, y 1a vi
tri clia bit trong bién x.

Vi du: #bit TMR1Flag = Oxb.2 //bit ¢ ngit timerl & dia chi 0xb.2 (PIC16F877A)
Khi d6 TMR1Flag = 0 // x04 ¢& 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 xui't ra PortB gi4 tri 120 thi ta dung Iénh portB=120;

# LOCATE id = x giong nhu #byte id=x nhung c6 thém chifc ning bdo vé khong cho CCS sit
dung dia chi d6 vao muc dich khéc.
# DEFINE id text v6i text 1a chudi hay s& id 12 tén bién.

d. #DEVICE:

Cu phap # DEVICE chip option
chip: tén vi diéu khi€n s dung, khong diung tham s6 niay néu da khai bdo tén chip § #
include.
Option: todn tif tiéu chuén theo tirng chip:
* = 5 dung pointer 5 bit (tAt ci 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 duing ham read_adc( ), sé€ tra vé gia tri
X bit.

e. #ORG:

# org start, end

# org segment

#org start, end { }

Start, end: bit diu va két thic ving ROM danh riéng cho ham theo sau, hoic dé riéng khong
dung.

Vi du:

Org 0x30, Ox1F
Void xu_ly()
{

} // ham nay bit diu & dia chi 0x30
Org 0x30, Ox1F { }

// khong ¢6 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 1a toc do dao dong dang dung.

Vi du: nhu dung thach anh 20MHz thi khai bdo 1a: #USE delay(clock=20000000)
Khi st dung chi thi #USE delay(clock=20000000) thi goi ham delay nhu sau:
Delay_ms(100); // 1€nh nay dé thuc hién delay 100ms.

#USE fast_io(port)

Port: 13 tén port: tit A-E (ddi v6i PIC16F877A)

Khi dung chi thi nay thi trong chudng trinh n€u dung cédc 1énh I/0O nhu output_low(), . . . thi né
s€ set chi vGi 1 1€nh, nhanh hon so véi khi khdng dung chi thi nay.

Trong ham main( ) phdi ding ham set_tris_x( ) d€ chi rd chdn vao ra thi chi thi trén mdi c6
hi€u lyc, khong thi chuong trinh s€ chay sai.

Vidu: # use fast_io(A)

#USE 12C (options)
Thi€t 1ap giao ti€p 12C.
Option bao gdm cdc thong s& sau, cach nhau bdi ddu phay:
e Master: chip & ch& do master
e Slave: chip § ch& do slave
e SCL=pin : chi dinh chan SCL
e SDA=pin : chi dinh chan SDA
e ADDRESS=x : chi dinh dia chi ch& dd slave
e FAST: chi dinh FAST I12C
e SLOW: chi dinh SLOW I12C
e RESTART_WDT: restart WDT trong khi ché 2C_READ()
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Vi du:

#use [2C(master, sda=pin_BO, scl = pin_B1)
#use 12C (slave, sda= pin_C4, scl= pin_C3, address = 0xa00, FORCE_HW)

#USE RS232 ( options )

Thiét 1ap giao ti€p RS232 cho chip (c6 hiéu lvc sau khi nap chuong trinh cho chip, khong phéi
giao ti€p RS232 dang st dung dé nap chip).

Option bao gém:

BAUD=x: thi€t Ip toc dd baud rate: 19200, 38400, 9600, . . .
PARITY=x: x= N,E hay O, v6i N: khong diing bit chdn 1&.
XMIT=pin: set chian transmit (chuyén data)

RCV=pin : set chan receive (nhdn data)

Cic thong s6 trén hay diing nhat, cdc tham sd khdc s& b3 sung sau.

Vidu:

#use rs232(baud=19200,parity=n,xmit=pin_C6,rcv=pin_C7)

g. M6t s6 chi thi tién xU ly khéc:
#CASE: cho phép phan biét chit hoa/thudng cta tén bi€n, danh cho ngudi quen 1ap trinh C.
#OPT n: v6i n=0-9: chi dinh cAp do t6i vu ma.

#PRIORITY ints: v6i ints 13 danh sich cdc ngit theo thi ty vu tién thyc hién khi c6 nhiéu
ngit x3y ra dong thdi, ngit ditng diu s& 13 ngit vu tién nhat.

6. CACHAMXU LY 6, x5 LY BIT, DELAY:

a.

