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GIOI THIEU VE MO BbUN

Vi tri, y nghia, vai tré6 mé dun

Pay la mét md dun chuyén nganh dwgc hoc vao nam th& hai cua trinh
do 3 sau khi hoc vién da hoan tat cac mé dun hd tro treérc d6 nhw: Linh
kién dién t&r, mach dién t, ky thuat sé.

Trong cac day chuyén san xuét, cling nhuw cac thiét bi tw dong don 1é va
cac hé nhung hién nay viéc (rng dung vi diéu khién dac biét 1a cac ho vi
diéu khién tich hop nhiéu khéi ngoai vi trong cac linh vwc nay la rat phd
bién nhdm tang tinh linh hoat, dd chinh xac, giam gia thanh cling nhw
dd 6n dinh ctia hé théng. Do do, kién thirc vé cau tric cling nhw kj thuat
lap trinh vé cac loai vi diéu khién nay la rat can thiét cho cdng nhan
nganh stra chira thiét bj dién t&r cong nghiép.

Muc tiéu cia modun
Sau khi hoan tat mo-dun nay, hoc vién cé nang lwc:

Hiéu, gidi thich dwoc nguyén Iy lam viéc cac hé diéu khién (rng dung vi
diéu khién AVR

Cai tién dwoc chire ndng clia hé diéu khién nhing theo yéu cau

Phat trién dwoc cac hé diéu khién trén co s& khdi trung tam la vi diéu
khién

Muc tiéu thwc hién cua moé dun

Van hanh, kiém tra dwgc cac hé diéu khién (rng dung AVR

Stra chlra dwoc phan mém va thay thé dwoc linh kién phan clng
Thi céng, |&p rap thiét bj theo so db cé san.

NG6i dung chinh cia mé dun
M6 dun nay bao gom 3 bai hoc nhw sau :

1.

Ngbén ngir C51

2. Vididu khién AT90S8535
3. Vididu khién PIC16F8x



SO b0 QUAN HE THEO TRINH TU HOC NGHE

< Vi mach twong tw > N
—|  B.tircong suéat >
> Ky thuat xung >
Pién Ky Thuat > > Vi didu khién 1, 2 >
¢ B Ky thuat s >
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CAC HINH THU’C HOC TAP CHINH TRONG MO PUN

Hinh thtre 1: Hoc ly thuyét trén 16p
- Tt ca cac baihoctlr 1 dén 3
- Giai cac cau héi va bai tap phan ly thuyét
- Viét chuong trinh diéu khién
- Phan tich chwong trinh c6 séan

Hinh thrc 2: Hoc thwe hanh trong xwéng
- Chay th&r cac chwong trinh da viét trén 16p
- R&p mo hinh dbi twong diéu khién
- Rap toan bd mach diéu khién két hop mé hinh déi twong diéu khién va kiém tra
hoat déng

Hinh thtrc 3: Ty nghién ctru
- Tuw dé ra yéu cau va thyc hién
- Tham khao cac van dé lién quan trén sach bao, internet...
- Tham quan thyc té san xuét

YEU CAU VE BDANH GIA HOAN THANH MO DUN
Hiéu va thuc hién dwoc cac ndi dung sau
- Phan tich dwgc chwong trinh trén hé théng thuc.
- Phat trién dwoc phan mém theo yéu cau
- Lé&p rap, van hanh va stra chiva dwoc hé diéu khién dung vi diéu khién

Veé thai do
- Chuyeén can, sang tao
- Luén kiém tra két qua bang nhiéu phwong phap khac nhau dé tdng mirc d tin
cay, chinh xac.
- Céan than, lwu y dén cac yéu cau vé an toan



BAI 1
Tén bai:  Ngoén ngir lap trinh C51 Ma bai: CIO 02 27 01

GIO'l THIEU

Bai nay trinh bay vé céng cu phan mém hé tro phat trién cac rng dung trén nén ho
8051 do6 Ia trinh dich C51, trinh lién két L51 va trinh quan Iy thw vién LIB51. Trinh dich
C51 Ia trinh dich ngén ngi¥ ANSI-C mé& rong véi ho 8051, ciing gibng nhw cac ngdn ngiv
lap trinh cAp cao khac do dac tinh gan giii v&i ngdn nglr tw nhién nén gitp don gidn hoa
qua trinh viét phan mém t& doé tao kha nang thwc hién dwoc nhirtng yéu cau phirc tap
nhanh chéng hon so v&i hop ngir. Day la mot kién thire b sung rat can thiét cho nhirng
ngudi da tirng quen thudc vai viéc 1ap trinh vi diéu khién bang hop ngir.

N6i dung bai gém ca Iy thuyét va thwe hanh trén bd thwe tap UNIKIT, bai tap trong
phan nay la cac chwong trinh hoan chinh cé thé dwoc nap vao EPROM dé thwe hién

MUC TIEU THUC HIEN
e Hiéu dwoc sw can thiét va co ché hoat ddng cla trinh dich C51
e Biét dwoc cau tric chung cta chwong trinh viét bang C51
e S dung thanh thao cac chi dan, cac diéu khién va tap I&nh cla trinh dich C51
e Biét cach t6 chirc mot chwong trinh kich thwéc Ién bang cach phan chia thanh
cac md dun chuwong trinh
Hiéu dwoc cach st dung trinh lién két L51 va trinh quan ly thw vién LIB51
e Viét dwoc chwong trinh diéu khién theo yéu cau

NOI DUNG CHINH
N6i dung bai hoc tap trung vé cac cht dé chinh nhw sau:
e Gioi thiéu chung vé ngdn ngir ANSI-C
Khuén dang mét chwong trinh viét bang C, c4u tric dong 1énh
Cac toan t&r sb hoc, logic va cac toan tir dic biét khac
Cac chi dan va cac diéu khién bién dich ctia C51
Cac mé& rong phu hop véi ho vi diéu khién 8051
Quy t&c goi ham
Giao tiép gitra C51 v&i hop ngiv
Hoat dong lién két, trinh lién két L51
Chtrc nang trinh quan ly thw vién LIB51
Cac vi du lap trinh badng C51 va tao chwong trinh thuc thi bang L51
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1. KHAI NIEM CO BAN VE ANSI-C

1.1 Tap ky tw dung trong ngén ngir C
Mol ngén ngi lap trinh déu dwoc xay dwng tlr mot bod ky tw nao d6. Céac ky tw dwoc
nhém lai theo nhiéu cach khac nhau dé tao thanh cac tl, tiép theo dé cac tr lai dworc lién
két theo mot quy tc nao d6 dé tao thanh cac cau lénh. Mét chuong trinh bao gém nhiéu
cau lénh biéu dién moét thuat toan dé giai quyét mot bai toan xac dinh. Ngén ngr C dwoc
xay dwng trén b ky ty sau:
e 26 chir cai hoa: ABC..Z
e 26 chir céi thwdng: abc..z
e 10 chis6:0..9
e Cacky hiéutoan hoc: +-*/=)
e Ky tw gach nbi duéi: _
o Cacky hidu dac bitkhac: ., ;[0 21\ & | % #S,...
DAu cach (space) thuc sw la mét khodng tréng dung dé tach cac tir. VD: HA NOI
gdm 6 ky tu trong khi d6 HANOI chi c6 5 ky tw
1.2 Twr khéa
T khoéa la nhivng tr c6 mét y nghia hoan toan xac dinh, thworng dwoc dung dé khai
bao cac kiéu dir liéu, dé viét cac toan tir va cac cau lénh. Sau day la cac tir khda cla C:

asm break case cdecl
char const continue default
do double else enum
extern far float for
goto huge if int
interrupt long near pascal
register return short signed
sizeof static struct switch
typedef union unsigned void
volatile while

Y nghia va cach st dung ching sé& dwoc ban dén & cac phan sau, cé hai diém can
lwu y, do la:

e Khong dwoc dung tir khoa dé dat tén cho cac hang, bién va ham

e Tl khoéa phal dwoc viét bang chir thwdng

1.3 Tén

Tén la mot khai niém rat quan trong, dwoc dung dé xac dinh cac dal lwong khac
nhau trong mét chwong trinh nhw tén hang, tén bién, t&n ham.....

Tén dwoc dat theo cAu trdc nhw sau:

Tén |a mot day ky tw: Chi, s6 va diu gach ndi. Ky tw diu cla tén phal 1a chir hoac
d4u gach ndl, dd dai mac dinh cla tén la 32, cac vi du ding vé tén:

A1 BETA x1 delta_7_x1
Cac tén sau la sai

3XYZ_7 (ky tw dAu tién la sb)

r#3 (str dung ky tw #)

f(x) (str dung d4u ngodac tron)
case (trung v&l tr khoa)

be ta (str dung khoang trang)
X-1 (str dung d4u gach ngang)
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Trong cac tén cé phén bié’g ch* hoa va chir t‘hu’c‘mg, do do tén AB kh?c tép ab.
Trong C thuwong dung chlr hoa dé dat tén cho cac hang va chir thuwong cho hau hét cac
dal lwgng con lai. Tuy nhién, diéu nay khéng bat buéc.

2. KIEU DU LIEU

Trong C st dung cac kiéu di¥ liéu sau: S6 nguyén (int), s6 thwc hay sé dau phay
dong (float), sd dau phdy dong cé dd chinh xac kép (double) va ky tw (char). Hang chinh
la mot gia tri thdng tin cu thé, bién va mang la cac dal lwong mang tin. Ml loal bién co
thé chira mot dang théng tin nao dé VD bién kiéu int chira cac sb nguyén, bién kiéu float
chtra cac sb thyc. Dé co thé lwu trir dwoc thong tin bién phal dwoc cap phat bd nhé, bién
lal dwoc chia thanh bién tinh, bién tw déng va bién ngoai.

Bién tw dong chi ton tal (dwoc cap phat bd nhé) khi ching dang duoc st dung, bién
ngoai va tinh ton tal trong subt thdl gian hoat ddong cta chwong trinh. Cach té chirc nhw
vay vira tiét kiem bd nhd vira cho phép sir dung cing mét tén cho cac dél twong khac
nhau ma khéng gay ra nham lan.

2.1 Kiéu char

M6t gia tri kiéu char chiém mot byte bd nhé va biéu dién dwoc mét ky tw thong qua

bang ma ASCII. Vi du:

Ky tw Ma ASCII
048
049
050
065
066
097
098

TCOWPN 2O

C6 hai kiéu char la: Signed char va unsigned char. Kiéu thtr nhat biéu di&n mot sb
nguyén tir -128 dén +127, kiéu thir hai c6 gia tri tlr 0 dén 255
C6 thé chia 256 ky tw thanh 3 nhém:
e Nhoém thtr nhét la cac ky tw diéu khién c6 ma tir 0 dén 31, cac ky tw trong nhém
nay khéng hién thi ra man hinh.
e Nhoém th hai la cac kly tw van ban c6 ma tir 32 dén 126, cac ky tw nay co thé
dwa ra man hinh va may in.
e Nhoém ba la cac ky tw d6 hoa c6 ma tir 127 dén 255 c6 thé dwa ra man hinh.
2.2 Kiéu nguyén
Trong C cho phép st dung sé nguyén (int), sb nguyén dai (long) va sé nguyén
khéng dau (unsigned)

Kiéu Pham vi biéu dién Kich thuérc
Int -32768...+32767 2 byte
Unsigned int 0...65535 2 byte
Long -2147483648...2147483647 4 byte
Unsigned long 0...4294967295 4 byte

Cac kiéu ky tw ciing c6 thé xem & mot dang cta kiéu nguyén
2.3 Kiéu dau phay dong ,
Trong C cho phép str dung ba loal gia tri ddu phay dong do la: Float, double va long
double dugc trinh bay nhw sau:

Kiéu Pham vi biéu dién Kich thworc
Float 3.4E-38...3.4E+38 4 byte
Double 1.7E-308...1.7E+308 8 byte
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Long double 3.4E-4932...1.1E+4932 10 byte
2.4 Kiéu ENUM (liet !(é)

Cu phap khai bao kieu enum c6 4 dang sau:

Enum type_name {e1, e2,...} var_name1, var_name2,...;

Enum type name {e1,e2,...};
Enum {e1, e2,...} var_name1, var_name2,...;
Enum {e1,e2,...};
Trong do: type_name  la tén kiéu di¥ liéu enume
E1, e2,... la tén cac phan tr
Var_name 14 tén cac bién kiéu enume

’

Y nghia:

Dang th& nhat cé 3 chirc nang sau

1. Binh nghia cac macro (gibng nhw #define) e1, e2,...v&i cac gia tri nguyén lién
tiép tinh tr 0 (e1 = 0, e2 = 1), chirc nang nay twong dwong cac cau lénh:
#definee1 0 #define e2 1

2. Pinh nghia kiéu enume cd tén 1a type_name

3. Khai bdo cac bién kiéu enume c6 tén |a var_name1, var_name2

Dang thw hai cé chirc nang 1 va 2, dang th& ba c6 chirc nang 1 va 3 va dang thi tw
chi ¢é chirc nang 1

Bién kiéu enum thwc chat 1a bién nguyén, né duwoc cap phat 2 byte bd nhé va co thé
nhan mét gia tri nguyén bét ky. Muc dich ctia enum la tao ra macro, cac kiéu va cac bién
goi nhé. VD céac ngay trong tudn co thé dinh nghia théng qua kiéu week_day va bién day
nhw sau:

Enum week_day {Sunday, Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday} day;

3. HANG

Hang la cac dal lwong ma gia tri cla né khéng thay ddl trong qua trinh tinh toan,
céac loal hang st dung trong C gdm c6:

3.1 Hang dau phay déong

Puoc viét theo 2 dang:

Dang thap phan: Gém phan nguyén, diu chAm thap phan va phan thap phan. VD:

214.35 -4563.48 234.0

Chu y: Phan nguyén va phan thap phan cé thé khong cé nhwng dau chdm khéng
thé thiéu. VD:

.34 15.

Dang khoa hoc: S6 duwoc tach thanh hai phan la phan dinh tri va phan bac. Phan
dinh tri‘lé mot sO nguyén hoac mét sé thwe dang thap phan, phan bac la mét sé nguyén.
Hai phan nay cach nhau b&l ky ty e hoac E. VD:

123.456E-4 biéu dién gia trj 0.0123456
0.12E3 biéu dién gia tri 120.0
-49.5e-2 biéu dién gia tri -0.495

1E8 biéu dién gia tri 100000000.0

3.2 Hang s6 nguyén
La sO nguyén co gia tri trong khoang tlr -32768...+32767. VD:

-45 4007 635...
Chu y phan biét 125 va 125.0. Gia tri 125 la hang sb nguyén con 125.0 la hang sb

thuc
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Héng long dwoc viét nhuw sau:
-4893L hoac -4893lI

Thém L hoac | vao sau dudi. Mot sb nguyén vuwot ra ngoai pham vi cla int cling
dwgc xem la hang long VD:

4563946L va 4563946
la hai hang long cé cung gia tri

Hang nguyén hé 16 sir dung 16 ky tw: 0...9 va A...F hodc a...f, cach viét nhw sau:

Oxc1c2c3... hogac 0Xc1c2c3...
Trong do6 ci la mét chir sO hé 16. VD:

0xa9, 0Xa9, 0xA9, 0XA9 la cac hang nguyén hé 16 cé cung gia tri thap phan la 169
3.3 Hang ky tw , ,
La mét ky tw riéng biét dwoc viét trong hai dau nhay don. VD: ‘@', gia tri cua ‘@’
chinh l1a ma ASCII cta chir a. Nhw vay, gia tri cua ‘a’ la 97. Hang ky ty co6 thé tham gia
vao cac phép toan nhuw mol sé nguyén khac.VD:

9-'0'=57-48=9 )
Dol vol cac hang ky ty dac biét phal dung cach viét sau:

Cach viét Ky tw

\ ;

e p

\V \

\n’ xudng dong
O’ \O (null)

A\¢ tab

\b’ backspace

\r CR (vé dau dong)
P LF (sang trang)

e Can phan biét hang '0’ va '\0’, hang th&r nhat la s6 0 c6 ma la 48 con hang thir hai
trng vo&i ky tw \0 (thwdng goi la ky tw null) cé ma la 0.

. Hang ky tw thwe sw 1a mot sé nguyén nén cé thé dung cac sb nguyén hé 10 dé biéu
dién ky tw

3.4 Hang xau ky ty ,
La mot day ky tw bét ky dat trong hai déu nhay kép. Vi duy:

“Ha NoOI”
“Hai Phong”
“” (xau réng)

Xau ky tw dwoc lwu trir trong may dwéi dang mot mang cé cac phan tr 1a cac ky tw
riéng biét. Trinh bién dich tw dong thém ky tw null vao cudi mbi xau dé bao két thuc xau.
Lwu y ‘a’ 1a hang ky tw dwoc lwu trik trong 1 byte con “a” 1a hdng xau ky tw dwoc lwu
trir trong 1 mang gém hai phan tt: Phan t& thir nhat chira chir a va phan t& th& hai chiva
\0
3.5 Tén hang
Tac dung cua toan tw
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#define MAX 1000

o la tat c& cac tén MAX trong chwong trinh >‘<uét hién sau toan t&r néy~déu, duoc thay
bang 1000 vi vay MAX thwdng dwoc goi la tén hang hay macro né biéu dién s6 1000, mot
vi du khac

#define Pl 3.14

Dat tén cho hang s6 « 1a P )
Cac hang kiéu int, long, float, double thwdng dung trong tinh toan, con cac hang ky
tw va xau ky tw thwong dung trong in an dé dwa ra cac dong théng tin, van ban, ghi cha...

4. BIEN

Moi bién can phai dwoc khai bao truwéc khi st dung, mau khai bao nhw sau

Type  var_name;

Vi du:

Main ()

{ o
int a,b,c;/*3 bién kipu integer */
char d,e f;/*3 biéﬁ ki@u char */
float x,y, z; /* 3 bién kiéeu float */

}

Bién kiéu int chi nhan cac gia tri int, cac bién kiéu khac cung cé dac tinh twong tw, vi
du bién kiéu char chi chtra mot ky tw, dé lwu trir mot xau ky tw can phai dung mét mang
kiéu char

Céc khai bao bién phai dwo d&t ngay sau diu { dau tién cta than ham va phai ding
treédc moi cau I1énh khac.

Cac bién c6 thé dwoc khdi gan ngay khi khai bao bang cach dat thém dau = kém
theo mét gia tri Vi du:

Int a, b=20,c,d=40; )
Két qua nay cling twong dwong bang cac cau Iénh gan sau:
Int a, b,c,d;

b = 20;

d = 40;

M&i bién dugc cung cap mét vang nhd' gém nhiéu byte lién tiép, dia chi byte dau
tién chinh la dia chi cta bién, dia chi bién nhan dwoc qua phép toan

& var_name

5. MANG

Mbi bién chi c6 thé biéu dién dwoc mot gia tri. D& biéu dién mot day s6 hodc mot
bang sbé co6 thé dung nhiéu bién nhwng cach nay khoéng thuan tién khi sb gia tri qua nhiéu,
cach tét nhat 1a st dung mang trong nhirng trwdng hop nhw thé nay.
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Mang & mét tap hop gdm nhiéu phan t&r cé cung kiéu div liéu va cé chung mot tén,
méi phan t&r mang biéu dién dwoc mdt gia tri. Cé bao nhiéu kiéu dir liéu thi cling cé bay
nhiéu kiéu mang, mang can dugc khai bao vé:

e Kiéu mang (int, char,...)
e Tén mang
e Sb chiéu va kich thwéc méi chiéu

Kiéu mang va tén mang ciing giéng nhw kiéu bién va tén bién. Vi du cac khai bao
sau day:

Int a[10], b[4][2];
Float  x[5], y[3][3];

Sé xac dinh 4 mang: a, b, x va y nhw sau:

- Mang thtr nhat c6 kiéu la int, tén 1a a, s6 chiéu la 1, kich thwdc la 10. Mang
gdm 10 phan t& co sbé th tw la: a[0], a[1], a[2],...,a[9]. M0i mot phan t& ai]
chtra mét gia tri int va mang nay biéu dlen mot day gdm 10 s nguyén.

- Mang th hai c6 kiéu la int, tén la b, s chiéu la 2, kich thwdc cac chiéu la 4
va 2. Mang gdm 8 phan t&r dwoc danh sb va sap xép nhw sau:

b[0][0] b[0][1]
b[1][0] b[1][1]
b[2][0] b[2][1]
b[3](0] b[3][1]

Mbi phan tl bli][j] chira dwoc mét gia tri kiéu int, va mang nay biéu dién dwoc mot
béng s6 nguyén gdm 4 hang va 2 cot
- Mang tht ba co kiéu la float, tén la x, sb chiéu 1a 1, kich thuwéc la 5. Mang
gdm 5 phan tlr dwoc danh sé nhu sau: x[O] x[1], x[2] X[3], x[4]. Mbi phan tc
X[i] chtra dwgrec mét gia tri kiéu float va mang nay biéu dién dwoc mot day
gom 5 sb thuye
- Mang the tw co kiéu la float, tén la y, sé chiéu la 2, kich thwéc cac chiéu la 3,
mang gém 9 phan t&r dwoc danh sbé va sap xép nhw sau:

y[0][0] y[O][1] y[0][2]
y[1][0] y[1][1] y[11[2]
y[21[0] y[2][1] y[2][2]

Mbi phan t& yl[i][j] chira dwoc mot gia tri kiéu float va mang y biéu dién mot bang sb
thwe 3 hang 3 cét
Cha y:
= Cac phan t& cia mang dwoc cip phat cac khodng nhé lién tiép nhau co
nghia la dia chi cua chung ciing lién tlép nhau
= Trong mang hai chiéu cac phan tt cla mang dugc sap xep theo hang
M6t phan tlr cia mang duoc xac diinh nhd chi sé ctia né, chi s6 cua mang phal co
gia tri int va khéng vwot quéa kich thwéc cia chiéu twong ng. Sb chi sb6 phai bang sb
chiéu ciia mang.
Gia st a, b, x, y da duwoc khai bao nhw trén va gia st |, j 1a 2 bién nguyén. Trong do
[=2;j=1thi

a[j+i-1] 1a a[2]
b[j+il[2-i] 1a b[3][0]
x[j/i] 1a x[0]
ylill] la y[2][1]
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Va cac cach viét sau day la sai

yiil vi'y la mang 2 chiéu can c6 2 chi s6

b[i]j][1] vib ciing la mang 2 chiéu Chl can 2 chi so

Tuy nhién, biéu thirc diing 1am chi sé cé thé la sb thwe, khi d6 phan nguyén sé 1 chi
so mang. VD: a[2.4] la a[2], a[1 9] la a[1]. Khi chi sb vwot ra ngoa| kich thuwéc mang may
van khéng bao 16i nhung sé truy cap dén vung nhé ngoai mang cé dir liéu khong biét
truére.

C6 thé Iay dia chi cGia phan t& mang mét chiéu va thwong khong Iay duwoc dia chi
ctia phan t& mang nhiéu chiéu, phép tinh sau lay dia chi phan t&r mang 1 chiéu

& ali]
nhwng may khéng chap nhan phép tinh
& y[il[]
M6t lwu y quan trong la tén mang chinh la dia chi d4u cla mang
a=&a[0]
6. TYPEDEF

Tir khoa typedef dwoc dung dé dat tén cho mét kiéu di ligu, tén kiéu lai dwoc ding
dé khai bao kiéu dir liéu sau nay. Nén chon tén ngan gon va goi nhé
. bat typedef trwéc mét khai bao thong thwong, khi do tén div liéu sé tré thanh tén
kieu. VD:

Typedef int nguyen;

_ Sé dat tén kiéu di liéu int 1a nguyen, tt luc nay tre di co thé dung int hodc nguyen
dé khai bao bién nhw sau:

Nguyen x, y, a[10], b[20][30];

Cac vi du tuong ty i .

typedef float mt[50]; // dat tén mang thwc 1 chieu 50 phan tir 1a m50

typedef int m_20_30[20][30]; // mang nguyén 2 chieu 20 hang 30 coét tén la
m_20_30

typedef enum {T1, T2, T3} T; // kiéu enum c6 3 phan t&r {T1, T2, T3} cé ténla T

Sau d6, co thé dung cac tén nay dé khai bao
mt50 x, y; // cac mang thwe 1 chiéu cé 50 phan tr
m_20_30 a, b; // cac mang nguyén 2 chiéu 20x30
T t; // t1a bién enum

7. CAC LOAI BIEN
Bién 1a mét dai lwong chira di¥ liéu va div liéu nay bj thay dbi trong subt thoi gian
chay chuwong trinh, cac bién dwoc nhan dang théng qua tén bién, bién phai dwoc khai
bao trwdc khi dem ra sir dung, méi bién phai thudc vé moét kiéu di liéu.
7.1 Bién tw dong
Céc bién khai bao bén trong cac ham la cac bién tw dong hay bién cuc bo. Déi cua
ham ciing dwoc xem la bién tw dong.
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Cac bién ty dong chi c6 tac dung bén trong than clia ham ma tai d6 ching
dwoc khai bao.

Céc bién tw ddng cla ham chi tdn tai trong khoang thdi gian ké tir khi may
bat dau lam viéc v&i ham cho dén khi thoat khéi ham.

Do chwong trinh bat dau lam viéc tir cau 1énh dau tién cia ham main ()
va khi ra khéi ham main () thi chwong trinh két thic nén cac bién khai
b&o trong ham main () sé ton tai trong sudt thoi gian 1am viéc cla chwong
trinh.

7.2 Bién ngoai ,
Bien dwoc khai bao bén ngoai cac ham goi la bién ngoai

Bién ngoai ton tai (dwoc cAp phat bd nhé) trong subt thdi gian lam viéc
cua chuong trinh.

Pham vi hoat ddng cla bién ngoai 1a tlr vi tri khai bao dén cudi file
chwong trinh. Nhw vay néu mét bién ngoai dwoc khai bao & dau chwong
trinh (trwdc tAt c& cac ham) thi né c6 thé dwoc str dung trong bat ky ham
nao mién & ham dé khong cé bién cuc bd nao trung tén véi bién ngoai
nay.

Néu chwong trinh dwoc viét trén nhiéu file va céac file dwoc dich doc lap
thi pham vi st dung ctia bién ngoai cé thé mé rong tir file nay sang file
khac bang tir khéa extern

Céc quy tac khéi dau bién ngoai:

1.

Vi du:

Vi du:

Vi du:

Cac bién ngoai c6 thé dwoc khdi dau vao luc dich chuwong trinh bang céach
dung cac biéu thirc hang. Néu khong dwoc khéi dau may sé gan cho ching
giatrilao.

char sao =" ;
inta =6*365;
float x =32.5 ;
Khi kh&i ddu mang ngoai cé thé khéng can chi ra kich thwédc (sb phan tor)

cua mang. Khi d6, may sé tw dong danh cho mang mét khoang nhé dua dé
chtra danh sach gia tri kh&i dau.

floata[] = {2.6, 3, 15} ;

int[1[1={
{25, 31},
{46, 34},
{93, 81}
}s
Khi chi ra kich thwéc ciia mang thi kich thuwéc nay khéng dwoc nhd hon bd
gia tri khéi dau.

float x[8] = {6.3, 12.5} ;

DPéi véi mang 2 chiéu co thé khéi dau theo cac cach sau (sbé khdi dau trén

médi hang c6 thé khac nhau)

float a[ ][3] = {
{0},
{2.5, 3.6, 8},
{-6.3}
}s
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5. Bo khdi dau clia 1 mang char co thé
- Hoac la danh sach cac hang ky tw
- Hoac la mdt hang xau ky tw

Vi du:
char name[]={'h’, ‘@, ‘'n’, ‘'g’, \0'};
char name[ ] = “hang” ;
7.3 Bién tinh ‘
Bién tinh dwgc khai bao bang tir khoa static dat phia trude

static int a, b, c[10] ;
static float x, y[10][6] ;

Cac khai bao trén cé thé dat bén trong hodc bén ngoai cac ham. Néu dat bén trong
la bién tinh trong va ngwoc lai la bién tinh ngoai. Cac bién tinh trong va ngoai c6 diém
giébng nhau la:

- Chang duoc cap phat bd nhé trong subt thdi gian hoat déng clia chwong
trinh. Do d6 gia tri clia ching dwoc lwu triv tlr ddu dén cudi chwong trinh
- Co thé dwoc khéi dau mét 1an khi dich chwong trinh nhé cac biéu thirc hang

Céc bién tinh trong va ngoai chi khac nhau & pham vi hoat déng.

- Céc bién tinh trong chi hoat ddng dwoc bén trong than cla ham ma tai do
chung dugc khai bao.

- Pham vi hoat ddng cta cac bién tinh ngoai tinh tir khi ching dwoc khai bao
cho dén cuéi file chwong trinh chiva ching

8.TOAN TV
Toan hang (operand) cé thé xem la mét dai lwong cé mét gia tri ndo dé vi du: Hang,
bién, mang va ham. Toan la 14 cac phép toan tac dong Ién cac toan hang. Trong C toan
hang dwoc chia thanh cac nhém chinh nhw sau:
- Toan t&r sb hoc (arithmatic operator)
- Toan t&r quan hé (relative operator)
- Toan t& logic (logical operator)
- Toan t& xt ly bit (bitwise operator)
Ngoai ra, C con giéi thiéu thém 2 toan t&r mbi do 1a:
- Toan tir tang (incrementing operator)
- Toan tr gidam (decrementing operator)

8.1 Toan ttr gan )

Theo C ky hiéu = khong c6 nghia la bang, ky hiéu nay dwoc goi la toan ter gan
(assignment operator), toan t&r gan dwoc goi la gan don (single assignment) dé phan biét
v@&i gan phtrc hgp (compound assignment)

lulu = 2002 ;

Gan gia tri nguyén 2002 cho bién tén 1a lulu, toan t&r gan cho phép gan moét tri moi
cho mét bién. Dang don gian nhat la:

bién = biéu thire ;

Nghia la biéu thire ()’,bén phai ddu = sé dwoc dinh tri va két qua dinh tri sé dwoc
gan cho bién & phia trai dau =. N6i cach khac & bén trai dau = phai la bién chr khéng
duwoc la hang con & bén phai la tri cia bién, xem cau Iénh sau

=1+1;
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Vé mat biéu dién toan hoc thi khong ding, nhung d6i véi may tinh thi hoan toan
hop 1€, gia tri cha bién | dwoc cdng véi 1 roi dem két qua gan tré lai vao |, nhwng cau Iénh
sau

2002 = lulu;
Thi hoan toan sai vi 2002 |a 1 hang, khong thé 13y gia tri bién lulu gan 1&n 1 hang sé

Vi du:
toc_do = khoang_cach / thoi_gian ;
gia_ban = gia_mua + chi_phi + lai ;

8.2 Toan twr cong ]
Toan tlr cong (+) sé cdng hai tri & hai bén dau + lai v&i nhau

thu_nhap = luong + tien_tham_nhung ;

May sé cong gia tri hai bén dau + va sau d6 gan vao bién thu_nhap, ton t& + 12 loai
toan t&r 2 ngdi (binary operator) vi né can dén 2 toan hang)

8.3 Toan twr triv ] ]
toan tlr triv 13y gia tri trwd'c dau — trir di gia tri sau dau tri

tien_dem_ve = thu_nhap — tien_hoi_lo
DAu trtr con dwoc dung dé thay dau dai sbé clia moét gia tri. Vi du:

toto =-12;
lili = - toto ;

D4u trr dwoc dung theo cach nay dwoc goi la toan t& mot ngdi vi né chi can mot
toan hang

8.4 Toan twr nhan ]
Toan t& nhan dung dau *, vi du:

luong_thang = luong_ngay * 30 ;

8.5 Toan twr chia ] ,
C dung ky hiéu / lam toan t&r chia. S6 bi chia la tri & bén trai va sb chia la tri & bén
phai

Ngay trong tuan=30/4;

Cach chia s6 nguyén khac voi cach chia sé thire, chia theo sb thuc sé cho ra két
qua la mét sé thwe. Khi chia hai s6 nguyén voi nhau két qua sé la phan nguyen con phan
thap phan sé bj cat bd. Néu trong phép chia c6 sé nguyén va sb thuc 1an 16n thi két qua
sé la sb thuye vi s6 nguyén sé duoc chuyén thanh sb thuc trwde khi chia.

8.6 Toan ttr modulus ]
Toan t&r modulus ky hiéu la % sé cho ra s6 dw ctia phép chia, vi du:

13% 5

Doc la 13 modulus 5 sé cho ra két qua 1a 3, day chinh la sé dw cta phép chia 13
cho 5. Toan t& nay chi lam viéc v&i sO nguyén
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8.7 Toan ttr tang / giam
Toan tir tang (++) tang gia tri cia toan hang Ién 1 con toan tr gidm (--) thi lam giam
gia tri ciia toan hang xuong 1

toto++ ;
kiki -- ;

Twong dwong véi hai Iénh sau

toto = toto + 1 ;
kiki = kiki — 1 ;

_Cac toan tir nay co thé viét theo 2 cach prefix mode hodc postfix mode cé nghia 13
co6 thé viét phia trwéc hay sau toan hang

++toto hoac toto++
--kiki hoac kiki—

Néu viét ++ trwde thi gia tri cia toan hang sé dworc tang 1 trwdc (preincrement) sau
do két qua nay méi dwoc dung cho cac thao tac khac, con néu viét sau thi gia tri cGa toan
hang sé dwoc dung trwdc réi méi tang 1 sau (postincrement), twong tw ddi véi toan tr
giam —

8.8 Toan ttr gan phirc hop
C con cung cap nhiéu phép gan phirc hop dé rat ngan cach viét cac biéu thire. Vi

du:
ctr=ctr+3;
ctr=ctr* 3;
ctr=ctr-3;
ctr=ctr/3;

ctr=ctr% 3;

Nhan xét 1a & hai bén d4u gan déu cé cung mot tén bién, dé rut ngan coé thé viét
nhw sau:

ctr+=3;

ctr*=3;

ctr-=3;

ctr/=3;

ctr %= 3 ;

8.9 Toan tw sizeof

Toan t& sizeof cho biét kich thwéc (tinh theo byte) cia mét kiéu div liéu ciing nhw

mot déi twong dir liéu, ci phap nhw sau:

sizeof (kjéu dir liéu)
sizeof doi twong d liéu

Kiéu div liéu co thé la kiéu chudn nhu: int, float va kiéu dwoc dinh nghia bang
typedef, enum, struct, union.

DPéi twong di liéu bao gdm bién, mang, cAu tric...(tén cia ving nhé di liéu)

Toan tir nay thueng dung dé xac dinh sé phan tir cia moét mang, lwu y néu 1a kiéu
dir liéu thi phai dat trong dau ngoéc don.

8.10 Toan tir ép kidu

Trong cac biéu thirc hén hop cé chira nhiéu kiéu dir liéu thi viéc chuyén déi dwoc

thwe hién mot cach tw dong. Tuy nhién, 1ap trinh vién cung cé thé quyét dinh viéc chuyén
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kiéu thong qua toan t&r ép kiéu bang cach dat trwdc todn hang can chuyén kiéu di liéu
mudn chuyén trong ngac don., cu phap chung nhw sau:

(kiéu di lieu) biéu thire

x = (float) 1 /j; di liéu bién | dwoc chuyén thanh float
a=15+15 ketquaala3.0
a=(int)1.5+ (int)1.5 kétquaala2

9. BIEU THU'C VA CAU LENH
Biéu thirc (expression) la sy két hop gilra cac toan tlr voi cac toan hang va cau
Iénh (statement) thi lai dwgc tao nén tlr cac biéu thic
9.1 Biéu thirc
Mot vai vi du vé biéu thire

4

-6

4+ 21

a* (b +c/d) /20
q=>5%2

X =++q %3

q>3

6 + (c =3+8)

x = y/3 + power(i, 2)

T cac vi du trén cho thay cac toan hang trong cac biéu thirc cé thé 1a hang, bién
hodc ham (ham power). Néi chung, biéu thirc la mot sw két hop hop 1é clia cac phép toan
dwoc thwe hién trén tri ctia cac bién, tri hang hay tri do cac ham tra v&. M6t vai biéu thirc
lai 1a t6 hop ctia nhiéu biéu thirc nhé.

Déc tinh quan trong cia C la mdi biéu thirc déu c6 mét tri, mudn xac dinh tri cta
biéu thirc phai dwa trén th& tw nwu tién cla cac toan tir (operator precedence) dé thuc
hién cac phép toan.

9.2 Biéu thirc hang

M6t biéu thirc toan hoc dwoc xem 1a mét biéu thire hang néu trong biéu thirc d6 cac
toan hang déu 1a cac hang sbé ho&c hang ky tw nghia la trong biéu thirc hang khéng cé
chtra bién. Khi d6, trinh bién dich sé dinh tri trwdc biéu thire hang va dem di lwu trr. Biéu
thirc hang thworng dwoc dung nhiéu trong cac ciu tric vong I&p hodc cu tric chon lya.

8°20-13  kétquala 147
‘@’ — ‘A’ kétqua a 32

Day la nhirng biéu thirc hang

Kha nang tinh tredc nay lam giam thoi gian cén thiét dé chay chwong trinh vi may
khoéng can tinh lai nhirng biéu thirc nay niva

9.3 Cac cau lénh ) ] ]
) Chg’o’ng,trinh la mét tdp hop cac cau Iéqh, moi cau lénh duwoc két thic béi dau
cham phay. Boi v&i may cau Iénh la mét chi thi day du
tay =2
la mot biéu thirc hodc cé thé Ia thanh phan ctia mét biéu thire I6n hon, nhung

tay =2 ;
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lai la mot cau 1énh vi dwoc két thac bang ddu cham phay. Biéu thirc sau day:
2+2

Khong phai 1a mot chi thi day da vi may sé khong biét phai lam gi nira sau khi cong
xong. Tuy nhién, néu ra Iénh

toto=2+2;

c6 nghta la sau khi cdng xong dem két qua vao trong bién toto va may co thé thuc
hién thao tac ké tiép
9.4 Cau lénh phirc hop (khdi I1énh) ) )
Cau Iénh phtre hop (compound statement) bao gom 2 hogc nhiéu cau 1énh don gop
chung lai dat trong mét cap dau ngoac nghoéo {} va con dugc goi la khoi Iénh. Vi du:

[* trwdng hop 1 */

index =0 ;

while (index++ < 10)
toto = 10* index + 2 ;
printf (“toto = %d\n”, toto) ;

[* tredng hop 2 */

index =0 ;
while (index++ < 10)
{

toto = 10* index + 2 ;
printf (“toto = %d\n”, toto) ;
}

Trong trwdng hop 1 chi cé cau lénh gan toto = 10* index + 2 la nam trong vong lap
while. Do d6, 1énh in printf ( ) chi dwoc thwe hién mét 1an sau khi két thuc vong 1ap.

Trong trwdng hop 2 vi cé cdp dau ngodc { } nén cau Iénh gan va Iénh in déu nam
trong vong 13p va Iénh in sé dwoc thwc hién mdi vong I&p mét 1an, luc nay cau lénh phirc
hop dwgc xem nhw mét 1€nh don.

10. HAM TRONG C
M6t chwong trinh C gdm mét hodc nhiéu don thé chwong trinh dwoc goi la ham
(function) ghép lai, thwerng ham trd vé cho chwong trinh mét tri sau khi dwoc thwe hién.
Ham cho phép chia mét chwong trinh Ién thanh nhitng chwong trinh nhé nhadm dé
quan ly va do dé lam don gidn hoa codng viéc lap trinh. Ngoai ra, mét ham hoat dong tét &
chwong trinh nay c6 thé dwoc ghép vao mét chwong trinh khac ma khéng can phai viét lai
tir dau nén gitp giam thoi gian phat trién chwong trinh. Ham dwoc chia lam 2 loai:
- Ham do nguwoi dung viét goi la user defined function (UDF). Day la nhirng
ham thuwc hién cac cdng viéc cu thé nao dé tai nhiéu noi trong chwong trinh
- Ham thw vién chuén cia C nhw ham printf ( ). C cung cip mot s ham thw
vién chuan kha phong phu dé tinh toan, xt& ly chudi, x& ly bit, xuat nhap div
liéu...

10.1 CAu tric cta ham

DPac diém chung ctia ham:

1. Puwoc dat chung trong cung mét file chwong trinh ngudn hodc ghép tir mét
file nguc’jn khac nho chi thi #include hoac dwoc bién dich riéng ré sau do
lien két lai dé tao thanh file thuc thi dworc.

2. Puwoc goi tr chwong trinh chinh main () hoac tir mét ham khac hoac tw
chinh né (dé quy)
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o0k W

C6 hodc khong cé déi muc (argument)

C6 hodc khéng co tri tra vé ( return value)

M6i ham chi c6 mét diém nhap chinh 14 1énh dau tién cta ham.

M6t ham cé thé co nhiéu diém thoat théng qua Iénh return hodc khi gap
lénh cubi cuing clia ham

Mét sb lwu y dbi véi ham trong C:

Khéng cho phép cac ham léng nhau cé nghia la khéng dwoc dinh nghia
mét ham trong mét ham khac
Cac déi muc thye sw cia ham chi cé thé chuyén bang tri cé nghia 14 tri cia
déi muc dwoc sao chép vao mét bién tam dwoc goi 1a d6i muc hinh thirc va
ham thao tac trén bién tam do

Dang tbng quat ctia mét ham nhw sau:

Kiéu

{
}

Tén_ham (cac dbi muc)

than ham

Kiéu: La kiéu cha tri ma ham sé tra vé théng qua lénh return. Tri ma ham
tra vé phai cé cung kiéu véi kiéu dat trwde tén ham, néu khong xac dinh
trwdc kiéu tra vé thi may sé mac dinh 1a kiéu int.