Cdc ham xU Iy s6:

Bao gom cdc ham:

Sin(), cos(), tan(), asin(), acos(), atan()

Asin(), acos(), atan(): 1a cdc ham arcsin, arccos, arctan
Abs() : 14y gi4 tri tuyét doi

Exp() :1a ham mi ex

Log() : ham logarit

Log10(): ham logarit co s& 10

Pow() : ham tinh lGy thira

Sqrt() : ham tinh cédn thdc

Cdc ham nay c6 thé 1am cho chuong trinh chay chim vi trén vi diéu khién khong c6 bo nhan
va chia phin ciing, do d6 néu khong doi hdi tdc do thi diing cdc haim nay cho don gidn.

b. Cac ham xU ly bit va cac phép toan:

Bao gom cdc ham sau:

Shift_right()
Shift_left()

Bit_clear()
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e Bit_set()

e Bit_test()

e Swap(
e Make8()

e Makel6()
e Make32()

Ham Shift_right(address,byte,value)
Ham Shift_left(address,byte,value)
e Dich phdi (trdi) 1 bit vio mot mdng hay mot ciu tric.
e Dia chi c6 thé 1a dia chi mdng hay dia chi trd t6i ciu tric.
Ham Bit_clear(var,bit)
Ham Bit_set(var,bit)
e  Bit_clear diung d€ x6a bit dudc dinh bdi vi tri bit trong bi€n var.
e  Bit_set ding d€ set =1 bit dugc dinh bdi vi tri trong bi€n var.
e  Var: bién 8,16,32 bit bat ki.
e Bit: vi tri clear (set): tir 0-7 (bi€n 8 bit), tir 0-16 (bi€n 16bit), tir 0-32 (bi€n 32bit).

Vidu:
Int8 x;
x=9; /Ix=0b1001
bit_clear(x,0); /x=0b1000

Ham Bit_test(var,bit)
e Dung d€ ki€m tra vi tri bit trong bi&n var, him trd vé 0 hay 1 13 gid tri bit trong bi€n
var.
e varla bi€n 8, 16 hay 32 bit
e bit 12 vi tri bit trong bi€n var

Vi du: n€u mudn kiém tra x=256 chua thi c6 thé st dung
If (x >=256) thi mat gin 5us
If (bit_test(x,9)) thi chi mat 0.4us (d6i véi thach anh 20MHz)

Ham Swap(var)
e Varla bi€n mot byte
e Ham nay ddo vi tri clia 4 bit cao cho 4 bit thdp trong mot byte. Him nay khong tra vé

gid tri.
Vidu:
Int8 x;
X=0b00000101; /Ix=0b00000101
Swap(x); //x=0b01010000

Ham Make8(var,offset)
e Ham nay trich 1 byte tit bi€n var
e Varla bién 8,16,32 bit
e  Offsetla vi trf clia byte can trich (0,1,2,3)

Vidu:

154

VixdF ly




Chuong 3. Chuong trinh bién dich va nap cho Vi diéu khién PCIGFS77A. SPKT — Nguyén Drh Phi

X=0x12A4;
Y=Make8(x,2); // y=02h

Ham Makel6(varhigh,varlow)
e Tri vé gi4 tri 16 bit k&t hgp tir hai bi€n 8bit 1a varhigh va varlow, byte cao 1a varhigh
byte thap la varlow.

Vidu:

X=0x02;

Y=0xAF;
Z=makel6(x,y); // z=0x02AF

Ham Make32(varl,var2,var3,var4)
e Ham trd vé gid tri 32 bit k€t hgp gid tri 8 bit hay 16 bit tir varl d&€n var4 trong d6 tir
var2 dén var4 c6 thé cé hoic khong. Gid tri varl s& 1a MSB, k€& ti€p 1a var2,.. Néu
tdng so bit k€t hgp nhé hon 32 bit thi 0 duge thém vao MSB d€ di 32 bit.

Vi du:
Int a=0x01, b=0x02, c=0x03, d=0x04; // cac gid tri hex
Int32 e ;
e = make32 (a,b,c,d); // e =0x01020304
e = make32 (a,b,c,5) ; // e =0x01020305
e = make32 (a,b,8); // e = 0x00010208
e = make32 (a,0x1237) ; /I e =0x00011237

¢c. Cac ham xd ly bit va cac phép toan:

Pé€ st dung cdc ham delay thi cAn phdi c6 khai bdo tién x 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: I hiing s6 tir 0-255 1a s6 chu ki I&€nh, 1 chu ki 1énh biing 4 chu ki mdy.

Vi du: delay_cycles(10);//delay 10 chu ki 1€nh

Ham delay_us(time) : ham delay micro gidy
e Time: 12 bi€n s6 thi c6 gia tri tir 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 gi4 tri 0-255 néu 1a bién, c6 gid tri o 0-65355 néu 12 hing s0.
e Ham khong trd vé gid tri.