Tén_ham: Do nguoi dung tw dat dé nhan dién, khong dwoc dung cung
mot tén cho 2 ham khac nhau

Cdc doi muc: La danh sach cac bién dwoc phan cach bdi dau phay. Néu
ham khdng cé dbi muc thi danh sach déi muc la réng nhwng van phai cé
2 ddu méc don. VD ham main ()

Than ham: La phan ndm trong cap dau ngoac nhon { } gém mét loat cac
khai bao bién va cac cau lénh két thuc bdi dadu chdm phay. Phan than
ham cé thé réng

Vi du ham power () dwgc dinh nghia nhw sau:
Int power (int x, n)

{

}

int , p;
for (j=1;j<=n;j++)

p=p*X;
return (p) ;

Dong dau tién mé ta tén ham (power) va danh sach cac ddi muc (x va n). Cac dbi

main ()

{
}

muc nay goi la cac d6i muc hinh thirc (formal argument hoac formal parameter). bay la
céc bién trung gian tiép nhan tri ciia cac théng sb cung cép tir chwong trinh triéu goi ham.
VD trong main ()

power (2, i) ;

Khi goi ham power (2, i) dé tinh 2' thi 2 va | goi la cac déi muc thuc sy (actual

argument). Nhw vay khi goi ham power () v&i cac thong sé 2 va | thi may tinh sé bién x
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thanh 2 va n thanh i. Qua trinh sao chép céc tri tr cac dbi muc thuc sy clia chwong trinh
triéu goi sang cac déi muc hinh thirc ctia ham dwoc goi 1a truyén déi muc (parameter
passing).

Vi ham c6 thé trd vé mét tri cho chwong trinh triéu goi nhw 1a két qua thwe hién cla
ham. Do d6 kiéu cua trj trd vé phai dwoc chi rd & trwdc tén ham, néu khoéng chi rd thi kiéu
trd vé mac nhién xem nhuw 13 int.

Cac déi muc hinh thirc phai cung kiéu véi cac dbi muc thue sw khi goi ham. Cac ddi
muc hinh th&rc va cac bién khai bao bén trong ham dwoc xem nhu |a cac bién cuc bo
nghia 1a ching chi ton tai va c6 y nghia bén trong than ham.

Cau lénh return tra vé tri do power () tinh dwoc cho main (). Bat ct tri nao ctia mot
bién, hang hay mét biéu thirc déu co6 thé xuét hién bén trong dau ngodc don cla return
v&i diéu kién la kiéu cta dai lwong dé phai thich hop véi kiéu cua tri trd vé da duwoc khai
bao trén dong md ta tén ham.

Khong nhét thiét ham nao ciing phai trd vé mét tri, cau lénh return khéng cé dbi muc
trong dau ngodc sé khong trd vé tri nao ca ma chi don thuan 1a trd quyén diéu khién vé
cho chwong trinh triéu goi d& chwong trinh nay tiép tuc thwe hién cac cong viéc khac.

10.2 Chwong trinh gém nhiéu ham

Nhw da néi & trén chwong trinh C gdm mét hodc nhiéu ham, va dwong nhién moét
trong cac ham dé phai la ham main (). Ham cung cip mét phwong tién hiru hiéu dé dong
g6i mét cbng viéc cu thé nao do. Khi ham dwoc triéu goi thi cong viéc nay sé dwoc thi
hanh. Néi chung, cé thé xem ham nhuw mét cai hop den mang moét cai tén va cé thé thuc
hién mét cdng viéc cu thé nao do

Trong chwong trinh C chi cé mét ham duy nhét tén 1a main () va khéng c6 dbi muc.
Chuwong trinh dwgc bat diu thi hanh tir ham main () tré di, ham co thé triéu goi cac ham
khac tao thanh I&p ham phan thanh dang cap ham ndi két nhau

10.3 Ham c6 kiéu void ‘
Trong cac phién ban vé sau, C c6 dwa ra mét loai ham dac biét khong cé tri tra vé
dwgc goi la void, void c6 nghia la khéng ¢o hiéu Iwc. VD:

void tén_ham ()
{
}

Trong C thir tw xuét hién cac ham la khoéng quan trong

11. CAU TRUC DIEU KHIEN CHUONG TRINH

Théng thwong chwong trinh dwoc thi hanh mét cach tuan tw cé nghia la 1énh nay
dwoc thi hanh xong thi dén lénh ké tiép. Tuy nhién, ludng diéu khién thi hanh cac lénh
trong chwong trinh c6 thé bi chuyen hwédng tuy theo tinh hudng, viéc chuyén hwong nay
dugc thwe hién b&i cac cAu tric didu khién. Gibng cac ngén ngir khac C cling gdm cé 3
nhém cdy truc diéu khién chwong trinh:

1. Chéu tric tuan ty

2. CAu trac chon lwa

3. CAutric lap

Céu tric chon Iya va 1ap dwoc thuc hién dwa trén cac diéu kién, mot diéu kién sé
xac dinh mét biéu thire la dung (true) hoac sai (false)
11.1 Toan tlr quan hé ]
Cac phép tinh nay sé cho két qua la true hoac false

< nhoé hon

> I&n hon

<= nhd hon ho&c bang
>= Ién hon ho&c bang
== bang
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I= khéng bang
Trong C toan t& bang dung ky hiéu == dé phan biét v&i ky hiéu gan =. Ngoai ra, ky
hiéu <=, >=, 1= gdm hai ky hiéu lién tiép nhau nén khéng dwoc cé khoang tréng & gitra.
Cac toan tlr quan hé trén la toan t& hai ngéi nghia la hoat dong dwa trén hai biéu
thirc & hai bén toan tlr va dan dén két qua logic la true ho&c false
11.2 Toan ttr logic va biéu thirc
Trong C gdm cé cac toan ti logic nhw sau:

&& AND
I OR
! NOT

Gia str mudn chwong trinh chuyén hwéng khi thda man cung luc hai diéu kién thi
phai dung toan t&r AND

If (phai == 1 && tuoi >= 65)
Phu_nu_gia++;

Lénh if & trén c6 2 diéu kién: Diéu kién gidi tinh phai 1a ni (phai == 1), diéu kién th
hai 1a tudi phai I&n hon hodc bang 65 (tuoi >= 65). Hai biéu thirc nay phai dwoc dinh tri
trwdre vi toan tlr == va >= c6 mirc wu tién cao hon && va sau dé mé&i phdi hop véi toan tor
&& dé cho ra tri cudi ciing néu két qua la true thi tang bién phu_nu_gia 1én 1

Toan t&r && va || thudc loai toan tlr hai ngdi, nghia 1a hoat dong trén hai biéu thirc
dwa dén mét tri hoac true hodc false. Ca hai toan tlr nay xem céac toan hang nhuw 13 tri
logic.

Toan t&r pht dinh (1) la toan t&r mot ngdi. Mot sé biéu thire dung toan t&r ! nhw sau:

15 cho ra tri 0 vi 5 xem nhuv la true

10 choratri1

't cho ra tri 0 vi ‘t' coa ma ASCII Ia 16 xem nhuw |a true
3+Ix choratrila 3 néu x khac 0 ho&c la 4 néu x bang 0
15 choratri1

110 choratriO

11.3 Toan tq’ diéu kién . . ]
Toan ttr dieu kién gom 3 biéu thire, biéu thire thtr nhat va thir hai hai cach nhau boi
mot dau héi va biéu thire thir hai cach biéu thirc thir ba béi d4u hai chdm. Cu phap nhw
sau:

Biéu thirc 1 ? biéu thirc 2 : biéu thirc 3
Biéu thirc 1 dwoc ding dé quyét dinh xem mot trong hai biéu thirc nao theo sau sé
dwoc dinh tri. Néu biéu thirc 1 cho ra trj true thi biéu thirc 2 dwoc dinh tri con ngwoc lai

néu biéu thtrc 1 cho ra tri false thi biéu thire 3 dwoc dinh tri. Vi du:

X=(y<0)?-y:y; ynghia cau Iénh nay nhuv sau:

11.4 Cau tric lap
Pa sb chwong trinh may tinh déu lién quan dén viéc thi hanh 13p di [&p lai mot nhém
I&nh cho dén khi mot diéu kién chdm dit nao dé dwoc thda man. Cé hai cach dé diéu
khién vong 13p.
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1. Bang cach dung mét cai g‘fém (counter) goi la counter controlled repetition
nghTa la vong Iap duwogc dieu khieén béi mot cai dém.
2. Bang cach sir dung mét tri canh chirng (sentinel)

Theo cach thir nhét, sé 1an thwc hién vong 18p sé dwoc biét trwdc con theo cach thw
hai thi sé 1an 13p sé khong biét trwéc va cé thé 1a vo han.

V6i phwong phap thte nhat can phai cé mot bién diéu khién dung nhw mot cai dém
dé dém sb vong 18p da thwe hién, bién nay thwdng dwoc tdng 1 sau mbi vong 18p, khi tri
cla bién dat tri dat trwde thi vong 18p nglrng lai, quyén diéu khién sé dwoc trao cho lénh
ké tiép ngay sau vong lap.

Phwong phap th hai chi dwgc str dung khi:

- S6 lan lap khong biét truec.
- Trong than vong 1ap co6 1énh doc tri canh chivng méi 1an vong lap dwoc thi
hanh
11.4.1 Vong lap diéu khién bang bién dém

Vong lap nay doi hai:

1. Tén cua bién diéu khién.

2. M6t tri khéi dau gan cho bién dém.

3. Néc tdng ma bién dém sé bj thay dbi mbi khi vong I&p dwoc thi hanh. NAc tang

mac dinh 1a 1.

4. Diéu kién trdc nghiém tri cubi cung cta bién dém dé quyét dinh tiép tuc hoac

ngwng vong lap.

Vi du:

(1) #include <stdio.h>
(2) main ()

{
(3) int cai_dem = 1;
4) while (cai_dem <= 10) {
(5) printf (“%d\n”, cai_dem) ;
(6) cai_dem++ ;

}
}

Lénh s 3 khai bao cai_dem la s nguyén véi tri ban dau la 1, diéu kién tiép tuc
vong lap trong I1énh 4 sé trac nghiém xem tri g:ﬁa bien dém <= 10, vong lap sé cham dut
khi cai_dem = 11. Chwong trinh trén c6 thé viét ngan gon hon

while (++cai_dem <= 10)
Prinf (“%d\n”, cai_dem) ;

Cau truc for ‘ ,
~ Cau trac for sé ty dong lo moi viéc dieu khién vong I&p dwa trén phwong phap bién
dém. Cu phap nhu sau:

for (biéu thirc 1; bidu thire 2 ; biéu thirc 3)

<cau lénh>;
Trong do:
fo[ :La tu”khéa . ) )
biéu thirc 1 : La biéu thwc gan tri khéi dau cho bién dém.

biéu thirc 2 : Biéu thirc diéu kién cho ra tri true hoac false.
Biéu thirc 3 : La nAc tang cua bién dié khién.
<cau lénh> : Than vong lap.
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Trong than vong 13p cé thé chira mot cAu tric for khac dan dén cac vong I&p 16ng
nhau. Vi du:

for(k=1;k<=10; k++)
printf (“binh phuong cua %d la %d\n”, k, k*k) ;

Chuwong trinh sé in ra binh phwong cla 10 sé6 nguyén dwong dau tién

- Tri khéi dau, tri dieu kién va tri tang nac cé thé la nhirng biéu thirc. Gia st
c6 x =2 vay =10 thi cau Iénh sau sé twong duwong

for (j=x;j<=4*X"y ;j+=y/x)
for(j=2;j<=80;j+=5)

- Tritang néc co thé Ia am, trong truong hop nay vong 1ap sé dém thut IGi.
- Néu bat dau biéu thirc diéu kién co gia tri la false thi than vong lap sé
khéng dwgc thwe hién

Viéc sir dung toan tlr dau phdy ciing cé thé ap dung cho ca 3 biéu thirc va rat
thworng xuyén dwoc ap dung cho biéu thirc 1 va biéu thire 3, ly do 1a |ap trinh vién cé thé
dung nhiéu lénh kh&i gan ciing nhw nhiéu 1énh tang nic cung luc. Vi du trong mét ciu
trac for c6 thé cé hai bién diéu khién can khéi gan va ting néc, cac biéu thirc khdi gan va
tang nac dwoc cach nhau béi dau phay.

Cac biéu thtrc trong cu truc for ¢ thé vdng mét nhwng ddu cham phay phan cach
phai cé mat. Vi du:

t cong=0;

| =1;

for ;1 <=m;i++);
t cong +=1;

Néu cho biéu thirc 3 nam I&n vao lénh gan thi cung khéng can viét ra biéu thirc nay

t cong=0;

| =1;

for(; 1 <=m;i++);
t cong += |++;

Néu biéu thirc 2 cung bién ludn thi diéu kién bao gi® cung co tri la true va vong l&p
tré thanh vo tan

for (;;){

}
11.4.2 Vong lap dung tri canh chirng
Lénh while la 1énh co ban dé tao cau tric vong 1ap, cu phap nhu sau:

while (bidu thtre didu kién)
<lénh> ;

Lénh while dwoc thi hanh bang cach trwéc tién dinh tri biéu thirc diéu kién nam
trong dau ngodc. Néu két qua khac 0 nghia la diéu kién tré thanh true thi <lénhj> dworc thi
hanh, tién trinh nay lai I&p lai 1an niva bang cach dinh tri (biéu thirc diéu kién). Vong lap
tiép tuc cho dén khi (biéu thirc diéu kién) co trila 0
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Vi du: Poc vao mét loat sd thwe dwong rdi cong dén . Chdm dit chwong trinh khi

gap s6 am dau tién

#include <stdio.h>
#define zero 0.0
main ()
{
float so, t cong = zero ;
while (scanf (“%f”, &s0), so >= zero)
t_cong +=s0;
printf (“Tong cong la %f\n”, t_cong) ;
11.5 Cau truc chon Iwa
CAu truc lwa chon dwoc dai dién bdi Iénh if va switch
11.5.1 Lénh if
Cu phap nhv sau:

If (biéu thirc didu kién)
Lénh 1 ;

elsse
Lénh2;

Néu (biéu thirc diéu kién) cho ra mot tri khac khong (true) thi 1énh 1 sé duoc thuc

hién va chwong trinh sé tiép tuc véi 1énh theo sau Iénh if, ngwoc lai néu (biéu thirc diéu
kién) cho ra tri la O (false) thi Iénh 2 duwoc thyc hién.
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Vi du: Trao bién

if (@<b)

printf (“nguyén thdy a nhé hon b\n”) ;
else {

tam=a;

a=b;

a=tam;

printf (“trao a va b\n”) ;

CAu tric 16ng nhau cda lénh if. Vi du: chwong trinh phan loai diém nhw sau

Diém Loai

80-100 A

70-79 B

60-69 C

50-59 D

40-49 E

0-39 F

if (diém >= 80)
loai = ‘A’ ;

else if (diém >= 70)
loai = ‘B’ ;

else if (diém >= 60)
loai=‘C’;

else if (diém >= 50)
loai =D’ ;

else if ( diém >= 40)
loai = ‘E’;

else



loai = ‘F’;
11.5.2 Lénh switch
Nhw trong vi du trén cho thay viéc s6 sanh tri cia mot bién véi cac tri khac nhau
duwoc xay ra nhiéu 1an, dé thuan tién C dwa ra mét Iénh dac biét cho muc dich nay dé 1a
lénh switch, switch cé nghia la bat chuyén qua lai, switch dwoc hinh dung nhw 1a mét
cong tac xoay nhiéu vi tri. Cu phap nhw sau:

switch (biéu thirc)
{
case biéu_thirc_hang_1:
Iénh 1a;
[énh 1b ;
case biéu_thirc_hang_2:
Iénh 2a;
Iénh 2b ;
case biéu_thirc_hang_n:
Iénh na;
Iénh nb ;
default:
Iénh da;
Iénh db ;
}

Biéu thirc didu kién trong dau ngodc sé dwoc dinh tri, két qua dinh tri phai 13 kiéu
nguyén ké ca kiéu char. Cac biéu thirc hang & tieng trwong hop sau tr khéa case
(thwéng dwoc goi la case labels) ciing phéi 1a mét s nguyén va khong thé coé hai sb
nguyén trung nhau.

Khi thwe hién 1énh switch thi trwdc tién biéu thirc ndm sau tir switch dwoc dinh tri.
Tri két qua sau dé dugc dem so sanh véi tirng case label, néu bang nhau thi quyén diéu
khién sé dwoc trao cho 1&nh dau tién trong nhom case label nay va tat ca cac 1énh ké tw
day cho dén cubi switch sé duwoc thi hanh. Vi du:

n=2;
switch (n)
{

case 1: printf (“mét\n”) ;

case 2: printf (“hai\n”) ;

case 3: printf (“ba\n”) ;

case 4: printf (“bdn\n”) ;

default: printf (“default\n”) ;
}

printf (“cudi switch\n”) ;
Biéu thire diéu kién & day 13 tri clia n = 2. Két qua chwong trinh nhw sau:

hai

ba

bén
default
cubi switch
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Lénh trong case label co thé Ia mot Iénh rdng. Néu khong cé biéu thirc hang cua
case label nao bang voi tri cta biéu thire dieu kién thi cac Iénh clia default sé dwoc thi
hanh. Trong vi du trén néu n = 7 thi két qua sé nhw sau

default
cudi switch

Tw default va cac 1énh lién quan la tuy chon cé nghia la khéng c6 ciing dwoc. Néu
tri cGa biéu thirc diéu kién khong béng véi bat cua biéu thirc hdng ndo va trong truwdng
hop nay cling khéng cé default thi cac Iénh trong switch sé khéng dwoc thi hanh.

11.5.3 Lénh break

Nhw da trinh bay & trén khi quyén diéu khién trao vé& cho trwong hop case label
bang v&i tri ctia bidu thirc didu khién, thi viéc thi hanh sé bat dau tr dé cho dén cudi
switch. Tuy nhién, thong thwdng Iénh switch dwgc sir dung nhw la mét phwong thirc lwa
chon nhiéu chiéu. Mét khi quyén diéu khién dwoc trao cho mét case label thi chi nhirng
lénh thudc case label nay dwoc thi hanh réi nhay vé cudi switch bé qua nhirng I&nh cla
céac case label khac. Viéc nay dwoc thwe hién bang cach dat tiép theo sau I&énh cudi trong
case label mét 1énh break. Vi du:

n=3;
switch (n)
{
case 1: printf (“mét\n”) ; break ;
case 2:;
case 3: printf (“hai hoac ba\n”) ; break ;
case 4: printf (“bén\n”) ; break ;

}

printf (“cudi switch\n”) ;
sé cho két qua nhw sau:

hai, hoac ba
cubi switch

Thuec ra trong case 4 khéng can 1énh break

12. TRINH DICH C51

Trinh dich C51 dwoc t6i wu héa dé 1ap trinh cho ho vi diéu khién 8051, chuong trinh
lam viéc theo chuan ngdén ngtr ANSI-C va dwoc mé rong dé thich hop véi cu tric dac
biét ctia 8051. Trinh dich C51 tao ra file déi twong, file nay duwoc xi ly tiép bdi trinh lién
két L51. Dong thoi file liét ké cling dwoc tao ra sau khi bién dich gbm mot bang liét ké
dwoc dinh dang kém véi file nguén la danh sach cac ky hiéu, cac tham chiéu chéo va cac
thdng bao 16i, file liet ké dung dé in va dinh vi 16i cé trong file nguén

C6 thé goi C51 theo dong lénh sau day :

C51 [dwdng dan] file_name [ddieeuf khién bién dich]

e Duodng dan : Co thé dwoc dung khi file nguén khéng nadm trong thu muc hién
hanh

e File_ name : Tén file nguén can bién dich. Phdi c6 phan mé& rong VD :
PROG1.C51

« Diéu khién bién dich : Hwong dan hoat dong cua trinh bién dich. Cac diéu khién
bién dich cling c6 thé duwgc dat trong file nguon
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12.1 Pidu khién bién dich
Cac diéu khién nay chi anh hwéng dén cach lam viéc cia trinh dich C, chiing c6 thé
duwoc goi truc tiép tlr dong Iénh hodc dwoc dat trong file ngudn. Cac diéu khién nay duoc
chia thanh 2 nhém:
e Diéu khién so cap: Puoc goi trwc tiép tr dong 1énh hodc trong file ngudn

nhwng chi cho phép dat tén mét 1an trong méi file ngudn va chidng sé anh

hwéng dén toan bod qua trinh dich.

e Diéu khién thir cAp: Chi dwoc dat trong file nguén nhwng lai cho phép ap

dung nhiéu lan.

Cu phap cac diéu khién d&t trong file ngudn cé dang nhw sau:

#pragma diéu_khién

Vi du:
#pragma large debug code objectextend
#pragma optimize (4, size)

12.1.1 Cac diéu khién so’ cap

LISTINCLUDE

Ghi tén cac file include vao mét danh sach
e Mac dinh: NO LISTINCLUDE
e Viéttat: LC, NOLC

Vi du:

C51 VIDU.C51 LC

#pragma LISTINCLUDE

BANG 1.1 Céc diéu khién bién dich

File

Dong

Tén Viét tat Mac dinh N " Loai
nguon Iénh

[INOJLISTINCLUDE [NOJLC NOLC YES YES | So cép
[NOJSYMBOLS [NOJSB NOSB YES YES | Socap
[INOJPREPRINT [NOJPP NOPP NO YES | So cép
[NO]JCODE [INOJCD NOCD YES YES | So cép
[NOJPRINT [NOJPR PR(file name)LST YES YES | So cép
[NOJCOND [INOJCO cO YES YES | Socap
PAGELENGHT PL PL(69) YES YES | So cap
PAGEWIDTH PW PW(80) YES YES | So cép
[INO]JDEBUG [NO]DB NODB YES YES | So cép
SMALL SM SM YES YES | So cép
COMPACT CP — YES YES | Socap
LARGE LA — YES YES | So cép
[INOJINTVECTOR [NOJIV IV YES YES | So cép
[NOJOBJECT [NOJOJ OJ(file name.OBJ) YES YES So cap
OBJECTEXTEND OE — YES YES | So cép
ROM ‘—‘ ROM(LARGE) YES YES | So cép
[INOJEXTEND — EXTEND YES YES | So cép
SAVE — — YES NO | Th cap
RESTORE — — YES NO | Th cap
OPTIMIZE oT OT(5,speed) YES YES | Th cap
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EJECT EJ — YES NO | Th cap
[NOJREGPARMS [NOJRP RP YES YES | Thir cép
REGISTERBANK RB RB(0) YES NO Th cap
[NOJAREGS [NOJAR AR YES YES | Th& cap
DISABLE — — YES NO Tht cap
DEFINE DF — YES YES | Thr cap
SYMBOLS
Hwéng dan nay bao cho trinh dich C dwa vao mét danh sach tat ca cac ky hiéu da
str dung.
e Mac dinh: NOSYMBOLS
e Viéttat: SB, NOSB
Vi du:

C51VD.C51 SB
#pragma SYMBOLS

PREPRINT ] i )
Ra Iénh cho C tao mét file liét ké co tén gidng file ngudn v&i phan mé réng la LI

Trong d6 khong c6 phan ghi chl va cac chi thi tién xt Iy, co thé thay dbi tén file liét ke
bang cu phap PREPRINT (name). Théng so nay chi dwgc goi trong dong Iénh.

e Mac dinh: NOPEPRINT.
e Viéttat: PP, NOPP.

Vi du:

C51.VD.C51 PP (test.LI)

CODE

Dich ra ma assemler cla tirng Iénh C twong ng trong file liét ké
e Mac dinh: NOCODE.
e Viéttat: CD, NOCD.

Vi du:

C51VD.C51 CD

#pragma CODE

PRINT
Thdéng thuwdng trinh dich C tao ra mét danh sach va dat trong file “source.LST” v&i

thong s& PRINT (name.ext) cé thé tao danh sach nay trong mét file bat ky.
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e Mac dinh: PRINT (source.lst)
e Viéttét: PR, NOPR

Vi du:
C51 VD.C51 NOPR
#pragma PRINT (listing.prn)

COND




Théng sb nay xac dinh doan chwong trinh da dich cé dwoc nhap vao file list hay
khong. V&i COND c6 nghia 1a doan chwong trinh khéng dwoc ghi vao file list. Nhwng dé
c6 dwoc sy trinh bay tdng quat tét hon thi khéng can danh sé dong va mae d6 16ng nhau.

e Mac dinh: COND
e Viéttit: CO, NOCO

Vi du:
C51VD.C51 CO
#pragma NOCOND
PAGELENGHT ) . )
DOi s6 nay thiét 1ap s6 dong trong mét trang bao gom ca cac dong trong va dong
tiéu dé trong file list.
e Mac dinh: PAGELENGHT (69)
e Viéttat: PL
Vi du:
C51 VD.C51 PL (65)
#pragma PL (70)

PAGEWIDTH ) ]
Théng sO nay xac dinh sO lvgng Ky tw trén moét dong. Néu dong qua dai thi sé bi

e Mac dinh: PAGEWIDTH (132)
o Viéttat: PW

Vi du:
C51 VD.C51 PW (80)
#pragma PW (75)
DEBUG , , ,
Trinh dich C sé thém cac thong tin g& roi vao file doi twong nhw: SO thir tw dong va
cac ky hiéu dé phuc vu cho qua trinh tim 16i chwong trinh vé sau
e Mac dinh: NODEBUG
e Viéttat: DB, NODB
Vi du:
C51VvD.C51 DB
#pragma DEBUG
SMALL / CO/\{IPAC‘T/LARGE .
Cac huwédng dan diéu khién nay thiét 1ap kieu bé nhé cho vung nhé dir liéu
e SMALL: D4t tat ca cac bién trong ving nhé noi
e COMPACT: Tét ca cac bién dwoc dat trong bd nhd ngoai va ap dung

cach dinh dia chi ngén dé truy cap (MOVX @RO / R1), d6 I&n vung di liéu
duwoc gidi han trong pham vi 256 byte (1 trang)
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e LARGE: Toan b6 cac bién dwoc dat trong bé nhé ngoai va ap dung cach
dinh dia chi dai (DPTR), vung nh¢& di liéu cé do I&n dén 64 KB.

e Mac dinh: SMALL
e Viéttat: SM, CA, LA
Vi du:
C51 VD.C51 LA
#pragma COMPACT
INTVECTOR ] ) ]
Trinh dich C tao ra vecto ngat cho méi phuc vu ngat tai vi tri twong rng
e Mac dinh: INTVECTOR
e Viéttat: IV, NOIV
Vi du:
C51 VD.C51 NOIV
#pragma NOINTVECTOR

OBJECT , ,
biéu khién OBJECT (“file name”) bao cho C tao ra file doi twgng c6 tén mong muodn.

Gia tri mac dinh la tén va dwdng dan cua file nguén véi phan mé réng 1a .OBJ

o Mac dinh: OBJECT (source.obj)
e Viéttat: OJ, NOOJ

Vi du:
C51 VD.C51 OJ (test.obj)
#pragma NOOJ

OBJECTEXTEND
Thém vao thong tin vé kiéu cta cac ky hiéu trong file ddi twong (dinh dang INTEL-

OMF), théng tin nay gitp cho viéc hién thi cac bién dwoc ré rang hon trong trinh gé rdi
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e Mac dinh: Khdng cé thdng tin mé réng
e Viéttat: OE

Vi du:

C51VD.C51 OE

#pragma OBJECTEXTEND

EXTEND

Cho phép trinh dich C mé& réng cac Iénh dac biét C51 trong mai trwdng ANSI - C
e Mac dinh: EXTEND
e Viét tét: Khong co.

Vi du:



C51 VD.C51 EXTEND

#pragma NOEXTEND ,
12.1.2 Cac diéeu khién thr cap

SAVE va RESTORE o
Hwong dan SAVE Iwu trir cac cai dét cla cac didu khién OPTIMIZE, AREGS va
REGPARMS, huéing dén RESTORE phuc hdi cac cai dat da luu trir.

Vi du: Khi can thay déi cac cai dat trong file head
e Mac dinh: khéng c6.
e Viét tdt: Khong cé

Vi du:

[** file: Wait.h **/
#pragma ot (5, speed)
void wait_5ms (void)
{
unsigned int counter;
for (counter = 0; counter < 5000; counter++)
: [** 1énh rbng **/

/** két thuc file wait.h **/
[** VD1.C51 **/

#pragma ot (4, size)
#pragma SAVE
#include <wait.h>
#pragma RESTORE

void main (void)

[** chwong trinh chinh **/

}

OPTIMIZE

Thiét lap mtre t6i wu hda, mirc cao ludn téi wu hon mirc thap
e Mac dinh: OPTIMIZE (5, size)
e Viéttat: OT

Vi du:

C51 VD.C51 OT (4, speed)
#pragma OT (2, size)

EJECT

Tao moét ngét trang trong file liét k&, chi khai bao trong file ngué“)n.
e Mac dinh: Khéng c6
e Viéttdt: EJ

Vi du:

Void wait_5ms (void)

{

unsigned int counter;
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for (counter = 0; counter < 5000; counter++)

}
#pragma EJ

void main (void)
{

/** chwong trinh chinh **/

}

REGPARMS
V6i hwéng dan nay trinh dich C sé chuyén tir cac 161 goi ham dén 3 bién trong cac
thanh ghi dé& c6 thé tiép tuc st dung cac ham trwdc dé. C6 thé vo hiéu hoa tly chon nay
bang cu phap NOREGPARMS
e Mac dinh: REGPARMS
e Viéttat: RP, NORP
Vidu:
Void funktion1 (int zahl) ;
Int funktion2 (char z, int a) ;
#pragma NORP
char funktion_alt (char a, char b, char c) ;
#pragma RP

REGISTERBANK
Chi dan nay la co s& tinh toan dia chi tuyét déi clia thanh ghi bang cach dinh dia chi
truc tiép, co thé dwoc dung nhiéu 1an trong chwong trinh ngudn. Tuy nhién, phai d&t bén
ngoai Iénh goi ham. Nén nhé& réng cac ham dwoc goi ty str dung cac day thanh ghi néu
khéng gia tri trd vé va gia tri chuyén giao sé ghi sai day thanh ghi. Khac véi USING n,
didu khién REGISTERBANK khong tw dong thay dbi day thanh ghi
e Mac dinh : REGISTERBANK(0)
o Viéttit: RB
Vidu:
#pragma RB(1)
void wait_5mS(void)
{

unsigned int zaehler ;

for (zaehler = 0 ; zaehler < 500 ; zaehler++)
; [* trong */
}

void main(void)

{

I* chwong trinh chinh */
rb0 = 1 ; /* chuyén sang day thanh ghi 1 */
rb1=0;
wait_5mS( ) ;

.5

}

AREGS
Diéu khién nay yéu cau trinh dich tdi wu héa ma I&énh tao ra khi dinh dia chi trwc tiép
cac thanh ghi. VD : PUSH va POP
e Mac dinh : AREGS
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e Viéttit: AR, NOAR

Vidu:
#pragma AREGS

; Lénh hop ngly
PUSH ARG
PUSH AR7

#pragma NOAREGS

; Lénh hop ngly
MOV A, R6
PUSH ACC
MOV A, R7
PUSH ACC

DISABLE
Diéu khién DISABLE phai dwoc dat truéc mot ham dé cAm tat ca cac ngat trong
thoi gian thwe hién ham. Ham cé thé khong tra vé gia tri bit do PSW dwoc cat khi goi ham
¢ Mac dinh : Khéng c6
e Viéttat: Khong co

Vidu:

#pragma DISABLE

/* cAm tat ca cac ngat */
void wait_5mS(void)

{

/* cat PSW */
unsigned int zaehler ;
for (zaehler = 0 ; zaehler < 5000 ; zaehler++)
: [* tréng */

/* phuc héi PSW */

}

void main(void)

[* chwong trinh chinh */
wait_5mS( ) ;
[l

}

DEFINE
Qua trinh tién xt& ly c6 thé dwoc didu khién bdi DEFINE. Chi dan nay dwoc thuc
hién trwde khi bién dich. Qua trinh tién xt ly cé thé xt ly cac Iénh tiép theo sau

o #define DINH DANH BIEU THU'C dinh nghia mét tén cho biéu thirc sau d6 tén
nay khi dwoc trong file nguén sé dwoc thay bang biéu thirc da dingh nghia

e #undef BINH DANH x6a dinh danh

e defined (DINH DANH) taora néu #if- hodc #elif- lénh DUNG hodc khong tao ra
néu SAl

e #if BIEU THU'C. Néu thda man diéu kién thi dich doan chwong trinh theo sau

o #elif BIEU THUC néu diéu kién trudc #if-léenh SAIl va diéu kién cla #elif-Iénh
dwoc théa thi dich doan chwong trinh theo sau
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#else néu diéu kién trwdc #if-lénh hoadc #elif-lénh SAI thi bién dich doan chwong
trinh theo sau

#ifdef DINH DANH néu dinh danh d3a dinh nghia thi dich doan chwong trinh theo
sau

#ifndef DINH DANH néu dinh danh khong dwoc dinh nghia thi dich doan
chuwong trinh theo sau

#endif phai dwoc dat sau mdi phat biéu #f. Nén lvu y dén ky tw hoa hozc
thwong khi viet DINH DANH va BIEU THUC

Mac dinh : Khdéng c6

Viét tat : DF

Vidu:
#define ENDLOS while(1) ; /* vong lap ENDLOS */

ENDLOS /* ng dung dinh danh */

#define DEMO

#ifdef DEMO

#include <demo.h>
#else

#include <profi.h>
#endif

12.2 Cac kidu di¥ lidu dic biét trong 8051

Trinh dich C51 nhan biét tat ca cac kiéu di¥ liéu dwoc xac dinh thoe chuan ANSI-C.
Dé co thé chuyén cac phép tinh sang cau tric dic biét cia 8051 can phai thém cac mé
rong vé dinh nghia bién

Bang cach nhap kiéu bé nhé, mbi bién co thé dwoc dat vao cac vung dia chi
khac nhau ctia 8051 khoéng phu thudc vao ciu hinh bd nhé da chon.

Kiéu sfr hodc sfr16 dwoc dung dé mé ta thanh ghi d&c biét ciia 8051

Kiéu sbit dwgc dung dé dinh nghia cac bit tuyét dbi trong vung thanh ghi chirc
nang dac biét.

Day thanh ghi s& dung dwoc cho biét trwdc dbi véei mdi ham.

Kiéu bo nh&

Néu khéng cho biét kiéu bd nhé. Cac bién ty dong dwoc dét vao ving dia chi cho
trwéc trong cdu hinh bé nhé. Nham muc dich téi wu héa chwong trinh, cac bién xac dinh
duwoc dat trong mot khdng gian dia chi xac dinh. Qua do6 cé nhiing kha nang nhw sau :

Mo ta cip bo nhé kiéu bd nhé
M6 t& cép bd nhé

M6 ta kiéu bd nhé

Mb ta

Céc cp bd nhé cho phép

Auto
Static
Register
Extern

Vidu:

Static char counter ;



Extern xdata long ket_qua ;
Register alarm_value ;

Céc kiéu bd nhé cho phép
Code

Bit

Data

Bdata

Idata

Pdata

Xdata

Data : 00h — 7Fh, b6 nhé trong dia chi tryc tiép

Idata : 00h — 7Fh (FFh), bd nhé trong dia chi gian tiép

Bit : 00h — 7Fh, bd nhé& trong dia chi bit

Sbit : 00h — FFh, b nhé trong dia chi bit va vung SFR

Bdata : 20h — 2Fh, dia chi byte ctia b nhé trong dia chi bit
Sfr : 80h — FFh, viing nhé sfr dia chi truc tiép

Sfr16 : 80h — FFh, 16 thanh ghi sfr dia chi tryc tiép

Pdata : 00h — FFh, b nhé ngoai dia chi gian tiép (trang)
Xdata : 0000h — FFFFh, bd nh& ngoai dia chi gian tiép

Code : 0000h — FFFFh, bd nhé& chwong trinh dia chi gian tiép

B6 nhé hing
FFh
FFFFh
FFFFh
sfr
sfr16
idata sbit
80h
] xdata
80h
7Fh
data
idata
30h
2Fh
bit/sbit/bdata FFh
Data/idata
pdata
20h |—
1Fh oon
RBO0-3
data/idata
RAM noi
nel RAM ngoai
Hinh 1.1 Kiéu bo nhé va dia chi
Vidu:

code

e

B& nhé chwong trinh
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Static data char counter ;
Extern xdata int loop_count ;
Idata char string1[20] ;

Bit alarm ;

CODE
Cac bién da dwoc dinh nghia véi kiéu bdé nhé CODE chi cho phép doc, cung x nhw

cac hang sb, chung dwoc dat trong bdé nhé chwong trinh cla vi diéu khién.

Vidu:
Static code char error[ ] = { “phim khong cho phep” } ;
Code int MAX_COUNT =10;

BIT
Céc bién kiéu BIT dworc trinh dich dwa vao bd nhé trong tir dia chi 20h dén 2Fh,

chung chi thich hop voi cac kiéu bd nhé DATA, BDATA va IDATA, khong cho phép dinh
nghia bién bit cho con tré (bit *bit_ptr ;) cling khéng dwgc dinh nghia mang con tré (bit
bit_array[4] ;)

Vidu:
Extern bitY_N ;
Static data bit back_light ;

DATA
Céc bién c6 kiéu bd nhé DATA dwoc dat trong bd nhé dir liéu ndi tr dia chi 00h dén

7Fh, vi viing nhé nay rat hep va déi véi hdu hét cac ho vi diéu khién 8051 khong tén tai

vung

nhé bat diu tiv dia chi 80h, nén ngan xép ciing dwoc dat trong viing nhé nay nén &

day chi thwong dwoc dung cho cac bién Vi du : B& dém va con trd.

Vidu:
Data char *string_ptr ;
Data char counter ;

BDATA
Vé&i cac bién dwoc dinh nghia kiéu BDATA, ching dwoc trinh dich d&t vao bd nhé

ndi tir dia chi 20h dén 2Fh, kiéu bd nhé nay khéng dwoc ding trong cac cAu trac.

Vidu:

Bdata char bitfield ;
Sbit bit0 = bitfield*0 ;
Sbit bit1 = bitfield* ;
Sbit bit2 = bitfield*2 ;
Sbit bit3 = bitfield*3 ;

IDATA
Céc bién kiéu IDATA dwoc d&t & bd nhd di liéu trong tir dia chi tv 00h dén 7Fh.

Vi cac vi diéu khién cé bd nhé div liéu trong la 256 byte thi vung dia chi tlr 80h dén FFh
cling dwoe dung cho IDATA. Céac bién IDATA duoc truy cap gian tiép qua thanh ghi RO

va R1
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Vidu:

Idata char array [5] ;

PDATA



Vung nhé PDATA nam trong bd nhé di liéu ngoai va cé do Ién 256 byte. Cac bién
kiéu nay dwoc dinh dia chi théng qua thanh ghi RO va R1. cac trang trong bd nhé nay
dwgc cd dinh trong file STARTUP.A51. Trang c6 thé dwoc thay ddi béi SFR P2. Tuy
nhién, sau dé né phai dwoc sap xép dé ludn phu hop véi bién da dat.

Vidu:

Void test (void)
{
pdata char c;
P2 =1; /* dat trang 1*/
c=c+2;
P2=0; /" dattrang O */
}

XDATA )

Cac bién kiéu XDATA dugc dat trong bd nhé div liéu bén ngoai c6 do Ion dén 64
Kbyte, cac bién nay dwogc truy cap thdong qua con trd dir liéu DPTR nén thoi gian xtr ly
cham

Vidu:

Xdata char buffer [300] ;

Struct TIME

{
unsigned char sec ;
unsigned cha min ;
unsigned char hour ;
unsigned char day ;

}
xdata struct TIME times [100] ;

Xt ly thanh ghi chirc nang dac biét (SFR)

Céc thanh ghi diéu khién khdi ngoai vi tich hop ctia 8051 nam trong vung thanh ghi
chtrc nang déc biét, dé truy cap truc tiép C51 khong dung cac dinh nfghia ciia ANSI-C ma
thay vao do la cac tir dinh san sfr va sfr16. Phwong phap nhu sau :

e Sfrname = hang s6 ;

e Sfr16 name = hang s ;

Name 13 tén tuy chon. Trong khi hang sé la gia tri cho phép tir 80h dén FFh. Déi voi
cac vi diéu khién théng dung nhéat, cac mo ta sfr dwoc chlra trong cac file h trong méi
trwéng phat trién ctia chwong trinh dich.

Déc biét dbi v&i cac ho vi diéu khién 8051 méi hon cac thanh ghi chirc ndng dac
biét thwerng co dod dai 16 bit nén dé tang hiéu qua truy cap thuong phai dung cac dinh
nghia sfr16. Viéc ap dung sfr16 cling cho phép khi phan cao cla sfr theo sau ngay phan
thap. sau do6, dé& xac dinh phai cho biét dia chi phan th4p cta bién

Vidu:

Sfr PO = 0x80 ; /* dinh nghia port 0 */ ) ) )
Sfr16 T2 = 0xCC ; /* thanh ghi Timer2: Phan thap CCh, phan cao CDh */

Muc nhap sau dau “=" khéng phai 1a mét chi dan ma la moét mé ta cho biét dia chi
cla cac thanh ghi chirc nang dac biét.
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Xw ly cac sfr dia chi bit .
Mot so thanh ghi chirc nang dac biét cho phép truy cap dia chi bit nham muc dich

don gian viéc truy cap nay trinh dich C51 cung cap mot kha nang mé ta bit d&c biét.

e Sbit sbit_name = sbit_adr ; )
Trong dé, sbit_name la bat ky, tén bién tuy chon. sbit_adr dwgc dinh nghia nhw sau

e Sfr_name”const : Mot bién dinh nghia véi sfr.
e Const1*const2 : M6t dia chi byte.
e Const : Mot dia chi bit

Vi du tng dung cach 1 :

Sfr PSW = 0xDO ;

Sbit OV = PSWA2 ;

Sbit CY = PSWA7 ; )
Trong do6 const nhan gia tri tv 0 dén 7

Vi du tng dung cach 2 :

Sbit OV = 0xD0"2 ;
Sbhit CY = 0xDO0OA7 ;

Trong d6 const1 1a dia chi trong vung ttr 80h dén FFh va const2 1a tr 0 dén 7
Vi du tng dung cach 3 :
Sbit OV = 0xD2 ;

Sbit CY = 0xD7 ;
Trong d6 const la dia chi bit cia cac bit dwgc dia chi héa. Cac bit nay phai & trong

vuing tr 80h dén FFh.