Vi du: delay_ms(1000); // ham delay 1 giay

7. XU LY ADC VA CAC HAMIO TRONG C:

a. Cac ham xd ly ADC:

Ham Setup_ADC(mode)

Ham khong trd vé gid tri, dung x4c dinh cdch thic hoat dong bo bi€n d6i ADC. Tham s&
mode tuy thudc file thi€t bi *.h ¢ tén twong tng tén chip dang duing, nim trong thu muc DEVICES
ctia CCS. Mudn biét c6 bao nhiéu tham sd c¢6 thé diing cho chip d6.

Ham ADC_OFF: tit hoat dong ADC (ti€t kiém dién, danh chin cho hoat dong khéc).
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Ham ADC_CLOCK_INTERNAL: thdi gian 14y miu bing xung clock IC (mat 2-6 us) thudng
la chung cho céc chip.

Ham ADC_CLOCK_DIV_2: thdi gian 14y miu bing xung clock / 2 (mit 0.4 us trén thach anh
20MHz)

Ham ADC_CLOCK_DIV_8: thdi gian 18y miu biing xung clock / 8 (1.6 us)

Ham ADC_CLOCK_DIV_32: thdi gian 14y miu bing xung clock / 32 (6.4 us)

b. SETUP_ADC port (value):

Xdc dinh chan 13y tin hiéu analog va dién th& chuin sit dung. Tty thudc bd tri chan trén chip,
s6 chdn va chan nao ding cho ADC va s6 chitc ning ADC mdi chip ma value c¢6 thé c6 nhitng gid
tri khdc nhau, v6i Vref: 4p chuin, Vdd: 4p ngudn

Sau ddy la cdc ham khai bdo ADC cia 16F877A:

Ham ALL_ANALOGS: dung tit cd chin sau lam analog : A0 Al A2 A3 A5 EO El E2
(Vref=Vdd)

Ham NO_ANALOG: khong dung analog, cdc chdan dé sé€ la chan 1 /0.

Ham ANO_ANI1_AN3: AO Al A3, Vref = Vdd

Ham ANO_ANI1_VSS_VREF: A0 A1 VRefh = A3

Ham ANO_ANI1_AN4_ANS5S_AN6_AN7_VREF_VREF: A0 A1 A5 EO E1 E2 VRefh=A3,
VRefl=A2.

Ham ANO_ANI1_AN2_AN4_ANS_VSS_VREEF: A0 A1 A2 A5 EO VRefth=A3

Ham ANO_ANI1_AN4_ANS5S_VREF_VREEF: A0 A1 A5 EO VRefth=A3 VRefl=A2

Ham ANO_ANI1_AN4_VREF_VREF: A0 A1 A5 VRefh=A3 VRefl=A2

Ham ANO_VREF_VREEF: A0 VRefh=A3 VRefl=A2

Vi du: setup_adc_ports (ANO_ANI1_AN3) ; // AO, Al, A3 nhan analog, 4p ngu6n +5V cap cho
IC sé& 1a dién 4p chuin

c. SETUP ADC channel (channel):

Chon chian d€ doc tin hiéu analog biing 1énh Read_ADC( ). Gi4 tri channel tuy sd chin chifc
nidng ADC moi chip. VGi 16F877A, channel c6 gid tri tor O -7: O-chan AO, 1-chian Al, 2-chan A2, 3-
chan A3, 4-chian A5, 5-chian EO, 6-chan E1, 7-chan E2.

Ham khong trd vé tri. Nén delay 10 us sau ham nay réi mdi dung ham read_ADC () @€ bo
ddm ké&t qua ding. Him chi hoat ddng véi A/D phin ciing trén chip.

d. Read ADC(mode):

Dung doc gia tri ADC tir thanh ghi chita k&t qua bién ddi ADC.

Néu gid tri ADC 1a 8 bit nhu khai bdo trong chi thi #DEVICE, gi4 tri trd vé clia ham 1a 8 bit,
nguoc lai 12 16 bit n€u khai bdo #DEVICE sit dung ADC 10 bit trg 1én.

Khi ding ham nay thi s& chuyén d8i ADC cta ngd viao dia chon trong ham
Set_ADC_channel( ) truSc d6. Nghia 1a mdi 1an chi doc 1 kénh mudn ddi sang doc chan nio, ding
ham set_ADC_channel( ) cho chan d6. Néu khong c6 d6i chan, dung read_ADC( ) bao nhiéu lan
cling dugc.

Mode c¢6 thé c6 hoic khong, gdm c6:
e ADC_START_AND_READ : gid tri mic dinh.
e ADC_START_ONLY : bit ddu chuyén ddi va trd vé.
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e ADC_READ_ONLY : doc két qua chuyén ddi 1an cudi.