S dung con tré . . )
Giong nhw ANSI-C. Trinh dich C51 cling c6 thé dung con tré. Bé tinh toan dwogc cau

trac dac biét ctia 8051, cé hai kiéu con tré dwoc cung cap :

e Con trd tbng quat
e Con tré xac dinh b6 nh&

Con tré téng quat ,
Con trd tdng quat cho phép tat ca cac viing bé nhé ngoai tri BDATA. Tai vi kiéu bd

nhé phai dwoc dat trong con tré. M6t con tré tng quat dwoc dinh nghia nhu sau :
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e SP_TYP_PTR DATYP *VAR_NAME ;

Trong do,

e SP_TYP_PTR: Vung bd nhé noi dat bién con trd. Co6 thé 1a cac kiéu data, idata,
pdata, xdata.

e DATATYP : Kiéu di¥ liéu cta bién ma con tré chi dén. T4t ca cac kiéu dwoc dinh
nghia trong ANSI-C

e VAR_NAME : Tén b4t ky theo chuin ANSI-C



Kiéu bd nhe
Address+0 Kidubo nhé : 01 idata
02 xdata
03 pdata
04 data
Address+1 Byte cao con tro 05 code
Céc kiéu bd nhé cho phép
Address+2 Byte thap con trd
0x02
e
Vi du : Con trd dén dia chi 0x12
1234h trong b6 nhé div
liéu ngoai
0x34

Hinh 1.2 CAu tao con tré tdng quat

~ Controd tbng quat ludn c6 do dai la 3 byte. Cac kiéu b nhé chi cho phép t
gia tri 1 dén 5, Cac gia tri khac sé dan dén mot dac tinh ctia chwong trinh chwa dinh
nghia.

Con tr6 hang ] ]
Deé co thé truy cap mot cach don gian den cac dia chi ngoai vi, con tré co thé duoc
dinh nghia bang dia chi tuyét doi

« #define VAR_NAME ((DATATYP*)OXABBBBL)

Trong d6:

e DATATYP : Kiéu di¥ liéu ctia bién ma con tré chi dén. La tat ca cac kiéu dwoc
dinh nghta trong ANSI-C

e VAR_NAME : Tén dwoc chon bét ky theo chuidn ANSI —C

e A : Kiéu bd nhé gidng nhw véi con tré tdng quat (1 = idata, 2 = xdata, 3 = pdata,
4 = data, 5 = code).

e BBBB : Dija chi tuyét di ctia khdi ngoai vi.

L : Ky hiéu cho biét dja chi dwoc cho 13 loai long

Vidu:

#include <absacc.h>
#define LCD_DATA_WR ((unsigned char*)0x28001L /* ghi di liéu hién thi LCD */
#define LCD_CONT_RD XBYTE [0x8000] /* doc diéu khién hién thi LCD */
#define busy 0x01 /* trang thai ctia bd hién thi LCD */
code unsigned char string [ ] = {“TEST TEXT\0"} ;
void main (void)
{
unsigned char | ;
for (I1=0;string [i]! =0 ; i++)
{
LCD_DATA_WR [0] = string [i] ; /* ghi chudi ky hiéu vao LCD */
Do {
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} while (LCD_CONT_LCD == busy) ; /* cho dén ky hiéu ké tiép */

}
}
LCd display
WR RD | DO-7 adrss
A
8051
(&
P1

Hinh 1.3 So dd khéi bd digu khi&n hién thj LCD

M6t vai macro dwoc dinh nghia trong file h ABSACC.H ndm trong méi trwdng phat
trién cta chwong trinh dich gitp don gidn qua trinh truy cap dén cac vung nhé khac nhau
dwoi dang byte hodc word mét cach don gian, trong vi du trén cé dung macro XBYTE
dwgc dinh nghia nhw sau :

#define XBYTE ((unsigned char *)0x20000L)

Sau d6 con trd c6 thé dwgc dinh nghia véi mot diéu khién bién dich tiép theo,
(LCD_CONT_RD) ¢6 thé dwoc lam viéc truc tiép.

#define CONST_PTR PTR_MACRO [OFFFSET]

Trong d6:

e CONST_PTR : Tén bét ky theo chuan ANSI-C

e PTR_MACRO : M6t macro con tré dwgc dinh nghia trong ABSACC.h (VD :
XBYTE)

e OFFSET : Dja chi con tré chi dén trong vung nhé twong &ng.

Vidu:

#define LCD_CONT_RD XBYTE [0x8000] /* doc d@ liéu hién thi LCD tai dia chi
8000h */

do { , -

} while (LCD_CONT_RD == busy) ; /* ch& dén ky hiéu ké tiép */

Nguworc lai, néu st dung mét con tré tdng quat thi chi cé thé nhap vao dia chi offset

« GEN_PTR [OFFSET] = VALUE

Vidu:

#define LCD_DATA_WR ((unsigned char *)0x28001L) /* ghi d liéu hién thi LCD
vao dia chi 8001h */
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LCD_DATA_WR [0] = string [i] ; /* ghi mot ky hiéu vao LCD */

St dung con tré xac dinh bé nhé
Vi con tré xac dinh bd nhé, ving nhé cla bién noi ma con trd chi dén phai dwoc
dinh nghia trwéc trong file ngudn. Qua d6 ma lénh hiéu dung cé thé dwoc tao ra bdi trinh
dich ma khéng can goi thw vién vi ma lénh tryc tiép cho con trd duwoc phat sinh trong
vung nh& da dinh nghia.
Con trdé xac dinh bé nhé dwoc dinh nghia theo cac cach sau :
e SP_TYP_PTR DATATYP SP_TYP *VAR_NAME ;
Trong d6:
e SP_TYP_PTR : Vung nh¢ trong dé dat bién con tré. D6 la data, idata, pdata,
xdata
e DATATYP : Kiéu d¥ liéu cta bién ma con trd chi dén Ia tat ca cac kiéu dwoc dinh
nghia trong ANSI-C
e SP_TYP : Vlng nhé con tré dinh dia chi. Cac kiéu dwoc st dung 13 : data, idata,
pdata, xdata, code.
e VAR_NAME : Tén bat ky theo chuan ANSI-C

Vidu:
Gen_ptr_test ()
{
data char data *ms_ptr ;
data char var1, var2 ;
ms_ptr = &var1 ; /* dong 1 */
var2 = *ms_ptr ; /* dong 2 */
}
; ma hgp nglr clia doan chwong trinh trén
; dong 1
mov  R7, #LOW var1
mov  ptr, R7
; dong 2
mov RO, ptr

mov  var2, @RO0

Néu nhap SP_TYP la data, idata, pdata thi con tré chi dwoc lwu vao mét byte trong
vung nhé dinh nghia b&i SP_TYP_PTRNéu SP_TYP la xdata ho&c code thi bién con trd
dwoc dung 2 byte.

Trong vi du trén cho thdy con trd xac dinh bd nhé *ms_ptr tréd dén cac bién trong
vung nhé data. Chinh con tré cling nam trong vung nhé data. Ty doan ma hop nglr duoc
tao ra cho thay con tré chi dwoc dung cho cac bién trong ving nhé data. Néu thr ding
con tré dé chi dén mét bién trong viing nhé khac thi trinh dich sé tao ra canh bao.

Cac bién chéng nhau

DPé st dung t6t hon bd nhé dir liéu han ché cta 8051. Trinh lién két sé tao mot sw
chéng 1én nhau vé khoéng gian nhé dbi véi cac bién byte. Cac bién nay cé thdi diém st
dung khac nhau. Trinh dich C sé danh dau vung nhé xac dinh la “cé thé chong” tuy thudc
vao cau hinh bd nhé da chon. Céac ky hiéu nhan dang nhw sau :

e Céu hinh bd nhé SMALL — ving nhé data dwoc phép chéng

e Céu hinh bé nhé COMPACT — viing nhé pdata dwoc phép chéng

e Cé&u hinh bd nhé LARGE — ving nhé xdata dwoc phép chéng.

MGi cau hinh bo nhé cling chi c6 mét viing nhé cho cac bién byte dwoc chong
nhau. Vung nhé& bit trong moi cau hinh bé nhé dwgc chong nhau
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Néu mot ham dwoc chi dinh trong mét cau hinh bo nh& khac, khi dwoc dinh nghTa
cho don thé chwong trinh thi cac bién trong vung nhé da dwoc chon cho ham ciing sé
dwoc danh dau cho phép chdng. Ti d6 dan dén kha nang c6 nhiéu ving nhé trong mot
modul chong nhau hon. Sau dé trinh lién két sé chéng cac ving nhé cla cac bién va
thong sé clia cac ham khéng tw goi 1an nhau.

Ham chinh \

\

Ham con 1 Ham con 2
] L

v

Ham con 5
Ham con3
S Ham con 4
L

Viing di¥ liéu ctia ham con 1 va 3 c6 thé dwoc chéng khi goi ham con
2, viing di liéu cia ham con 4 va 5 khéng duwgc phép chong vi
chiing duoc goi bdi ham con 2. Néu ham con 4 dwoc goi thi ving dir
liéu ctia ham con 3 va 5 ¢c6 thé duoc chdng

Hinh 1.4 Sw chdng nhau gitra cac bién

Néu cac ham dwoc goi gian tiép thédng qua con tré thi trinh lién két c6 thé khong
nhan ra va dan dén tinh hudng chdng nhau khéng mong mudn. Trong trwéng hop nay
trinh lién két phai dwoc cung cép thém cac tham khao théng qua théng sb diéu khién bién
dich OVERLAY

12.3 Goi ham trong 8051

Viéc goi ham mé& réng mét vai dinh nghia trong trinh dich C51. Chung mang c4u

tric dac biét cho viéc tinh toan 8051 va tao ra mét ma l1énh hiéu qua

[static] [erg_typ] ten_ham ([datatyp] [var_name] [,...])
[model] [reentrant] [interrupt n] [using n]

{}

Cac dinh nghia in nghiéng la cac mé réng dac biét cho 8051

e Model : C6 thé dwoc nhap la small, compact va large nhdm gidp bién dich cac
ham cé céu hinh bd nhé dinh s&n khéng dung.

e Reentrant : M6t ham dwoc danh dau nhw thé cé thé dwoc goi

e Interrupt n : ham ngét, n la sé hiéu ngat

e Using n : Chuyén sang day thanh ghi n khi goi ham, tr& vé day thanh khi cii khi
thoat ra khéi ham

Néu ap dung cac dinh nghia model va reentrant ching phai dwgc khai bao khéng
nhirng khi dinh nghia ma con trong lic mé ta ham
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Khi khai bdo model ltic dinh nghia ham, cac bién ca cac khéi théng sb6 dwoc danh
d4u 1a OVERLAYABLE nhd d6 ching c6 thé dwoc chdng lén cac ving nhé khac nhe
trinh lién két.

Bang cach s dung reentrant mét ngan xép déac biét 'sé dugc dat trong ham, tay
theo cau hinh b nhé la small, compact hoac large, ngan xép nay sé nam trong IDATA,
PDATA hoac XDATA, cac théng s6 dwgoc dwa vao day maoi khi goi ham

Vidu:

#pragma LARGE /* d chb ngan xép trong XDATA */
long fakultaet (int anzahl) reentrant

{
if (anz == 0)
return (1) ;
else
return (anz * fakultaet (anz — 1)) ;
}

8051 hoat déng v&i 4 day thanh ghi véi mbi ddy gébm cé 8 thanh ghi, day thanh ghi
dwoc chon bang dinh nghia using n. Dinh nghia nay chi dwoc khai bao khi dinh nghia
ham. Khi ham tra vé mot két qua can phai lwu y néu ham dwoc goi dung chung day thanh
ghi néu khéng thi gia tri trd vé sé ghi vao day thanh ghi khong dung.

Vidu:

Extern void funtion2 (void) ;
Void funtion1 (void) using 3
{
function2 () ;
[*...x
}

Tat ca cac ham trong vi du dwoc goi béi funtion1 lam viéc véi day thanh ghi 3.
Ngoai ra chung con chra mot dinh nghia using riéng

Chuyén tham sé cho ham

Trong C c6 hai cach chuyén giao tham s cho ham nhw sau :
e Chuyén théng qua khéi tham sb

e Chuyén théng qua thanh ghi

Trinh dich sé t6i wu héa qué trinh chuyén tham sé. Trwéc tién dung cac thanh ghi
va ngay sau dé 1a cac khéi tham sb, néu khéng cé tham sé chuyén giao thi dwoc khai bao
la void. Néu ham khéng trd vé mot gia tri thi trong phan kiéu di¥ liéu cta ham ciing dwoc
khai bao la void, néu khéng trinh dich sé tra vé tri méc dinh la int.

Vidu:

Funct1 (int var1) ; /* kiéu tra vé 1a int, kiéu tham sb 1a int */

Long funct2 (int var1) ; /* kiéu tra vé long, kiéu tham sé int */

Void funct3 (char var2) ; /* khdng c6 tri tra v&, kiéu tham sb la char */
Void funct4 (void) ; /* khéng cd tri trd vé, khéng cé tham sb */

Chuyén tham sé trong khéi tham sé

Voi diéu khién bién dich #pragma NOREGPARMS sé ngan ché do chuyén bang
thanh ghi. Biéu khién nay khéng nhirng dwoc khai bao khi dinh nghia ma con dwoc khai
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bao khi mo ta ham. E)iég khién bién dich nay co qu khi djmg cac thw vién cua trwéc day
khéng cé kha nang chuyén bang thanh ghi hoac dé giao tiép v&i cac ham cua hop ngir.

Cau hinh bé nhé | Vung nhé Vung dia chi Tén ky hiéu

Small Data 00h — FFh ?DT?FKT_NAME?MOD_NAME
bit 00h —7Fh ?BI?FKT_NAME?MOD_NAME

Compact Pdata 00h — FFh ?PD?FKT_NAME?MOD_NAME
bit 00h —7Fh ?BI?FKT_NAME?MOD_NAME

Large Xdata 0000h — FFFFh ?XD?FKT_NAME?MOD_NAME
Bit 00h —7Fh ?BI?FKT_NAME?MOD_NAME

Hinh 1.5 Khéi tham s6 va céu hinh bd nh&

Khéi tham s6 duoc dat vao ving nhé thich hop tiy thudc vao cau hinh model khi
dinh nghia ham cling nhw diéu khién bién dich #pragma MODEL (small, compact, large).
Nhirng vung nhé nay sé dwoc trinh bién dich danh dau la cho phép chong.

Chuyén tham sé trong thanh ghi
DPé chuyén tham sb cho ham dwéi dang ma va kha nang té chirc khéng gian bd nhé
di¥ lieu dwoc hiéu qua nhét. Trwdec tién, trinh bién dich sé thtr chuyén 3 tham sé vao cac
thanh ghi R2-R7, néu cac thanh ghi nay san sang s dung thi cac tham sb twong rng sé
duwoc chuyén vao khdi tham sb.

Tham sé Kiéu bién Con tré

Char Int Long Float/double 8 bit | 16 bit Téng quat
Tham sb 1 R7 | R6+R7 | R4+R5+R6+R7 | R4+R5+R6+R7 | R7 R6+R7 R1+R2+R3
Tham sb 2 R5 | R4+R5 | R4+R5+R6+R7 | R4+R5+R6+R7 | R5 R4+R5 R1+R2+R3
Tham sb 3 R3 | R2+R3 e bl R3 R2+R3 R1+R2+R3

Hinh 1.6 Chuyén tham sé trong thanh ghi

DPé viéc chuyén giao thanh ghi dwoc tbi wu, trwdc tién nén chuyén cac bién nhé
(char hoac int) cling nhw con tré xac dinh bé nhé.

Cac ham ngat
Nham khai thac téi da tinh nang ctia 8051. Trinh dich C51 con hd tro viec xt ly cac
ngét. Cac ham ngét khac véi cac ham théng thworng & nhivng diém sau day :
e Khong cé tham sb chuyén giao
 Khong co két qua tra vé. Cac ham ngat ludn dwoc dinh nghfa Ia void. Chwong
trinh dich cling chap nhan kiéu int vi né la toi wu.

e Khéng cho phép goi truc tiép ham ngéat

Céch thirc dinh nghia ham ngéat nhw sau :

[void] int_name (void) interrupt n [using m]

{}

Dinh nghia interupt n chi duwgc phép khai bao chung véi dinh nghia ham
Trinh dich xt& ly mét ham ngat nhw sau :

e Cét cac thanh ghi chtrc nang dac biét ACC, B, DPL, DPH va PSW trudc khi thye

hién ham

» Khong dung thudc tinh using vi tat cd cac thanh ghi dung trong ham (RO — R7)
déu dwoc cat
e Trwdc khi thoat khéi ham tat ca cac thanh ghi da cat trong ngan xép dwoc phuc

hoi tré lai.
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e Thoat khdi ham bang 1énh RETI dé bdo dam hoat dong 6n dinh cta hé théng
ngat trong 8051

Trinh dich C51 c¢6 thé tao ra chinh xac cac véc to ngat néu cho biét s hiéu ngat n.

Tiép theo dia chi ctia véc to ngat dwoc tinh theo cong thirc sau :

8*n+3

M6t Iénh LIMP dén chwong trinh phuc vu ngat dwoc ghi vao dia chi tinh toan

S6 hiéu ngat | Nguén ngat Dia chi ngat C& ngat Reset
0 Ngat 0 ngoai 0003h IEO Phan ctrng
1 Ngat Timer0 000Bh TFO Phan cirng
2 Ngat 1 ngoai 0013h IE1 Phan cirng
3 Ngat Timer1 001Bh TF1 Phan cirng
4 Nbi tiép Port 0 0023h RITI(RIO/TIO) | Phan mém
5 Ng&t Timer2 002Bh TF2/EXF2 | Phan mém
8 Chuyén A/ID 0043h IADC Phan mém
9 Ngat 2 ngoai 004Bh IEX2 Phan cirng
10 Ngat 3 ngoai 0053h IEX3 Phan ctrng
11 Ngat 4 ngoai 005Bh IEX4 Phan cirng
12 Ngat 5 ngoai 0063h IEX5 Phan cirng
13 Ngat 6 ngoai 006Bh IEX6 Phan cirng
16 NGi tiép Port 1 0083h RIT/TI Phan mém
18 Compare Match 0093h ICMPO-7 Phan mém
0-7
19 So sanh Timer 009Bh CTF Phan ctng
tran
20 Compare Match 00A3h ICS Phan ciing
COMSET
21 Compare Match 00Abh ICR Phan ciing
COMCLR
In nghiéng : Chi c6 trong 80517
Hinh 1.7 Bia chi ngét ctia 80515/517
Vidu:

Extern int count;
Void timer1 (void) interrupt 3

TR1=0; /* ngirng Timer1 */
count =TL1 + 256 * TH1 ; /* doc bd dinh th&i Timer1 */
TR1 =1 ; /* kh&i dong Timer1 */

}

Khi cac pheép tinh float duwgc thwc hién trong mét chwong trinh phuc vu ngét thi
trang thai cac trinh phuc vu dau cham di déng phai dwoc Iwu trik, ching c6 thé mat khi
cac trinh dau cham di déng khong st dung cac ham khac. V&i cac ham fpsave () va
fprestore () dwgc mo ta trong file math.h c6 thé bao dam yéu cau nay.

Vidu:

#include<math.h>
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struct FPBUF save_int ;

void isr_t0 (void) interrupt 1 using 1

{
float a, b ;
fpsave (&save_int) ;/* lwu trang thai cua trinh FP */
a=b*b;
fprestore (&save_int) ; /* phuc héi tré lai */
}

Giao tiép gira cac ham hop ngir vé&i cac ham C .
Cac ham hop nglr dwoc goi theo quy wéc giong nhw cac ham C, qua trinh chuyén

tham s6 don gian nhat qua cac khdi tham s6. Tuy theo ’céu hinh bé nh¢ cac tham sb nay
dugc dat vao mot vung nhé xac dinh. Bé trinh lién két co thé tao nén mét tham chieu
chinh xac cac ham hop ng phai dwoc dinh nghia gibng nhw cac ham C.

Trong mét modul hop nglr, cac bién toan cuc tuy theo kidu di liéu sé dwoc dat

trong mot segment riéng. Cach dinh nghia nhw sau :

o Hang s6 : ?CO?MODULNAME
e Bién XDATA: ?XD?MODULNAME
e Bién PDATA: ?PD?MODULNAME
e Bién IDATA: ?ID?MODULNAME
e Bién BDATA: ?BA?MODULNAME
e Bién DATA ?DT?MODULNAME
e BiénBIT: ?BI?MODULNAME
Vidu:

NAME TEST1 ; tén modul la TEST1 )
?XD?TEST1 segment XDATA ; segment cho cac bién toan cuc trong vung XDATA

Rseg?XD?TEST1
Var1l: ds 2 ;int var1

Dbi v&i mbi ham cé mot segment CODE riéng dwoc dinh nghia trong d6 gém cé tén

ham va tén modul

52

o ?PR?FUNCTIONS_NAME?MODULNAME
Vidu:

NAME TEST1; tén modul la TEST1

whkkkkkhkkkkhkkhkhkhhkkhkhhkkkhkkkkkkkkk

;**function : voi INIT (void) **

ckkkkkkkhkkkhkkhhkkhkkhkkhkhhkkhhkhkkx
)

?PR?INIT?TEST1 segment CODE
rseg?PR?INIT?TEST1
INIT :



Cac bién cuc bd ctia ham tuy theo ciu hinh bdé nhé cling dwoc chi dinh trong mot
segment riéng, mdi moét segment dwoc dinh nghia cho cac bién byte ho&c cac bién bit

Cac dinh nghia sau hgp I1&é v&i bd nhéd SMALL

e Bién byte : segmenttyp DATA ?DT?FUNCTIONS_NAME?MODUL_NAME

e Bién BIT : segmenttyp BIT ?BI?FUNCTIONS_NAME?MODUL_NAME

Cac dinh nghia heop 1€ v&i bd nhd COMPACT
e Bién byte : Segmenttyp PDATA  ?PD?FUNCTIONS_NAME?MODUL_NAME
e Bién bit : Segmenttyp BIT ?BI?FUNCTIONS NAME?MODUL_NAME

Cac dinh nghia hgp 1€ v&i bd nhé LARGE
e Bién byte : Segmenttyp XDATA  ?XD?FUNCTIONS_NAME?MODUL_NAME
e Bién bit : Segmenttyp BIT ?BI?FUNCTIONS NAME?MODUL_NAME

Khi mét ham duoc goi voi cac tham s thi phan bat dau clia khéi tham sb duoc
danh dau bdi tén ALIAS. Binh nghia sau day dwoc dung cho tham so byte :
e ?FUNCTIONS_NAME?BYTE :

Dinh nghfa sau day dwoc ding cho tham sé bit :
e ?FUNCTIONS_NAME?BIT :

_Nhirng dinh nghia nay dwgc gan “PUBLIC”. Cac tham s6 dwoc lwu triv theo thir tw
nai tiep dinh nghia cua chung trong 101 goi ham bat dau tir dia chi nay.
Néu ham co gia tri tra vé thi chang phai dat trong cac thanh ghi co6 dinh.

Kiéu dir liéu Thanh ghi Ghi chu

Bit Co carry Khong cé #pragma DISABLE

Char R7

Int R6+R7 MSB trong R6

Long R4+R5+R6+R7 MSB trong R4 ] ]

Float/double R4+R5+R6+R7 MSB trong R4, dau va s6 mi trong
R7

Con tré tong quat R1+R2+R3 MSB trong R2, kiéu bdé nhé trong
R3

Con tro 8 bit R7

Con tré 16 bit R6+R7 MSB trong R6

Hinh 1.8 S&p xé&p thanh ghi cho tri trd v& cia ham

Néu cht y dén cac quy wéc nay thi viéc két n6i ham hop nglr trong chwong trinh C
dwoc thwe hién moét cach dé dang va ca trinh lién két cling cé thé phan tich viéc chong
nhau cho cac ham nay

Goi ham hep ngir va C trong cau hinh SMALL ]
Trong ciu hinh SMALL, cac théng sé chuyén giao Vva cac bién cuc bo dugc dat
trong vung nhé data. Ham hop nglr dwoe goi trong file ngudon C nhw sau :

#pragma SMALL
#pragma NOREGPARMS /* khéng chuyén tham sé trong thanh ghi */
int asm_funkt(int var1, char var2, bit bvar1) ;
void main (void)
{
int var1, ret_val ;
char var2 ;
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bit bvar1 ;
x5

ret_val = asm_funkt (var1, var2, bvar1) ;
}
Céach dinh nghia ham nay trong file nguén hop ngiv
NAME ASM_MODUL1 ; dinh nghia tén modul

?PR?asm_funkt?ASM_MODUL1 segment CODE ; Binh nghia segment cho ma
chwong trinh

?DT?asm_funkt?’ASM_MODUL1 segment DATA OVERLAYABLE ; Binh nghia
segment cho tham sé byte va cac bién byte cuc bd

?Bl?7asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Binh  nghia
segment cho tham s6 bit va cac bién bit cuc bd

Public asm_funkt, ?asm_funkt?BYTE, ?asm_funkt?BIT ; Khai bao cac ky hiéu
cbng cdng cho chuwong trinh goi C

B L L L L L S e e e e T T

;** FUNKTION : int asm_funkt (int var1, char var2, bit bvar1) **

ckkkkkkkhkhkkkhhkhhkkhkkhkhkkhhkhhkkhhkhhkhhkhhkkhhkhhkhhkhhkkhhkkhhkkhhkkhkkhkkhkkkhkkx
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rseg ?DT?asm_funkt?ASM_MODUL1 : Segment cho bién byte cuc bd
?asm_funkt?BYTE :

varl: ds 2 : Tham sé int var1

var2: ds 1 : Tham sb char var2

lok_var :ds 2 : Bién cuc bo int lok_var

rseg ?Bl?asm_funkt?ASM_MODULA1 : Segment cho cac bién bit

?asm_funkt?BIT :

bvar1 : dbit1 : Tham sb bit bvar1

lok_bvar : dbit1 ; Bién bit cuc b bit lok_bvar

rseg  ?PR?asm_funkt?ASM_MODUL1 ; Bat dau phan chwong trinh cla
asm_funkt

asm_funkt :

: C6 thé truy cap cac bién va tham sé dwa theo cac tén “var1, var2 va lok_var’

mov a, var2

add a, var!l + 1 ; lok_var = var2 + var1
mov lok var+1, a

clr a

addc a, vari

mov lok_var, a

: D6i v&i cac bién va tham sé bit cé thé truy cap theo cac tén “bvar1 va lok_bvar’
mov c, bvar1
mov P11, c : P1.1 = bvar1

: Chuyén gia trj trd v&, ndi dung clia bién lok_var
mov R6, lok_var + 1
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mov R7, lok_var
ret ; Thoat khéi ham hop ngir

Mét ham C ciling c6 thé dwoc goi tr mét chwong trinh hgp nglr. Viéc goi ham C
phai dwgc dinh nghia trong file hop ngl

NAME ASM_MODUL1 ; Binh nghia tén modul

extrn CODE (c_funkt) ; M6 ta ham C bén ngoai

extrn DATA (?c_funkt?BYTE) ; M6 ta tham s0 byte bén ngoai
extrn BIT (?c_funkt?BIT) ; M6 ta tham s6 bit bén ngoai

?PR?asm_funkt?ASM_MODUL1 segment CODE ; Pinh nghia segment cho ma
chwong trinh

?DT?asm_funkt?ASM_MODUL1 segment DATA OVERLAYABLE ; Dinh nghia
segment cho tham sé byte va bién cuc bd byte

?Bl?asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Dinh  nghia
segment cho tham sb bit va bién cuc bd bit
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** FUNKTION : void asm_funkt (void) **

*hkkhkhkhkhhkhhkhhhkhhhbkhhkhhkhhkhhhkhrhbkhhkhd

rseg ?DT?asm_funkt?ASM_MODULA1 : Poan céac bién byte cuc bo

lok_var1 : ds 2 ; Bién cuc bé int lok_var1

lok_var2 : ds 1 ; Bién cuc bo char lok_var2

lok_var3: ds 2 ; Bién cuc bd int lok_var3

rseg ?Bl?asm_funkt?ASM_MODULA1 : Poan céac bién bit cuc bod

lok_bvar : dbit 1 : Bién bit cuc bo bit lok_bvar

rseg  ?PR?asm_funkt?ASM_MODUL1 ; B&t dau phan chwong trinh cla
asm_funkt

asm_funkt :

mov ?c_funkt?BYTE+O, lok_var1 ; int var1
mov ?c_funkt?BYTE+1, lok_var1+1

mov ?c_funkt?BYTE+2, lok_var2 ; char var2

mov c, lok_bvar : bit var3
mov ?c_funkt?BIT+0, c

[call c_funkt ; Goi ham C
mov lok_var3+0, R6 - Tri trd vé trong lok_var3
mov lok_var3+1, R7

Céach dinh nghia ham “c_funkt” trong file nguén C

#pragma SMALL o )
#pragma NOREGPARMS /* Chuyén tham sb tiép theo khéi ham */
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/******************************************************************/

/** FUNKTION : int c_funkt (int var1, char var2, bit var3 ) **/

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

#pragma NOREGPARMS /* diéu khién bién dich nay ciing phai dwoc khai bao khi
dinh nghia */

int ¢c_funkt (int var1, char var2, bit var3)

{ ,
intret_val ; /* bién cuc bd */
/* str dung tham so byte */
ret_val =var2 + var1 ;

/* str dung tham s bit */
P12 =var3;

return (ret_val) ; /* tri trd vé */

}

Goi ham hop ngir va C trong cau hinh COMPACT

V6&i ciu hinh bd nhé kiéu COMPACT, cac tham sb chuyén giao va cac bién cuc bo
dwoc dat vao vung nhé pdata. Ham hop ngiv cé thé truy cap cac bién bang 1énh “MOVX
@Ri”. Ham hop ngir dwoc goi trong file nguén C nhw sau :

#pragma COMPACT . )
#pragma NOREGPARMS /* khéng chuyén tham so trong thanh ghi */
int asm_funkt (int var1, char var2, bit bvar1) ;

void main (void)

{

int var1, ret_val ;
char var2 ;
bit bvar1 ;

}
Céach dinh nghia ham trong file nguén hop ngir nhw sau :
NAME ASM_MODUL1 ; Dinh nghia tén modul

?PR?asm_funkt?ASM_MODUL1 segment CODE ; Pinh nghia segment cho ma
chwong trinh

?DT?asm_funkt?’ASM_MODUL1 segment XDATA OVERLAYABLE ; Binh nghia
segment cho tham sé byte va cac bién byte cuc bd

?Bl?asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Dinh  nghia
segment cho tham s0 bit va cac bién bit cuc bd
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Public asm_funkt, ?asm_funkt?BYTE, ?asm_funkt?BIT ; Khai bao ky hiéu céng

cébng cho chwong trinh goi C
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;¥ FUNKTION : int asm_funkt (int var1, char var2, bit bvar1) **
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’rseg ?PD?asm_funkt?ASM_MODULA1 : Segment cac bién byte cuc bod

?asm_funkt?BYTE :

varl: ds 2 : Tham sd int var1

var2: ds 1 : Tham sb char var2

lok_var :ds 2 : Bién cuc bo int lok_var

rseg ?Bl?asm_funkt?ASM_MODUL1 ; Segment cac bién bit cuc bo

?asm_funkt?BIT :

bvar1 : dbit 1 - Tham s6 bit bvar1

lok_bvar : dbit 1 : Bién bit cuc bo bit lok_bvar

rseg  ?PR?asm_funkt?ASM_MODUL1 ; B&t dau phan chwong trinh
asm_funkt

asm_funkt :

: C6 thé truy cap cac bién va tham sb theo cac tén var1, var2 va lok_var bang Iénh

MOVX @Ri
mov RO, #LOW var2
movx A, @RO ; lok_var = var1 + var2

mov B, A

mov RO, #LOW var1 + 1
movx A, @RO

add A, B

mov R1, #LOW lok_var + 1
movx @R1, A

dec RO

dec R1
movx A, @RO
addc A, #0

movx @R1, A

: Truy cap tham sé va cac bién bit theo tén bvar1 va lok_bvar
mov C, bvar1
mov P1.1,C : P1.1 = bvar1

: Chuyén trj trd v&, ndi dung clia bién lok_var
mov RO, #LOW lok_var

movx A, @RO

mov R6, A

inc RO

movx A, @RO

mov R7, A

ret ; Thoat khéi ham hop ngir

M6t ham C ciing cé thé dwoc goi tr chwong trinh hop ngir. Viéc goi ham C phai

duwoc dinh nghia trong file hgp nglr

NAME ASM_MODULA1 ; Binh nghta tén modul
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extrn CODE (c_funkt) ; Khai bao ham C bén ngoai
extrn XDATA (?c-funkt?BYTE) ; Khai bao tham so byte bén ngoai
extrn BIT (?c_funkt?BIT) ; Khai bao tham so bit bén ngoai

?PR?asm_funkt?ASM_MODUL1 segment CODE ; Binh nghia doan méa chuong
trinh

?PD?asm_funkt?’ASM_MODUL1 segment XDATA OVERLAYABLE IPAGE ;  Binh
nghia doan tham s byte va bién byte cuc bd

?Bl1?asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Dinh
nghia doan tham so bit va bién bit cuc b6
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;** FUNKTION : void asm_funkt (void) **
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rseg ?PD?asm_funkt?ASM_MODULA1 : Poan bién byte cuc bd

lok_var1 : ds 2 ; Bién cuc bd int lok_var1

lok_var2: ds 1 ; Bién cuc bo char lok_var2

lok_var3: ds 2 ; Bién cuc bo int lok_var3

rseg ?Bl?asm_funkt?ASM_MODULA1 : Doan bién bit cuc bd

lok_bvar : dbit 1 : Bién bit cuc bo bit lok_bvar

rseg  ?PR?asm_funkt?ASM_MODUL1 ; Bat dau doan chuwong trinh
asm_funkt

asm_funkt :

mov RO, #LOW lok_var1

movx A, @RO

mov ?c_funkt?BYTE+0, A ; int var1

inc RO

movx A, @RO

mov ?c_funkt?BYTE+1, A

inc RO

movx A, @RO

mov ?c_funkt?BYTE+2, A ; char var2

mov c, lok_bvar : bit var3
mov ?c_funkt?BIT+0, c

Icall c_funkt ; Goi ham c_funkt

mov A, R6 : Tri trd vé trong lok_var3
mov RO, #LOW lok_var3

movx @RO, A

inc RO

mov A, R7

movx @RO, A

Cach dinh nghia ham c_funkt trong file nguén C
#pragma COMPACT

#pragma NOREGPARMS /* truyén tham s trong khéi ham */
int c_funkt (int var1, char var2, bit var3) /* khai bado ham */
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/*****************************************************************/

/** FUNKTION : int c_funkt (int var1, char var2, bit var3) **/

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

#pragma NOREGPARMS /* diéu khién bién dich nay ciing dwoc khai bao khi dinh
nghia */

int ¢c_funkt (int var1, char var2, bit var3)

{

int ret_val ;

/* &p dung bién byte */
ret_val =var1 +var2 ;

/* &p dung bién bit */
P12 =var3;

return (ret_val) ; /* tri trd vé */

}

Goi ham hop ngir va C trong cau hinh LARGE

Trong cAu hinh bd nhé kiéu LARGE, cac tham sé truyén va cac bién cuc by dwoc
d&t vao vung nhd XDATA. Ham hop ngir c6 thé truy cap cac bién nay bang lénh MOVX
@DPTR. Ham hop nglr dwoc goi trong file nguén C nhw sau :

#pragma LARGE . )
#pragma NOREGPARMS /* khéng truyén tham so trong thanh ghi */
int asm_funkt (int var1, char var2, bit bvar1) ;

void main (void)

{

int var1, ret_val ;
char var2 ;
bit bvar1 ;

}
Céch dinh nghia ham trong file nguén hop ngi®
NAME ASM_MODUL1 ; Binh nghia tén modul

?PR?asm_funkt?ASM_MODUL1 segment CODE ; Binh nghia doan méa chuong
trinh

?XD?asm_funkt?’ASM_MODUL1 segment XDATA OVERLAYABLE ; Binh  nghia
doan tham so6 byte va cac bién byte cuc bé

?Bl?asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Dinh  nghia
doan tham so0 bit va cac bién bit cuc bd
Public asm_funkt, ?asm_funkt?BYTE, ?asm_funkt?BIT ; Khai bao ky hiéu céng

cbébng cho chwong trinh goi C

whkkkkkhkkkkhhkkkhkhhhkhkhhkhkhkhhhkkhkhhhkkhkhhkhkhkhhkkhkhkhkkhhkkkhkhhkkhkhkkkkhkhkkkkkkk
)

59



;** FUNKTION : asm_funkt (int var1, char var2, bit bvar1) **
rseg ?XD?asm_funkt?ASM_MODUL1 ; Poan bién byte cuc bod
?asm_funkt?BYTE :

varl: ds 2 - Tham scf) int var1
var2: ds 1 : Tham s0 cha var2
lok_var :ds 2 : Bién cuc bo int lok_var

rseg ?Bl?asm_funkt?ASM_MODUL1 ; Poan bién bit cuc bod
?asm_funkt?BIT : )
bvar1 : dbit 1 : Tham sO bit bvar1

lok_bvar dbit 1 : Bién bit cuc bo bit lok_bvar

rseg ?PR?asm_funkt?ASM_MODUL1 ; Bt dau chwong trinh asm_funkt

asm_funkt :

: Cac bién va théng sb dwoc truy cap theo tén var1, var2 va lok_var bang I&énh
MOVX @DPTR

mov DPTR, #var2
movx A, @DPTR ;lok var=var1 + var2
mov B, A

mov DPTR, #var1+1
movx A, @DPTR

add A B

mov DPTR, #lok_var+1
movx @DPTR, A

mov DPTR, #var1
movx A, @DPTR

addc A, #0

mov DPTR, #lok_var
movx @DPTR, A

: Cac bién va tham sb bit dwoc truy cap theo cac tén bvar1 va lok_bvar
mov c, bvar1
mov P11, c : P1.1 = bvar1

: Tri trd vé&, nodi dung cla bién lok_var
mov DPTR, #lok_var

movx A, @RO

mov R6, A

inc DPTR

movx A, @DPTR

mov R7, A

ret ; Thoat khéi ham hop ngir

Ham C ciling c6 thé dwoc goi ttr chwong trinh hgp ngir. Viéc goi ham C phai dwoc
dinh nghta trong file hgp ng

NAME ASM_MODULA1 ; Binh nghta tén modul

extrn CODE (c_funkt) ; Khai bao ham C bén ngoai

extrn XDATA (?c_funkt?BYTE); Khai bao tham so byte bén ngoai
extrn BIT (?c_funkt?BIT) ; Khai bao tham so bit bén ngoai
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?PR?asm_funkt?ASM_MODUL1 segment CODE ; Binh nghia doan ma chuong
trinh

?XP?asm_funkt?ASM_MODUL1 segment XDATA OVERLAYABLE ; Binh
nghia doan tham sé va cac bién cuc b byte
?Bl?asm_funkt?ASM_MODUL1 segment BIT OVERLAYABLE ; Dinh

nghia doan tham sb va cac bién cuc bo bit
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;** FUNKTION : void asm_funkt (void) **
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rseg ?XD?asm_funkt?ASM_MODULA1 : Doan bién byte cuc bd
lok_var1: ds 2 ; Bién cuc bd int lok_var1
lok_var2: ds 1 ; Bién cuc bo char lok_var2
lok_var3 : ds 2 ; Bién cuc bd int lok_var3

rseg ?Bl?asm_funkt 7ASM_MODULA1 : Poan bién bit cuc bd

lok_bvar : dbit 1 : Bién bit cuc bo bit lok_bvar
rseg ?PR?asm_funkt?ASM_MODUL1 : Bat dau chwong rinh asm_funkt
asm_funkt :

mov  DPTR, #lok_var1

movx A, @DPTR

mov  ?c_funkt?BYTE+0, A ; int var1
inc DPTR

movx A, @DPTR

mov  ?c_funkt?BYTE+1, A

inc DPTR
movx A, @DPTR
mov  ?c_funkt?BYTE+2, A ; char var2

mov ¢, lok_bvar : bit var3
mov  ?c_funkt?BIT+0, c

Icall  c_funkt ; Goi ham c_funkt

mov A, R6 : Tri trd vé trong lok_var3
mov DPTR, #lok _var3

movx @DPTR, A

inc DPTR

mov A, R7

movx @DPTR, A

Cach dinh nghia ham c_funkt trong file nguén C

#pragma LARGE

#pragma NOREGPARMS /* truyé tham sé trong khdi ham */
int c_funkt (int var1, char var2, bit var3)

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

/** FUNKTION : int c_funkt (int var1, char var2, bit var3) **/
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/*****************************************************************/

#pragma NOREGPARMS /* diéu khién bién dich nay ciing phai dwoc khai bao khi
dinh nghia */

int c_funkt (int var1, char var2, bit var3)

{

}

int ret_val ; /* bién cuc bd */

/* &p dung céac bién byte */
ret_val = var1 + var2

/* &p dung cac bién bit */
P1M =var3

return (ret_val) ; /* tri trd vé */

12.4 T6i wu héa chwong trinh
Do 16n va tbc do ctia chwong trinh C51 phu thudc rat nhidu vao viéc ap dung moét
céach tdi wu cac tinh nang cda vi diéu khién 8051. Do d4, 1ap trinh vién can phai chu y dén
cAu trdc cda vi diéu khién :

La CPU 8 bit

Dé truy cap bd nhé di liéu trong

Thoi gian truy cap bd nhé dir liéu ngoai cham

C6 vung nh¢ trong dia chi bit

Khéi nhan va chia 8 bit . Nén theo cac hwéng dan sau day dé ting hiéu qua cla
chwong trinh :

Cac bién dwoc dung thuwong xuyén nén dua vao viing data

Con tré cling nén dwoc dinh nghia la data

Tuy theo kha n&ng nén dung con tré xac dinh bé nhé vi né tao ra ma truc tiép.
Con tré tbng quat dung cac ham thw vién

Nén dung cac kiéu di¥ liéu ngan. Cac phép tinh char co thé dwgc thic hién tryc
tiép, trong khi déi v&i int, long hoac float phai dwgc dwa vao cac ham thw vién.
Kiéu di liéu BIT rat phu hop véi cac quyét dinh Y/N

Nhirng trwdng hop c6 thé nén dung bién unsigned. Vi khi xt Iy cac bién signed
chwong trinh dich phai tao ra mét ma Iénh phu

Céc bién mang nén dat trong viing nhé dia chi gian tiép (idata, pdata hoac xdata)
Céc vung va cac ciu tric I6n nén dat trong vung xdata dé giam tai cho bdé nhé
di liéu ndi

Néu dwoc nén chuyén cac bién cuc bd thanh toan cuc dé cé thé chdng nhau khi
bat dau qua trinh lién két

Nén céu hinh bd nhé thich hop cho mbi ham dé trinh lién két c6 thé tan dung t6i
da bd nhé

Nén chon cac chubi tham sé ndi tiép khi goi ham sao cho nhiéu tham sé c6 thé
dwoc truyén bang thanh ghi

13. TRINH LIEN KET

Nhiém vu cGa trinh lién két & tao ra mot file ddi twong dia chi tuyét déi tir nhiéu file
déi twong cho phép tai dinh vi. Sau do file nay sé dwgc dung cho chwong trinh thir hoac
may nap chwong trinh. Trinh lién két c6 thé dwoc goi theo hai cach :

L51 input-list [to output-file] [control-list]

Hoac :
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L51 @command-file

e Input-list : La danh sach céc file nhap dwoc phan cach nhau bdi ddu phay. Phan
m& rong thwong 1a .OBJ, cac file nay chira cac modul tai dinh vi can lién két lai
v&i nhau dé tao ra chwong trinh dia chi tuyét déi.

e Output-file : La tén cua file chwong trinh dia chi tuyét déi, cé thé khéong can khai
bao nay khi dé tén cua file dau tién trong input-list sé dwoc chon va khéng cé
phan mé réng.

e Control-list : Chtra céc lénh va théng sb clia dong lénh goi chwong trinh lién két

e Command-file : La file dwoc doc tir dong l1énh nhap, 1&nh va thdng sb trong file
nay twédng véi trong dong Iénh goi

Vidu:

L51 PROG1

L51 PROG1, PROG2

L51 PROG1, PROG2 to PROGRAM. ABS

L51 PROG1, PROG2, PROG3 to PROGRAM. ABS RAMSIZE(256) CODE(100h)

L51 @LINK. MAK

LINK. MAK :

PROGH1,

PROG2, PROG3

To PROGRAM. ABS
RAMSIZE(256) CODE(100h)

13.1 Lénh diéu khién qua trinh dinh vi
Cac lénh nay tao kha nang phan phat cac dia chi tuyet dbi cho cac segment tai dinh
vi, sép xép cac segment theo thir ty va kiém tra s bé tri ciia bd nhé di liéu trong

RAMSIZE

Tham s6 RAMSIZE (gia tri) ¢b dinh dd I&n bd nhé dir liéu trong tinh theo byte nhe
do trinh lién két cé thé thich ing v&i cac loai vi diéu khién khac nhau trong ho 8051. Gia
tri 6 thé tir 128 dén 256 byte, mac dinh 1a 128 byte

Vidu:
L51 TEST. OBJ RAMSIZE(256)

Théng s6 dinh vj BIT, DATA, IDATA, XDATA, CODE

Thoéng sb nay cho phép phan phat cac dia chi bd nhé cho cac khdi dia chi riéng cta
vi xt ly. Théng thwong trinh lién két tw dinh vi cac modul. Nhwng trong mét sb trwdng hop
can phai dat truwdc dia chi bat dau. Dang tdng quat clia thong sb nay ¢ y nghia nhw sau :

e Thong sb (start-address [segmentname (start-address)...])