#DEVCE 8 bit
ADC=8 0-255
ADC=10 X
ADC=11 X
ADC=16 0-65280

10 bit

0-255

0-1023

X

0-65472

11 bit

00-255

X

0-2047

0-65504

Bdng 3-4. Két qua doc ADC.
PIC16F877A chi hd trg ADC 8 va 10 bit.

e. Cac ham 10 trong C:

Bao gdbm cdc ham sau:
e Output_low()
e  Output_high()
e Output_bit()
e Input()
e  Ouput_X()
e Input_X()
e port_b_pullups()
o Set_tris_X()

Ham Output_low (pin), Output_high (pin)

16 bit

00-255

0-65535

e Dung thi€t 1ap mitc 0 (low, 0V) hay mitc 1 (high,5V) cho chan IC, pin chi vi tri chan.

N N ~ - . N ~ ~ R 1A R
e Ham nay s€ dat pin lam ngd ra, xem ma asm dé bi€t cu theé.

e Ham nay thyc hién mit 2-4 chu k¥ mdy. Ciing c6 thé xud't xung diing set_tris_X() va

#use fast_io.

Vi du : chuong trinh sau xu&t xung vudng chu ky 500ms, duty =50% ra chan B0, n6i BO vdi 1 led sé&

lam nhap nhdy led.

#include <16F877A.h>

#use delay( clock=20000000)
Main()

{

while(1)
{
output_high(pin_BO0) ;
Delay_ms(250) ; // delay 250ms
Output_low (pin_BO0);
Delay_ms (250 );
}
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}

Ham Output_bit (pin,value)
e pin: tén chin value: gid tri 0 hay 1
e Ham nay ciing xuat gid tri 0/ 1 trén pin, tudng ty 2 ham trén. Thudng diing né khi gid
tri ra tuy thudc gid tri bi€n 1 bit ndo d6, hay mudn xudt ddo cla gia tri ngd ra trudc do.

Vi du:

Khai bdo intl x; // x mdc dinh =0
Trong ham main:

Main()

{
while (1)

output_bit( pin_BO, !x ) ;
Delay_ms(250 );
}

}
Chuong trinh trén ciing xuat xung vudng chu ky 500ms,duty =50%

Ham Input_bit (pin)
e Hamnay trd vé gid tri 0 hay 1 1a trang thdi cia chan IC. Gid tri 1a 1 bit
Ham Output_X(value)

e X a tén port c6 trén chip. Value la gid tr1 1 byte.
e Ham nay xudt gid tri 1 byte ra port. TAt cd chin clia port d6 d€u I1a ngd ra.

Vidu:
Output_B (255 ); // xud't gid tri 11111111 ra port B

Ham Input_X()

e X:la tén port (A,B,C,D,E).
e Ham nay trd vé gid tri 8 bit 12 gid tri dang hién hitu clia port d6.

Vi du: m=input_E();

Ham Port_B_pullups(value)

e Ham nay thi€t 1ap ngd vao port B pullup (dién trd kéo 1&én). Value =1 sé& kich hoat tinh
ning nay va value =0 s€ ngling.
e Chi cdc chip ¢6 port B ¢6 tinh ning nay mdi dung ham nay.

Ham Set_tris_X(value)

e Ham nay dinh nghia chan IO cho 1 port la ngd vao hay ngd ra. Chi dugc dung véi
#use fast_IO. St dung #byte dé tao bi€n chi d&€n port va thao tdc trén bi€n nay chinh
la thao t4c trén port.

e Value la gi4 tri 8 bit. Mdi bit dai dién 1 chan va bit=0 sé& set chan dé 1a ngd vao, bit=
1 set chan d6 1a ngd ra.

Vi du: chuong trinh thao tac trén portB
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#include < 16F877A.h > //chip st dung 1a PIC16F877A
#use delay(clock=20000000) // dung thach anh 20MHz
#use Fast_IO(B)
#byte portB = 0x6 // 16F877 c6 port b § dia chi 6h
#bit BO = portB. 0 // bi€n BO chi d&n chan BO
#bit Bl=portB.1 // bi€n B1 chi dén chan Bl
#bit B2=portB.2 // bi€n B2 chi d€n chan B2
#bit B3=portB.3 // bi€n B3 chi d&€n chan B3
#bit B4=portB.4 // bi€n B4 chi d&én 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 dén chan B7
Main()
{
set_tris_B (80) ; //B0O-B6 ngd ra, B7 ngd vao
if (B7) //m&u ngd vao chan B7 1a 1 thi xudt ra BO-B6 gid trila 1

Bl =1;
B2 =1;
B3=1;
B4=1;
B5=1;
B6=1;

Else B1=B2=B3=B4=B5=B6= 0;
}

. KHAIBAO NGAT VA CAC HAM THET LAP HOAT DONG NGAT :

a. Khai bao ngét:
MJdi ho PIC ¢6 s6 lugng ngudn ngit khdc nhau: PIC 14 c6 14 ngit, PIC 18 ¢6 35 ngit.