Dia chi ban dau da dwoc khai bao cé lién quan dén tt ca cac segment tai dinh vi c6
trong viing nhé. Théng sé nay lam dé dang cho viéc khai bao dia chi bat dau ctia mét vi
mach nhé bén ngoai

Céc théng sb c6 pham vi dia chi nhw sau :

e BIT 00h — 7Fh (dia chi bit)
o DATA 00h — 7Fh

o |IDATA 00h — OFFh

o XDATA 0000h — OFFFFh

e CODE 0000h — OFFFFh
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Vi mot ngoai 1& cho théng sb BIT, tat ca cac dia chi bit ¢ lién quan dén dia chi
byte. Cac dia chi bit dwgc khai bao véi thong s6 BIT

Vidu:

L51 MODUL1 CODE(100h)
Ma chwong trinh dwoc bat dau tai dia chi 100h

L51 MODUL2 XDATA (2000h INOUT(8000h))

B nh& div liéu ngoai bat dau tir dia chi 2000h, modul INOUT bt dau ti dia chi
8000h

13.2 Ky thuat chong dia chi cta trinh lién két

Trinh dich C51 tw ddng danh dau cac viing bién cuc bd 1a dwoc phép chdng ké ca
cac bién trong cac ham hgp ngir. Do do, cac doan di¥ liéu va cac doan chuwong trinh phai
dwoc dinh nghia theo dung quy wéc ctia C51 (xem phan giao tiép cac ham hop ngir va
C). Trinh lién két phan tich viéc goi gitra cac doan ma chwong trinh (chuan tham chiéu)
dé co6 thé thuwc hién viéc chéng hop ly trong trwdng hop goi trie tiép. Nhuwng nén chu y
trong trwong hop goi thdng qua nhiéu doan ma chwong trinh ciing nhw dbi véi ham gian
tiép dwoc goi qua con trd, chwong trinh lién két khong thé tao ra chuan tham chiéu. Di
v&i nhirng trudng hop nay can thiét phai tao chuan tham chiéu bang tay.

V6i thong sb diéu khién NOOVERLAY se gian doan hoan toan viéc chéng cac doan
bd nh&

Vidu:
L51 BEISP1. OBJ, BEISP2. OBJ to BEISP NOOVERLAY

Doan di liéu va doan bit dwoc chdng nhau khi tat ca cac diéu kién sau day duoc
théa man
e Chi dugc phép goi moét doan ma Iénh tr mot kiéu chuong trinh. Cac kiéu
chwong trinh Ia chwong trinh chinh va chwong trinh ngat
e Dinh nghia doan phai phu hop véi chudn C51
e Khéng ton tai tham chiéu gitra cac doan ma phu thudc

Qua trinh phan tich chéng nhau dwoc diéu khién béi théng sbé diéu khién
OVERLAY. Cé nhiéu loai khac nhau :

e OVERLAY : Ty déng phan tich OVERLAY. Théng s6 nay |a méc dinh

e OVERLAY (name ! cname [,...]) hoac OVERLAY (name ! (cname1, cname2 [,...])
[,...]) : Cac chuan tham chiéu phu dwoc dinh nghia, ké dé goi name cname

e OVERLAY (name ~ cname [,...]) hoac OVERLAY (name ~ (cname1, chame2
[..D) L...]) : G& bd chuan tham chiéu, sau d6 phai lwu vao noi an toan dé khéng
goi name cname hodc khéng dwoc ghi dé 1én cac tham sé va cac bién

e OVERLAY (*! Name) hodc OVERLAY (name !*) : ham name dwoc |4y ra to qua
trinh xt ly OVERLAY. Khéng dwoc lién quan dén cac doan khac hodc cac ham
khac

Vidu:

L51 BEISP1. OBJ, BEISP2. OBJ to BEISP OVERLAY (FUNK1 ~ FUNK2)
G& bd tham chiéu ttr FUNK1 dén FUNK2. Chung cé thé dwoc chong

L51 BEISP1. OBJ, BEISP2. OBJ to BEISP OVERLAY (FUNK1 ~ (FUNK2, FUNK3))
Tham chiéu tr FUNK1 trén FUNK2 va FUNK3 dwoc gé bd
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L51 BEISP1. OBJ, BEISP2. OBJ to BEISP OVERLAY (FUNK1 ~ (FUNK2, FUNK3),
FUNK1 ! (FUNK4, FUNKS5))

Tham chiéu tr FUNK1 trén FUNK2 va FUNK3 dwoc gé bd va tao ra mét tham chiéu
tr FUNK1 trén FUNK4 va FUNK5

L51 BEISP1. OBJ BEISP2. OBJ to BEISP OVERLAY (FUNK1 I*)
FUNK1 dwgc nhan tir qua trinh x&r ly OVERLAY

14. TRINH QUAN LY THU VIEN

Trinh quan ly thw vién LIB51 dwoc dung dé tap trung cac ham riéng 1@ vao chung
trong mot thw vién. Méu clia cac ham dwoc ghi vao céc file tiéu dé (name.h). Khi mot ham
trong thw vién dwoc can dung den thi file tiéu dé twong tng phai duoc gan trong file
nguodn. Sau dé thu vién sé két ndi vai trinh lién két tai nhwng noi gan nay cta modul.
Trinh lién két sé tw tim cac ham dwoc dung c6 trong thuw vién

[****DATEI : myprog. C51 ****/
#include “mylib.h” /* file tiéu dé cda thw vién mylib */

void main (void)

{

intx,y, z;

z = myfunct1 (x, y) ; /* goi mét ham tir thw vién mylib */

}
Sau d6 trinh lién két sé dwoc goi
L51 myprog. Obj, mylib. Lib

Trinh quan ly thw vién LIB51 cé thé dwoc didu khién va twong tac bdi 1énh didu
khién trén dong lénh goi. Khi goi LIB51 khoéng c6 lénh diéu khién thi né sé chuyén sang
ché do twong tac va hoén thj ky hiéu “*”. Bay gi&r cé thé nhap vao tat ca cac lénh diéu
khién. Cac Iénh sau day c6 thé dwoc dung :

e Create FILENAME tao thw vién mé&i

LIB51 ¢ mylib. Lib

e Add FILENAME [(MODULNAME,...), FILENAME,...] to FILENAME : Nhap mét
ho&c nhiéu modul chwong trinh vao thw vién. Néu khong khai bao tén modul thi
toan bd ndi dung cua file déi twong sé dwoc nhap vao thw vién

LIB51 a myfunkt1. obj, myfunkt2. obj (funkt1, funkt2) to mylib. Lib

e List FILENAME [to listfile] [publics] : Hién thj ndi dung clia mét thw vién. Néu khai
bao listfile thi ndi dung sé dwoc ghi vao file nay. V&i publics cac ky hiéuh public
sé dwoc hién thi

REM Xuét ra trén man hinh

LIB51 | mylib.lib

REM xuét ra trén may in
LIB51 | mylib.lib to LPT1 :
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o Delete FILENAME (MODULNAME,...) : X6a mét hodc nhiéu moul chwong trinh
(MODULNAME) khéi thw vién (FILENAME). Tén modul phai dwoc khai bao trong
dau ngoac

LIB51 d mylib.lib (myfunkt1)

Néu mot ham dwoc thay ddi thi trwdc tién phai gé bé phién ban ci ra khdi thw vién
trwdc khi nhap phién ban méi vao.

LIB51 d mylib.lib (myfunkt1)
LIB51 a myfunkt1.obj to mylib.lib

e Help : Goi trg giup st dung LIB51
e Exit : Chdm dwt twong tac voi LIB51

Tét ca cac lénh c6 thé dwoc nhap tat bang ky tw dau tién
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BAI 2
Tén bai: Vi diéu khién AT90S8535 Ma bai:  CIO 02 27 02

GIO'I THIEU
Bai nay trinh bay vé dac tinh va céu tric cta ho vi diéu khién AVR thong qua vi
mach cu thé la AT90S8535. Nbi dung bai thuan tay ly thuyét.

MUC TIEU THUC HIEN
e Biét dwoc cac tinh ndng méi clia ho AVR so véi ho vi diéu khién da hoc & 8051
e Hiéu c4u tao, nguyén ly hoat ddng cac khdi chirc néng tich hop trong AVR
e Biét dwoc so dd chan va tin hiéu cac chan cia AT80S8535

NOI DUNG CHINH
N6i dung bai hoc tap trung vé cac chd dé chinh nhuw sau:
e ChAu tric chung vé AVR

Pac tinh ciia AT90S8535

So d6 khédi ciu tao AT90S8535

T6 chrc bo nhé

C4u tao va hoat déng cta bod timer/counter

C4u tao va hoat déng ctia bo ADC

CAu tao va hoat dong clia bod so sanh analog
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1. MO bAU

AT90S8535 | bo vi diéu khién CMOS 8 bit tiéu thu it nang lwong dwa trén cAu trac
RISC (reduced instruction set computer) AVR. Nh& thwc hién cac Iénh manh trong mét
chu ki xung nhip (a single clock cycle), AT90S8535 dat dwoc toc dd xt ly dir liéu l1én dén
1 triéu l&énh/ gidy & tan s6 1 MHz. Vi diéu khién nay con cho phép ngudi thiét ké hé théng
tdi wu héa mirc do tiéu thu nang lwong ma van dam bao téc do xt ly.

Phan cbt 16i ciia AVR (AVR core) két hop tap Iénh véi 32 thanh ghi lam viéc da
nang. Tat ca 32 thanh ghi déu dwoc néi truc tiép véi khdi ALU (Arithmetic Logic Unit), cho
phép truy cap hai thanh ghi déc lap bang mét 1énh don 1é trong mét chu ki xung nhip. C4u
trac dat dwoc toc dd x& li nhanh géap 10 Ian vi diéu khién CISC théng thwong.

Caéc vi diéu khién AT90S8535 dugc hd tro bang tat ca cac cong cu lap trinh phat
trién hé thdng hién cé nhu trinh dich C, trinh dich Macro Assembler, trinh g& réi/ mé
phdng va cac ban mach danh gia.

Cac dac diém ctia AT90S8535 dwoc tém tat nhuw sau:

e AVR cAu tric RISC c6 chi tiéu chat lwong cao vi tiéu thu it nang luvong.
e 118 1énh manh, hau hét dwoc thue hién trong 1 chu ki xung nhip (clock).
e 32 thanh ghi da nang 8 bit.
o Tbc do x Iy dif liéu 8 triéu I&nh/ giay & tan sb 8MHz.
Bd nh& di liéu va bd nhé chwong trinh khdng tw mat di liéu (nonvolatile).
= Bo& nho flash 8k byte 1ap trinh dwoc ngay trong hé théng, c6 thé ghi/xéa
dwoc 1000 lan, giao dién néi tiép SPI dé 1ap trinh ngay trong hé thdng.
e 512 bytes EEPROM, c6 thé ghi/xéa dwgc 100.000 Ian.
e 512 bytes SRAM ndi (internal SRAM).
e Lap trinh khoa dé bao vé phan mém.
Cac tinh nang ngoai vi (peripheral features).
e BO bién ddi ADC 8 kénh, 10 bit.
UART néi tiép lap trinh dwoc.
Giao dién SPI cha / t& nbi tiép.
2 Timer/Counter 8 bit v&i ché do chia tan sé va ché dd so sanh.
1 Timer/ Counter 16 bit v&i bd chia tan sbé riéng biét, ché d6 so sanh va
bt mau (capture).
e B6 dinh théi watchdog 1ap trinh dugc véi bd dao ddng trén chip.
e B0 so sanh twong tw cé san trén chip.
Céc tinh nang diéu khién dac biét.

¢ C6 mach power-on reset.

e Ddng hod thoi gian thyc (Real-time clock) véi bd dao déng riéng biét va

ché d6 boé dém (counter mode).

e Cac ngudn ngét ngoai va trong.

e Co& 3 ché dd ngl: nghi (Idle), tiét kiém nang lwong (Power save), va giam

nang lvgng (Power-down).
Mrc tiéu thu nang lwvong & 4 MHz, 3V, 20°C.

e Hoat déng: 6.4 mA.

e Ché do nghi: 1.9 mA.

e Ché do tiét kiém nang lwong: <1 1 A
Vao/Ra va cac hinh thirc dong vé

e 32 dwdng xuét/ nhap cé thé 1ap trinh duoc.

e PDIP: 40 chan; PLCC, TQFP, MLF: 44 chan.
bién ap hoat déng.

e Vcc: 4.0V dén 6.0 V dbi voi AT90S8535.

e Vcc: 2.7V dén 6.0V dbi voi AT90LS8535.

Phan loai tbc do xt ly.
e 0 dén 8 MHz dbi voi AT90S8535.
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e 0 dén 4 MHz dbi véi AT90LS8535.

2. SO PO KHOI AT90S8535

PAG - PAT

| PORTA DRIVERS

PORTC DRIVERS

A A 4 4 4 A } 'y .f.
- B O . N I 2 I T R e _1____ ________
¥ ¥ ¥ ¥ ¥ ¥ 'l ¥ v

DATA RE
PORT

GND
DATA REGISTER DATA DIR.
PORTA REG. PORTA

PORTE DRIVERS

PORTD DRIVERS

1 1
1
1
i i
| |
1
: 1
[ |
1
i GISTER DATA DIR. \
! (" REG. PORTS 1
1
1
i a-BIT DATA BUS i '
1
1 < '
AvoS | ¥ i !
! 1 + | !
! a-I ANALCG MUK ADT I !
AcND | T CSCILLATOR ! el
AREF | : |—|||
1 1
1 1
| INTERMNAL
: | i CSCILLATOR ! ]
1
1
| { [ L
! . | XTALz
i FROGRAM STACK WATCHDOG TIMING AMD RESET
! COUNTER PCINTER TIMER CONTROL i
1 l l F F Y :
I 1
I 1
! FROGRAM > MCU COMTROL 1
! "'l FLASH o SRAm REGISTER !
| l !
1 1
' INSTRUCTIGN GEMERAL TIMER'  |= > !
1 REGISTER » PURPOSE COUNTERS [ H
! REGISTERS |
1 > !
| [ £ -
i INSTRJCTION -] v INTERRUFT |3 i
! DECODER il = LINIT | |
1 l !
: 1
1
1 i
: CONTROL EEFRCM !
. |
1 1
1 1
1
| |
1 1
! 1
I 1
: ¥ + :
| PROGRAMMING
: —| AN I‘?_I sPl |-(—> LART !
1 + F :
1 1
1 1
! 1
! 1
1
: 'E I ¥ I ¥ :
1 o = |DaTAREGISTER CATA DIR. DATA REGISTER DATA DIR. '
! s NFE PORTE REG. FORTE PORTD REG. PORTD i
1
1 L] 1
1 | |
1 1
1 1
! 1
I 1
! 1

FBO- PET

Hinh 2.1 So db khéi AT90S8535

------------ R T

FDo - PO

Vi diéu khién AT90S8535 c6 nhirng tinh nang sau: bo nhé flash co thé 1ap trinh
duoc ngay trong hé thong voi dung lwong 8Kbyte, bd nhé EEPROM 512 byte, bo nho
SRAM 512 byte, 32 dwdong vao/ ra da nang, 32 thanh ghi lam viéc da nang, dong ho thoi
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gian thyc (Real-time clock), 3 timer/counter linh hoat v&i ché d6 so sanh, cac ngat bén
trong va ngoai, moét bd UART nbi tiép 1ap trinh dwoc, bd ADC 8 kénh 10 bit, bd dinh thoi
watchdog 1ap trinh dwoc véi bd dao dong bén trong, mot cdng ndi tiép ISP va ba ché do
tiét kiem nang lwong lwa chon dwoc bang phdn mém. Ché do Idle 1am ngwng hoat dong
cta CPU trong khi bd nhé SRAM, cac bd dinh thdi/ bd dém, céng ISP va hé théng ngat
van tiép tuc hoat dong. Ché doé Power-down lwu trir ndi dung thanh ghi nhung gidi phong
bd dao ddng, cAm tat ca cac chirc nang khac trén chip cho dén khi xuat hién mot ngat ké
tiép hodc tin hiéu reset phan cirng. Trong ché dd power-save, bé dao dong dinh thoi
(timer oscillator) tiép tuc chay, cho phép nguwdi dung tiép tuc trong mét khodng thdi gian
nao day (dat trwdc) trong khi nhirvng phan con lai & trong trang thai ngu.

Vi diéu khién AVR duwoc cong ty Atmel ché tao v&i cong nghé bd nhé khéng tw méat
d liéu( non-volatile), mat dé6 cao. B6 nhé flash ISP trén chip cho phép bd nhé chwong
trinh c6 thé dwoc lap trinh ngay trén hé thdng théng qua giao dién ndi tiép SPI hodc mot
bd nap chwong trinh vao bé nh& khéng tw mét di liéu théng thwdng ( a conventional
nonvolatile memory programmer). Bang cach két hop mot CPU 8 bit c6 ciu truc RISC v&i
bd nhé flash 1ap trinh dwoc trong hé théng trén mét chip don 18, AT90S8535 1a | vi diéu
khién manh véi tinh linh hoat cao, gia thanh hop ly déi véi nhiéu tng dung diéu khién
nhung (embedded control applications).

3. MO TA CAC CHAN RA
3.1 Sor do chan

PDIP
AN
(TO) PBO 4 1 40 A pao (ADCO)
(T1)y PB1 O 2 39 10 pa1 (ADC1)
(A'NO) PB2 [ 3 38 1 PA2 (ADCZ)
(AIN1) PB3 [ 4 37 1 pa3 (ADC3)
(Ss)PB4 O 5 386 1 pag (ADC4)
(MOSI) PB5 [ 6 35 O pas (ADCS5)
(MISO) PB6 [ 7 34 O pas (ADCS6)
(SCK) PB7 [] 8 33 I pa7 (ADCT7)
RESET O 9 32 B0 AREF
vcc 1 10 31 1 AGND
GND O 11 30 g AvVCC
XTAL2 ™ 12 29 O PC7 (TOSC2Z2)
XTAL1 O] 13 28 [0 PC6 (TOSC1)
(RXD) PDO [ 14 27 O PC5
(TxD) PD1 O 15 26 [ PC4
(INTO) PD2 [] 16 25 1 PC3
(INT1) PD3 [ 17 24 g Pc2
(0C1B) PD4 ™ 18 23 @O PC1
(OC1A) PD5 ™ 19 22 @31 PCoO
(ICP) PD6 O 20 21 (@O PD7 (OC2)

Hinh 2.2 So' d6 chan PDIP-40
3.2 Chirc nang cac chan

VCC bién ap nuoi sb (Digital Supply Voltage).
GND Masse sO
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Port A (PAO...PA7)

Port A (cdng A) la céng vao/ra hai hwéng 8 bit. Cac chan cla cdng cé cac dién tré
ndi 1én ngudn dwong (pull — up resistor) ( dwoc chon cho méi bit ). Cac chan ra cta cdng
A c6 thé chju dwgc dong dién 20 mA di qua va tryc tiép didu khién Led hién thi. Khi cac
chan PAO dén PA7 la cac ngd vao va dwoc dat xudng mire thap tir bén ngoai, ching sé 13
ngudn dong néu céac dién tré kéo 1én dwoc kich hoat.

Port A con dong vai trd 1a ngd vao cta bd chuyén déi A/D (Analog to Digital
Converter).

Cac chan cla port A dwoc dét & trang thaii thir 3 (khéng cho phép xuét/ nhap div
liéu) khi dang reset, hodc ngay ca khi xung nhip khéng hoat déng.

Port B (PBO0...PB7)

Port B 1a céng vao/ra hai huéng 8 bit c6 cac dién tr& kéo 1én nguén dwong bén
trong Céc chan ra cta cdng B co thé chiu dwoc dong dién 20 mA di qua. Khi cac chan
clia cong B la cac ngo vao va dugc dat xubng mirc thap tlr bén ‘ngoai, chung sé la nguon
dong néu cac dién tré nbi Ién ngudn dwo’ng dwoc kich hoat. Céng B cung cung cap cac
chirc nang rng v&i cac tinh nang dac biét cia AT90S8535 dworc trinh bay & bang sau:

BANG 2.1 Chtrc ndng cac chan Port B

Chan | Cac chirc ndng chuyén déi

PBO | TO (Timer/Counter0 External Counter Input)
PB1 i T1 (Timer/Counter1 External Counter input)
PB2 . AINO (Analog Comparator Positive Input)
PB3 AIN1 (Analog Comparator Negative Input)
PB4 | SS ( SPI Slave Select Input)

PB5 i MOSI ( SPI Bus Master Output/ Slave Input)
PB6 i MISO ( SPI Bus Master Input/ Slave Output)
PB7 ' SCK (SPI Bus Serial Clock)

Céc chan cla port B dwoc dat & trang thai thir 3 (khéng cho phép xuat/ nhap di
lieu) khi dang reset, hodc ngay ca khi xung nhip khéng hoat déng.

Port C (PCO0...PC7)

Port C |a cbng vao/ra hai hwéng 8 bit cé cac dién tré ndi 1én ngudn dwong bén
trong. Cac chan ra cla céng C c6 thé chiu dwoc dong dién 20 mA di qua. Khi cac chan
clia cdng C la cac ngd vao va duoc dat xubng mirc thdp tir bén ngoai, ching sé la nguén
dong néu cac dién tré kéo Ién ngudn dwong duwoc kich hoat. Hai chan cla port C c6 thé
dwoc str dung nhw bd dao dong cho timer/counter2.

Cac chan cua port C dwoc dat & trang thai thir 3 (khdng cho phép xuat/ nhap di
liéu) khi dang reset, hoac ngay ca khi xung nhip khéng hoat déng.

Port D (PDO...PD7)

Céng D la cdng vao/ ra hai huwéng 8 bit cé cac dién tré ndi Ién ngudn duwong bén
trong. Cac chan ra cta céng D c6 thé chiu dwoc dong dién 20 mA di qua. Khi cac chan
ctia céng D Ia cac ngd vao va dwoc dét xubng mirc thap tir bén ngoai, ching sé la ngudn
dong néu cac dién tré nbi 1én ngudn dwong dwoc kich hoat.

Cbng D cung cép céac chirc ndng &ng vdi cac tinh ndng dac biét cia AT90S8535
nhuw trinh bay & bang sau:
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BANG 2.2 Chtrc ndng cac chan ctia port D

Chan | Cac chirc ndng chuyén déi

PDO ' RXD (UART Input line)

PD1 | TXD (UART Output line)

PD2 1 INTO (External interrupt O input)

PD3 . INT1 (External interrpupt 1 input)

PD4 i OC1B (Timer/counter1 output compareB match output)
PD5 . OC1A (Timer/counter1 output compareA match output)
PD6 | ICP (Timer/counter1 input capture pin)

PD7 1 OC2 (Timer/counter2 output compare match output)

Cac chan cua port D dwoc dat & trang thai thir 3 (khéng cho phép xuat/ nhap div
lieu) khi dang reset, hoac ngay ca khi xung nhip khéng hoat dong.

RESET : Ng6 vao dat lai. B vi diéu khién sé& dwoc dat lai khi chan nay & mirc thap
trong thoi gian hon 50 ns hoac ngay ca khi khéng co6 tin hiéu gilr nhip. Cac xung ngan
hon khéng tao ra tin hiéu dat lai.

XTAL 1: Lbi vao bod khuéch dai ddo va 16i vao mach tao xung nhip bén trong.
XTAL 2: Léi ra bd khuéch dai dao ddng dao (inverting oscillator ampilifier).

AV¢c : AV la chan cung cap diér] ap cho port A va bd ADC. Néu bo ADC khdng
dwoc sir dung thi chan nay phai dwoc ndi lén VCC. Neu bé ADC duoc st dung thi chan
nay phai duwgc ndi véi VCC qua mach loc théng thap (low-pass filter).

AREF : AREF la ngo vao dién ap chuan ding cho b chuyén déi ADC (Analog to
Digital Converter). D& b6 ADC hoat dong, thi chan nay phai dwoc dat mec dién ap
khoang tr 2V dén AVcc .

AGND: AGND la chan nbi dat cho phan mach twong tw (analog ground).
4. CAU TRUC AT90S8535

4.1 So lwoc

Khai niém tap thanh ghi (register file) truy nhap nhanh gém 32 thanh ghi lam viéc da
nang 8 bit v&i thdi gian truy nhap trong mét chu ky xung nhip (one single clock cycle).
Diéu nay c6 nghia la trong mét chu ky xung nhip, ALU thwc hién dwoc mét phép toan. Hai
toan hang dwoc xuét tir tap thanh ghi, phép toan dwoc thuc hién véi két qua dwoc lwu tré
lai vao tap thanh ghi trong mét chu ky xung nhip. 6 trong s 32 thanh ghi nay cé thé l1am 3
con tré dia chi gian tiép 16 bit d& dinh dia chi khong gian di liéu (data space addressing)
va cho phép tinh dia chi hiéu dung. M6t trong 3 con tré dia chi con dwoc dung lam con tré
dia chi cho chirc nang tim kiém bang hang sb. Cac thanh ghi c6 cac chirc ndng bd sung
nay la cac thanh ghi 16 bit X,Y va Z.
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[ Data Bus 8-bit

Program Status Interrupt
4K X 16 o -« » .
Program Counter and Control Unit
Memory
N SPI
A » 32x8 Unit
Instruction General
Register Purpose
| Registrers Serial
\ - UART
Instruction
Decoder A A ,
o 8-bit
e G Y "] Timer/Counter
& & ALU
g 5
Control Lines k2, Z 6o
< .
- B * Timer/Counter
8 £ " with PWM
Q = Bbn
“—>1 Timer/Counter
] 512x 8 with PWM
Data
» SRAM i Watchdog
7 Timer
512x8 Py Analog to Digital
EEPROM | Converer
32 P N Analog
I/O Lines Comparator

Hinh 2.3 Cu tric AT90S8535

Khéi ALU hé tro chirc nang logic va sb hoc gitra cac thanh ghi hoac gitra mét hang
s v&i mét thanh ghi. Cac phép toan trén thanh ghi don (single register) ciing dwoc thuc
hién trong khdi ALU. Hinh trén thé hién c4u tric RISC AVR cua vi diéu khién AT90S8535.

Thém vao sw hoat déng cta thanh ghi, nhitng ché dd dinh dia chi bd nhé théng
thwong co thé dwoc sir dung trén tap thanh ghi (register file). Vi tap cac thanh ghi da
ndng dwoc dat tai 32 dia chi thdp nhat trong khéng gian di¥ liéu (tr $00 dén $1F) nén
ching c6 thé truy nhap nhw nhirng vi tri trong bd nhé théng thwéng.

Khong gian bd nhé xudt/ nhap chira 64 dia chi cho cac chirc nang ngoai vi cia CPU
cac thanh ghi diéu khién, Timer/counter, bd ADC va cac chirc nang xuat/ nhap khac. Bo
nhé xuét/ nhap cé thé truy nhap truc tiép hodc theo vi tri trong khong gian di liéu ctia cac
tap thanh ghi (register file), tir dia chi $20 dén $5F.

AVR sl dung cAu tric Harvard véi boé nhé va bus riéng biét cho chwong trinh va div
liéu. B6 nhé chuong trinh dwoc hoat ddng véi mot dwdng 6ng 2 tang. Trong khi mét 1énh
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dwoc thye hién thi 1énh tiép theo dwoc glri vao bé nh¢ chwong trinh. biéu nay cho phép
cac 1énh duwoc thwe hién trong méi chu ky xung nhip (every clock cycle). B&d nhé chwong
trinh 1a bd nhé flash cé thé nap ngay trong hé théng.

Toan bo khong gian 4K dia chi dwoc truy nhap truc tiép nhe cac Iénh nhay va lénh
goi. Hau hét cac lénh cta AVR c6 dinh dang tr don 16 bit. M&i dia chi cia bdé nhé
chwong trinh chira mét 1énh 16 bit hoac 32 bit.

Trong qua trinh goi ngat va chwong trinh con (interrupts and subroutine) dia chi tr&
ve cta bd dém lénh hay bd dém chwong trinh dwoc lwu vao ngan xéep. Ngan xép duoc
cap phat trong bd nhé div liéu SRAM nén kich thuwédc ctia ngan xep chi bi gi&¢i han bd&i
dung lwong va véi khdng gian da st dung ctia bd nhé SRAM. Tét ca chwong trinh cla
ngwdi dung phai khéi tao con trd ngan xép SP (Stack Pointer) khi bat dau chuwong trinh (
trwdc khi cac chwong trinh con va cac ngat dwoc thwe thi). Con tréd ngén xép SP 10 bit
dwoc truy nhap dé doc/viét trong khdng gian vao/ra.

B6 nhé dir liéu SRAM 512 byte cé thé dwoc truy nhap dé dang théng qua 5 ché do
dinh dia chi dwoc cung cép trong cau tric cia AVR.

Céc khéng gian nhé trong cau tric AVR duoc dinh dia chi theo kiéu anh xa bd nho
tuyén tinh déu.

4.2 T6 chirc bd nh&

Program Memory Data Memory Data Memory
$000 32 Gen. Purpose $0000 $000
Working Registers | go01F
$0020
64 /O Registers EEPROM
Program Flash (512 x 8)
(4K x 16) $005F
$0060
Internal SRAM $1FF
/4 E12x6)
$025F

$FFF

Hinh 2.4 T4 chtrc bd nho

Khdi ngét linh dong (flexible interrupt module) cé cac thanh ghi diéu khién trong
khéng gian vao/ra va mét bit cho phép ngét toan cuc trong thanh ghi trang thai. Méi ngét
déu c6 moét véc tor ngat riéng trong bang véc to ngat & diu bd nhé chwong trinh. Cac
ngat c6 th&r tw wu tién twong (rng véi vi tri véc to ngat clia ching. Dia chi véc to ngat
cang thap thi thir tw wu tién cang cao.

e Bo6 nhé chwong trinh (Program Memory).

_ AT90S8535 chira 8 K byte b nh¢ flash 1ap trinh dwoc ngay trong hé thdng, dung
dé lwu chwong trinh. B6 nhé nay c6 thé chiu dwng it nhat 1000 Ian ghi xéa
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e BO nhé dir liéu SRAM (Static RAM Data Memory).

C6 nam ché do dinh dia chi cho tt ca bd nh& dir liéu : trwc tiép, gian tiép voi do
dich chuyén, gian tiép, gian tiép v&i sw gidm trwdc ( cac thanh ghi dia chi X,Y hodc Z bi
gidm), gian tiép véi sy tang sau (cac thanh ghi dia chi X,Y hodc Z tang 1én).

32 thanh ghi lam viéc da néng, 64 thanh ghi xuat/ nhap va 512 byte SRAM di liéu
(internal data SRAM) clia AT90S8535 c¢6 thé truy nhap dwoc tir tAt ca cac ché do dinh dia
chi nay.

Register File Data Address Space
00 £0000
Bl $0001
A2 $0002
F@ ‘M
F@ m
Rt 1 E001F
Vo Registers
$00 $00Z0
£01 20021
02 £0022
$3D $005D
F3E $005E
EF ——————————————— %
Internal SRAM
£0000
£0001
$025E
$020F

Hinh 2.5 Khéng gian di¥ liéu SRAM

e BO6 nh& div liéu EEPROM (Electrically Erasable Programmable Read-
Only Memory).

AT90S8535 chira 512 byte bé nhé dir liéu EEPROM. N6 duoc td chirc nhuw mot
khéng gian di liéu riéng biét gébm cac byte don (single byte) cé thé duoc doc va ghi. Bo
nhé EEPROM chiju dwng it nhat 100.000 1an ghi xda.

e Thanh ghi lam viéc da nang (General Purpose Working Register).

Tét ca cac 1énh thyc hién trén thanh ghi (register operating instructions) déu co thé
truy nhap trwe tiép dén moi thanh ghi trong mét chu ky may. Ngoai trir nam 1énh sé hoc va
logic gitra mét hang s6 véi moét thanh ghi: SBCI, SUBI, CPI, ANDI, ORI va lénh nap dir
liéu hang s6 tirc thoi LDI. Cac Iénh nay ap dung cho céc thanh ghi da ndng tr R16 dén
R31. Cac Iénh SBC, SUB, CP, AND, OR va tat ca cac lénh khac gitra hai thanh ghi hoac
trén mét thanh ghi ap dung cho toan bé tap thanh ghi.

Trong cac ché do dinh dia chi khac, nhirng thanh ghi dia chi (address registers) nay
dong vai trd lam dé dich cb dinh, ting va giam ty déng.
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7 ] Addr.

RO $00
R1 B0
Rz B2
R13 HoD
General H14 SOE
Purpose R15 BOF
Working 51 [ B10
Registers R17 $11
Rz6 H1A X-register low byte
Ra7 F1B X-register high byte
Ra2s $1C Y-register low byte
Rz9 F1D Y¥-register high byte
Ran F1E Z-register low byte
Ra1 B1F Z-register high byte

Hinh 2.6 Thanh ghi da nang

M®i thanh ghi con dwoc gan moét dia chi bd nhé di liéu (data memory address) anh
xa (mapping) truc tiép v&i 32 vi tri dau tién cta khong gian di¥ liéu danh cho nguwdi st
dung. Mac du khéng cé cac dac diém vat ly nhw cac vi tri trong bé nh¢ cia SRAM nhwng
céach td chirc bd nhé nay lam cho viéc truy nhap cac thanh ghi rat linh dong khi cac thanh
ghi X, Y, Z c6 thé dwoc dung dé danh sé cac thanh ghi trong tap thanh ghi da nang.

Cac thanh ghi tir R26 dén R31 c6 mot sé chirc ndng bd sung. Nhirng thanh ghi nay
la nhirng con trd dia chi (address pointer) dé dinh dia chi gian tiép ctia khéng gian di liéu.
Ba thanh ghi dia chi gian tiép X, Y va Z duwoc dinh nghia nhw sau:

15 o
K-ragister F [i] 7 _ o
27 (31B) R2& ($14)
15 i
Y-register 17 TR
F20 ($10) RZS (310
15 i
Z-ragistar 17 o |7
- - -
R31 (31F) RA0 (H1E)

Hinh 2.7 Ba thanh ghi X, Y, Z

e B® nhé xuat/ nhap ( 1/0 memory).

Téat ca céac dia chi xuat/ nhap ngoai vi duwgc dat trong khéng gian xuét/ nhap (1/0
space). C4c vi tri xuat/ nhap duwoc truy nhap bdi Iénh IN va OUT chuyén dbi di liéu gitra
32 thanh ghi da ndng va khéng gian xuat nhap. Bang cach str dung cac 1énh SBI va CBI
c6 thé truy cap bit trwc tiép dén cac thanh ghi cé dia chi tir $00 dén $1F. Trong nhirng
thanh ghi nay, gia tri clia tirng bit don cé thé dwoc kiém tra bang cach st dung lénh SIBS
va SBIC. Khi st dung lénh IN, OUT, dia chi xuat/ nhap $00 dén $3F phai dugc siv dung.
Khi dinh dia chi thanh ghi nhuw SRAM, $20 phai dwgc thém vao nhirng dia chi nay.

4.3 Hoat dong cua Timer/Counter

AT90S8535 cung cdp ba bd Timer/ Counter da nang gébm hai bd Timer/ Counter 8
bit va mot bd Timer/ Counter 16 bit. Timer/ Counter2 cé thé dwoc kich b&i bd dao dong
ngoai (external oscillator). B& dao ddng ngoai nay dwoc st dung tdi wu nhéat véi thach
anh 32.768 kHz, né cho phép Timer/ Counter2 hoat ddng nhuw mét ddéng hé thdi gian thuc
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( Real-time clock). Timer/ CounterQ va Timer/ Counter1 cé phan chia tan sb riéng twv bo
chia tan sd 10 bit. Timer/ Counter2 c6 bd chia tdn sé ngay trong né. Nhirng Timer/
Counter nay dwoc str dung nhw mét bd dinh thoi khi cé tin hiéu gilr nhip bén trong, hoac
duoc st dung nhw mot bd dém khi co sw két ndi véi xung kich ciia mach dém bén ngoai.
Sau day 1a cac so d6 khéi clia Timer/ Counter0, Timer/ Counter1, Timer/ Counter2:

TIMER/COUNTERY QUTPUT COMPARE REGISTER hl
1

TG0 OVER-
FLOW IRC
o Y >
o HEEEEEEE ) 4
P TIMER INT. MASK TIMER INT. FLAG TiC0 CONTROL
o REGISTER (TIMSK) REGISTER (TIFR) REGISTER (TCGRO
ﬂ il B vl = = o |52“ ||||§_t'5
SIEIEIBIBIE] B e
(=1 =]
Yy Yy
T 2]
TIMER/COUNTERD + TG CLK SOURCE COMTROL [+ CK
< 'l (TCNTO) LOGIC - To
L 4
Hinh 2.8 So d6 khoi timer/counter 0
THC1 OVER- TCA COMPARE TG COMPARE TACA INFLUT
FLCWY IRQ MATCHA IR MATCHE IR CAFTURE IR
]
@ gla|g|E|E|e 5] e AE|El=] =
= HEHEEEENE 85|§Ba'e| H I
= ~ ;
Sle—| USRS || SRS | | ot
= - TEElE] 1 2
15 8 7 ] F 4 v |
"_hl TACA INPUT CAPTLIE:lE REGISTER 1CR1) I | +—— CK
- T1
CAFTURE
éE: TREZSER T ry -
15 a 7 I L= T/C CLEAR J
<—>I TIMER/COUNTER1 (TGNT1) W
15 aW T (=] 15 aW7T [}
I 16 BIT COMPARATOR I 16 BIT MPARATOR
r N r 9
15 & 7 =] 16 [-] 7 [+]
‘_’-I ITIMEFl."I‘:OUNTEFH C!LITFI UT COMPARE REGISTER BI

!