Danh séch cdc ngdt v6i chitc ning tuong @ng:
#INT_GLOBAL: ngit toan cuc
#INT_AD: ngit khi chuyén d6i A /D da hoan tit
#INT_CCP1: ngdt khi c¢6 Capture hay compare trén CCP1
#INT_CCP2: ngit khi c6 Capture hay compare trén CCP2
#INT_COMP: kiém tra bing nhau trén Comparator
#INT_EEPROM: hoan thanh ghi EEPROM
#INT_EXT: ngét ngoai
#INT_EXT]1: ngdt ngoai 1
#INT_EXT2: ngdt ngoai 2
#INT_I2C: c¢6 hoat dong 12C
#INT_LOWYVOLT: phat hién 4p thdp
#INT_PSP: c6 data vao cong Parallel slave
#INT_RB: bat ky thay ddi ndo trén chin B4 d€n B7
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#INT_RDA: data nhin tir RS 232 sin sang
#INT_RTCC: tran Timer O

#INT_SSP: c¢6 hoat dong SPI hay 12C
#INT_TBE: bd dém chuyén RS 232 trong
#INT_TIMERO: mot tén khdc cia #INT_RTCC
#INT_TIMERI1: tran Timer 1

#INT_TIMER?2 : tran Timer 2

#INT_TIMER3: tran Timer 3

#INT_TIMERS : tran Timer 5

#INT_OSCEF: 16i OSC

b. Cac ham thiét lap hoat dong ngét:

Ham enable_interrupts(level)

level 13 tén cdc ngit dd cho & trén hay 134 GLOBAL dé cho phép ngit & cip toan cuc.
Moi ngit cda vi diéu khi€n déu cé 1 bit cd ngit, 1 bit cho phép ngit. Khi c6 ngit thi
bit ¢& ngdt 1én mdc 1, nhung ngit c6 hoat dong dugc hay khong tuy thudc bit cho phép
ngit. Him enable_interrupts (int_xxx) s& cho phép ngit. Nhung tit cd cdc ngit déu
khong thé thyc thi néu bit cho phép ngit toan cuc bing 0, ham
enable_interrupts(global) s& cho phép ngit toan cuc.

Vi du: d&€ cho phép ngit timer0 va timer] hoat dong:
enable_interrupts (int_timer0);
enable_interrupts (int_timerl);
enable_interrupts (global);

Ham disable_interrupts (level)

level gi6ng nhu trén.

Ham nay vo hiéu 1 ngdt bing cdch set bit cho phép ngit = 0.
disable_interrupts(global) set bit cho phép ngit toan cuc =0, cAm tit cd cdc ngit.
Khong diing ham ndy trong ham phuc vu ngit vi khong ¢ tdc dung, cd ngit ludn bi
x04 ty dOng.

Ham clear_interupt(level)

level khong c6 GLOBAL.
Ham nay xod c¢& ngdt cia ngdt dugc chi dinh bdi level.

Ham ext_int_edge (source, edge)

C.

Ham nay thi€t 1dp ngudn ngdt ngoai EXTx 1a canh 1&én hay canh xudng.

source: ngudn ngit. Trén PIC 18 c6 3 ngudn ngit trén 3 chAn EXTO, EXT1, EXT2 ting
véi source = 0,1, 2. Cdc PIC khédc chi c6 1 ngu6n EXT nén source = 0.

edge: chon canh kich ngit, edge = L_TO_H néu chon canh 1én (tif mitc thip chuyén
1én mitc cao) hay H_TO_L né&u chon canh xudng.

Cac ham giao tiép v8i may tinh qua cdng COM:

Pé€ st dung chiic ning nay can phdi cé hai khai bdo: khai bdo st dung RS232 va khai bdo
dao dong cia chip.

Vi du:

#use rs232 (baud=9600, parity=n, xmit=pin_C6, rcv=pin_C7)//tdc dd baud la 9600. khong
chin 1&, chan truyén C6, chin nhian C7
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#use delay (clock = 20000000 ) // n€u chip dang dung OSC 20Mhz

Ham x 1i lién quan:
Ham printf (string)
Ham Printf (cstring,values . . .)
e Diing xuit chudi theo chuin RS232 ra PC.
e string 12 1 chudi hiing hay 1 mdng ky tu (k€&t thic bdi ky tu null).
e value 12 danh sich cdc bi€n, cdch nhau bdi ddu phay.

Lutu do chép tit PORTB (led don)

V. CAC CHUONG TRINH Vi DU:
1 CHJONG TRINH PEUKHEN 8 LED PON CHOP TAT:

K&t ndi portB véi 8 led don.

Luu d6 cUa chuang trinh .

Khéi tao
PORTB la
ngo ra

Tit 8 led

Delay

Sang 8 led

Chuong trinh diéu khién 8 led chop tat viét badng 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
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
; vong lap chuong trinh chinh
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 béng C:
/*
* Title : Chuong trinh chop tat PortB
* Writer :
* Hardware : PIC16F877A
* Compiler :CCS C
% */
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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 dé chuong trinh Led sang 1 diém ti trai qua phai

2. CHJONG TRINH PIEU KHEN 1 DEM SANG DI CHUYEN TU TRAI SANG PHAE

K&t noi portB véi 8 led don.

Luu dd diéu khién:

Khoi tao
PORTB la
ngo ra

A

PORTB=01

A
Xoay trai
PORTB

X1—>

A

Delay

o
>

Chuong trinh 1 diém sang di chuyén tU trai sang phdi viét bdng ASM:
title “chuongtrinhdich_led.asm”
processor pl6f877a
include <p16f877a.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

b
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0x000
start

STATUS,RP1
STATUS,RPO
TRISB

STATUS,RPO

main MOVLW  b'00000001"
MOVWEF PORTB
clrc
loop CALL delay
RLF PORTB,1
BTESS STATUS,0
GOTO loop
GOTO main
; CHUONG TRINH CON
delay clrf count_1
d2 clrf count_2
dl decfsz count_2
goto dl
decfsz count_1
GOTO d2
return
END

Chuong trinh 1 diém sang di chuyén tU trdi sang phai viét béng 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<<l1; // dich trai a 1bit
if(a==256)
{
a=1;
}
portb=~a;
delay_ms(100);

3, CHJONG TRINH PIEUKHEN 8 LED SANG DON

K&t ndi portB véi 8 led don.

Luu d diéu khién: bén duéi
Chuong trinh viét bang ngon ngli 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

cblock 0x020
countl
counta
countb

banksel TRISB
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clrf TRISB
banksel PORTB
main2 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
movf 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_0  decfsz counta, 1
goto $+2
decfsz countb, 1
goto delay_0O
decfsz countl,1
goto dl
return
end

167 Vixi ly




Chuong 3. Chuong trinh bién dich va nap cho Vi diéu khién PCIGFS77A.

SPKT — Nguyén Drh Phi

Chuong trinh viét bang ngoén ngd C:
/*

* Title : Chuong trinh sang don portB
* Writer

* Processer : PIC16F877A

* Compiler :CCSC

*

#include<16F877A.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<<l1;
slx--;
}
bienluu=giatri;
sck--;
}
}
}
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Khéi tao
PORTB la ngd
ra

a—

X2 —»

slx = sck

l

btg=0

X1 —

Xoay trai btg

PORTB:=btg
OR m

|

Delay

l

Skx:= slx-1

m=PORTB

l

sck=sck - 1

<>
e

S

X2

X1
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4. CHJONG TRINH PIEU KHEN BPEM TU 0 PEN 9999 TREN LED 7 POAN:

K&t ndi portB véi 7 doan va ddu chAm thdp phan cia led 7 doan.
K&t ndi portD vdi 8 transistor di€u khi€n quét 8 led 7 doan.

Luu dé diéu khién:

v

Khoi tao PORTB,
PORTD Ia cac ngd
ra
v
Nghin=0
v
X4 Tram =0
v
X3 Chuc=0
v
X2 Ponvi=0
v

X1» BCD-ma7doan

Hién thi

bon vi=don vi +1

b
Chuc = chuc + 1

}

b

Tram = tram + 1

b

Nghin = nghin + 1

S .x2
S ,x3
S ,x4
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Chuong trinh viét bdng ngén 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

b

; Chuong trinh chinh

pT— CaC DileN ===cmmmmm e eeeeee

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

CLRF TRISB
CLRF TRISD
BCF STATUS,RPO

x5 movlw 0x00
movwf  nghin
x4 movlw 0x00

:chon BANK1

;PORTB <- outputs

:chon BANKO
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x3
x1

x2

bcd_7doan

delayhthi

movlw
movw{
movlw
movwf
call
call
incf
mov{f
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
incf
mov{f
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
goto

movf
call
movwf
mov{f
call
movwf
movf
call
movwf
mov{f
call
movwf
return

movlw
movwf

0x00

chuc

0x00

dvi
bed_7doan
delayhthi
dvi

dvi,0

d'10'
STATUS,Z
x2

chuc
chuc,0
d'10'
STATUS,Z
x1

tram
tram,0
d'10'
STATUS,Z
x3

nghin
nghin,0
d'10'
STATUS,Z
x4

x5

dvi,0
table
bienl
chuc,0
table
bien2
tram,0
table
bien3
nghin,0
table
biend

0x04
countl
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dell

del2

hienthi

delay

delal

table

movlw
movwf
call
decfsz
goto
decfsz
goto
return

mov{f
movwf
movlw
movwf
call
mov{f
movwf
movlw
movwf
call
movf
movwf
movlw
movwf
call
mov{f
movwf
movlw
movwf
call
return

movlw
movwf
decfsz
goto
return
addwf

0x100
count2
hienthi
count2
del2
countl
dell

bienl,0
PORTB
Oxfe
PORTD
delay
bien2,0
PORTB
Oxfd
PORTD
delay
bien3,0
PORTB
0xfb
PORTD
delay
bien4,0
PORTB
0xf7
PORTD
delay