Hinh 2.9 So

dd khoi timer/counter 1

-
Jo-
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T/Cz2 OVER- TACz2 COMPARE
FLOW IRC MATCH IR

T | - | |
a-BIT DaTa BUS -
-
8-BIT ASYMNCOH TAZ2 DATA BLIS ». —
= _ ry -
ila(oloela)|e & gl
s|E|E|E|=[E] |E 21= w v
- TIMER INT. MASEK TIMER IMT. FLAG T2 COMNTROL
REGISTER (TIMSE) REGISTER (TIFR) REGISTER (TCGCR2)
rF _ HEIREIEE]
&'9;59-“|;;||¥ |§§§%?ﬁ%’§_‘5
s|e=lslslz (= o e
7 a s GLEAR h Yy Y vy r W

TIMER/COUNTERZ G CLE SOURCE -— T
<> IR e conTROL

= [— TCOSC

7 v 0 T
| a8-BIT COMPARATOR I

CUTPUT COMPARE
REGISTERz (OCRz2)

ASYMCH., STATUS
REGISTER (ASSR)
y ' § B.umn e
v ik

1=
[+

IFeLE

CK
PCHz

SYMNCH UNIT

¢ v

Hinh 2.10 So d6 khéi timer/counter 2

Y

4.4 B6 chuyén do6i ADC (Analog to Digital Converter)
Pac trwng ctia AT90S8535 la c6 bd ADC. B6 ADC dugc ndi v&i bo ddn kénh Analog
8 k&nh né cho phép mdi chan clia port A dwoc st dung nhw 1a ngd vao clia bd ADC. Bd
ADC chtra mo6t mach khuéch dai va 1y mau, né bao dam dién ap ngd vao cia bdé ADC
duwoc gitr & mot hang sbé trong sudt qua trinh chuyén dbi.
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2-BIT DATA BLIS

ADC GONVERSION
COMPLETE IRC

a

1
-

v ¥

ADIE

g 15

ADC MULTIPLEXER | | ADC

CTAL & STATUS | ADC DATA REGISTER |

| SELECT (ADMUX) REGISTER (ADCSR) (ADCHADCL)
IIEEEE FAFRFEEL & —= Y
arer[] SHEE EEQEQEEE
v ¥ =
l FRESCALER) E
-
ADCT D—\ ¥ v ¥ ¥ ¥ I
apcs[ M 1CBIT DAC - COMVERSION LOGIC
aocs [ H .
- F
ADCH D— CHAMMEL
ML -
apcz [+ - .
SAMPLE & HOLD
ADGE2 D— 4 COMPARATOR
aoct [+
weaF|

Hi

inh 2.11 So db khdi bd ADC

B6 ADC c6 2 chan cép nguf‘)n analog riéng biét la AVcc va AGND. AGND phai dwoc
ndi dén GND va dién ap AVcc phai khéng khac nhiéu hon + 0.3V so véi Vee.

Dién ap tham chiéu bén ngoai (external reference voltage) phai dwoc dat vao chan
AREF. bién ap nay phai & khoang tir 2V-Avcc.

4.5 B6 so sanh twong tw ( analog comparator)

B6 so sanh twong tw so sanh gia tri dién ap & ngé vao dwong PB2(AINO) véi ngd
vao am PB3 (AIN1). Khi dién ap & ngd vao PB2 cao hon dién ap dat vao chan PB3 thi
ngd ra clia bd so sanh twong tw dwoc dat 1én mirc “1”. Ngd ra nay cé thé duwoc siv dung
cho bd Timer/Counter1 dé kich ho&c x6a ngat bd so sanh twong tuw.

VCC

T

PB2
(AIND)

i

|INTERRUPT

L | ANALDG
)—» COMPARATOR
IRQ

PBE3
(AN

>

SELECT

ACIS1  ACISO

L = AC

ACIC
—— "
TO TIC1 CAPTURE
ACO TRIGGER MUX

Hinh 2.12 B so sanh analog

[
;o
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BAI 3
Tén bai Vi diéu khién PIC16F8x Ma bai ClO 02 27 03

GIO'l THIEU

Bai nay trinh bay vé déc tinh va c4u tric cta ho vi diéu khién ctia cong tyMicrrochip
théng qua ho vi mach thédng dung 1a PIC16F8x. N&i dung bai gébm ca Iy thuyét va thuc
hanh nhé cac phan mém bién dich Assembler (MPASM) va C (MPLAB C17) két hop voi
céac board mé phdng phan cing

MUC TIEU THUC HIEN

Biét dwoc cac tinh nang ctia ho PIC ding ROM va flash ROM

Hiéu c4u tao, nguyén ly hoat déng cac khéi chirc nang tich hop trong PIC16F8x
Biét dwoc so dd chan va tin hiéu cac chan ciia PIC16F8x

Viét dwoc chwong trinh (rng dung

NOI DUNG CHINH

Noi dung bai hoc tap trung vé cac chd dé chinh nhw sau:
e CAu triic chung vé ho PIC

Dac tinh chung ctia PIC16CRxx va PIC16F8x

So d6 khdi cAu tao ho PIC16F8x

T4 chirc bd nhe

CAu tao va hoat dong clia bo timer/counter

T6 chire va cach truy cap bé nhé& div liéu EEPROM

Céu tao va td chirc ngat

B& dinh th¢i canh chirng

Cac phuwong phap reset

Tap lénh ho PIC16F8x
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1. MO TA CHUNG
PIC16F8x la mot nhém trong ho vi diéu khién CMOS 8 bit PIC16Cxx gia ré, hiéu
nang cao, ché do tinh toan phan. Nhém nay bao gdm cac thiét bj sau
e PIC16F83
e PIC16F84
e PIC16CR83
e PIC16CR84

TAt ca cac vi diéu khién ho PIC déu co clu tric RISC cai tién. cac thiét bi 16F8x
duwoc tdng cwdng cac dac tinh chi yéu, ngdn xép cé d6 16ng sau 8 cap va nhiéu ngudn
tin hiéu ngat trong ciing nhw ngoai. Bus ma lénh va dir liéu riéng biét theo ciu tric
Harvard cho phép moét Iénh 16 bit tach biét v&i bus dir liéu 8 bit. Pwdng dng 1énh hai tAng
cho phép tat ca cac Iénh dwoc thuc hién chi trong mét chu ky ngoai trir cac 1énh ré nhanh
(cac 1énh nay can dén hai chu ky) tbng cong c6 35 1énh kha thi (tap I&nh rat gon). Thém
vao dé 1a mét tap hop cac thanh ghi dwoc str dung nham dat mire dd thue thi cao.

Céc vi diéu khién PIC16F8x dién hinh dat mirc nén ma lénh 2:1 va téc do tang 4:1
(tai 20 MHz) so v&i cac vi diéu khién 8 bit khac cung loai.

PIC16F8x c6 dén 68 byte RAM, 64 byte b nhé di liéu EEPROM va 13 chan 1/O va mét
b timer/counter

Ho PIC16Cxx co nhwng tinh nang dac biét dé giam thiét bi ngoai, ha gia thanh, ting
do tin cay cta hé thong va giam cong suét tiéu thu. C6 bbn tuy chon dao dong : Dao dong
RC don cwe cung cap gidi phap ré tién, dao déng LP téi thiéu hoa cong suét tiéu thu, XT
la mét thach anh chuan va HS dbi véi cac thach anh téc do cao. Ché dd ngii (ha ngudn)
cho phép tiét kiem ndng lvong. Nguwdi dung cé thé danh thirc thiét bj tir ché d6 nay bang
cac ngét trong va ngoai va reset.

Mét b dinh thoi watchdog cé dd tin cdy cao, bd dinh thoi nay cé mach dao déng
RC riéng trén chip cung cép kha néng treo may

Céc thiét bi v&i bd nhé chwong trinh flash cho phép déng goéi thiét bj gibng nhau
trong quy trinh tao mau va san xuét. Véi kha nang lap trinh trong hé théng cho phép cap
nhat chwong trinh ngay trong trng dung ma khéng can phai thao roi thiét bi. Diéu nay rat
hru dung cho viéc phat trién nhiéu ng dung ma viéc tiép can thiét bj khéng de dang
nhwng lai can thiét phai cap nhat ma I&énh va ciing rat co lgi cho cac rng dung can cap
nhat ma lénh tir xa VD théng tin vé téc do.

Bang 3.1 liét ké cac tinh nang cta ho PIC16F8x va mét so dd khdi don gian dwoc
trinh bay trong hinh 3.1

PIC16F8x rat thich hop trong cac [inh viec tng dung tw dong tbc dd cao, hé théng
diéu khién déng co cho dén cac cam bién tir xa céng suét thap, khoa dién ti, thiét bj bdo
mét va card thdng minh. Cong nghé Flash/EEPROM cho phép kha nang tay bién chwong
trinh ng dung theo y khach hang (ma phat, tbc d6 dong co, tAn sd nhan, ma bao mat...)
rat nhanh va thuan tién

Kich thwdc dong goéi nhd gon thich hop véi tat ca cac (rng dung c6 khéng gian han
ché. Gia thanh ré, cong suét thap, hiéu ndng cao va kha nang I/O linh déng lam cho
PIC16F8x réat linh hoat ngay ca & nhitng noi trwdc day khéng dung vi diéu khién nhuw :
Binh thoi, so sanh, PWM va cac &rng dung dbng X ly.

Pac tinh Iap trinh trong hé thdng ndi tiép (théng ‘qua hai chan) tao nén tinh linh hoat
tuy bién san pham sau khi 13p rap va kiém tra hoan tat. Tinh nang nay cé thé dwoc dung
dé san xuét san pham, chra di liéu dinh chuan hoéc lap trinh thiét bj véi phan déo hién
hanh trwéc khi phan phbi.

1.1 Kha nang twong thich

Vé&i cac nguoi dung da quen thude véi ho PIC16C5x sé thay rang day 1a mét phién
ban nang cap cau tric cia ho PIC16C5x. M4 lénh dwoc viét cho PIC16C5x sé& dé dang
dwoc thyc hién béi PIC16F8x.
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1.2 Céng cu hd tro phat trién
Ho vi diéu khién PIC16Cxx dugc hd tro bdi mét trinh dich hop nglr day da tinh
nang, mot phan mém md phdng, mét phan cirng thir nghiém trong hé thong, moét may nap
gia ré va day da tinh nang. Mét trinh dich “C” va ciing con nhiéu cdng cu hé tro’ logic mo.

PIC16F83 PIC16CR83 PIC16F84 PIC16CR84
Pong hé | Tans6é (MHz) | 10 10 10 10
B6 nh¢ B nh¢ 512 - 1K -
chwong trinh
flash
B nh¢ - - - -
chuwong trinh
EEPROM
B nh& - 512 - 1K
chwong trinh
ROM
B6 nhé div 36 36 68 68
liéu (bytes)
B6 nh¢é div 64 64 64 64
liéu EEPROM
(bytes)
Ngoaivi | Timer TMRO TMRO TMRO TMRO
Nguodn ngat | 4 4 4 4
Chéan 1/0 13 13 13 13
Pac tinh | Dién ap (V) 20-6.0 |2.0-6.0 20-6.0 |2.0-6.0
Dang vo 18 pins | 18 pins DIP, | 18 pins | 18 pins DIP,
DIP, SOIC | SOIC DIP, SOIC | SOIC

Bang 1.1 Ho PIC16F8x

2. CAC LOAI 16F8x

Tuy thudc vao (rng dung va yéu ciu san xuét, tlly chon thiét bj twong &ng cé thé duoc
chon dwa trén cac théng tin & phan nay.

C6 4 chuing loai thiét bj dwoc chi ra trong sb hiéu cla thiét bi.

1. F nhw PIC16F84, day la cac thiét bi cd bd nhé chwong trinh flash va hoat
dong trong dai dién ap chuan.

2. LF nhw PIC16LF84, cac thiét bj nay c6 bd nhé chuwong trinh flash va hoat
dong trén dai dién ap mé réng

3. CR nhw PIC16CR83, cac thiét bi nay c6 bd nhé chwong trinh loai ROM va
hoat déng trong dai dién ap chuan

4, LCR nhuv PIC16LCR83, la cac thiét bi c6 bd nhé chwong trinh ROM va

hoat dong trén bé nhé mé rong
Khi & cap dén ban dd bo nhé va cac tinh nang cau trac khac, cac ky hiéu F va CR ciing
dwoc dung dé am chi LF va LCR.
2.1 Cac thiét bij flash
Céc thiét bj nay dwoc cung cap dwdi dang vo plastic gia ré mac du chung co thé
xda va lap trinh lai. Viéc nay cho phép dung mét thiét bi gibng nhau dé phat trién mau va
cling nhw san xuét cac chwong trinh mau
M6t wu diém niva ctia phién ban flash xéa bang dién 1a ching c6 thé dwoc x6a va nap
chwong trinh lai trong hé thédng hodc badng may nap roi tir ngoai
2.2 Cac thiét bi QTP
Cong ty microchip cung cip mét dich vu Iap trinh QTP (quic-turnaround-production)
cho cac yéu cau dat hang san xuét cong nghiép. Dich vu nay gitp nguoi dung cé thé
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chon khong Iap trinh mot sb lwong 1&n thiét bi ma ma lénh trong chiing da duoc on dinh.
Cac thiét bj né){ co tat ca cac vij tri la Ipai flash va cac tuy chon cau hinh da duqc l&p trinh
b&i nha san xuét. C4c thi tuc kiém mau va ma Iénh duwoc ap dung trwéc khi xuat xwéng.

2.3 Cac thiét bi SQTP
Hang microchip cung cdp mét dich vu lap trinh don 1&. qua d6 mét vai vi tri trong
thiét bi dwoc xac dinh bdi ngwdi dung dwoc 1ap trinh theo cac sb hiéu san xuét khac
nhau. Cac sé hiéu san xuét cé thé 1a ngau nhién hodc theo thir tw.
Kha nang lap trinh ndi tiép cho phép madi thiét bi cé6 mot sb duy nhat va dwoc dung lam
ma nhap, mat khau ho&c s6 nhan dang

2.4 Cac thiét bi ROM
Trong s6 thiét bj ctia microchip cé mét thiét bi twong rng c6 bd nhé chwong trinh 1a ROM,
céc thiét bi nay c6 gia ré hon loai lap trinh theo ngudi dung truyén théng (EPROM va
EEPROM)
Céc thiét bif ROM PIC16CR8x khéng cho biét théng tin san xuét trong ving bd nhé
chwong trinh. Ngwdi ding cé thé nap cac théng tin nay trong ving EEPOM di liéu

3. SO LUQC VE CAU TRUC

Ho PIC16Cxx hiéu nang cao dwoc xép vao loai vi x&r Iy RISC thédng dung, ho nay ap
dung c4u tric Harvard cé boé nhé chuong trinh va boé nhé div liéu dwoc truy cap riéng, cac
thiét bi nhw thé cé6 mét bus bd nhé chwong trinh va mét bus bd nhé dir liéu, diéu nay lam
cai thién bang théng so v&i ciu tric Neumann truyén théng & d6 chwong trinh va di liéu
déu dwoc lay tlr cing mot bd nhé (truy cap trén ciing mét bus). Do bd nhé chwong trinh
va di liéu riéng biét con cho phép dé dai cac 1énh khac véi do dai div liéu 8 bit. Ma Iénh
cua PIC16Cxx c6 db dai la 14 bit, toan bd bus bdé nhé chwong trinh 14 bit nhan 1énh 14
bit chi trong mét chu ky. Mét dwdng éng hai tang gbi chéng céac 1énh doc vao véi cac lénh
dang thwc hién (vi du 3.1). Do d6, tat ca cac lénh dwoc thuc hién trong mot chu ky ngoai
trtr cac l1énh ré nhanh chwong trinh.

PIC16F83 va PIC16CR83 dia chi hoéa 512 x 14 bd nh& chwong trinh, PIC16F84 va
PIC16CR84 dia chi héa 1 K x 14 bd nhé& chuwong trinh. T4t ca c& bd nhé chwong trinh 1a
vung nh& bén trong.

Ho PIC16Cxx c6 thé dinh dia chi truc tiép cac day thanh ghi va bé nhé dir liéu cla
ching. T4t ca cac thanh ghi chirc ndng dac biét bao gdm cd bd dém chuwong trinh déu
dwoc anh xa trong vung nhé div liéu. Mét tap 1énh trpc giao (d6i xing) giip né cé kha
nang thwe hién moi thao tac trén moi thanh ghi bang cach dinh dia chi bat ky, dan dén két
qua la chuwong trinh don gian va hiéu qua. Thém vao dé qua trinh hoc cling giam mét
cach dang ké.

Céc thiét bi PIC16Cxx gdbm mét khéi ALU 8 bit va cac thanh ghi hoat dong. Khéi
ALU Ia mét don vi sé hoc cong dung chung. N6 thuc hién cac phép tinh sb hoc va logic
gitra di¥ liéu trong thanh ghi dang hoat déng vé&i day thanh ghi bét ky.

ALU c6 do Ién 8 bit cé khd nang : Cong, trir, dich chuyén va cac phép toan logic.
Trr khi dwoc lwu y, néu khong thi cac phép tinh sé6 hoc déu dwa trén co sé s6 bu bac hai.
Déi voi cac 1énh hai toan hang : M6t toan hang la thanh ghi hoat déng va toan hang khac
la mot thanh ghi day hodc mét hang sb tirc thoi. Dbi véi cac 1énh mot toan hang, toan
hang la thanh ghi hoat ddong hoac mét thanh ghi day.

Thanh ghi hoat déng 1& mét thanh ghi 8 bit dwoc dung cho khéi ALU, thanh ghi nay
khéng c6 dia chi.

Tuy theo 1&nh dwoc thye hién, ALU cé thé anh huwéng dén gia tri clia cac bit : Carry
(C), Digit Carry (DC), va Zero (Z) trong thanh ghi trang thai. Cac bit C va DC cé chirc

nang lan lvot nhw 14 bit ra borrow va digit borrow trong phép trir

So dd khéi clia PIC16F8x dwoc trinh bay trong hinh 3.1 véi cac chan twong (rng
dwoc mo ta trong bang 3.2
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13 N DataBus g,
Flgg;ﬁs-l;:d =] Frogram Counter ) 7 EEPROM Dala Memory
Memory ! b
PIC1GFE3/CRES 3 A .
512 2 14 Flia Regislers i o |
PICAGFBA/CREA H Len Slack PICEFEICRRS | EEDWTA [ Dala Memory
1K x 14 L BB B xg
PICIEFS4/CREA
3% 8

M RAM Addr
Addr Mux

:JI EEADR

Eg Cirect Addr THRD
=
_ RAATOCK]
By
=
MU
POWEr-Up -
o Timer [ sl vorois
Insirudtion | Cmclleor L |
Decode & (=M | Starl-up Timer
Contral AL
g | | = resra
b
nmmg | || Walchaog - -
Ganaralion Timer ¥ rag lf-='-‘='E RET:RE1

X

MCLR

-E REOANT

ORCHCLEOUT oo, Wee
OECTCLEIN
Hinh 3.1 So d4 khéi PIC16F8x
Tén chan S6 S6 Kiéu | Kiéu dém Mb ta
DIP | soIC | l/o/P

OSC1/CLKIN 16 16 I ST/CMOS " | Ngb vao thach anh hodc dao ddng tir bén ngoai

OSC2/CLKOUT | 15 15 0 - Ngd ra thach anh, néi dén thach anh hodc mach
cong hudng trong ché d6 dao déng thach anh.
Trong ché do RC, tan sé tai day béng % OSC1 va
biéu thi tbc dd chu ky 1&nh

m 4 4 I/P ST Egﬁr\‘.’fﬁ reset tich ciwc mirc thap/ngd vao dién ap

RAO 17 17 I/O TTL Port A [a mét port I/O hai chiéu

RA1 18 18 110 TTL

RA2 1 1 110 TTL

RA3 2 2 I/0 TTL

RA4/TOCK1 3 3 I/0 ST Ngé vao TMRO cta timer/counter, ngd ra la loai
cuc thoat dé hé
Port B 14 mot port I/O hai chiéu, port B cé thé
dwoc 1ap trinh bang phan mé&m cho tat ca cac ngd
vao kéo Ién

RBO/INT 6 6 I/0 TTL/ST? C6 thé dwoc dung 1am ngd vao ngét ngoai

RB1 7 7 110 TTL

RB2 8 8 I/0 TTL

RB3 9 9 110 TTL

RB4 10 10 110 TTL Thay dbi v&i ngét

RB5 11 11 110 TTL Thay déi véi ngét

RB6 12 12 I/0 TTL/ST? Thay dbi v&i ngét, ddng hd nap ndi tiép

RB7 13 13 I/0 TTL/ST? Thay dbi v&i ngét, dir liéu nap ndi tiép

VSS 5 5 P - GND

VCC 14 14 P - Ngudn nudi

Bang 3.2 Mé t& chirc ndng cac chan PIC16F8x3.1 Dd thi thdi gian/Chu ky [&énh

"La ngd vao Smith trigger khi hoat déng v&i dao dong RC, céac trwong hop khac la ngé vao CMOS
2 |La ngd vao Smith trigger khi dwoc cau hinh 1a ngét ngoai
® La ngd vao Smith trigger & ché dd nap néi tiép
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Ngé vao ddng hé (tr OSC1) dwoc chia 4 & bén trong dé tao ra bdn xung vuéng léch
nhau Q1, Q2, Q3 va Q4. Bd dém chwong trinh (PC) dwoc tang bdi xung Q1, l1énh can
thwe hién dwoc doc tlr bd nhé chwong trinh va chét vao thanh ghi 1énh trong Q4. Lénh
dwoc gidi ma va thye hién trong khoang sau Q1 dén Q4. Cac xung déng hé va tién trinh
thwe hién 1énh dwoc chi trong hinh 3.2

Thwe hién Iénh/dwéng 6ng

Mét chu ky 1&nh bao gdm bdn chu ky Q (Q1, Q2, Q3 va Q4), Thao tac nhap va thuc
hién lénh theo nguyén tac dwdng 6ng. Thao tac doc Iénh chiém mét chu ky 1énh trong khi
gidi ma va thuc hién Iénh chiém moét chu ky 1énh khac. Tuy nhién, do hiéu &ng dwédng
6ng, méi lénh dwoc thuc hién trong mot chu ky. Néu mét [énh ndo d6 1am cho bo dém
chwong trinh thay d6i VD 1énh goto, thi phai can hai chu ky dé hoan tat 1énh nay (VD 3.1)

Chu ky doc 1énh bat dau qua viéc tdng bd dém chwong trinh trong Q1. Trong chu ky
thwe hién, Iénh da doc dwoc chét vao thanh ghi I1énh trong chu ky Q1. Lénh nay sau dé
dwoc gidi ma va thwe hién trong khoang thoi gian Q2, Q3 va Q4. B6 nhé dir liéu duoc
doc trong khoang thoi gian Q2 (doc toan hang) va dwgc ghi trong khoang thoi gian Q4
(ghi vao dich)

POt GR | 03 | Q4w @i | G2 | @3 | 040 ogQf | 02 | Q3 | Qd o
[u=To e W W W W s W T e T s T, W W W O
oy — v |
EI?I ' ot } F b1 ! r ! I internal
o3 — —/ W i
o4 f b T
= T I 4 oo
DE-:?&‘Q.KEI'IEII ._;—M
(Rem e'l! TR T (] l I
BRI TG 1 [P T1] = =T IPC+1
I P e | TR II
1 [ EXatlk T T TAT+TT
Hinh 3.2 Chu ky Iénh
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTE Fetch 2 Execute 2
1. CALL SUB_1 Fetch 3 Exscuts 3
4. BSF PORTA, BIT2 Fetch 4 Flush

Fetch SUE_1| Exscute SUB_1

T4t ca cac 1énh 14 [énh 1 chu ky trir cac |énh ré nhanh vi phai l4y khéi dwéng 6ng 1énh da
doc vao trong khi doc 1énh khac va thwc hién n6

Hinh 3.3 Thwc hién Iénh theo dwéng 6ng

4. TO CHUC BO NHO’

C6 hai khdi nhé trong PIC16F8x d6 1a bé nhé chwong trinh va bd nhé di liéu. Mbi
khéi cé bus riéng do d6 viéc truy cap dén mdi khdi cé thé xay ra trong cung chu ky dao
déng.

Hon nira, bd nhé di liéu c6 thé phan ra thanh ving RAM céng dung chung va cac
thanh ghi ch&rc nang dac biét (SFRs). Hoat dong cua cac SFR la trong tdm mo ta trong
phan nay. Cac SFR dwoc dung dé diéu khién thiét bi ngoai vi va dwoc trinh bay theo tirng
khdi ngoai vi twong rng.

Vung nhé di liéu cling bao gdm vung dir liéu EEPROM, vung nhé nay khéng duoc
anh xa tryc tiép trong vuing nhé div liéu ma chi dwoc anh xa gian tiép. Coé nghia 1a mot
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con trd dia chi gian tiép sé& xac dinh dia chi ving nh& EEPROM cho cac yéu ciu doc/viét.
64 byte di¥ lieu EEPROM c6 dia chi trong khoang ttr Oh — 3Fh.

4.1 T6 chirc bdé nhé chwong trinh
Ho PIC16Fxx cé mot bd dém chwong trinh 13 bit c6 kha nang dinh dia chi khong
gian nhé chuwong trinh 8 K x 14. Béi véi PIC16F83 va PIC16CR83, khéng gian dia chi dau
tién 512 x 14 (0000h — 01FFh) la dia chi vat ly (hinh 3.4). Béi véi PIC16F84 va
PIC16CR84, khong gian dau tién 1 K x 14 (0000h — 03FFh) Ia dia chi vat ly (hinh 3.5).
Viéc truy cap mot vj tri trén ving dia chi vat ly s& gay ra mot sy trung |1&p. Vi du : Déi véi
16F84 cac vi tri 20h, 420h, 820h, C20h, 1020h, 1420h, 1820h va 1C20h sé c6 cung ma
Vecto reset tai 0000h va vecto ngét tai 0004h

[ PC<120> ]
CALL, RETURN 4 13
RETFIE, RETLW i 7

Stack Level 1

Stack Level 8

Reset Vector booah Hinh 3.4 Ban db bd nhé

Peripheral Interrupt Vector | 0oo4h chuong trinh va ngén xép —
PIC16F83/CR83

Space

User Memory

1FFh

1FFFh

4.2 T6 chirc bd nhé dir liéu

Bo nh¢ di lieu dwoc chia thanh hai ving. Thir nhat 14 ving cac thanh ghi dac biét
va th& hai la vung cac thanh ghi céng dung chung GPR (general purpose registers), cac
thanh ghi SFR diéu khién hoat dong cla thiét bi.

Bo nh¢ div lieu dwoc chia thanh nhiéu day cho ca hai vung SFR va GPR. Céac day
GPR I&n hon 116 byte RAM c6ng dung chung, day SFR la cac thanh ghi diéu khién ngoai
vi. Sy chia day can cho viéc s&r dung cac bit diéu khién cho viéc chon day. Cac bit diéu
khién nay nam trong thanh ghi trang thai. Hinh 3.4 va hinh 3.5 trinh bay ban db té chirc
bd nh¢& di liéu.

Cac |énh MOVWF va MOVF chuyén céac gia tri tlr thanh ghi hoat déng (Working
register) dén mot vi tri bat ky trong day thanh ghi va ngwoc lai.

Toan bd bd nhé dir liéu cé thé dwoc truy cap hodc truc tiép bang dia chi tuyét dbi
cta mdi day thanh ghi hodc gian tiép thédng qua thanh ghi chon day FSR (file select
register) Dia chi gian tiép s dung gia tri cac bit RP1:RP0 dé truy cap vao cac vung phan
gidi cua bd nhé dir liéu.

B6 nh¢& dir liéu dwge phan thanh hai day trong d6 chira cac thanh ghi cong dung
chung va céac thanh ghi chirc nang dac biét, ddy 0 dwoc chon bang cach xéa bit RPO
(STATUS <5>), day 1 dwoc chon bang cach dat 1 cho bit RP0. M&i day trai dai dén 7Fh
(128 byte). 12 vi tri dau tién ctia méi day dwoc danh cho cac thanh ghi chirc ndng dac biét
phan con lai la cac thanh ghi cdng dung chung la phdn RAM tinh
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| P20 |

CALL, RETURN it 13,
RETFIE, RETLW  4F 7

Stack Level 1

Stack Level 8

E) Reset Vector 000oh

Hinh 3.5 Ban dd bo nhé chwong

Peripheral Interrupt Wector | 0004h C
trinh va ngan xép — PIC16F84/CR84

User Memory
Space

3FFh

1FFFh

4.2.1 Day thanh ghi cong dung chung
TAt ca c4c thiét bj déu c6 mot sb vang cac thanh ghi cong dung chung. Méi thanh
ghi GPR c6 db dai 8 bit va dwoc truy cap hodc tryc tiép hodc gian tiép théng qua FSR
(muc 4.5).
Cac dia chi GPR trong day 1 dwoc anh xa vao cac dia chi trong day 0 VD: BPinh dia
chi 0Ch hoac 8Ch sé truy cap cung mét GPR.
4.2.2 Cac thanh ghi chirc nang dac biét
Cac thanh ghi chirc nang dac biét (hinh 3.6, 3.7 va bang 3.3) dwoc dung b&i CPU
va cac chirc nang ngoai vi dé diéu khién hoat dong thiét bi, cac thanh ghi nay 1a RAM
tinh.
Cac thanh ghi dac biét cé thé dwoc chia thanh hai nhém : Trung tdm va ngoai vi.
Chung thich hop véi cac chirc nang trung tam dwoc mod ra trong phan nay, nhém con lai
lién quan dén hoat déng cla cac tinh nang ngoai vi
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Flla Arlcress

Can
oih
o2h
03h
dh
05h
0&5h
o7h

2Fh
anh

TFh

E
Indirzct ackrt" | Indiract adar
THMIRD CPTION
Pl PrL
STATUS STATLIS
FER FER
PORTA TREGA
PORTE TRISE
EEDATA EECOHN1
EEADR EECON2
PCLATH PCLATH
INTCON INTCOM
Ge‘?useral Mapped

e Ry
M)
"\________
““--.________"“--..

T

Bank

Bark 1

| A dArass
aoh

g1h
azh
a2h
adnh
8eh
8eh
a7h
geh
geh
gah

gBh
aiCh

AFh
=1)]

FFh

[ Unimplemenied data memory location; read as o,
Mole 1: Mola physical ragisler.

Hinh 3.6 Ban d6 day thanh ghi 16F83/CR83

|E A ddIass

aoh
a1h
azh
a2h
gdh
8Eh
8eh
a7h
aeh
aeh
gah
8Bh
aich

CFh
noh

Flia Adoress 5
ooh | Indiract agde O | Indiract addr
oih TR OPTION
ozh PCL PCL
03h ETATUS STATUS
h FER FSR
5h PORTA TRIEA
nah PORTE TRIER
o7h
8h EE LETA EECCOHN1
oah EEADR EECOnz
nah PCLATH PCLATH
oeh INTCON INTCOM
ach

i1
GE'HETSI Iappesd
E-J { £]
Ers in'Bark 0
S%P.Mj
4Fh
&h
TFh ﬁ FFh

Bank o

Bark 1

[ urimplemenied data memory location; read as o

Mole 1: Mot a physical ragister.

Hinh 3.7 Ban d6 day thanh ghi 16F84/CR84

Giatri | 5%
. trwong
Dia khl ho}p
| Ten Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit2 | Bit1 | Bit0 power |
chi reset
on
rest khac
@)
Day 0
00h | INDF Dinh dia chi bé nhé béng FSR (khéng phai thanh ghi vat ly) T e
01h | TMRO Péng hd thei gian thwe 8 bit / bd dém XXxx | uuuu
XXXX uuuu
ok . g - 0000 | 0000
02h | PCL 8 bit thap cua b6 dém chwong trinh (PC) 0000 | 0000
03h | STATUS? |IRP |RP1  [RPO | Tg D z pc |c goo1 | 99%q
XXX quuu
04h | FSR Con tré 0 dinh dia chi gian tiép bd nhé div liéu XXXX | uuuu
XXXX uuuu
05h | Port A - - - RA4/TOCK1 | RA3 RA2 | RA1 | RAO X -=-u
XXXX uuuu
06h | PortB RB7 | RB6 RB5 | RB4 RB3 RB2 | RB1 | RBO/INT | XXXX | uuuu
XXXX uuuu
07h Khéng dung, cé gia tri “0” khi doc : ...........
08h | EEDATA Thanh ghi di¥ liéu EEPROM Xxxx | uuuu
XXXX uuuu
09h | EEADR Thanh ghi dia chi EEPROM XXXX | uuuu
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XXXX uuuu
X an ] . -0 -0
0Ah | PCLATH - - - B6 dém 5 bit cao cua PC 0000 0000
Obh | INTCON GIE |EEIE | TOIE | INTE RBIE | TOIF | INTF | RBIF | 0000 | 0000
000x | 000u
Day 1
80h | INDF Duing ndi dung FSR xac dinh bo nhé div liéu (khong phai thg vat ly) I
81h | OPTIONREG | rgpy | INTEDG | TOCS | TOSE PSA PS2 PS1 | PSO :m m:
A o s . 0000 | 0000
82h | PCL 8 bit thap cta bé dem chwong trinh (PC) 0000 0000
83h | STATUS? IRP | RP1 RPO | To PD z DC |C (1’001 000q
XXX quuu
84h | FSR Con tré dia chi 0 dinh dija chi gian tiép bé nhé di liéu Xxxx.| uuuu
XXXX uuuu
R -1 -1
85h | TRISA - - - Thanh ghi div liéu port A 111 111
R 1111 | 1111
86h | TRISB Thanh ghi dir liéu port B 111 11
87h Khéng dung, khi doc c6 gia tri 0 T | -
-0 -0
88h | EECON1 - - - EEIF WRERR | WREN | WR | RD X000 | 9000
89h | EECON2 Thanh ghi diéu khién 2 EEPROM R
X an o . 1 -0 )
0Ah | PCLATH - - - B6 dém ghi 5 bit cao cua PC 0000 0000
Obh | INTCON GIE |EEIE | TOIE | INTE RBIE |ToIF |INTF|RBIF | 0000 | 0000
000x | 000u

Ghi chu: x = Khong xac dinh ; u = Khdng thay dbi ; - = khéng dung khi doc bang 0 ; q =
phu thuéc vao diéu kién
Bang 3.3 Tém tat cac day thanh ghi

Thanh ghi trang thai

Thanh ghi trang thai chira trang thai sd hoc ctia khéi ALU, trang thai reset va bit
chon day cua bd nhé dir liéu.

Nhw moi thanh ghi khac, thanh ghi trang thai c6 thé la dich ctia mot 1énh bat ky. Néu
thanh ghi trang thai la dich cia moét Iénh c6 &nh hwéng dén cac bit Z, DC hodc C thi viéc
ghi vao ba bit nay sé khoéng cé hiéu lwc. Cac bit nay dwoc dat hoac xéa la tuy thuéc vao

thiét bi logic. Hon nira, cac bit TO va PD khéng cho phép ghi. Vi vay, két qua clia mot
l&nh l4y thanh ghi trang thai lam dich s& khac véi duw kién. VD : CLRF STATUS sé x6a 3
bit trén va d&t 1 cho bit Z, cac bit con lai 1a 000u uluu (u = khéng thay dbi).

Chi nén dung céac lénh BCF, BSF, SWAPF va MOVWF dé thay dbi thanh ghi trang
thai b&i vi cac Iénh nay khéng anh hwdng dén céc bit trang thai
Lwuy1:

Céc bit IRP va RP1 (STATUS <7:6>) khong dwoc dung déi véi 16F8x ma nén lap
trinh nhw théng thwdng. Khéng nén dung cac bit nay nhw cac bit céng dung chung R/W vi
diéu nay c6 thé anh huwdng dén kha nang twong thich véi cac san pham trong twong lai
Lwuy 2:

Céc bit C va DC hoat ddng nhw cac bit ra sé nhé va sbé thiéu trong phép triv. Xem vi
du vé cac lénh SUBLW va SUBWF
Lwuy 3:

Khi thanh ghi trang thai 1a dich ctia mét 1énh cé &nh hwéng dén céac bit Z, DC hodc
C thi viéc ghi vao ba bit nay khéng dwoc cho phép, cac bit xac dinh sé dwgc cap nhat tuy
thudc vao thiét bi logic.

! Byte cao ctia PC khong duoc truy cap trwe tiép. PCLATH la thanh ghi slave di véi PC<12:8>. Noi dung cla
PCLATH c6 thé chuyén 1&n byte cao clia PC nhwng néi dung ctia PC<12:8> khéng thé chuyén vao PCLATH
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-0 RAv-0  RJW-0 Bl Bl M RAex AN

IRP rRP1 | RPO TO PO i DC C R = Readable bit
hit? hitd W' = Writable bit
U = Unimplemented it
read as ‘0
- n = Value at POR reset

bit 7: IRP: Register Bank Select bit {used forindirect addressing)

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

1=Bank 2, 3 (100h - 1FFh}

The IRP kit is not used by the PIC16FEX. IRP should be maintained clear.
bit 8-5: RP1:RPO: Register Bank Select bits (used for direct addressing)

00 = Bank O (0Ch - TFh)

1= Bank 1 (2C0h - FFh)

10 = Bark 2 (100h - 17Fh)

11=Bank 3 - 1FFh)

Each bank is bytes. Only bit RPD is used by the PIC1EFSX. RP1 should be maintained clear.
hit 4. TO: Time-out bit

1= After power-up, CLEWDT instruction, or SLEEP instruction

0=AWDT time-out cccurred
bit 3 PO: Power-down bit

1= After power-up or by the CLEWDT instruction

(i = By execution of the SLEEP instructian

bit 20 Z: Zero bit
1= The result of an arithmetic or logic operation is zera
(i = The result of an arithmetic or logic operation is not zero
bit 1:  DC: Digit carry/borrow bit (for ADDWE and ADDLW instructions) (For borrow the polarity is reversed)

1= A carry-out from the 4th low arder bit of the result ocourred
0 = Mo carry-out from the 4th low order bit of the result
hit 00 C: Carry/barrow bit (for ADDWE and ADDLW instructions)
1= A carry-out from the most significant bit of the result cccurred
(= Mo carry-out from the most significant bit of the result ocourred
Note:For barrow the palarity is reversed. A subtraction is executed by adding the two's complement of
the second operand. For rotate (RRF, RLF) instructions, this bitis loaded with either the high or low

order kit of the source register.

Hinh 3.8 Thanh ghi trang thai (dia chi 03h, 83h)

Thanh ghi tuy chon

Thanh ghi nay cho phép doc va ghi gém céc bit diéu khién khac nhau dé& ciu hinh
trwdc thang chia cho TMRO/WDT, ngét ngoai INT, TMRO va mach kéo |én port B
Lwuy:

Khi cai dat WDT (PSA = 1) thi TMRO sé c6 thang chia la 1:1

Thanh ghi diéu khién ngat INTCON

Thanh ghi diéu khién ngét 1a thanh ghi doc/viét, né bao gébm cac bit cho phép tat ca
cac ngudn tin hiéu ngat
Luuy:

Céc bit c& ngat duwgc dat khi mot yéu cau ngat xay ra bat chap trang thai cda bit
cho phép twong rng hoac bit cho phép toan cuc GIE (INTCON <7>)
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V-1

F/W-1 -1 -1 RV F/Wi-1 RS- R

[FErD nTenG] Ttocs | Toek | Pes | Pee ] Pal | P | R = Readaok of

bil¥

bit 7:

bit 5:

bit 4:

bit 3:

bit 2-0:

bl [V = Viritable bl

U = Unimplementsd bE,
rasd 585 0

-n = ‘value 8 POR resat

FEFT: PORTE Pull-up Enabls bit

1=PORTE pull-ups are disabled

0 =PORTE pull-ups are enabled (byindvidual port latch values)
INTEDG: Interrupt Edge Select kit

1= Interrupt on rising edge of RBWINT pin

0 = Interrupt on falling edge of RBO/NT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4TOCK] pin

0 = Internal instruction ayele chock (CLKDUT)

TOSE: TMRO Sourcs Edge S=lect bit

1 = Inzreme nt on high-to-low transition on RA4LTOCK pin
0 = Inzreme nt on kow-to-high transition on RA4TOCK] pin
PSA: Prescaler Assignment bit

1 = Prescaler assigned to the WOT

0 = Prescaler assigned to TMRO

PS2:PSD: Prescaler Rate Select bits

Bltvale  TMRO Rale  WDT Raka

-
4 &=

Hinh 3.9 Thanh ghi tuy chon (dia chi 81h)

R0

R0 RO R0 RS-0 R/Vi-0 RS-0 Ri-x

L ae | eee | toe | wre | pae | tor | wrr | rer | R = Resdanis oo

by

bit 7

bit &:

bit 4:

bit 3:

bit 1:

bit :

piip [ = Virltable b

U = Linimplemmented bk,
ragd as 0

N = Walue 3t POR resat

GIE: Gokal Interrupt Enable bit
1=Enables all un-masked interrupts
0 = Disables allinterrupts

Mate: For the operation of the interrupt structure, pleass refer o Section 8.5.

EEIE: EE Yrite Complete Interrupt Enable kit
1= Enables the EE write complets intarmupt
0 = Disables the EE wrils completa interrupt

TOIE: TMRO Crwerflow Interrupt Enable bit
1= Enables the TMRD irtermupt
0 = Disables the TMRO interrupt

INTE: REBIVINT Interrupt Enable kit
1 =Enables the RBUINT interrupt
0 = Digables the RBOINT intarrupt

REIE: RE Fort Change Interrupt Enable bit
1= Enables the RB port changes intermupt
0 = Disables the RB port change intemupt

TOIF: TMRO cwarflow i mtarrupt flag bit

1=THKRO has overflowed {must be cleared in software)
0= TWRD did nat overflow

INTF: REOVINT Interrupt Flag kit
1=The REAINT intarru pt cooumed
0 =The RBUINT intzrrupt did not oceur

REIF: RE Port Change Intsrmupt Flag kit
1 ="'When at least one of the RBT:RB4 pins changed state (must be deared in softwars)
0 = None of the RBT:RB4 pins have changed states

Hinh 3.10 Thanh ghi diéu khién ngét (dia chi 08h, 88h)
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4.3 B6 dém chwong trinh, PCL va PCLATH
Bd dém chuwong trinh PC dai 13 bit, byte thp la thanh ghi PCL Ia mét thanh ghi
doc/viét. Byte cao clia PC (PC <12:8>) khong thé doc hoac viét truc tiép va théng qua
thanh ghi PCLATH. Thanh ghi PCLATH (PC latch high) la thanh ghi chét cho PC <12:8>.
Noi dung ctia PCLATH dwoc chuyén byte cao ctia bd dém chuwong trinh khi PC dwoc nap
gia tri méi. Diéu nay xay ra trong théi gian 1énh CALL, GOTO hodc ghi vao PCL. Cé4c bit
cao clia PC dwoc nap tir PCLATH nhw trinh bay trong hinh 3.11

PCH PCL
12 5 0

P-::| | J.Elﬁgi{lhﬂl
H as des
_ PCLATH=4 0= g
2 L| L'=' ALU result

==

11
PCLATH

PCH PCL
12 1110 &8 7 0 Hinh 3.11 Nap PC t cac vi tri khac
F'CI | : | GoTO. CALL nhau
2 ﬁ PCLATH<=4:3> t 1"
] Opcode <10:0=
CITTITTT]
PCLATH

4.3.1 Nhay dén dia chi da xac dinh

Viéc nhay dén dia chi da xac dinh dwoc hoan thanh bang cach cong mét do léch
(offset) vao bd dém chwong trinh (ADDWF PCL). Trong khi doc mét bang béng phwong
phap GOTO nén kiém tra can than sw trung lap gitra vi tri clia bang v&i pham vi bd nhé
PCL (mbi khdi 256 word).

4.3.2 Phan trang bé nhé chwong trinh

PIC16F83 va PIC16CR83 c6 512 tv bdé nh& chuwong trinh. PIC16F84 va
PIC16CR84 c6 1K tlr nh¢ chwong trinh, cac Iénh CALL va GOTO cé pham vi dia chi la 11
bit, dd dai dia chi nay cho phép mét 1énh nhay trong vong mét trang c6 do Ion la 2K. Bé
mé& rong bd nhé chwong trinh ctia ho PIC16F8x trong twong lai phai dung hai bit khac dé
xac dinh trang clia bd nh& chwong trinh. Cac bit phan trang nay la cac bit PCLATH<4:3>
(hinh 3.11). Khi thye hién mét Iénh CALL hoac Iénh GOTO, ngudi dung phai chac chén
rang cac bit phan trang da dwgc lap trinh phu hgp v&i trang mong muon. Néu mot lénh
CALL (hodc ngat) da dwoc thuc hién, toan bo 13 bit cila PC sé dwoc cat vao ngan xép.
Do d6, viéc str dung PCLATH<4:3> |a khéng can thiét cho cac Iénh tré vé.

Luwuy:

PIC16F8x bo qua cac bit PCLATH<4:3>, cac bit nay dwgc dung cho cac trang 1, 2
va 3 cla bd dém chuong trinh (0800h — 1FFFh), khéng nén dung céac bit phan trang nhw
céac bit R/W céng dung chung vi diéu nay sé& l1am anh hudng dén sy twong thich véi cac
san pham trong twong lai.

4.4 Ngan xép
Ho PIC16Fxx c6 do 16ng sau 8 cap x 13 bit. Vung ngan xép khéng phai la mét phan cda
bd nhé chwong trinh hodc ctia bd nhé div liéu va con trd ngén xép khéng cho phép doc
va ghi.

Toan bd 13 bit cia PC dwoc cét vao ngan xép khi mét lénh CALL dwoc thwe hién
hodc mét ngat dwoc chap nhan. Ngan xép duwoc lay ra khi thwc hién lénh RETURN,
RETLW hodc RETFIE. PCLATH khong bi anh hwéng bdi thao tac cat va lay ra tor ngan
Xep.

Lwuy:.

Khéng cé 1énh nao céat hoac 14y ra tir ngan xép. Cac thao tac nay chi xay ra khi thuc

hién cac lénh CALL, RETURN, RETLW va RETFIE hoac viéc tré dén mot dia chi ngét.
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Ngan xép hoat dong nhw mét bd dém quay vong. Cé nghia la sau tam lan cét vao
ngan xép thi gia tri dwoc cat vao tai lan tha chin sé dwoc ghi dé 1én gia tri da dwoc céat
vao dau tién, gia tri cat lan thir mwoi sé& dé |én gia tri da cat vao lan the hai va tiép tuc
nhw thé. Néu ngan xép dwoc 4y ra chin 1an thi PC sé c6 gia tri gibng nhuw gia tri 1y ra lan

dau tién.

Lwuy

Khong cé bit trang thai nao bao cho biét hién twong tran ngan xép

Dinh dia chi gian tiép: Thanh ghi INDFF va FSR
Thanh ghi INDFF khéng phai |a thanh ghi vat ly. Trong thwc té viéc dinh dia chi
INDF sé xac dinh dia chi ctia thanh ghi c6 dia chi dwoc chira trong thanh ghi FSR (FSR la
mot con trd). Pay la phwong phap dinh dia chi gian tiép.

Vi du 4-1: Dinh dia chi gian tiép

Day thanh ghi 05 chtra gia tri 10h
Day thanh ghi 06 chira gia tri OAh
Nap gia tri 05 vao FSR
M6t Iénh doc thanh ghi INDF sé tra vé gia trj 10h
Tang thanh ghi FSR 1én 1 (FSR = 06)

e Bay gid Iénh doc thanh ghi INDF sé tra vé gia tri 0Ah

Qua trinh tw doc gian tiép INDF sé& cho két qua Ia 00h. Viéc ghi gian tiép thanh ghi INDF

sé khong cho ra két qua gi ca (mac du cac bit trang thai c6 thé bi anh hwéng)

Direct Addressing

Indirect Addressing

T

0

O I TTT1]

-

bank sedacl

RF1 RF] B from opcisd e i} IRF
E— ._ - - —
bank selecl  location salect
| | 01 Lo 11 -J
II".L
nat usad | not used
oeho
och
Addresses
i1
Data @) ZFh |.1:: ______ map back
Memory!S) - 30h by Bank 0
4Fh
&an @
TFh
Barkd  Bank1 Bark 2 Balk 3

Mole 1: PIC1EFS2 and PIC1 BCRES davioas.
20 PICAEFSd ard PIC1ECREA davicas

3:  For memaory map detall sea Figure 4-1.

ach

TFh

Hinh 3.12 Binh dia chi trwc tiép/gian tiép

lnzation szl

Vi du 4-2 trinh bay mét chwong trinh don gidn x6a ving RAM 20h — 2Fh bang cach dinh

dia chi gian tiép

Vi du 4-2:
moviw 0x20 ; kh&i tao con tré
movwf FSR ; chi dén RAM
NEXT clrf INDF ; x6a thanh ghi INDF
incf FSR ;tang con trd
btfss FSR, 4; xong ?
goto NEXT ; chua, xda tiép
CONTINUE
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Mot dia chi hiéu dung 9 bit nhan duwoc béng cach ghép 8 bit thanh ghi FSR va&i bit IRP
(STATUS<7>) nhuw chi trong hinh 3.12. Tuy nhién, IRP khéng dwgc dung trong PIC16F8x

5. CONG GIAO TIEP I/O

PIC16F8x c6 hai cdng: Port A va port B, mot s chan clia cdng la loai da chirc nang

twong tng véi cac chirc ndng khac cta thiét bi.
5.1 Port A va thanh ghi TRISA

Port A 1a mét chét 5 bit, RA4 1a mot ngd vao schmitt trigger va ciing 1a mét ngd ra
cwe thoat d& hé. T4t ca cac chan khac cua port A 1a ngd vao TTL va la ngé ra CMOS. Tét
cé cac chan cé cac bit dinh hwéng di liéu twong tng (thanh ghi TRIS) dé cAu hinh vao
hoac ra cho cac chan.

Viéc thiét 1ap 1 cho mét bit TRISA sé& xac dinh chan twong tng la vao cé nghia 1a
mach diéu khién ra tai chan nay dwoc dwa lén trang thai Z cao. Xda mét bit TRISA sé& cau
hinh chan twong trng |a ra cé nghia 1a dwa ndi dung ctia mach chét ngd ra lén chan nay.
Viéc doc thanh ghi port A sé doc trang thai tai cac chan. Viéc ghi vao chan sé ghi vao
mach chét clia port. T4t c& cac thao tac ghi port déu la loai doc — stra — ghi. Nén viéc ghi
vao port cé nghia 1a dau tién chan port dwgc doc vao sau do stra dbi va cudi cung ghi lai
vao chét di liéu cla port. Chan RA4 1a chan da hop véi ngd vao déng hd TMRO

[Crata
bs

o L]

=i oK =TT

Dala Lalch

Hinh 3.13 So’ d6 khdi cac chan RA3:RA0

RD PORT

Hale: 110 pirs heawva prolectian dicdas b Voo and Ve

Vi du 5-1: Khéi tao port A

Clrf PORTA : Kh&i tao port A bang cach thiét 1ap cac chét
; di liéu ngd ra

Bsf  STATUS, RPO; Chon day 1

Moviw OxOF : D@ liéu dwoc dung dé chon huéng di liéu

Movwf TRISA ; Thiét Iap RA<3:0> 13 ngd vao
; RA4 la ngod ra
; Gia tri doc clia TRISA<7:5> ludn la “0”
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Dala
bus o

WR

DatalLach
WaE
= 1] =]
I""IR L 3 I
-T-E“i—L-.. - Hinh 3.14 So do khoi chan RA4
TRIS Lalch IE'P Er ?
:] burer

RO TRIZ

EN
RD PORT [ —I
e

. TMRD clock Input

Mote: U0 pin has profection diodes o Vse anlyg

Tén Bit Kiéu dém Churc nang

RAQ Bit0 TTL Input/output

RA1 Bit 1 TTL Input/output

RA2 Bit 2 TTL Input/output

RA3 Bit 3 TTL Input/output

RA4/TOCK1 | Bit 4 ST Input/output hodc ngd vao xung doéng hod cua
TMRO, ngd ra cwc thoat dé hé

Bang 3.4 Chlrc nang port A

. . . . Gia tri L

Dia . Bit | Bit | Bit . . . . , AN Gia tri

chi Tén 7 6 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 khi rElO’ khi reset
nguon

05h | PORTA | - - - | RA4/TOCK1 RA3 RA2 RA1 RAO —-X XXXX u';':u

85h | TRISA | - - - TRISA4 TRISA3 | TRISA2 | TRISA1 | TRISAO | -1 1111 1'1"111

Bang 3.5 Tém tét cac thanh ghi cla port A

5.2 Port B va cac thanh ghi TRISB
Port B la port hai chiéu 8 bit, cac thanh ghi chon hwéng dir liéu la TRISB. Bit nao
trong thanh ghi TRISB bang 1 thi mach lai ra twong &rng sé& co trang thai Z cao. Khi moét
bit bat ky trong TRISB béang 0, thi ndi dung cta chét di liéu ra sé& dwoc dat vao chan ra
twong tng voi bit do.
M®bi chan ra cta port B cé dién tré kéo 1&n bén trong. M6t bit diéu khién don co thé
kich hoat t4t ca cac dién tr& kéo I&n nay, diéu nay duwoc thwe hién bang cach xoéa bit

RBPU (OPTION_REG<7>). Mach dién tr& kéo 1én tw dong ngat khi chan port dwoc cau
hinh & chan ra, mach dién tr& kéo Ién cling mét tac dung khi m& nguén.

Bbn chan RB7:RB4 co6 tinh nang thay déi ngat. Ngat chi c6 thé xay ra khi cac chan
nay dwoc cau hinh 1a ngd vao, c6 nghia la chan nao dwoc cau hinh 1a ra thi ngat bj chan).
Gia tri tai chan & ché dd vao dwoc so sanh véi gia tri cli da dwoc chét tai lan doc port B
cudi cung. Cac ngd ra khéng phu hop cla cac chan duwgc OR lai véi nhau dé tao bién
thién ngét port RB.
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REFD] E-weak
pul-up

Data b Data Latch
s aH—>—1X
VT !IID
TRIS Latch
oD a
WR TRIS 3 ‘:FW'—
S il b
Buffer Hinh 3.15 So dd khdi cac chan
! | RB7:RB4
RO TR|S Latch
a D
RD rt EN
Set REIF %
From other L< 1 F
RET:RB4 pins Q o
EM
RO Port

Nole 1: TRISE = 1" enables weak pull-up
{if REPO =7 in the OPTION_REG register).

2: 110 pire hawve diode protection to Voo and Ves.

Ngat c6 thé danh thire thiét bj khoi trang thai SLEEP. Nguwoi dung cé thé xé6a ngat
theo cac cach sau :

a) Doc hodc ghi port B, diéu nay s& cham dit gia tri bién thién

b) Xbéa c& ngat RBIF

Mot gia tri bién thién sé tiép tuc dat bit RBIF. Viéc doc port B sé& két thuc sy bién
thién nay va cho phép xdéa bit RBIF

Ngét dwa trén d&c tinh bién thién (tdc dong canh) cung véi mach kéo 1én cau hinh
theo phan mém cho phép dé dang giao tiép v&i ban phim dé thwc hién viéc danh thirc
thiét bi bang cach &n phim.
Lwuy:.

DPé c6 thé nhan ra sy thay dbi & chan 1/O, bé rong xung ti thidu phai bang Tcy
(fOSC/4)

Ngat tac dong canh nén dwoc dung dé danh thirc thiét bi bang phim nhan va trong
cac thao tdc ma & dé port B chi dwoc dung cho ngat tac ddng canh. Khéng nén dung
chudi vong clia port B cho ngat tac dong canh.
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REPI

Voo

pull-up
Data Latch
Data bus D o ’_E
I
WR Port I EK—L Flil‘?r'
s Lath, Hinh 3.16 So d& khéi céc chan RB3:RBO
¥ I
WRTRIS Pok Input V
RD TRIS
2 D
RD Pert EN
REOINT A

Schmﬁ'i ar
Buffe »

r

Naotz  1: TRISE = 1" enables weak pullup

iif

="l inthe OPTION_REG registsr).

|RD Port

2: 110 pins have dicde protection to Voo and Was

Vi du 5-1: Khéi tao port B

clf  PORTB . Kh&i tao port B bang cach dat cac chét div liéu ra
bsf ~ STATUS, RPO; Chon day 1
moviw OxCF ; Gia tri chon hudng dir liéu
movwf TRISB ; RB<3:0> la vao
; RB<5:4>lara ; RB<7:6> la vao
Tén Bit Kiéu dém | Chirc ning
RBO/INT | Bits O | TTL/ST @ | Chan 1/0 hodc ngd vao ngat ngoai, mach kéo Ién bén trong
I&p trinh bang phan mém
RB1 Bits1 | TTL Chan 1/0, mach kéo I&n bén trong lap trinh bang phan mém
RB2 Bits2 | TTL Chan 1/0, mach kéo I&n bén trong |ap trinh bang phan mém
RB3 Bits3 | TTL Chan 1/0, mach kéo I&n bén trong lap trinh bang phan mém
RB4 Bits4 | TTL Chén I/Q (ngét canh), mach kéo Ién bén trong lap trinh
bang phan mém
RB5 Bits5 | TTL Chan 1/0 (ngét canh), mach kéo Ién bén trong lap trinh
bang phan mém
RB6 Bits 6 | TTL/ST @ [ Chan 1/O (ngat canh), mach kéo I1én bén trong lap trinh
bang phan mém, ngd vao dong ho nap ndi tiép
RB7 Bits 7 | TTL/ST® | Chan I/0 (ngat canh), mach kéo 1&n bén trong Iap trinh
bang phan mém, di¥ li€u nap ndi tiép

Bang 3.6 Chirc nang port B

T1a ngd vao schmitt trigger khi dwoc cAu hinh 1a ngd vao ngat
La ngd vao schmitt trigger & ché do nap chwong trinh néi tiép
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Gati | ~. ..
Dia khi Gia tr
| Ten Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 i khi
chi moé
. reset
may
06h | PORTB | RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT | XXXXx | uuuu
XXXX uuuu
86h | TRISB | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 IR'SB TRISBO :m m:
OPTION | —— 1111 | 1111
sth | Cie | RepU | INTEDG | TocS | TOSE | PSA PS2 PS1 PSO I

Bang 3.7 Tém tat cac thanh ghi port B

5.3 Lap trinh I/O
5.3.1 Port /O hai chiéu

Cac lénh ghi bat ky, dién tién bén trong nhu mét thao tac doc dwoc theo sau bdi
thao tac ghi. Vi du cac 1énh BCF va BSF sé doc thanh ghi vao CPU, thwc hién phép tinh
bit va sau d6 ghi két qua tré lai vao thanh ghi. Can phai cha y khi cac 1énh nay dwoc ap
dung cho port da dwoc dinh nghia theo ca hai hwéng vao va ra. Vi du 1énh BSF trén bit 5
cua port B sé doc 8 bit ctia port B vao CPU, sau dé |énh BSF xay ra trén bit 5 va port B
duwoc ghi vao chét dir liéu ra. Néu mét bit khac cta port B dwoc dung nhw mét chan 1/O
hai chiéu (VD: Bit 0) va cung luc d6 da dwoc dinh nghia 1a ngd vao thi tin hieu vao tai
chan nay tw né dwoc doc vao CPU va ghi lai vao chét div liéu ciia chan dac biét nay bang
cach ghi d& ndi dung trwdc d6. Cho dén khi chan nay van con & ché do vao thi khong van
dé gi xay ra. Tuy nhién, néu sau d6 bit0 dwoc chuyén sang ché do ra thi ndi dung cla
chét div liéu sé& khéng xac dinh

Thao tac doc thanh ghi port sé doc gia tri tai cac chan port. Thao tac ghi vao thanh
ghi port sé ghi gia tri vao chét ca port. Khi dung cac 1énh doc-stra-ghi nhw BCF, BSF...
thi gia tri tai chan port dwoc doc, xt ly gia tri nay va sau dé ghi tré lai vao chét port.
M6t chan ra dang tich cwc & mirc thp hodc cao khéng nén dwoc diéu khién ddng thoi
b&i thiét bi ngoai dé tranh sy thay déi mic logic tai chan nay (OR nédi day hodc AND néi
day) dan dén két qua la dong ra cao c6 thé [am hw vi mach

5.3.2 Thao tac lién tuc trén port I/O

Trén thuc té viéc ghi vao mét port 1/0 xay tai thdi diém cudi ctia chu ky 1énh, dé doc
thi di liéu phai xac 1ap tai luc bat dau chu ky lénh (hinh 3.17). Do do, can phai can than
khi mét thao tac doc theo sau moét thao tac ghi trén cung mét port. Cac l1énh phai tuan tw
sao cho dién ap chan 6n dinh (tuy theo tai) trwéc khi thuc hién lénh tiép theo doc di liéu
vao CPU. Néu khong trang thai trwéc dé tai chan port sé dwge doc vao CPU thay vi la
trang thai méi. Néu khéng chéc chan thi cach t6t nhat 1a nén cach ly cac Iénh nay bang
mot 1énh NOP hodc mét 1énh khac khéng truy cap dén port 1/0 nay.

Vi du 5-2 cho thdy anh hwéng cliia hai 1énh doc-sira-ghi BCF, BSF trén mot port
I/O

Vi du 5-2: Cac Iénh doc-stra-ghi trén mot port 1/0

; Khéi tao port PORTB<7:4> vao
; PORTB<3:0> ra ]
; PORTB<7:6> c6 dién tr& kéo Ién bén ngoai va khdng dwoc ndi véi mach khac

: Chét port Chan port

bcf PORTB, 7 ; 01pp ppp 11pp ppp
bcf PORTB, 6 ; 10pp ppp 11pp ppp
bsf STATUS, RPO;

bcf TRISB, 7 ; 10pp ppp 11pp ppp
bcf TRISB, 6 ; 10pp ppp 10pp ppp
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Lwu y la nguoi dung co thé da nghi rang gia tri cac chan 1a 00pp ppp. Lénh bef thir nhi
lam cho RB7 bi chot tai gia tri chan (high)

Q1] Q2] Q3] 04! Q1] Q2] 03] O47 Q10 Q2| Q3] 04! Q1] Q2] 03 24 Note:

a write followed by a read may be prok-
lematic.

MOVWE PORTE § MOV PORTE W/
write o ]
PORTE

1 r
FC PC K Fcs7 X v Fciz ¥ FC+3 }  Thisexample shows a wiite to PORTE
INSUUCioN | |AOVWF PORTE «MOVF PORTBW « 1 s followed by a read from PORTE.
' write to ! ' NOP ! HOP ' )
! PORTE ! ! ' ! ! Mote that:
RET:REQ , . y— 5 ' data setup time = (0.25Tcy - TPO)
: : : [F’curt in | : where TCY = instruction cycle
. ' . Isamplujled hare, : TPD = propagation delay
1 1 ] 1 1
Instruction ' i TPD:"_ I ' Therefore, at higher clock frequencies,
aacutad § ' . NOR '
1 1 1
[} 1 r
1 1 1
1 1 1
1 1 1

Hinh 3.17 Thao tac I/O lién tuc

6. BO DINH THO'I TIMERO VA THANH GHI TMRO

B& dinh th&i timer0 c6 nhirng tinh néng sau :

e Latimer/counter 8 bit
Cho phép doc/ghi
Thang chia 8 bit lap trinh bang phan mém
Cho phép chon xung ddng hd trong ho&c ngoai
Tao ngét khi ¢ tran t» FFh dén 00h

e Chon tac dong canh déi véi xung déng hd ngoai

Ché d6 timer dwoc chon bang cach xéa bit TOCS (OPTION_REG<5>). Trong ché
dd dinh thdi, mé dun timer0 (hinh 3.18) sé& tang theo mdi chu ky lénh (khéng c6 dinh
thang). Néu thanh ghi TMRO dwoc ghi, qua trinh tdng sé bi cAm sau hai chu ky (hinh 3.19
va hinh 3.20). Nguwoi dung c6 thé thwe hién viéc nay bang cach ghi gia tri da dat trwéc
vao thanh ghi TMRO.

Ché d6 dém dwoc chon bang cach dat bit TOCS. Trong ché d6 nay TMRO sé tang
theo méi canh I&n hodc méi canh xudng tai chan RA4/TOCK1. Viéc tdng theo canh dwoc
xac dinh bdi bit chon canh TOSE (OPTION_REG<4>). X6a bit TOSE khi mudn chon canh
Ién.

Thang chia dwoc chia xé gilra bd dinh th&i timer0 véi bd dinh thdi canh chirng
(watchdog timer). Viéc dinh thang chia dwoc diéu khién bdng phdn mém bang cach diéu
khién bit PSA (OPTION_REG<3>). Bit PSA bj x6a s& gan thang chia cho timer0. Thang
chia khéng cho phép doc/viét. Khi thanh chia dwoc gan cho timer0, cac ti s chia (1:2,
1:4, ...,1:256) c6 thé chon dwoc bing phan mém.

6.1 Ngat TMRO

Ngat TMRO duwoc tao ra khi thanh ghi TMRO tran tir FFh dén 00h. Hién twong tran
nay sé dat bit TOIF (INTCON<2>). Ngat cé thé bi ngan bang cach xda bit cho phép TOIE
(INTCON<5>). Bit TOIF phai bi x6a bang phdn mém théng qua chwong trinh phuc vu ngéat
timer0 truwéc khi ngét nay dwoc cho phép tré lai. Ngat TMRO (hinh 3.21) khéng thé danh
thire vi xtr ly khéi trang thai SLEEP vi timer da ngirng hoat dong trong thoi gian SLEEP.
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Note 1: Bits TOCS, TOSE, P52, PE1, PS0 and PSA are lozated in the OPTION_RES register.
2: The prescaler is shared with the Watchdog Timer (Figure 6-8)

Hinh 3.18 So d6 khdi bd dinh thoi

v m | 2| o4y ot Jozlcal o4y 01| ozlaz]| o4 g0t o2 o2 o4 gon ozl osod st | | o3| o4 eot oo ool od son | oe |oal o
1 1 1 L] L] L} L] L] | |

PC [ Pl 1] 155 X 1= I 124553 I = e 4 | ST - 3 | aEed I T 1]

T T T T T T T T ]

nsiucion : : MO WF TMAD : FATNF TMRALD VY :M:-'.-'F THRI N :Ill:l'.-'F TWROW :M‘.\'F TRIRA :M'.k'F TR M : :
Fatch 1 1 1 L] L] L] L] L] L]

1 1 1 . . . . . .

R e N s 1153 S 8 — "

'
)
sy uctin 4
Exarutcd . , WiinTWAD . ReadTMAD . Rasd THRC |
aiad reads MTO s MO

—-
=
_-é

gd TMAD ! Aood TWRD 0
s MTO+1 roads WTO + 1

Hinh 3.19 Db thj thdi gian timer0 déng hé bén trong/ khéng dinh thang chia
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Hinh 3.20 D thj thdi gian Timer0 ddng hd trong/thang chia 1:2
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Hinh 3.21 D4 thj thdi gian ngat TMRO
6.2 Timer0 vé&i xung dong ho bén ngoai
Khi mét ngé vao dong hd bén ngoai dwoc ap dung cho Timer0 thi phai thda man

mot s6 yéu cau nhat dinh. Xung dong ho ngoai phai dong pha voi xung dong hé bén trong
(Tosc). Cling cé moét do tré trong lwong tang thwe té ciia TMRO sau khi dong bé.
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6.2.1 Pong bé xung déng hoé ngoai

Khi khéng dung thang chia, ngd vao ddng hd ngoai c6 cung thang chia nhw ngé ra.
Viéc déng bd chan RA4/TOCK1 vé&i pha ddng hé bén trong bang cach ldy mau thang chia
ngd ra theo cac chu ky Q2 va Q4 cta pha déng hé bén trong (hinh 3.23). Do d6, TOCKT1
can thiét phai cao hon it nhat 2Tosc (cOng thém thdi gian tré bang mach RC) va thap
xuéng it nhét 2Tosc.

Khi s dung thang chia, xung déng hd bén ngoai dwoc chia bdi mot bé dém khong
ddng bd cé hé sbé chia sao cho thang chia ngd ra ddng bd. Xung déng hd ngoai can phai
duoc lay mau va phai tinh hé s6 chia bo dém khong dong bo. Do d6, TOCK1 can thiét
phai co chu ky it nhét 4Tosc (them mach tré RC) dwoc chia bdi gia tri thang chia, yéu cau
dbi véi thoi gian cao va thap ciia TOCK1 1a ching khéng dwoc nhé hon bé rong xung toi
thiéu 1a 10 nS.

6.2.2 Tang dd tré TMRO

Ké tir khi thang chia ngé ra dwoc ddng bod véi ddng hé bén trong, cé6 mot do tré nhé
tir thoi diém xuét hién canh xung déng hd bén ngoai dén thdi diém bd dinh thdi Timer0
thwe sw tang lén. Hinh 3.22 trinh bay do tré nay

6.3 B6 dinh thang chia

Mot bod dém 8 bit ¢ thé dung dé dinh thang chia cho Timer0 hodc cho b6 dinh thoi
canh ching (hinh 3.23) . Lwu y la chi c6 mét bo dinh thang chia duy nhét cho ca hai bd
Timer0 va bd dinh thdi watchdog. Vi vay néu bd dinh thang gan cho Timer0 thf sé khéng
hiéu lwc v&i watchdog va ngugec lai.

Cac bit PSA va PS2:PS0 (OPTION_REG<3:0>) xac dinh nhiém vu clia bd dinh
thang va gia tri thang chia.

Khi da dwgc gan cho TimerO, tat ca cac lénh ghi vao Timer0 nhw CLRF 1, MOVWF
1, BSF 1,....sé x6a bd dinh thang. Khi da dwgc gan cho WDT, Iénh CLRWDT sé x6a b
dinh thang cung véi WDT. B6 dinh thang khéng cho phép doc/ghi.

sl a2zl azl a4 eo1l gzl asl o a1l gzl a3l o El:l1| ozl a3l o
Ext. Clock Inputor . .
Frescakr Oul {Hole 2] Jaeiish r f LA

P
Ext. ClhckPrescaler * +-dee S
Culput After Sampling :—l : _i :

i i i

NI R

.
Incramant TMRD (04)
.

[ [ [
THMRD L1 | 10+ A L 10+ 2 ]
H " " " |

Male 1: Dalay from dock Inpul change o TMRO nerament Is 3Tosc to TTosc. (Doralian af & = Tasc).
Therekore, tha emor In messunng the nteral between two adges on TMRD Input = + 4Tos: max.
2 Extemal clock I o prescaler selected, Prescaler oulpu olherwsa.
3 Thearrows T indcale whare sampling cecurs. A small clock pulsa may be missed by sampling.

Hinh 3.22 D thi thoi gian Timer0 véi ddng hd ngoai
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Mola: TOCS, TOSE, PSA, PE2IPSDara bl Inthe OPTION_REG reqister.

Hinh 3.23 So dd khéi bd dinh thang TMRO/WDT

Hoan chuyén nhiém vu bd dinh thang

Nhiém vu bd dinh thang dwoc diéu khién hoan toan bang phdn mém, cé nghia 1a né
c6 thé dwoc thay ddi trong khi dang thwe hién chwong trinh.
Lwuy:

Dé tranh hién twong reset thiét bi ngoai y mudn can phai thwc hién doan Iénh sau
day (vi du 6-1) khi chuyén nhiém vu b6 dinh thang tir Timer0 sang WDT ngay ca khi WDT
khéng dwoc cho phép. Bé chuyén bo dinh thang tr WDT sang Timer0 phai dung doan ma
Iénh trinh bay & vi du 6-2

Vi du 6-1: Chuyén b6 dinh thang (Timer0 — WDT)

BCF STATUS, RPO; Day0

CLRF TMRO ; X6a TMRO va bd dinh thang
BSF STATUS, RPO; Day 1

CLRWDT ; X6a WDT

MOVLW b’xxxx1xxx’ ; Chon gia tri

MOVWEF OPTION_REG ; b6 dinh thang m&i
BCF STATUS, RPO; Day0

Vi du 6-2: Chuyén bd dinh thang (WDT — Timer0)

CLRWDT ; X6a WDT va b6 dinh thang

BSF STATUS, RPO; Day 1

MOVLW b’xxxx0xxx’ ; Chon TMRO, gia tri dinh thang mé&i va
- nguén xung ddng hd

MOVWF OPTION_REG ;

BCF STATUS, RPO; Day0
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Gia

Pia | . . , , , . , . , w |G
- Tén Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R tri
chi m&
. reset
may
01h | TMRO Thanh ghi Timer0 XX uuuu
XXXX | uuuu
5 0000 | 0000
0Bh | INTCON GIE EEIE TOIE INTE RBIE TOIF INT RBIF 000x | 0000
— 111 | 1111
81h | OPTION_REG | ggpy | INTEDG | TOCS | TOSE PSA PS2 PS1 PS0 111 | 1111
85h | TRISA - - - TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 1111 1 1111 1

Bang 3.8 Cac thanh ghi ciia Timer0

7. BO NHO DU LIEU EEPROM

B6 nh¢ dir liéu EEPROM cho phép doc/ghi trong khi hoat déng binh thwodng (toan
bd dai dién ap VDD). Bé nh& nay khéng dwoc anh xa truc tiép 1&én vang khéng gian thanh
ghi. Thay vao dé né dwoc dinh dia chi gian tiép théng qua cac thanh ghi chirc nang dac
biét. C6 bdn thanh ghi chirc nang dac biét dwoec dung dé doc/ghi bd nh& nay, doé la:

e EECON1
e EECON2
o EEDATA
e EEADR

EEDATA lwu gilr 8 bit dir liéu doc/ghi va EEADR lwu gilr dia chi cda vi tri EEPROM
dang dwoc truy cap. Céc thiét bj PIC16F8x c6 64 byte dir liéu EEPROM chiém dia chi t
Oh dén 3Fh.

B& nhé dir liéu EEPROM cho phép ghi/doc theo byte. Khi ghi vi tri can ghi sé bi x6a
trwédc khi ghi byte méi. BO nh¢ di liéu EEPROM dwgc xem nhw ¢é chu ky doc/ghi cao,
thdi gian ghi dwoc didu khién bdi mdt bd dinh thoi tich hop trén chip, thei gian ghi thay
ddi theo dién ap va nhiét do ciing nhw theo chip. Tham khdo phan d&c tinh AC dé biét
chinh xac hon.

Khi mot thiét bi dwoc ma hoa bao vé, CPU co thé tiép tuc doc va ghi bdé nhé
EEPROM. May nap chwong chuong trinh cé thé khéng con truy cap dwoc bd nhé nay.

7.1 EEADR

Thanh ghi EEADR c6 thé dinh dia chi tbi da dén 256 byte bd nh& EEPROM. Chi ¢c6
64 byte dau tién cia bd nhé dwoc cung cép.

Hai bit & phan trén dwoc gidi ma dia chi. C6 nghia la hai bit nay phai luén bang 0 dé chac
chén rang dia chi nam trong vung 64 byte
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1] 1] 1] RV RAVE RV R/E-0 R/S-E

| — | — | — | eeF [weerr] wrRen | wrR | RO | |R =Resdaoe ot
bitT piip | = ntEble bl

5 = Sallabla bil

U = Unimplemented b,
raEl as 0’

-1 = Valua 3 POR resat

Lit 7.5 Unimplementsd: Read as 7

kit 4 EEIF: EEPROM Write Operation Interrupt Flag kit
1 = The write opsration completed (must be cleared in softwars)
i3 = The write operation is not complste or has not been started

kit 3 WRERR: EEPRCM Errar Flag bit
1 = A write operalion is prematurely terminated
{any MCLR reset or any WDT reset during narmal operation)
0 = The write operation complated
kit 2 WREM: EEPROM Writ= Enable bit
1 = Allows wrile cydes
0 = Inhibits write to the data EEPROM
kit 1 WR: Write Control bit
1 = initiates a write cyde. (The hit is clearad by hardware once write is completa. The WR bit can only
be set (not deared) in software.
0 = Write cyels o the data EEPROM is compl ste
LitQ RD: Read Confral bit
1 = Initiates an EEPROM read (read takes one cyde. RDis dearsd in hardware. The RD kit can only
be set (not deared) in softwars).
0 = Does not initiale an EEPROM read

Hinh 3.24 Thanh ghi EECON1 (dia chi 88h)

7.2 Thanh ghi EECON1 va EECON2

EECONT1 14 thanh ghi diéu khién cé ndm bit vat ly dwoc cung cap & phan thap, ba
bit cao khéng ton tai va co gia tri ‘0’ khi doc.

Céc bit diéu khién RD va WR khéi tao qua trinh doc va ghi. Nhirng bit nay khéng cho
phép x6a, chi dwoc dat bang phan mém. Chung bi xéa bang phan cirng sau khi hoan tat
thao tac doc hodc ghi. Viéc khéng cho phép x6a bit WR bang phdn mém nham tranh hién
twong két thic ngau nhién qua trinh ghi.

Bit WREN khi dwoc dat sé cho phép thao tac ghi. Bit nay bi x6a khi mé& may. Bit
WRERR duwgc dat khi qua trinh ghi bi dirng béi MCLR hoac do bd dinh thdi WDT trong
hoat déng binh thwérng. Trong nhirng trwdng hop nay, sau khi reset, ngudi ding cé thé
kiém tra bit WRERR va thyc hién viéc ghi lai. D liéu va dia chi sé khoéng bj thay doi trong
cac thanh ghi EEDATA va EEADR.

Bit c& ngat EEIF dwoc dat khi hoan tét thao tac ghi. N6 phai dwoc xéa bang phan
mem.
EECON2 khéng phai la mét thanh ghi vat ly, khi doc EECON2 sé& cho két qua Ia ‘0.
Thanh ghi EECON2 dwoc dung dé ghi tuan tw vao bd nhé div lieu EEPROM

7.3 Poc bo nhé dir lieu EEPROM
Dé doc mét 6 nhé di liéu, ngudi dung phai ghi dia chi vao thanh ghi EEADR va sau
doé dat bit diéu khién RD (EECON1<0>), di¥ liéu trong thanh ghi EEDATA c6 thé dung
trong nhiéu chu ky ké tiép. Do d6, no cé thé dwoc doc bai 1énh tiép theo. EEDATA sé duy
tri gia tri cho dén Iénh doc khac hodc cho dén khi dwoc ghi vao bdi ngudi dung.

Vi du 7-1: Boc di¥ liéu EEPROM

BCF STATUS, RPO; Day0

MOVLW CONFIG_ADDR X

MOVWF EEADR : Pia chi can doc
BSF STATUS, RPO; Day 1

BSF EECON1, RD ; boc EE

BCF STATUS, RP0O; DayO0

MOVF EEDATA, W ;W =EDATA
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7.4 Ghi vao bé nh& dir liéu EEPROM
DPé& ghi mét vi tri di¥ lieu trong EEPROM. Trwéc tién ngwdi dung phai dwa dia chi
vao thanh ghi EEADR va di liéu vao thanh ghi EEDATA sau dé phai ap dung doan ma
lénh sau day dé kh&i dong ghi cho mbi byte.

Vi du 7-2: Ghi b nh¢ dir liéu EEPROM

BSF STATUS, RPO; Day 1

BCF INTCON, GIE ; Cdm cac ngét

BSF EECON1, WREN ; Cho phép ghi
MOVLW 55h ;

MOVWF EECON2 ; Ghi 55h
MOVLW  AAh ;
MOVWF  EECONZ2 ; Ghi AAh

BSFEECON1, WR ; B4t bit WR, bat dau ghi

Poan méa lénh
can thiet

BSFINTCON, GIE ; Cho phép cac ngat

Qua trinh ghi s& khéng khéi ddng néu doan ma lénh trén khéng dwoc viét tiép theo
sau mét cach chinh xac (ghi 55h vao EECON2, ghi AAh vao EECON2 sau do dat bit WR)
cho méi byte. Nén cdm cac ngat trong doan ma lénh nay.

Thém vao d6, bit WREN trong EECON1 phai dwoc dat dé cho phép ghi. Ky thuat
nay ngan hién twong ghi ngau nhién vao EEPROM (khdng mong muén) do viéc thuc hién
sai ma lénh (méat chuwong trinh) nén duy tri trang thai x6a cho bit WREN & moi thoi diém
trir khi cn cap nhat EEPROM. Bit WREN khéng bi x6a bang phan cing.

Sau khi mét chudi ghi tudn ty dwoc khéi dong viéc xoa bit WREN khéng &nh hwéng dén
chu ky ghi. Bit WR bi cdm khi dang dat trtr phi bit WREN dwoc dat.

Khi hoan tat chu ky ghi, bit WR bj x6a b&i phan cirng va bit c& ngét hoan tat ghi
(EEIF) dwoc dat, ngudi dung c6 thé hodc cho phép hodc tham do bit nay. EEIF phai
dwoc xéa bang phan mém.

7.5 Kiém tra két qua ghi

Tuy theo rng dung, trong thwc té mét chwong trinh goi 1a tét thi phai cd kha nang
kiém tra lai két qua da ghi so v&i di¥ liéu cin ghi vao EEPROM. Diéu nay nén ap dung
cho nhirng (rng dung c6 bit EEPROM gan véi mirc gi¢i han cho phép.

No6i chung mét bit khi vao EEPROM bi sai c6 nghia la khi ghi gia tri 1a ‘1’ nhwng doc
lai gia tri 14 ‘0’ (do mét bit).