Oxff
count3
count3
delal

PCL,1

DT 0xc0,0x{9,0xa4,0xb0,0x99,0x92,0x82,0x{8,0x80,0x90

End

Chuong trinh viét bang ngon ngd C:

-Chuong trinh d€m 1én tir 0 d€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

% >I</
#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[]={0xc0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0x{8,0x80,0x90};

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()
{
i=0;
while (i<200)
{
portb=dig[dvi];
portd=0xfe;
delay_us(100);
portb=dig[chuc];
portd=0xfd;
delay_us(100);
portb=dig[tram];
portd=0xfb;
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);
1++;

}

void main()
{

trisb=0x0;

trisd=0x0;

bien=0;

while(1)

{
bien=bien+1;
if(bien==100000)
{

bien=0;

}
a=bien;
hex_bcd();
hienthi();

5. CHUONG TRINH PIEU KHEN LED MA TRAN HEN TH cHUDI “sPKT™

K&t ndi portB véi hang cla led ma tran.
K&t ndi portD vdi 8 transistor diéu khién cot.

Luu dé diéu khién:
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Count2:= count-1

Pém =0
S loop3
loop4 » Dém :=dém + 1 b
Countl: =countl-1
Countl :=5
loopl »> Count2 := 30 S loopl
loop3 »  Bién xoay: = 01 b
Pém: = dém + 1
Count := dém
S
DPoc gia tri tir bang loop4
loop2» vé&i vi tri 1a count
xuit ra PORTB b
PORTD:= bién xoay @

Count:=count+1

Xoay trai bién xoay

A

Goto loop2

D

Chuong trinh viét bang ASM:
title “chuongtrinhhienthi SPKT.asm”
processor pl6f877a
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
; Khoi tao PortB
BCF STATUS,RP1
BSF STATUS,RPO
CLRF TRISB
CLRF TRISD
BCF STATUS,RPO

Loopl

loop3

Loop2

count2
0x01
bxoay
dem,0
count
count, 0
table
PORTB
bxoay,0
PORTD
delay
0x00
PORTD
count, 0
d'44'
STATUS,Z
loopl11
count, 1
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rlf bxoay
GOTO Loop2
loopl1 decfsz count?2
goto loop3
decfsz countl
goto Loopl
movf dem,0
xorlw d'43'
BTFSC STATUS,Z
goto main
goto loop4

b

; Cac chuong trinh con

table
ADDWFEF PCL,1
DT 0xff,0xff,0xff,0xff,0xff,0x ff,0x ff,0x ff

DT 0xff,0xff,0xcd,0xb6,0xb6,0xd9 )
DT 0xff,0xff,0x80,0xb7,0xb7,0xcf P
DT 0xff,0xff,0x80,0xeb,0xdd,0xbe ;K
DT 0xff,0xbf,0xbf,0x80,0xbf,0xbf ;T

DT Oxff,0xff,0xff,0xtf,0xff,0x ff,0x ff,0x ff,0x ff,0x ff,0x tf,0x ff

movwf a
dell decfsz a

goto dell

return

END

Chuong trinh viét bang C:
/>k
* Title : Chuong trinh hien thi chu SPKT
* Writer
* Hardware : PIC16F877A
* Compiler :CCSC
& >l</
#include<16F877A.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,i,j;

intl16 b;

const unsigned char dig[]={Oxff,0xff,0xtf,0xff,0xff,0xff,0x ff,0x ff,0xff,0xff,\
0xcd,0xb6,0xb6,0xd9,0xff,0x80,0xb7,0xb7,0xcf,0xff,0x80,0xeb,0xdd,0xbe,\
0xff,0xbf,0xbf,0x80,0xbf,0xbf,0xff,0x ff,0xft,0xff,0x ff,0xff,0xff,0xff};

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);
1++;

dem++;
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6. CHJONG TRINH PIEU KHEN LCD:

K&t ndi portB v6i 8 dudng dit liéu cia LCD.
K&t ndi portD véi 3 bit diéu khi€n ctia LCD.