Vi du 7-3: Kiém tra ghi

BCF STATU, RPO ; D&y 0

MOVF EEDATA, w ; Phai ndm trong day 0

BSF STATUS, RPO; Day 1
Read
BSF EECONT1, RD ; Doc gia tri da ghi
BCF STATUS, RPO; Day 0
SUBWF EEDATA, w ’ ; Co phai gia tri da ghi trong thanh ghi w va gia tri
doc

; trong EEDATA bang nhau ?
BTFSS, z ; Hiéu s6 bang 0 ?
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GOTO WRITE_ERR ; Khéng, ghi sai
; Bung, ghi dung
; ; Tiep tuc chwong trinh

7.6 Bao vé chong ghi
C6 nhiéu trwerng hop khéng mudn ghi vao EEPROM dé chéng gia mao. Cé nhiéu ky
thuat khac nhau dwoc cai dat san trong thiét bi. Khi m& may WREN bj x6a. Bd dinh thoi
m& may (trong khoang 72 mS) cling ngan viéc ghi vao EEPROM.
Chubi khéi dong ghi va bit WREN két hop 1an nhau dé ngén viéc ghi ngau nhién do nhiéu
nguén hodc phan mém hoat déng sai
7.7 Hoat dong cua EEPROM trong triro'ng hop bao vé ma Iénh
Khi thiét bi dwoc bdo vé ma lénh. CPU c6 thé doc va ghi di liéu da phuc hdi vao
EEPROM.
Déi v&i cac thiét bi ROM c6 hai bit bdo vé ma Iénh. Mét cho bd nhé chuwong trinh
ROM va mét cho b nhé div liéu EEPROM

Gia tri Gia tri
Diachi | Tén Bit7 | Bit6é | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit0 | khimé | khi
may reset
08h EEDATA | Thanh ghi di¥ liéu EEPROM Xxxx. | uuuu
XXXX uuuu
09h EEADR | Thanh ghi dia chi EEPROM Xxxx | uuuu
XXXX uuuu
0 -0
88h EECON1 | - - - EEIF | WRERR | WREN | WR RD X000 | 000
89h EECON2 | Thanh ghi diéu khién EEPROM T [ ==

Bang 3.9 Cac thanh ghi EEPROM

8. TINH NANG DAC BIET CUA CPU

Nhirng diém khac nhau gitra mét vi diéu khién véi cac vi xr Iy khac la cac mach déc
biét cho cac rng dung theo thoi gian thwe. PIC16F8x c6 mét loat cac tinh nang nhw thé
nham tang téi da do tin cay cla hé thdng, tbi thiéu hoa gia thanh théng qua viéc gidm cac
linh kién phu bén ngoai, cung cap cac ché do hoat dong tiét kiém nang lwong va tinh
nang bao vé ma lénh. C6 thé ké ra nhw sau :

¢ Kha nang chon OSC

e Reset
- Khi m& may (POR)
- B6 dinh thoi tang ngudén (PWRT)
- B0 dinh thoi khéi dong dao dong (OST)
Cac ngat
B6 dinh th&i canh chivng (WDT)
Ché d6 ngi
Bao vé ma lénh
Vung ID

e Lap trinh trong hé théng

PIC16F8x c6 mot bo dinh thdi canh chirng né chi cé thé tat béi cac bit ciu hinh. Bo
dinh th&i nay hoat ddng v&i mach dao déng RC rién nham tang dé tin cay. Co hai b dinh
thdi tao ra cac thoi gian tré can thiét khi ting nguén. M6t la bo dinh théi khéi dong dao
déng (Oscilator Start-up Timer) nham duy tri chip van & trong trang thai reset cho dén khi
dao dong thach anh 6n dinh. Th& hai 1a bd dinh thdi tdng ngudn (Power-up Timer). Bo
dinh thoi nay cé thdi gian tré cd dinh 1a 72 mS (danh dinh) khi tdng ngudn dé git chip &
trang thai reset cho dén khi ngudn nuéi 6n dinh. V&i hai timer dyoc tich hop nay hau nhw
tat ca cac ing dung déu khong can dén mach reset bén ngoai

Ché d6 ngii cung cdp mot trang thai ha ngudn véi dong dién nudi rat thap. Nguoi
dung co6 thé danh thirc khdi ché do nay bang reset bén ngoai, WDT hoac mdt tin hiéu
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ngat. Mot vai tuy chon dao déng dwoc cung cap dé cho phép thich &ng véi rng dung.
Dao ddng RC gidm gia thanh hé théng trong khi dao déng LP lai gidm céng suét. Cac tuy
chon dwoc chon b&i mét tap hop cac bit ciu hinh.
8.1 Cac bit cau hinh

Cac bit cAu hinh c6 thé duoc 1ap trinh (doc béng ‘0’) hodc khang l4p trinh (doc bang
‘1) @& chon céu hinh cho thiét bi, cac bit nay dwoc anh xa tai vj tri 2007h trong bd nhé
chwong trinh

Dia chi 2007h nam ngoai khéng gian bd nhé chwong trinh clia ngwdi dung va &
trong vung kiém tra/ciu hinh dac biét (2000h — 3FFFh). Vung nay chi c6 thé duwoc truy
cap trong khi nap chuwong trinh.

FU  RU  RU RU RuU R4 RPI RU RuU R R R-u  Ru R

ler J cr [ cr Qo] cp Qo Jor or e cp |PARTE [woTE]FoSci | Fosco|
i3 bilg

i = Readable bl

= =F‘ru:-grammal:-|e-l:-ll
| N =Value al POR resel
u = uichangad

bit 12:8 CP: Program Memory Code Protection bit
1= Code protection off
0 = Program memory is code protectad

bit 7 DP: Data Memory Code Protaclion bil
1= Code protection off
0= Datamemory i code protected

bit 6:4  CP: Program Memory Code Protedion bit
1= Code protection off
0= Program memory is code protected

bit 3 FWRIE: Power-up Timer Enable bit
1 = Power-up timer is disabled
0 = Power-up timer is erabled

bit 2 WODTE: Watchdog Timer Enable kit
1=WOT enabled
0 ="WDT disabled

bit 1:0  FOSC1:FOSCH: Osdllator Selection bits
11 =RC osaillator
10 =HES oedillator
01 = XT cacillator
00 =LP oscillator

Hinh 3.25 T cAu hinh PIC16CR83 va PIC16CR84

RPU RP-U RP-u RP-U RP-u RP-u RP-u RP-u RP-u RPU RPU RBP4 RBP4 RP-u
[celJer o Jor [erlor o] cr | or | cp |PWRIEwoTE | Fosct [ Fosco |
bil3 bilo
R = Readabl bil
P = Frogrammabiz bil

-n = Valus 8t POR raset
1l = unchangesd

bit 13:4 CP: Code Protection bit
1 = Code protection off
0 =Allmemory is code protected
bit3  PWRTE: Power-up Timer Enable bit
1 = Power-up timer is disabled
0 = Power-up timer is enabled
bit 2 WODTE: Watchdog Timer Enable bit
1=WDT enabled
0="WDT dizsabled
bit1:0  FOSC1:FOSCH: Osallator Selection bits
11 =RC osdlator
10 =HES oecillator
01 = XT cexillator
00 =LP osdllator

Hinh 3.26 Tt cAu hinh PIC16F83 va PIC16F84
8.2 C4u hinh dao déng

8.2.1 Cac kiéu dao déng o
PIC16F8x co thé hoat dong & bon ché dd dao dong :
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e LP Low power crystal
e XT Crystal/Resonator
e HS High speed Crystal/Resonator
e RC Resistor/Capacitor

8.2.2 Dao déng thach anh/Céng hwéng gém
] Qéc ché dé XT, LP va HS can dung mét thach aqh}hoéc mo6t mach cong hwdéng
gom ndi vao cac chan OSC1/CLKIN va OSC2/CLKOUT dé on dinh dao dong (hinh 3.27)

ct 0SC1
D T b
internalf
I XTAL e RE(E) logic
L i ¢ Hinh 3.27 CAu hinh dao déng
= OS2 SLEEP XT. LP va HS
coil PIC16FXX
Motel:  See Table 8-1 for recommended values of

C1and C2.

A series resistor (R3) may be required for
AT strip cut crystals.

RF varies with the crystal chosen.

2
3
PIC16F8x dworc thiét k& dé dao dong véi mot thach anh song song, néu dung thach

anh nbi tiép thi tan s6 s& vrot khoi pham vi cho phép clia nha san xuét. O ché do XT. LP
hoac HS, thiét bi cé thé nhan moét nguén dao dong ngoai tr ngéd vao OSC1/CLKIN (hinh

3.28)
Clock from OEC . N ..
e, system D PIC1EFXX Au hinh XT-LP hode 1.
CIpE —] 0507
Pham vi thtr nghiém
Ché do Tan s6 OSC1/C1 0OSC2/C2
XT 455 KHz 47 — 100 pF 47 — 100 pF
2 MHz 15-33 pF 15-33 pF
4 MHz 15 - 33 pF 15 - 33 pF
HS 8 MHz 15 -33 pF 15 -33 pF
10 MHz 15 - 33 pF 15 - 33 pF
Lwuy:

Nén chon C1 va C2 bang nhau trong bang pham vi thtr nghiém
Tu gia tri cao lam tang d6 on dinh nhwng ciling lam tang thi gian khéi dong

Céc gié tri nay chi 1a goi y. Do méi mach cong hwéng cd déc tinh riéng. Nén tham khao

tai liéu nha san xuat dé chon cho phu hop

Mach céng hwédng thlr nghiém

455 KHz Panasonic EFO-A455K04B +0.3%
2 MHz Murata Erie CSA2.00MG +0.5%
4 MHz Murata Erie CSA4.00MG +0.5%
8 MHz Murata Erie CSA8.00MT +0.5%
10 MHz Murata Erie CSA10.00MTZ +0.5%

Khbéng co tu trong cac mach céng huong
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Ché do Tan so6 0SC1/C1 0SC2/C2
LP 32 KHz 68 — 100 pF 68 — 100 pF
200 KHz 15— 33 pF 15— 33 pF
XT 100 KHz 100 — 150 pF 100 — 150 pF
2 MHz 15-33 pF 15-33 pF
4 MHz 15— 33 pF 15— 33 pF
HS 4 MHz 15-33 pF 15-33 pF
10 MHz 15— 33 pF 15— 33 pF
Lwuy:

Nén chon C1 va C2 bang nhau trong bang pham vi thir nghiém

Tu gia trj cao lam tang dd &n dinh nhwng ciing 1am tang thoi gian khéi dong

Cac gia tri nay chi la goi y. Rs c6 thé can thiét trong ché do HS va XT dé tranh diéu khién
qua murc so v&i mire diéu khién thap cua thach anh theo sb tay. Do cac thach anh c6 dac
tinh khéng giébng nhau. Nén tham khao tai liéu nha san xuét d& chon cho phul hop

V&i Vpp > 4,5V nén chon C1=C2 =30 pF

Thach anh th&r nghiém

32,768 KHz Epson C-001R32.768K-A +20 PPM
100 KHz Epson C-2 100.00 KC-P +20 PPM
200 KHz STD XTL 200.000 KHz +20 PPM
1 MHz ECS ECS-10-13-2 + 50 PPM
2 MHz ECS ECS-20-S-2 + 50 PPM
4 MHz ECS ECS-40-S-4 + 50 PPM
10 MHz ECS ECS-100-S-4 + 50 PPM

Hinh 3.29 Gia tri tu trong ché do dao déng thach anh

8.2.3 Mach dao dong thach anh ngoai

C6 thé dung cac mach dao déng déng goi san hodc ghép lai tir cac cdng TTL. Cac
mach dao déng ché tao san cé dai lam viéc va do 6n dinh cao hon. Mot mach dao dong
thach anh duoc thiét ké tot sé cung cap hiéu qua tét v&i cac cong TTL. Sau day 14 hai so
dd dién hinh : M6t la cong hudng ndi tiép va mét 1a cong hwéng song song.

Hinh 3.30 trinh bay mach dao déng cdong hwéng song song, mach duoc thiét ké voi
tan s6 co ban cla thach anh. Céng dao 74AS04 lam nhiém vu ddo pha day la yéu cau
ctia mach dao dong song song. Pién tr& héi tiép 4,7 KQ lam nhiém vu 6n dinh. Bién tré
phan cwc 10 KQ chon diém lam viéc cho 74AS04 ndm trong ving tuyén tinh

=2 -n;,_.-_m_,;,-
Fox S T L
] Tk T4AED
T4a504 o CLKIN
Hinh 3.30 Mach dao déng thach anh
2 ngoai cong hwdng song song
10k
HTaL
- ._||:||_.
- €
WpF L R
E:- Other
230 kO 2 kO evinss o
piom W s LR Hinh 3.31 Mach dao déng thach anh
v N ngoai cdng hwdng ndi tiep
_| o— CLKIN
1|ELF
XTAL

1l
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8.2.4 Dao dong RC

V&i nhitng &ng dung khéng can thoi gian chinh xac thi tuy chon dao déng RC sé
gilip gidm gia thanh. Tan s dao dong RC thay dbi theo dién ap nguén, Rey va Cey va ca
nhiét d6 lam viéc. Hon nira tdn sb dao ddng con thay déi theo thiét bi do sy thay dbi
thong sb xr ly. Va dién dung lién cuc gitra cac dang vé khac nhau cla chip cing anh
hwéng déc biét dbi véi gia tri Cey thAp. Nguwoi diing can lwu y dén dung sai ciia R va C.
Hinh 3.32 trinh bay mo6t mach RC két hop véi PIC16F8x. V&i nhitng Rex thdp hon 4 KQ
hoat déng ctia mach c6 thé khéng én dinh hodc khéng dao dong. Néu Rext qua Ién VD. 1
MQ dao ddng dé bi &nh hwéng béi nhiéu, dd6 am va dd ri dién. Do d6 nén chon Ry trong
khodng tlr 5 KQ dén 100 KQ.

Mé&c du mach dao ddng khéng can tu ngoai nhuwng (Cext = 0 pF) nhwng cling nén
thém tu khodng 20 pF dé chéng nhiéu va én dinh hon. Néu khéng c6 Cey tAn s6 dao déng
c6 thé thay ddi bat thworng do dién dung bén ngoai bién thién nhw dién dung 13p rap, dién
dung lién cyec.

Tan s dwoc chia 4 xuét hién & chan OSC2/CLKOUT cé thé dwoc dung dé kiém tra
hodc déng bd céc linh kién khac.

) X Internal
Osc
clock )
_ _L Hinh 3.32 Ché d6 dao dong RC
Cext I PIC1GF XX

Ves = -
- OSC2CLKOUT
Fosc/d
Recommended values, & ki = Rext = 100 k0
Cext = 20pF
Luuy:

Khi dang dao dong bang RC khong nén diéu khién chan OSC1 bang mét ngudn dao
ddng khac cé thé 1am huw thiét bi

8.3 ‘Reset .
Co nhiéu cach dé reset PIC16F8x :
¢ Reset khi mé& may (POR)

e MCLR rest trong khi SLEEP

e WDT reset khi hoat ddéng binh thwdng

e WDT danh thirc trong khi SLEEP

Hinh 3.33 trinh bay so db khdi clia mach reset tich hop trén chip. Trén duéng reset

MCLR c6 mét bo loc nhiéu. Bé rong can thiét cta xung MCLR duoc cho trong so tay.
M6t so thanh ghi khéng bi anh hwdng véi moi ché dé reset. Trang thai ciia chung khong
xac dinh khi m& may va khong thay doi & cac phwong phap reset khac. Hau hét cac
thanh ghi khac dwoc dwa vé trang thai ban dau khi m& may, reset MCLR khi hoat dong

binh thwong, reset WDT va reset MCLR khi SLEEP. Do d6 cac thao tac reset nay dwoc
xem nhuw la sw bat dau lai khi hoat déng binh thudng.

Bang 3.11 cho thay cac diéu kién reset clia bd dém chwong trinh PC va thanh ghi
trang thai. Bang 3.12 trinh bay day du cac trang thai reset cta tat ca cac thanh ghi.

Cac bit TO va PD dwoc dat va xéa modt cach khac nhau trong cac trwong hop reset
khac nhau. Hai bit nay dwoc dung trong phdn mém dé xac dinh ban chét cua reset.
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External
Reset

>

MCLR
~__ELEEF
WOT WOT
Module Time Out
Reset D-|
WIOD rise [
detest Powyer_on_Reset 5
oo
OST/PWRT AD')_l_
OsT JE—
— \—‘\ —.\ __| Ship_Reset
10-bit Ripple counter I R Q=
T2 - =1
CLKIN
__ PWRT
RE'ECS"'(';'-TH:_t;- 10-bit Ripple counter |
Enable PWRT
See Table 8-5
Mote 1: This is a separate cscillator from the
RC osdillator of the CLKIM pin. Enable OST
Hinh 3.33 So d4 khdi mach reset trén chip
Piéu kién Bo dém | Thanh  ghi
chwong trinh trang thai
Reset m& may 000h 0001 1xxx
Reset MCLR khi hoat déng binh thwéng 000h 000u uuuu
Reset MCLR trong khi SLEEP 000h 0001 Ouuu
Reset WDT trong khi hoat déng binh thudng 000h 0000 1uuu
banh thirc bang WDT ] PC +1 uuu0 Ouuu
DPanh thirc SLEEP bang ngat PC+1® uuu1 Ouuu

Bang 3.11 Diéu kién ngét ctia PC va thanh ghi STATUS

Thanh ghi Dia Reset M& | Reset MCLR khi : banh thirc SLEEP
chi may Hoat dénq bi . Bang ngat
at ddng binh thwdng N
Reset WDT khi hoat ddng
binh thwdng
w - XXXX XXXX Uuuu uuuu Uuuu uuuu

' Khi danh thirc bang ngét va bit GIE dwoc dat, PC dwoc nap véc to ngét 0004h
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INDF O e T e R

TMRO 01h XXXX XXXX uuu uuuu uuuu uuuu
PCL 02h 0000h 0000h PC+1™
STATUS 03h 0001 1xxx 000q quuu uuuq quuu @
FSR 04h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 05h ===X XXXX ---U uuuu ---u uuuu
PORTB 06h XXXX XXXX uuuu uuuu uuuu uuuu
EEDATA 08h XXXX XXXX uuuu uuuu uuuu uuuu
EEADR 09h XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH 0Ah ---0 0000 ---0 0000 ---U uuuu
INTCON 0Bh 0000 000x 0000 000u uuuu uuuu ¥
INDF I T I e
OPTION_REG 81h 1111 1111 1111 1111 uuuu uuuu
PCL 82h 0000h 0000h PC+1
STATUS 83h 0001 1xxx 000q quuu uuuqg quuu
FSR 84h XXXX XXXX uuuu uuuu uuuu uuuu
TRISA 85h -1 1111 ---1 1111 ---U uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
EECON1 88h ---0 x000 ---0 q000 ---0 uuuu
EECON2 L I e I T
PCLATH 8Ah ---0 0000 ---0 0000 ---U uuuu
INTCON 8Bh 0000 000x 0000 000u uuuu uuuu ¥

Bang 3.12 Cac diéu kién reset dbi voi tat ca cac thanh ghi

8.4 Khéi dong khi mé may (POR)
Mot xung POR dworc tao ra trong chip khi d6 tang ciia VDD dwgc nhan dang (trong

khodng 1,2 V — 1,7 V). D& dat dwoc wu diém cta POR, chan MCLR phai néi tryc tiép
(hodc ngang qua dién tr&) dén Vpp, viéc nay sé loai bé cac linh kién RC ghép thém bén
ngoai van thwong dwoc dung dé tao reset khi mé& may. Vpp phai dat thdi gian tang tdi
thiéu dé bao dam hoat ddng phu hop.

Khi thiét bi bat dau hoat ddng binh thwéng (t6n tai diéu kién reset) thi cac théong sb
dién ap, nhiét d9, tAn sd ... phai cé gia tri thich hop d& bdo dam hoat ddng. Néu cac
thong sd nay khong dat yéu cau thi thiét bi phai dwoc duy tri & trang thai reset. Mach
POR khéng tao ra reset bén trong khi dién ap ngudn nuéi VDD gidm xudng.

8.5 Bd dinh th&i tang ngudn (PWRT)

B& dinh thdi tang ngudn (Power—up Timer) tao ra mot thoi gian tré ¢b dinh Tewsr 12
75 mS tir POR. Bd dinh th&i nay hoat déng véi mach dao ddng RC bén trong. Chip dwoc
duy tri & trang thai reset cho dén khi PWRT tac déng, thdi gian PWRT cho phép VDD
tang dén mot mirc chap nhan dwoc (hinh 8.13).

Bit cAu hinh PWRTE cho phép hodc khéng cho phép PWRT, Xem hinh 3.25 ho&c
hinh 3.26 vé chirc ndng cla bit PWRTE dbi véi mot thiét bi d&c biét.

Thaoi gian tri hodn tdng ngudn TPWRT thay dbi tly theo thiét bj do VDD, nhiét d6 va
nhirng thay ddi xt 1y.
8.6 Bo dinh th¢i khéi dong dao dong (OST)

Bo dinh thoi khéi dong dao déng (Oscilator Start-up Timer) tao ra mét thdi gian tré
bang 1024 chu ky dao déng (tr ngd vao OSC1) sau khi két thic tri hoan PWRT dé bao
dam dao déng thach anh ho&c dao déng gém duoc khéi dong va dn dinh.

Théi gian OST (Tost) chi dwoc yéu cau trong cac ché do XT, LP va HS va khi mé may
hoac danh thic ti trang thai SLEEP.

Khi Vpp tang 1&n qua cham cé thé dan dén thoi gian Tpwsr va Tost két thuc trudc khi
Vpp dat gia tri cubi cung. Trong trwéng hop nay (hinh 3.38) cé thé phai can thém mot
mach reset m& may bén ngoai (hinh 3.34).

! Khi danh thirc do ngét ngoai va bit GIE duqc dé’f thi PC dwoc nap véc to ngét la 0004h
2 Bang 8.3 liét [(é gia tri reset cho moi diéu kién xac dinh
% M6t hoac nhiéu bit ciia INTCON bi anh hwéng (dé danh thic)
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VoD Voo

Mote 1

D R Hinh 3.34 Mach reset m& may
B bén ngoai (khi Vpp tdng cham)
T o PIC1BFXX

External Power-on Reset circuit is required
only if VDD power-up rate is too slow. The
diode D helps discharge the capacitor
quickly when YOD powers down.

2. H =40k is recommended to make sure
that valtage drop across R does not exceead
0.2Y {max l=akage current spec on MCLE
pinis 5 uA). Alarger voltage drop will
degrade VIH level on the TACLR pin.
30 BT =1000to 1k will limit any current
flowing into TTCLR from extemal
capacitor C in the event of an MICLR pin
breakdown due to ESD or EOS.
_
VoD !
1 /
1
MCLR .
INTERNAL POR l
- TPWRT w
FWRT TIE-CUT L TS T
TETTESOT

IMTERNAL RESET

Hinh 3.35 Db thj thoi gian tang ngudn (MCLR khong néi 1&én Vpp) : Truong hop 1
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voo ' !

.

1

1

.

1

.

MCLR .

1

INTERMNAL POR !
. 1

TPWRT - !

:

BWRT TIME-OUT T O Tt !
' I

1

1

1

OsT TIME-OUT

IMTERMAL RESET

Hinh 3.36 D4 thi thi gian tdng ngudn (MCLR khéng néi 1&n Vpp) : Trweng hop 2

DD '

1
-7
MCLR !

- TPWRT !

1
INTERMAL POR |
1

PWRT TIME-QUT ta—TOST—mm

QST TIME-OUT

INTERNAL RESET

Hinh 3.37 Thoi gian tdng ngudn (MCLR néi 1&én Vpp) : Vopb tdng nhanh

Yoo

MCLR

TPWRT

INTERNAL POR |
:
I

PWRT TIME-QUT

QST TIME-CQUT

INTERMAL RESET

When VDD rises very slowly, it is possible that the TPWRT time-out and TosT time-out will expire before VDD
has reached its final value. In this example, the chip will reset properly if, and only if, V1 = ¥DD min.

Hinh 3.38 Thoi gian tang ngudn (MCLR néi lén Vpp) : Vpp téng cham
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8.7 Th&i gian tri hoan va cac bit trang thai ha nguén T0/ PD
Thoi gian tré khi tdng nguén (hinh 3.35 — 3.38) dién tién nhw sau : Trwdc tién, bat
d4u thoi gian tré PWRT sau khi POR két thic. Sau d6 OST tac dong. Téng thoi gian tri
hoan thay déi theo cau hinh dao déng va trang thai bit cAu hinh PWRTE. Vi du trong ché
dd dao dong RC va bit PWRTE khong cho phép thi khéng cé thdi gian tri hoan.

Cseillator Power-up Wake-up
Configuration PWRT PWRT from X . o )
Enablad Disabled SLEEP Bang 3.13 Thai gian tri hoan tai
= cac trang thai khac nhau
XT,HS, LP T2ms + 1024 Tos0 1024TosC
1024TOsSC
RiC 72ms — —

Ké& tr khi thoi gian tré bat dau sau xung POR. Néu thdi gian duy tri & mirc thap cla

MCLR du lau thi thdi gian tré sé két thic. Sau khi MCLR 1én mirc cao. Mach lap tirc hoat
dong (hinh 3.35). Diéu nay rat hivu dung cho yéu cau kiém tra hodc ddng bod nhiéu thiét bj
PIC16F8x khi lam viéc song song v&i nhau.

Bang 3.14 cho thay y nghia cla céac bit TO va PD. Bang 3.11 liét ké cac diéu kién
reset dbi véi mot sd cac thanh ghi ddc biét trong khi bang 3.12 thi liét ké dbi véi tat ca
cac thanh ghi

8.8 Reset khi sut ap ngudn (Brown-out)

Day 14 hién twong dién ap ngudn sut thap hon gia tri téi thiéu nhung sau d6 phuc
hdi tré lai, trong trwedng hop nay nén duy tri thiét bi & trang thai reset.

Dé reset PIC16F8x khi xay ra sut ap can phai thém mot mach bao vé bén ngoai nhw trinh
bay trong hinh 3.39 va 3.40

VoD
T VoD
33k
10k e Hinh 3.39 So d6 bao vé sut ap 1
A A0k pic1eFsx

This circuit will activate reset when VOD goes below
Wz + 0.7V) where Vz = Zener voltage.
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oD

R1

Rz

21

40k

WOD

Hinh 3.40 So d& bao vé sut ap 2
MCLR

PIC16F8X

This brown-out circuit is less expensive, although less
accurate. Transistor ©1 turns off when VDD is below a

certain level

8.9 Tin hiéu ngat

such that:

PIC16F8x c6 bén ngudn tin hiéu ngat :

e Chan ngat ngoai RBO/INT

e Ngéat timer TMRO

e Cac ngét thay ddi PORTB (chan RB7:RB4)

o Ngét hoan tAt qua trinh ghi vao bd nho di liéu EEPROM

Thanh ghi diéu khién ngat INTCON ghi nhé cac yéu ciu ngat riéng biét vao cac bit
c®. Thanh ghi nay con chira bit cho phép ngat toan cuc va cho phép tirng ngét.
Bit cho phép ngét toan cuc GIE (INTCON<7>) khi dwoc dat sé cho phép tat ca cac ngat
va sé cam tat ca cac ngét khi bj x6a. Cac ngat riéng cé thé bi cdm bai bit cho phép ngat
twong ng trong thanh ghi INTCON. Bit GIE bi x6a khi reset.

Lénh tré vé tir chwong trinh phuc vu ngat RETPIE sé& dé&t bit GIE dé cho phép tré lai

cac ngat.

TOIF
TOIE

INTF
INTE

REIF
RBIE

EEIF
EEIE

GIE
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ol oz] o3| o4 ot | az| o3| o4 01| oz] o3| o4s a1 ] oz] o3| a4. 1] az| o3| 4.
1 1 ] ] ]

0SCH .
' [] ! 1 "
L] 1

cLkouT () A e . ; ! :
1 L] I 1 1 1 ] ] ]
INT |Tlil1 1 1 ; 1 1 1 1 [} [} [}
— N T T o : ; : ]
] 1 T T T T 1
INTF flag LA 1 Interrupt Latency {21 ' '
{INTCON<1=)1 ' © L L ®: ! !
GIE bit ' i : ; : ; :

(INTCON<T>) 1 . . \
1 1 1 ] ] ]
: E E : £ 1L 1 1 ] ] ]
PC by T X TS N e X NINE T X NIV —
1 1 1 1 1 1
Instructionf * ' ' . . .
fetched { : Inst (PC) : Inst (PC+1) : — v Inst (0004h) : Inst (0005h) 1
1 1 1 1 1 1
Instruction { 1 Inst ( . ' B ; ) ' Cyel : D ' Oyl ; Inst (0004h) :
executed ¥ 1 nst (PC-1) . Inst (PC) . ummy Cycle |,  Dummy Cycle ! ( pot

Motz 1: INTF flagis sampled here (every Q1.
27 Interrupt latency = 3-4Tey where Tey = instruction cycle time.
Latency is the same whether Inst (PC)is a single cycle or a 2-cyele instruction.
3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AT specs.
5 INTF is enabled to be sat anytime during the Q4-01 cycles.

Hinh 3.42 D thi thdi gian chan INT

8.9.1 Ngit INT
Ngat ngoai tai chan RBO/INT tac dong bang canh : Canh I&n néu bit INTEDG
(OPTION_REG<6>) dwgc dat hodc tai canh xuéng néu bit nay bi xéa. Khi mét canh hop
I& xay ra trén chan INT thi bit INTF sé& dwoc dat (INTCON<1>). Ngat nay cé thé bj cAm
bang cach xoa bit diéu khién INTE (INTCON<4>). C& ngat INTF phai dwoc x6a bang
phan mém trong chwong trinh phuc vu ngat trwéc khi ngat nay dwoc cho phép tré lai.
Ngat INT co thé danh thtrc vi didu khién khai trang thai SLEEP chi khi nao bit INTE da
dwoc dat trude dé dé di vao trang thai SLEEP. Trang thai cla bit GIE quyét dinh sw ré
nhanh cla vi diéu khién dén véc to ngat sau khi thirc day.
8.9.2 Ngit TMRO
Khi xay ra tran ti FFh — 00h trong TMRO s& dat bit c& TOIF (INTCON<2>) ngét c6
thé dwoc cho phép hodc cdm bang cach dat hodc xoéa bit TOIF (INTCON<5>)
8.9.3 Ngit PORT RB
Mot sw thay déi trén PORT<7:4> s& dat co bit RBIF (INTCON<0>). Ngét c6 thé
dwoc cho phép hodc cdm bang cach dat hodc xda bit RBIE (INTCON<3>)

Lwuy: . . )
~ Su thay doi trén chan I/0 port chi dwgc nhan ra khi bé rong xung nho nhat phai
bang Tey

8.10 Lwu trir néi dung trong khi ngat
Trong khi ngat, chi cé gia tri tr& vé cia PC dwoc lwu trlr trong ngdn xép. Trong
trwong hop ngwdi dung mudn lwu ndi dung thanh ghi khéa trong théi gian moét ngét vi du :
Thanh ghi W va thanh ghi STATUS thi c6 thé thwc hién yéu cau nay bang phdn mém.
Vi du 8-1 Iwu trlr va phuc hdi néi dung ctia thanh ghi trang thai va thanh ghi W. Nguoi
dung da dinh nghia cac thanh ghi W_TEMP va STATUS_TEMP la cac vi tri lwu trir tam
cua thanh ghi W va thanh ghi STATUS.

Vi du 8-1 : Lwu tr&r thanh ghi W va STATUS trong RAM
PUSH MOVWF W_TEMP ; Copy W vao thanh ghi tam
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SWAPF STATUS, W ; Hoan chuyén trang thai dwoc lwu

vao W
MOVWF STATUS_TEMP ; Lwu trang thai vao
. thanh ghi STATUS_TEMP
ISR :
POP SWAPF STATUS_TEMP, W : Hoan chuyén bén bit

; trong thanh ghi STATUS_TEMP
; va dat két qua vao W

MOVWF STATUS : Chuyén W vao thanh ghi STATUS

SWAPF W_TEMP, F ; Hoan chuyén 4 bit trong W_TEMP
: va dat két qua vao W_TEMP

SWAPF W_TEMP, W ; Hoan chuyén 4 bit trong W_TEMP

; va dat két qué vao W

Két qua cta vi du 8-1:
a) Céatthanh ghi W
b) Cét thanh ghi STATUS vao STATUS_TEMP
c) Thwc hién chuwong trinh phuc vu ngét
d) Phuc héi thanh ghi STATUS
e) Phuc héi thanh ghi W

8.11 Bo6 dinh th¢&i canh chirng

Bo dinh th&i canh chirng WDT la mét mach dao ddng da hai tw kich RC tich hgp
trén chip va khéng can thém linh kién bén ngoai. Mach dao déng nay déc lap v&i mach
dao ddng RC tai chan OSC1/CLKIN, diéu nay c6 nghia la WDT van chay trong khi khéng
cé xung déng hé & cac chan OSC1 va OSC2. Vi du khi thyc hién 1énh SLEEP. Trong ché
do lam viéc binh thwdng thdi gian tré WDT sé tao ra tin hiéu reset thiét bi. Néu thiét bi
dang trong trang thai SLEEP tin hiéu WDT sé& danh thirc thiét bi dé tré vé trang thai hoat
dong binh thwong. WDT c¢6 thé bi cAm bang cach 1ap trinh bit cAu hinh WDTE & ‘0’

8.11.1 Chu ky WDT

WDT c6 thdi gian tré danh dinh 1a 18 mS (khéng c6 dinh thang), thi gian nay thay
ddi theo nhiét do, VDD va phwong phap xi Iy tirng thiét bj (xem dac tinh DC). Néu can
thoi gian tré dai hon, mot b dinh thang voi ti s6 chia lén dén 1:128 c6 thé dwoc gan cho
WDT théng qua phan mém bang cach ghi vao thanh ghi OPTION_REG va thdi gian tré c6
thé lén dén 2, 3 giay.

Céc léenh CLRWDT va SLEEP sé& xéa WDT va bd dinh thang (néu da dwoc gan cho
WDT) dé ngan thdi gian tré va tao ra tin hiéu reset.
Bit TO trong thanh ghi trang thai sé& bi xda trong thdi gian tré WDT

8.11.2 Lap trinh WDT

Khi 1ap trinh nén quan tdm dén céac diéu kién xau nhét (Vpp = min; nhiét d& max, bo

dinh thang max) can vai giay trwédc khi xdy ra WDT

Bia | 1en Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit2 | Bit1 Bit 0 Gia tri khi | Gia trj khi
chi _ mé& may reset
2007 | BltGaU | oy 1) @ | @ F‘)”RTE WDTE | FOsc1 | Fosco | ()

OPTIO INT 1111
81h N_RE REPO TOCS | TOSE | PSA PS2 PS1 PS0 1111 1111

5 EDG 111

Bang 3.15 Cac thanh ghi twong rng véi WDT

! Xem chuc nang cta bit PWRTE & hinh 8.1 va 8.2
2 Xem chtrc nang cac bit bao vé ma lénh va di¥ liéu & hinh 8.1; 8.2 va muc 8.13
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From TMRO Clock Source
(Figure 6-6)

B

. . M e  Postscaler
WOT Timer 11 u
+ * 8-to-1 MUX |=s— PS2:PS0
WOT PEA
Enable Bit
p—ge To TMREO (Figure 6-G6)

n* X
MUX | mag— PSA

'

WOT
Time-out

Mote: PSA and P52:PS0 are bits in the CPTION_REG register.

Hinh 3.43 So db khdi WDT

8.12 Ché dé ha ngudn (SLEEP)
M6t thiét bj c6 thé dwoc ha ngudn (SLEEP) va sau d6 tang ngudn tré lai (thirc day)
dé tiép tuc hoat déng binh thuwong.
8.12.1 Ngii (SLEEP)
DPé vao ché dd ha ngudn phai thwc hién Iénh SLEEP, WDT sé bj x6a (nhwng van

dang chay), bit PD (STATUS<3>) bj xda, bit TO (STATUS<4>) dwoc dat va tat mach
didu khién dao déng. Cac cbng I/O duy tri trang thai da cé trwéc khi 1énh SLEEP duwoc
thwe hién (high, low hoac high Z).

Dong tiéu thu gidm xudng dén mirc nhd nhét trong trang thai SLEEP, cac chan 1/0
dwoc dat 1én Vpp hodc Vss va khong cip dong ra mach ngoai, xung déng hd ngoai bi
cdm, cac chan 1/0 vao c6 trang thai Z cao nén duwgc ndi Ién mirc cao hodc xuéng mirc
thap tir bén ngoai dé tranh dong dién chuyén mach tao ra b&i cac ngd vao dé tréng. Ngé
vao TOCK1 ciing nén ndi dén Vpp hodc Vss. Ciing nén lwu y dén cac mach kéo 1én tai port
B bén trong chip.

Chan MCLR phai & m&c cao (Viguc). Nén lwu y rdng mét tin hiéu reset tao ra t

thoi gian tré WDT sé khong dwa MCLR xudng mirc thap.
8.12.2 Banh thirc tir trang thai SLEEP
Thiét bi c6 thé dwoc danh thire tir trang thai SLEEP béi cac sy kién sau day :

1. Reset bén ngoai tai chan MCLR
2. WDT (néu WDT da duwoc cho phép)
3. Ngat tr chan RBO/INT, sw thay dbi & port RB ho&c khi hoan tat qua trinh ghi di
liéu EEPROM.
Cac thiét bi ngoai vi khéng thé tao ra ngét trong khi SLEEP vi khéng cé xung déng
hé trong chip.

Sw kién dau tién (reset MCLR) sé gay nén mdt reset cho thiét bj. Hai sw kién sau
dwoc xem nhw 1a mét phan mé réng cda viéc thwe thi chwong trinh. Céac bit TO va PD cé
thé dwoc dung dé xac dinh nguyén nhan reset thiét bi. Bit PD dwoc dat khi tang ngudn va
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bi x6a khi can SLEEP. Bit TO bj x4a néu xuat hién th&i gian tré WDT (va gay ra tin hiéu
danh thirc).

Trong khi I&énh SLEEP dang dwoc thuwc hién, Iénh ké tiép (PC + 1) dwoc doc vao.
Muébn danh thirc thiét bi bang ngat thi bit cho phép clia ngat twong &ng phai duwoc dat.
Viéc danh thirc xay ra bat chap trang thai bit cho phép toan cuc GIE. Néu bit GIE bj xda,
thiét bi sé tiép tuc thwe hién lénh theo sau Iénh SLEEP. Néu bit GIE dwoc dét, thiét bj sé
thwe hién Iénh sau 1énh SLEEP va sau d6 nhay dén dia chi ngat 0004h. Trong trwérng hop
khong mudn thwe hién 1énh sau Iénh SLEEP thi nén d&t mot Iéenh NOP sau Iénh SLEEP.

vt oz o] ce) ot 2] @) a4, a1 ' v @] o] @2 a4 at] az]az|ad; 1] az) calod] o] o] a3] o,
CGC1I 1, ! L] ! [ 1
1 1 r : ’ 1 1 1 ] 1
CLEOUT(4) ) i 1 r 1Y p et 7 A F A £ A I
1 1 1 1 ] 1 ] ] 1
IMT pin \ ' ' ' '
1 1 1 v ] 1 ] ] 1
1 M
I'rl‘#ﬂ]:l'—::”;:i -:1:-:-I I I k" ' y Inlemupt Latency H ;
) ' ' : [ {Mot= 2 . .
GIE it ; . . : . . . .
(INTCON<T=) | . PR . . b : . d
. . , SLEER ™ ' ' '
1 1 1 : L] 1 L] L] 1
jﬁ BHE Gj ELQ,'[ 1 1 . L) 1 [} [} 1
) . . X ! A A
PC I PC % PC+1 h PC+2 [ PC+2 | 4 PC+2 | daodh 4 afdsh
1 1 1 [] 1 L] L] 1
Imstrudion J, PR ' e 4 1 F—— FARdR S
fhed {I Inst{PC) = SLEEP ' Inst{PC + 1) . . IrstPC +2) . ' Inst000dh) ' Irst{000shj)
ggéﬁgd‘:'" -{: Irst(PC - 1) i SLEEP ) v ImslPC -+ 1) . Dummycycle o Dummy cyde . Inst{a004h) .
Mote  1: XT HSor LP oscillator mode assumad.
2: Tost = 1024Tosc (drawing not to scale) This delay will not be there for RC csc mode.
3. GIE ="1"assumad. In this case after waks- up, tha processor jumps to the intarrupt rodtine. If GIE = T, execution will continue in-line.

4: CLEOUT is not available in these cse modes, but shown hare for timing reference.

Hinh 3.44 Banh thirc bang ngét

8.12.3 Panh thirc bang cac ngat ) ]

Khi cac ngat toan cuc bi cam (GIE bi x6a) va mot nguon ngat nao do co ca hai bit

cho phép v? co n,gét dwoc dat thi mot trong nhirng diéu sau day sé xay ra : ]

e Neéu ngat xay ra trwée khi thiee hién 1énh SLEEP, 1énh SLEEP sé giong nhw 1énh
NOP. Do d6, WDT va bé dinh thang WDT sé khong bi xéa, bit TO khéng dwoc
dat va bit PD khéng bi x6a

 Néu ngat xay trong hodc sau khi thic hién 1énh SLEEP, thiét bi sé dwgc danh
thirc ngay 1ap tlrc khdi trang thai SLEEP. Lénh SLEEP sé duwoc hoan tat trwéc
khi thirc day. Do d6, WDT va b6 dinh thang WDT sé bi x6a, bit TO dwoc dat va
bit PD bi xo6a. . .

Mac du cac co dwoc kiem tra tru’é:c khi :(hl_J’C hién Iénh SLEEP nhwng ching c6 thé

dwoc dat trwde khi 1énh SLEEP hoan tat . Bé xac dinh Iénh SLEEP da dwoc thwe hién
hay chwa thi phai kiém tra bit PD. Néu PD dwoc dét thi Iénh SLEEP da dwoc thwe hién
nhw mO’E Iénh NOI?.

bé chac chan WDT bi x6a, nén thwc hién [énh CLRWDT trwéc 1énh SLEEP.

8.13,Kiém lai chwong trinh — Bao vé ma Iénh .

Néu cac bit bao vé ma jénh khéng dwegc 1ap trinh thi bd nhé chuwong trinh cé thé

dwoc doc ra dé phuc vu yéu cau kiém tra lai.

Lwu y : Microchip khéng khuyén khich bdo vé& ma I&énh cac thiét bj don 1&.
8.14 VitriIlD o )
C6 4 6 nh¢ duoc thiét ke dé lwu trir cac sb kiém tra hodc cac ma nhan dang khac.
Nhirng vi tri nay khong the truy cap khi dang hoat dong binh thuwéng ma chi co the doc
hodc ghi trong khi dang Iap trinh. Chi c6 4 bit bit thap trong cac vi tri nay dwoc st dung.
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Dbi v&i cac thiét bj loai ROM, cac gia tri nay la ma ciia ROM
8.15 Lap trinh noi tiép trong hé thong

Ho vi diéu khién PIC16F8x c6 thé Iap trinh ndi tiép ngay trén mach trng dung cudi.
Viéc nay duoc thuwe hién mét cach don gian bang hai dwéng truyén xung dong hd va di
liéu va 3 dworng khac la nguén, GND va dién &p lap trinh. Ngudi dung c6 thé san xuét cac
board mach véi cac thiét bj chwa dwoc lap trinh va sau dé nap chwong trinh vao vi diéu
khién trwéc khi phan phdi san pham. Kha ndng nay cho phép nap hau hét cac chuwong
trinh dwoc tao san trwdc hodc cac chwong trinh theo y ngudi dung.

Thiét bj dwoc chuyén vao ché do nap/kiém tra. B& dém chwong trinh PC tré dén vi
tri 00h, sau d6 mét 1énh 6 bit dwoc g&i dén thiét bj va sau dé la div liéu 14 bit g&i dén
ho&c doc ra tir thiét bj bang cac 1énh nap hoac doc

To Mormal
External Connections
Connector PIC1EFXX o L
Signals Hinh 3.45 SG do két ndi lap trinh ndi tiép
ey DO trong hé thong
o l W35
VPP > MCLRA PP

1

1

1

: Déi v&i cac thiét bi ROM, ca 2 bo
CLK ! T REG nhé chwong trinh va bé nhé dir liéu

1

1

EEPROM déu cho phép doc nhung
chi c6 b6 nh&@ EEPROM cho phép
nap

Data 110

RET

Yoo

To Mormal
Connections

9. TAP LENH

Mbi Iénh clia PIC16Cxx 1a mdt tir dai 14 bit gdm cé phan ma cong tac xac dinh thao
tac can thwe hién va mét hoac nhiéu toan hang can thiét cho thao tac dé. Tém tat tap Iénh
cta PIC16Cxx trong bang 3.17 liét ké cac lénh byte, 1&nh bit, ky tw va cac 1énh diéu khién.
Bang 3.16 trinh bay cac mé ta vung ma Iénh.

Dbi v&i cac lénh byte. f biéu dién mét thanh ghi dwoc chi dinh va ‘d’ Ia dich, thanh
ghi dwoc chi dinh la thanh ghi dwoc Iénh sir dung.

Dich la noi d&t két qua cla phép tinh. Néu ‘d’ bang 0 thi két qué dwoc dat vao thanh
ghi W, néu ‘d’ bang 1 thi két qua dwoc dat vao thanh xac dinh trong 1énh

Dbi v&i cac 1énh bit, ‘b’ biéu dién mét vang bit dwoc chi dinh, ving bit nay chon sé
bit bi &nh hwdng bdi thao tac. Trong khi ‘f biéu dién sé file trong dé chira cac bit.

Déi v&i cac thao tac hdng sé va diéu khién, ‘k’ biéu dién mot hang 8 bit hodc 11 bit
hoac gia tri ky tw.

Vung Mé ta
f Dia chi tap thanh ghi 0x00 dén Ox7f
w Thanh ghi lam viéc (bg tich lay
b Dia chi bit trong mét thanh ghi 8 bit
k Viing hang s6, hang di¥ liéu hodc nhan
X Vung khong xac dinh (= 0 hoac 1)
d Pich chon, d = 0 : két qua lwu vao W
D =1 : két qua lwu vao thanh ghi f. Mac dinhd =1
label Tén nhan
TOS Dinh ngén xép
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PC B dém chuong trinh

PCLATH Chét phan cao bé dém chwong trinh
GIE Bit cho phép ngét toan cuc

WDT Watchdog Timer/Counter

To Bit thoi gian tré

PD Bit ha nguon

dest Dich hoac thanh ghi w hoac vi tri tap thanh ghi xac dinh
[] Tuy chon

() No6i dung

- Gan dén

<> Vung bit

€ Trong tap hop cua

nghiéng Ky hiéu dwgc dinh nghia béi ngwoi dung

Bang 3.16 M6 t& vung ma Iénh

Tap Iénh ¢6 tinh tryc giao cao va dwoc chia thanh 3 nhém :

Nhém 1énh byte

Nhom Iénh bit

Nhém lénh hang sé va diéu khién
Tt ca cac lénh dwoc thuc hién trong vong moét chu ky 1&énh trir phi mot phép thi

diéu kién la diung hodc bd dém chwong trinh bi thay dbi do mét Iénh. Trong trwdng hop

nay thoi gian thwe hién 1a hai chu ky 1énh véi chu ky thir hai gibng nhw mét 1énh NOP.

M6t chu ky 1énh bao gdm 4 chu ky ddng hd. Vi vay véi tAn sé ddng hd 1a 4 MHz thi thoi

gian thyec hién mét 1énh la 1 uS.

Bang 3.17 liét ké cac Iénh dwgc nhan ra b&i trinh dich hop nglr MPASM. Bang 9.1

cho thay cac dang tbng quat cia cac lénh.

Luwuy:

D& duy tri kha nang twong thich v&i cac sdn phdm PIC16Cxx trong twong lai, khdng

nén dung cac |énh OPTION va TRIS

Tét ca cac vi du dung dang thirc sau day dé biéu dién sé thap luc phan

Oxhh

Trong d6 h la mot ky sb hexa
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Byte-oriantad fie register operations
13 & 7 B

OPCODE | d | FIFILE #)

d =0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-criented file register operations
13 10 9 7 6

OPCODE |I:.||ZE-IT #]I f(FILE #)

bit bit address

b
f bit file register address

= 3-
=7-
Litaral and contral operations

General
13 8 7

OPCODE k (literal)

k = &-bit immediate value

CALL and SOTO instructions only
13 11 10

QP CODE k (literal)

k = 11-bit immediate value

Hinh 3.46 Dang tdng quat cac lénh
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Lénh goi nh¢ Mb ta Chu Ma 14 bit Bit anh Ghi

ky MSB LSB hwéng chu
Nhém Iénh byte vé tap thanh ghi
ADDWF f, d Cong w voi f 1 00 0111 dfff ffff c,DC,Z 1,2
ANDWF f, d AND w véi f 1 00 0101 dfff ffff Y4 1,2
CLRF f Xoa f 1 00 0001 A1fff ffff Y4 2
CLRW Xéaw 1 00 0001 Oxxx xxxx | Z
COMF f,d Bu f 1 00 1001 dfff ffff 4 1,2
DECF f,d Giam f 1 00 0011 dfff ffff 4 1,2
DECFSZ f,d Giam f, bé qua néu bang 0 1(2) | 00 1011 dfff ffff 1,2,3
INCF f,d Tang f 1 00 1010 dfff ffff Y4 1,2
INCFSZ f,d Téng f, bé qua néu bang 0 1(2) 00 1111 dfff ffff 1,2,3
IORWF f,d ORw véi f 1 00 0100 dfff ffff 4 1,2
MOVF f, d Chuyén f 1 00 1000 dfff ffff 4 1,2
MOVWEF f Chuyén w vao f 1 00 0000 1fff ffff
NOP Khéng lam gi ca 1 00 0xx0 0000
RLF f,d Dich trai f ngang qua Cy 1 00 1101 dfff ffff Cc 1,2
RRF f,d Dich phai f ngang qua Cy 1 00 1100 dfff ffff C 1,2
SUBWF f,d Trir w cho f 1 00 0010 dfff ffff C,DCZ 1,2
SWAPF f, d Hoan chuyén 4 bit trong f 1 00 1110 dfff ffff 1,2
XORWF f, d XOR w véi f 1 00 0110 dfff ffff Y4 1,2

Nhém Iénh bit ve tap thanh ghi

BCF f, b Xoa bit 1 01 00bb bfff ffff 1,2
BSF f, b Set bit f 1 01 01bb bfff ffff 1,2
BTFSC f,b Kiém tra bit f, b6 qua néu x6a 1(2) 01 10bb bfff ffff 3
BTFSS f, b Kiém tra bit f, b6 qua néu set 1(2) | 01 11bb bfff ffff 3
Nhém Iénh hing sé va diéu khién
ADDLW k Cong hing sé v&i w 1 11 111x_kkkk kkkk | ¢,DC,Z
ANDLW k AND hiang sé véi w 1 11 1001 kkkk kkkk | Z
CALL k Goi chwong trinh con 2 10 Okkk kkkk kkkk
CLRWDT X6a WDT 1 00 0000 0110 0100 | - ——

,PD
GOTO k Nhay dén dia chi 2 10 1kkk kkkk kkkk
IORLW k OR hing s6 véi w 1 11 1000 kkkk kkkk | Z
MOVLW k Chuyén hing s6 vaow 1 11 00xx kkkk kkkk
RETFIE Tré vé tir chwong trinh ngat 2 00 0000 0000 1001
RETLW k Tré vé v&i hing s6 trong w 2 11 01xx_kkkk kkkk
RETURN Tré vé tiv chwong trinh con 2 00 0000 0000 1000
SLEEP Vao ché dé ngii 1 00 0000 0110 0011 | 0.FD
SUBLW k Trir w cho hang sé 1 11 110x kkkk kkkk | €.DC.Z
XORLW k XOR w v&i hang sé 1 11 1010 kkkk kkkk | Z

Ghi chu 1 : Khi mét thanh ghi I/O dwoc thay déi nhw ham cda chinh né VD: MOVF PORT,
1 thi gia tri dwoc st dung chinh la gia tri tai chan cGa nd. VD: Néu chét dia chi
la ‘1’ dbi v&i 1 chan dwoc cu hinh 14 ngd vao va dwoc kéo xubng thap bdi
thiét bi ngoai thi di¥ liéu sé& dwoc ghi vao tré lai la ‘0’

Ghi cht 2 : Néu Iénh nay dwoc thye hién trén thanh ghi TMRO va d =1 thi bd dinh thang
sé bj x6a néu dang dwoc gan cho Timer0

Ghi chu 3 : Néu PC bj thay d6i hodc mot kiém tra diéu kién la dung thi 1énh can dén 2 chu
ky may, chu ky thi¥ hai duwgc thwe hién nhw 1 1€nh NOP

Bang 3.17 Téap lénh PIC16Fxx

ADDLW Céng hang s6 v&i W
Cu phap : [label] ADDLW k
Toan hang : 0<k<255

Thao tac: (W) +k > (W)

Bit anh hwéng : C,DC,Z
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Ma [énh :

11 111x kkkk kkkk

M6 ta : Noi dung ctia thanh ghi W dwoc cdng véi hdng sb 'k’ 8 bit va két
qua duwgc dat vao thanh ghi W
Words : 1
Cycles : 1
. R . Q1 Q2 Q3 Q4
Chukyhoatdong Q: gz 1y Pochdng 'k X Iy di liéu  Ghivao W
ADDLW 0x15
Trwde khi thwe hién 1énh :
Vidu: W = 0x10
Sau khi thye hién 1énh :
W = 0x25
ADDWF Cong W vei f
Cu phap : [label] ADDWF f, d
Toan hang : 0<f<127
d € [0,1]
Thao tac: (W) + (f) > (dich)
Bit anh hwéng : C,DC,Z
Ma [énh : 00 0111 dfff ffff
Mb ta : Cong ndi dung cla thanh ghi W v&i thanh ghi . Néu ‘d’ la 0 thi
két qua dwogc chlra trong thanh ghi W. Néu ‘d’ la 1 thi két qua
dwoc chira tré lai trong thanh ghi f
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chukyhoatdong Q- s 15 2‘-’0 thanh ghi i 1y div lisu  Ghi vao dich
ADDWF FSR, 0
Trwde khi thwe hién 1énh :
W = 0x17
Vidu : FSR = 0xC2
Sau khi thwe hién [énh :
W = 0xD9
FSR = 0xC2
ANDLW AND hang s6 véi W
Cu phap : [label] ANDLW k
Toan hang : 0<k<255
Thao tac: (W) AND (k) — (W)
Bit anh hwéng : Z
Ma [énh : 11 1001 kkkk kkkk
M6 ta : N6i dung cla thanh ghi W dwoc AND véi hang s6 'k’ 8 bit va két
qua duwgc dat vao thanh ghi W
Words : 1
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Cycles :

. R . Q1 Q2 Q3 Q4
Chukyhoatdong Q: iz 4 Poching 'k X Iy di liéu  Ghivao W
ANDLW Ox5F
Trwde khi thwe hién 1énh :
Vidu: W = 0xA3
Sau khi thwe hién |énh :
W = 0x03
ANDWF AND W véi f
Cu phap : [label] ANDWF f,d
Toan hang : 0<f<127
d € [0,1]
Thao tac : (W) AND (f) — (dich)
Bit anh hwéng : Z
Ma Iénh : 00 0101 dfff ffff
Mo ta : AND ndi dung cua thanh ghi W voi thanh ghi . Néu ‘d’ la 0 thi
két qua dwgc chra trong thanh ghi W. Néu ‘d’ la 1 thi két qua
dwoc chira tré lai trong thanh ghi f
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chukyhoatdong Q: g5 5 EQC thanh ghi v, 1 dwlisu  Ghi vao dich
ANDWF FSR, 1
Trwdc khi thwe hién 1énh :
W = 0x17
Vidu: FSR = 0xC2
Sau khi thwe hién 1énh :
W = 0x17
FSR = 0x02
BCF Xéa bit f
Cu phap : [label] BCF f, b
Toan hang : 0<f<127
0<b<7
Thao tac : 0 — (f<b>)
Bit anh hwéng : khéng
Ma Iénh : 01 00bb bfff ffff
Mo ta : Xba bit ‘b’ trong thanh ghi ‘f
Words : 1
Cycles : 1
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Q1 Q2 Q3 Q4
Chu ky hoat déng Q : e Doc thanh ghi e e ia Ghi vao
Giai ma o X ly di¥ liéu thanh ghi ‘f
BCF FLAG REG,7
Trwde khi thwe hién 1énh :
Vidu: FLAG_REG = 0xC7
Sau khi thwe hién 1énh
FLAG_REG = 0x47
BSF Dat bit f
Cu phap: [label] BSF f, b
Toan hang : 0<f<127
0<b<7
Thao tac: 1 — (f<b>)
Bit anh huwéng : khong
Ma Iénh : 01 01bb bfff ffff
Mb ta : bat bit ‘b’ trong thanh ghi f
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chu ky hoat dong Q : Giai ma ?oc thanh ghi Xt ly dr ligu Ghi _vao
f thanh ghi ‘f
BSF FLAG_REG, 7
Trwéce khi thwe hién [énh :
Vidu: FLAG_REG = 0x0A
Sau khi thwe hién [énh :
FLAG_REG = 0x8A
BTFSC Kiém tra bit, bé qua néu x6a
Cu phap: [label] BTFSC f, b
Toan hang : 0<f<127
0<b<7
Thao tac : Bd qua néu (f<b>) =0
Bit anh hwéng : khéng
Ma Iénh : 01 10bb bfff ffff
Mo ta : Néu bit ‘b’ trong thanh ghi f' la ‘1’ thi thwc hién Iénh }(é j[iép
Néeu bit ‘b’ trong thanh ghi ‘f' 1a ‘0’ thi bo qua Iénh ke tiép va thay
vao do la thyee hién 1énh NOP. Luc nay th&i gian thye hién can 2
Tey
Words : 1
Cycles : 1(2)
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Chu ky hoat dong Q :

Q1 Q2 Q3
Doc thanh ghi

Giaima ¢ X ly div liéu
Néu b qua (chu ky th 2)

Q1 Q2 Q3

NOP NOP NOP
HERE BTFSC FLAG, 1

FALSSE GOTO PROCESS_CODE
TRUE *

*

*

Trwéce khi thwe hién [énh

Q4
NOP

Q4
NOP

Vidu: PC = dia chi ctia HERE
Sau khi thire hién Iénh
Néu FLAG<1>=0
~ PC=dia chi ctia TRUE
Néu FLAG<1>=1
PC = dia chi cia FALSSE
BTFSS Kiém tra bit, bé qua néu dit
Cu phap: [label] BTFSS f, b
Toan hang : 0<f<127
0<b<7
Thao tac : Bd qua néu (f<b>) =1
Bit anh hwéng : khéng
Ma Iénh : 01 11bb bfff ffff
M6 ta : Néu bit ‘b’ trong thanh ghi ‘f Ia ‘0’ thi thwc hién Iénh }(é j[iép
Néeu bit ‘b’ trong thanh ghi ‘f' 1a “1” thi bo qua Iénh ke tiép va thay
vao do la thyee hién 1énh NOP. Luc nay th&i gian thye hién can 2
TCY
Words : 1
Cycles : 1(2)
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Gii ma E,‘-’C thanh ghi i 1y div lisu  NOP
Néu b qua (chu ky th 2)
Q1 Q2 Q3 Q4
NOP NOP NOP NOP
Vidu: HERE BTFSS FLAG, 1
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FALSSE GOTO PROCESS_CODE
TRUE *

*

Trwéce khi thwe hién [énh
PC = dia chi cia HERE
Sau khi thwe hién 1énh



Néu FLAG<1>=0

PC = dja chi cia FALSSE
Néu FLAG<1>=1

PC = dia chi cia TRUE

CALL Goi chwong trinh con
Cu phap : [label] CALL k
Toan hang : 0 <k<2047
Thao tac: (PC)+1—>TOS
k - PC<10:0>
(PCLATH<4:3>) —» PC<12:11>
Bit anh huwdéng : khong
Ma [énh : 10 Okkk Kkkk kkkk
M6 ta : Goi chwong trinh con : Trwéc tién, dia chi tré vé (PC + 1) dwoc
cat vao ngan xép. Dia chi tlrc thoi 11 bit dwoc nap vao cac bit
PC<10:0>, cac bit cao cia pC dwoc nap tr PCLATH. Lénh
CALL can hai chu ky Iénh
Words : 1
Cycles : 2
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Poc ‘k, cét
Giai ma PC vao ngan X ly diliéu Ghivao PC
xép
NOP NOP NOP NOP
Vidu: HERE CALL THERE
Trwde khi thwe hién 1énh
PC = dia chi cua HERE
Sau khi thwe hién 1énh
PC = dia chi cia THERE
TOS = dia chi HERE +1
CLRF Xoéa f
Cu phap : [label] CLRF f
Toan hang : 0<f<127
Thao tac : 00h — (f)
157
Bit anh hwdéng : Z
Ma Iénh : 00 0001 1fff ffff
Mo ta : Xdéa ndi dung thanh ghi ‘f va dat bit Z
Words : 1
Cycles : 1
Chu ky hoat dong Q :
Q1 Q2 Q3 Q4
e Doc thanh ghi o e i Ghi vao
Giai ma i I X ly dir liéu thanh ghi ‘f
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Vidu:

CLRF FLAG_REG
Trwde khi thwe hién 1énh
FLAG_REG = 0x5A

Sau khi thwe hién 1énh
FLAG_REG = 0x00

Z=1
CLRW Xoéa w
Cu phap : [label] CLRW
Toén hang : khoéng
Thao tac : 00h — (W)

157
Bit anh hwéng : V4
Ma [énh : 00 0001 Oxxx XXXX
Mb ta : Xda ndi dung thanh ghi w va dat bit Z
Words : 1
Cycles : 1
Chu ky hoat dong Q :

Q1 Q2 Q3 Q4
Gidi m3 NOP X@ Iy di lieu ﬁlg'nh oh vao

Vidu: CLRW

Trwéce khi thwe hién [énh

w = 0x5A

Sau khi thwe hién 1énh

w = 0x00

Z=1
CLRWDT Xéa Watchdog Timer
Cu phap : [label] CLRWDT
Toan hang : khéng
Thao tac: 00h - WDT

0 — bé dinh thang WDT

1> T0O

1> PD
Bit &nh hwéng : T0. PD
Ma Iénh : 00 0000 0110 0100
Mo ta : Reset WDT va bo dinh thang ctia WDT, d&t bit TO va PD
Words : 1
Cycles : 1

Chu ky hoat dong Q :

Vidu:
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Q1 Q2 Q3
Giai ma NOP X ly div liéu
CLRWDT

Trwdc khi thwe hién 1énh
WDT counter = ?
Sau khi thwe hién 1énh

Q4
Xéa WDT



WDT counter = 0x00
B dinh thang WDT =0

TO =1
PD =1
COMF Pao f
Cu phap : [label] COMF f, d
Toan hang : 0<f<127
d e [0,1]
Thao tac : (f) — (dich)
Bit anh hwéng : Z
Ma Iénh : 00 1001 dfff ffff
M6 ta : Dao ndi dung clia thanh ghi f. Néu ‘d’ 1a 0 thi két qua dwoc
chira trong W, néu ‘d’ 1a 1 thi két qua dwoc dwa tré lai vao thanh
ghi ‘f
Words : 1
Cycles : 1
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Gigi ma Docthann 8Ny 1y div ligu  Ghi vao dich
Viduy: COMF REG1,0
Trwdc khi thwe hién 1énh
REG1 = 0x13
Sau khi thwe hién 1énh
REG1 = 0x13
W = OxEC
DECF Giam f
Cu phap : [label] DECF f,d
Toan hang : 0<f<127
d e [0,1]
Thao tac: (f) -1 — (dich)
Bit anh hwéng : Y4
Ma lénh : 00 0011 dfff ffff
Mo ta : Gidm ndi dung c;fja thanh ghi f. Néu ‘d’ 1a 0 thi két qua dwoc
chira trong W, néu ‘d’ Ia 1 thi két qua dwoc dwa tré lai vao thanh
ghi ‘f
Words : 1
Cycles : 1

Chu ky hoat dong Q :

Vidu:

Q1 Q2 Q3 Q4

Giai ma ‘Ef),c-’c thanh ghi i 1y div lisu  Ghi vao dich
DECF CNT, 1
Trwde khi thwe hién 1énh
CNT = 0x01

Sau khi thwe hién 1énh
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CNT = 0x00

Z=1
DECFSZ Giam f, b6 qua néu bang 0
Cu phap : [label] DECFSZ f, d
Toan hang : 0<f<127
d € [0,1]
Thao tac :

(f) -1 — (dich) )
bd qua néu két qua bang 0

Bit anh huwdéng : khoéng
Ma Iénh : 00 1011 dfff ffff
M6 ta : Giam noi dung cda thanh ghi ‘. Néu ‘d’ la 0 thi két qua dwoc
chira trong W, néu ‘d’ la 1 thi két qua dwoc dwa tré lai vao thanh
ghi’t L
Neu két qua bang khac 0 thi thuyc hién I€nh ke tiep, néu ket qua
bang 0 thi thire hién [€nh NOP, lac nay can 2TCY
Words : 1
Cycles : 1(2)
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Giai ma 2‘-’0 thanh ghi v 1y div lisu ~ Ghi vao dich
Néu bd qua (chu ky thi 2
Q1 Q2 Q3 Q4
NOP NOP NOP NOP
Vidu: HERE DECFSZ CNT, 1
GOTO LOOP
CONTINUE *
Trwdc khi thwe hién 1énh
PC = dia chi HERE
Sau khi thwe hién 1énh
CNT = CNT - 1
Néu CNT =0
PC = dia chi CONTINUE
Néu CNT =0
PC = dia chi HERE + 1
GOTO Nhay khéng diéu kién
Cu phap : [label] GOTO k
Toan hang : 0 <k <2047
Thao tac: K —» PC<10:0>
PCLATH<4:3> — PC<12:11>
Bit anh hwéng : khéng
Ma Iénh : 10 1kkk kkkk kkkk
Mo ta : Gia tri tirc thdi 11 bit dwoc nap vao cac bit PC<10:0>, cac bit
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trén ctia PC dwoc nap tr PCLATH<4:3>, |&nh nay can 2 chu ky



Words : 1
Cycles : 2
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Giai ma Poc ‘K’ X ly di¥ liéu  Ghivao PC
NOP NOP NOP NOP
Viduy: GOTO THERE
Sau khi thwe hién 1énh
PC = dia chi cila THERE
INCF Tang f
Cu phap : [label] INCF f,d
Toan hang : 0<f<127
d € [0,1]
Thao tac: (f) + 1 — (dich)
Bit anh hwéng : Y4
Ma lénh : 00 1010 dfff ffff
Mb ta : Tang ndi dung cta thanh ghi ‘f. Néu ‘d’ 1a 0 thi két qua dwoc
chtra trong W, néu ‘d’ 1a 1 thi két qua dwoc dwa tré lai vao thanh
ghi ‘f
Words : 1
Cycles : 1
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Giai ma 2@0 thanh ghi w1y div lisu  Ghi vao dich
Vidu: INCF CNT, 1
Trwde khi thwe hién 1énh
CNT = OxFF
Z=0
Sau khi thwe hién 1énh
CNT = 0x00
Z=1
INCFSZ Tang f, b6 qua néu bang 0
Cu phap : [label] INCFSZ f, d
Toan hang : 0<f<127
d € [0,1]
Thao tac: (f) + 1 — (dich)

Bit anh hwéng :
Ma 1énh :
M6 ta :

Words :
Cycles :

bd qua néu két qua bang 0
khoéng

00 1111 dfff ffff

Tang nodi dung clia thanh ghi ‘f. Néu ‘d’ Ia 0 thi két qua duoc
chtra trong W, néu ‘d’ Ia 1 thi két qua dwoc dwa tré lai vao thanh
ghi'’r e s :
Néu két qua khac 0 thi thwc hién Ié;nh ké tiép, néu két qua bang
0 thi thie hién 1énh NOP, luc nay can 2T¢y

1

1(2)
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Chu ky hoat déng Q :

Q1 Q2 Q3 Q4
Gigi ma Docthann oty 15 div ligu  Ghi vao dich
Néu b qua (chu ky th 2)
Q1 Q2 Q3 Q4
NOP NOP NOP NOP
Vidu: HERE INCFSZ CNT, 1
GOTO LOOP
CONTINUE *
Trwéce khi thwe hién [énh
PC = dia chi HERE
Sau khi thwe hién 1énh
CNT = CNT + 1
Neu CNT =0
PC = dia chi CONTINUE
Néu CNT =0
PC = dia chi HERE + 1
IORLW OR hiéing sb véi W
Cu phap : llabel] IORLW k
Toan hang : 0<k<255
Thao tac: (W) OR (k) = (W)
Bit anh huwdéng : Z
Ma Iénh : 11 1000 kkkk kkkk
M6 ta : Noi dung cta thanh ghi W dwgc OR véi hdng sé ‘k’ 8 bit va két
qua dwoc dat vao thanh ghi W
Words : 1
Cycles : 1
. R . Q1 Q2 Q3 Q4
Chukyhoatdong Q: G 3 Poching 'k X Iy di¥ lisu  Ghivao W
IORLW 0x35
Trwéce khi thwe hién [énh :
Vidu W = 0x9A
o Sau khi thwe hién [énh :
W = OxBF
Z=1
IORWF OR W véi f
Cu phap : [label] IORWF f, d
Toan hang : 0<f<127
d e [0,1]
Thao tac:

Bit anh hwéng :
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(W) OR (f) - (dich)
z



Ma Iénh :
Mo ta :

Words :
Cycles :

Chu ky hoat déng Q :

00 0100 dfff ffff

OR ndi dung cua thanh ghi W véi thanh ghi ‘f' . Néu ‘d’ la 0 thi
két qua dwgc chlra trong thanh ghi W. Néu ‘d’ 1a 1 thi két qua
dwoc chira tré lai trong thanh ghi f

1

1

Q1 Q2 Q3 Q4
Giai ma 2@0 thanh ghi w1y div lisu ~ Ghi vao dich

IORWF RESULT, 0
Trwde khi thwe hién 1énh :
W = 0x91

RESULT = 0x13

Vidu: Sau khi thyc hién 1énh :
W = 0x93
RESULT = 0x13
Z=1
MOVF Chuyén f
Cu phap : [label] MOVF f, d
Toan hang : 0<f<127
d € [0,1]
Thao tac : (f) — (dich)
Bit anh hwéng : Z
Ma Iénh : 00 1000 dfff ffff
M6 ta : Chuyén néi dung thanh ghi ‘f vao dich. Néu ‘d’ Ia 0 thi két qua
dwoc chra trong thanh ghi W. Néu ‘d’ l1a 1 thi két qua duoc
chta tré lai trong thanh ghi ‘f. ‘d’ =1 thwong dwoc dung dé thiy
mot thanh ghi do bit Z bi anh hwéng
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chukyhoatdong Q: g5 Docthanh Oty 15 div ligu  Ghi vao dich
Vidu: MOVF FSR, 0
Sau khi thwc hién |énh :
W = gia tri ciia thanh ghi FSR
Z=1
MOVLW Chuyén hang sé vao W
Cu phap : [label] MOVLW k
Toan hang : 0<k<255
Thao tac : k— (W)
Bit anh hwéng : khoéng
Ma [énh : 11 00xx kkkk kkkk
M6 ta : Nap hang sé 8 bit vao W, nhitng gia tri khéng xac dinh dwoc
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hop dich la ‘0’

Words : 1
Cycles : 1
. R . Q1 Q2 Q3 Q4
Chukyhoatdong Q: g5 3 Poching 'k X Iy di¥ lisu  Ghi vao W
Vidu: MOVLW 0x5A
Sau khi thwc hién |énh :
W = 0x5A
MOVWF Chuyén W vao f
Cu phap : [label] MOVWF f
Toan hang : 0<f<127
Thao tac : (W) — ()
Bit anh hwdéng : khong
Ma Iénh : 00 0000 dfff ffff
Mo ta : Chuyén ndi dung thanh ghi W vao thanh ghi f
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chu ky hoat déng Q : e Doc thanh ghi ol e i Ghi vao
Giai ma W X ly dir liéu thanh ghi ‘f
Vidu: MOVWF OPTION_REG
Trwde khi thwe hién 1énh :
W = Ox4F
OPTION = OxFF
Sau khi thwe hién [énh :
W = 0x4F
OPTION = 0x4F
NOP Khéng lam gi ca
Cu phap: [label] NOP
Toan hang : khong
Thao tac: Khéng lam gi ca
Bit anh huwdéng : khong
Ma [énh : 00 0000 0xx0 0000
M6 ta : Khéng lam gi ca
Words : 1
Cycles : 1
. R ) Q1 Q2 Q3 Q4
Chukyhoatdong Q: s 5 NOP NOP NOP
Vidu : NOP
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RETFIE Tré vé tir ngat
Cu phap : [label] RETFIE
Toan hang : khong
Thao tac : TOS —» PC
1 - GIE
Bit anh hwéng : khéng
Ma [énh : 00 0000 0000 1001
M6 ta : Dinh ngan xép dwoc nap vao PC, dat bit cho phép ngét toan cuc
GIE (INTCON<7>), Iénh nay 2 chu ky
Words : 1
Cycles : 2
Chu ky hoat dong Q :
Q1 Q2 Q3 Q4
Giai ma NOP patbitGlE oY At
ngan xep
NOP NOP NOP NOP
Vidu: RETFIE
Sau ngat
PC =TOS
GIE =1
OPTION Nap thanh ghi OPTION
Cu phap : [label] OPTION
Toan hang : khong
Thao tac : (W) -> OPTION
Bit anh hwdéng : khong
Ma Iénh : 00 0000 0110 0010
Mo ta : Nap ndi dung thanh ghi W vao thanh ghi OPTION. Lénh nay
duoc ho trg dé twong thich véi PIC16C5x do OPTION cho phep
doc/viét nén ngwoi dung cé thé dinh dia chi tryc tiép
Words : 1
Cycles : 1

Chu ky hoat déng Q :

Q1 Q2 Q3 Q4
Giai ma NOP NOP NOP

Vidu: Muc dich nhdm twong thich vé&i cac san phdm PIC16Cxx trong
twong lai

RETLW Tré vé véi hang s6 trong W

Cu phap : [label] RETLW k

Toan hang : 0<k<255

Thao tac : K— (W)
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TOS —» PC

Bit anh hwéng : khéng
Ma lénh : 11 01xx kkkk kkkk
M6 ta : Nap hang sb6 k 8 bit vao W. nap dinh ngan xép vao PC (dia chi
tré vé), Iénh nay 2 chu ky
Words : 1
Cycles : 2
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Ghi vao W,
Giai ma Boc K’ NOP lay ra tir ngan
Xép
NOP NOP NOP NOP

Vidu: CALL TABLE ; W chuwra gia tri offset cua bang
: ; Bay gio' W la gia tri bang

TABLE ADDWF PC ;W = offset
RETLW K1 ; B4t d4u bang
RETLW K2 ;

RETLW Kn : Cudi bang

Trwéce khi thwe hién [énh
W = 0x07

Sau khi thwe hién 1énh
W = gia tri cia K8

RETURN Tré vé tir chwong trinh con
Cu phap : [label] RETURN
Toan hang : khéng
Thao tac : TOS —» PC
Bit anh hwdéng : khong
Ma Iénh : 00 0000 0000 1000
Mo ta : Dinh ngén xép dwoc nap vao PC, Iénh nay 2 chu ky
Words : 1
Cycles : 2
Chu ky hoat déng Q :
Q1 Q2 Q3 Q4
Giai ma NOP NOP Lay ra tw
ngan xéep
NOP NOP NOP NOP
Vidu: RETURN
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Sau khi thwe hién 1énh

PC =TOS

RLF Quay trai f ngang qua carry

Cu phap : [label] RLF f, d

Toan hang : 0<f<127
d € [0,1]

Thao tac: Xem mo ta bén dwéi

Bit anh hwdéng : C

Ma lénh : 00 1101 dfff ffff

M6 ta :
Noi dung cua thanh ghi ‘f' bi quay trai 1 bit ngang qua co carry.
Néu ‘d’ = 0, két qua duwoc dat vao W, néu ‘d’ =1, két qua dwoc
dat tr& lai vao thanh ghi ‘f

Words : 1

Cycles : 1

. n . Q1 Q2 Q3 Q4
Chukyhoatdong Q: g5 Poc f X ly v liéu  Ghi vao dich
Vidu: RLF REG1,0

Trwéce khi thwe hién [énh
REG1 =1110 0110
C=0
Sau khi thwe hién 1énh
REG1=1110 0110
W=1100 1100
c=1
RRF Quay phai f ngang qua carry
Cu phap : [label] RRF f,d
Toan hang : 0<f<127
d € [0,1]
Thao tac: Xem mo ta bén duwdi
Bit anh hwéng : C
Ma Iénh : 00 1100 dfff ffff
M ta:
No6i dung cta thanh ghi ‘f bi quay phai 1 bit ngang qua c& carry.
Néu ‘d’ = 0, két qua dwoc dat vao W, néu ‘d’ =1, két qua dwoc
dat tré lai vao thanh ghi ‘f
Words : 1
Cycles : 1

Chu ky hoat déng Q :

Vidu:

Q1 Q2 Q3 Q4
Giai ma Boc f Xt ly div liéu  Ghi vao dich

RRF REG1, 0
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Trwéce khi thwe hién [énh
REG1=1110 0110
C=0

Sau khi thwe hién 1énh
REG1=1110 0110

W=0111 0011
C=0
SLEEP Quay phai f ngang qua carry
Cu phap : [label] SLEEP
Toan hang : khong
Thao tac : 00h - WDT
0 — b dinh thang WDT
1> T0O
0—-> PD
Bit anh hwéng : T0 PD
Ma [énh : 00 0000 0110 0011
Mo ta : Bit trang thai ha ngudn PD bi xda, bit trang thai dinh thoi TO
dwogc dat, bd dinh thdi canh chirng va bd dinh thang ciia né bi
x0a
Dao déng déng hé ngrng hoat déng, vi x& ly di vao ché do
SLEEP
Words : 1
Cycles : 1
Q1 Q2 Q3 Q4
Chu ky hoat dong Q : ae Di vao
Giai ma NOP NOP SLEEP
Vidu: SLEEP
SUBLW Trir W v&i hang sé
Cu phap : [label] SUBLW k
Toan hang : 0<k<255
Thao tac : K- (W)— (W)
Bit anh huwéng : C,DC,Z
Ma Iénh : 11 110x kkkk kkkk
M6 ta : N6i dung clia thanh ghi W bi trir (phuong phap s6 bu 2) tir hang
sO ‘k’ 8 bit va két qua dwoc dat vao thanh ghi W
Words : 1
Cycles : 1

Chu ky hoat déng Q :

Vidu1:
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Q1 Q2 Q3 Q4
Giai ma Poc héng ‘K’ X ly di¥ liéu  Ghivao W
SUBLW 0x02
Trwdc khi thwe hién 1énh :
W =1
c="?



Z="7
Sau khi thwe hién [énh :
W =1
C =1; két qua duong
Z=0
Vidu2: Trwéce khi thye hién 1€nh
W=2
c=7?
Z="7
Sau khi thwe hién 1énh
W=0
C=1;kétqualao
Z=1
Vidu 3: Trwéce khi tru
W=3
CcC="?
Z=7
Sau khi tree
W = OxFF
C =0; Kétqua am
Z=0
SUBWF Trie W tr f
Cu phap : [label] SUBWF f,d
Toan hang : 0<f<127
d € [0,1]
Thao tac : (f) = (W) — (dich)
Bit anh huwéng : C,DC,Z
Ma Iénh : 00 0010 dfff ffff
M6 ta : Trir thanh ghi W t& thanh ghi ‘f . Néu ‘d’ la 0 thi két qua duoc
chira trong thanh ghi W. Néu ‘d’ Ia 1 thi két qua dwoc chira tré
lai trong thanh ghi
Words : 1
Cycles : 1

Chu ky hoat dong Q :

Vidu1:

Vidu2:

Q1 Q2 Q3 Q4
Gigi ma Docthanh oty 15 div ligu  Ghi vao dich

SUBWF REG1, 1
Trwde khi tri
REG1 =3

W=2

c="

Z=7

Sau khi trtr

REG1 =1

W=2

C =1 ; Két qua dwong
Z=0

Trwde khi tri

141



Vidu3:

SWAP
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Hoan chuyén 4 bit trong f

Cu phap :
Toén hang :

Thao tac :

[label] SWAP f, d
0<f<127

d € [0,1]

(f<3:0>) — (dich<7:4>)
(f<7:4>) — (dich<3:0>)

Bit anh hwéng : khoéng
Ma Iénh : 00 1100 dfff ffff
M6 ta : 4 bit cao va 4 bit thap cla thanh ghi f sé& hoan chuyén cho
nhau. Néu ‘d’ = 0 thi két qua dwoc chira vao W, néu ‘d’ =1 thi két
qua dwoc dwa tré lai vao ‘f
Words : 1
Cycles : 1
. n . Q1 Q2 Q3 Q4
Chukyhoatdong Q: iz g Poc ‘f X0 ly div lidu  Ghi vao dich
Viduy: SWAP REG, 0
Trwéce khi thwe hién
REG1 = 0xA5
Sau khi thwe hién
REG1 = 0xA5
W = 0x5A
TRIS Nap thanh ghi TRIS
Cu phap : [label] TRIS f
Toan hang : 0<f<127
Thao tac: (W) - TRIS register f
Bit anh hwéng : khéng
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Ma Iénh :
Mo ta :

Words :
Cycles :

Chu ky hoat dong Q :

00 0000 0110 Offf

Lénh dwoc hd tre' cho yéu cau twong thich véi ho PIC16C5x
trong twong lai, vi cac thanh ghi TRIS cho phép doc/viét nén ¢
thé dinh dia chi truwc tiep

1

1

Vidu: Muc dich twong thich trong tuwong lai

XORLW XOR hang s6 véi W

Cu phap : [label] XORLW k

Toan hang : 0<k<255

Thao tac : (W) XOR (k) = (W)

Bit anh hwéng : 4

Ma Iénh : 11 1010 kkkk kkkk

M6 ta : N6i dung cla thanh ghi W dwoc XOR véi hang s6 'k’ 8 bit va két
qua dugc dat vao thanh ghi W

Words : 1

Cycles : 1

. R ) Q1 Q2 Q3 Q4

Chukyhoatdong Q: iz 5 Poc hdng 'k X lydiligu  GhivaoW
XORLW OxA
Trwde khi thwe hién 1énh :

Vidu: W = 0x85
Sau khi thwc hién |énh :
W = 0x1A

XORWEF XOR W véi f

Cu phap : [label] XORWF f, d

Toan hang : 0<f<127
d € [0,1]

Thao tac : (W) XOR (f) — (dich)

Bit anh hwdéng : Z

Ma Iénh : 00 0110 dfff ffff

M6 ta : XOR ngi dung cua thanh ghi W véi thanh ghi ' . Néu ‘d’ la 0 thi
két qua duwgc chra trong thanh ghi W. Néu ‘d’ la 1 thi két qua
dwgc chira tré lai trong thanh ghi

Words : 1

Cycles : 1
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Q1 Q2 Q3 Q4

Chukyhoatdong Q: g5 s Docthanh Oy iy dir g Ghi vao dich
XORWF REG, 1
Trwde khi thwe hién 1énh :
W = 0x85
Viduy: REG = OXAF
Sau khi thwe hién |énh :
W = 0x85
REG = Ox1A
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