Luu dé diéu khién:

Khoi tao PortB, PortD l
] P
. wa con tro vé dau

Khot tao LCD dong thit hai

v }
Pua con tro vé dau -
dong thtr nhat So ki tu:=0
S6 ki tu:=0 gdong2 —»Giri 1 ki tw ra man hinh
gdongl —» Giri 1 ki ty ra man hinh delay
! v
delay S6 ki tur=s ki tu + 1

v

S6 ki tu:=s6 ki tyr + 1 S
@ gdong?
b
@ gtdongl

b end

Chuong trinh viét bdng ASM:
title “hienthichu Truong DHSPKT TP Ho Chi Minh.asm”
processor pl6f877a
include <p16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON &_HS_OSC

o

: Khoi tao cac bien

2

countl EQU 0x20

count2 EQU 0x21

count3 EQU 0x22

count EQU 0x23

a EQU 0x24
;CHUONG TRINH CHINH
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khoitaolcd

ORG
clrf
movlw

movwf
GOTO

0x000
STATUS
0x00
PCLATH
start

STATUS,RP1
STATUS,RPO ;
TRISB ;
TRISD
STATUS,RPO ;

khoitaolcd
delay40ms
dongl
dong?2
delay40ms
$

0x01

a
ghimadkhien
delay40ms
0x38

a
ghimadkhien
delay40ms

a
ghimadkhien
delay40ms
0x0C
a
ghimadkhien
delay40ms
0x01
a
ghimadkhien
delay40ms
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ghimadkhien

delay40ms
dell

del2

dongl

loop2

exit

dong2

loop4

return

movf
movwf
bef
bef
BSF
BCF
Return

movlw
movlw
movlw
movwf
decfsz
goto
decfsz
goto
return

movlw
movwf
call
call
clrf
movf
call
movwf
call
call
incf
xorlw
btfsc
goto
incf
goto
return

movlw
movwf
call
call
clrf
mov{f

a0
PORTB
PORTD,0
PORTD,1
PORTD,2
PORTD,2

d'255'
countl
Oxff
count2
count2
del2
countl
dell

0x80

a
ghimadkhien
delay
count
count,0
table

a

ghidata
delay
count,0
d'15'
STATUS,Z
exit
count,1
loop2

Oxcl

a
ghimadkhien
delay

count
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 a0

movwf PORTB
bsf PORTD,0
bef PORTD,1
bsf PORTD,2
bef PORTD,2
return

addwt PCL,1

DT " Truong DHSPKT"
addwt PCL,1

DT "TP Ho Chi Minh"
movlw d'255'
movwf count3
decfsz count3
goto delal
return

end

b

;Ket thuc chuong trinh

b

Chuong trinh viét bang C:

/>k

* Title : Hien chuoi truong DHSPKT TP Ho Chi Minh len LCD
* Writer

* Hardware  : PIC16F877A

* Compiler :CCS C

& >l</
#include <16F877A.h>

#include <DEF 16F877A.h>
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#fuses HS,NOWDT,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 thi len 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}, /l Xuat dong chu "Truong DHSPKT" ra dong 1 LCD

datawrt();
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 ="0"
datawrt();
LCD=""
datawrt();
LCD ='C",
datawrt();
LCD ="h";
datawrt();
LCD ="1;
datawrt();
LCD=""

/IV1i tri hang 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 TRINH DIEU KHEN ADC:
K&t ndi portB v6i 8 dudng dit liéu cia LCD.
K&t ndi portD vdi 3 bit diéu khi€n ctia LCD.
St dung kénh ANO va hién thi k&t qua nhi phan trén 8 led hién thi § portB

Luu dé diéu khién:
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Khéi tao PORTB, khéi tao ADC

Lwa chon kénh ANO

Chuyén dbi ADC clia kénh ANO

Chuyén két qua chuyén déi
ADC ra PORTB
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Chuong trinh viét bdng ASM:
title "Chuyen doi ADC kenh ANO.asm"
processor pl6f877a
include <P16f877a.inc>
__CONFIG _CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC &_LVP_OFF

b

; Chuong trinh chinh

count_1 equ 0x20
count_2 equ 0x21
DLY12 equ 0x22
— dat bien ADC-----—-—cmmmemme
ORG 0x030
REGAD1 RES 1
org 0x000
goto start

start org 0x0005
banksel TRISB
clrf TRISB

banksel PORTB

ADC movlw  B'00000000' ;Tat ca portA la ngo vao ADC
movwf  ADCONI1 ;chon Vref = VDD

; Doc ADC
; Su dung bit GO/DONE

2

main movlw  B'00000001'
call docADC
movwf  REGADI
movf REGADI1,0
movwf  PORTB
goto main
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; CHUONG TRINH CON

2

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,NOWDT,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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