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LOI NOI PAU

Vi diéu khién dugc hiéu nhu mot may tinh duoc tich hop trén mot chip, nd
thudng dugc sir dung dé diéu khién cac thiét bi dién tir. Vi diéu khién, 1a mot hé thong
bao gdm mot vi xir Iy ¢6 hiéu suit di ding va gia thanh thap (khac véi cac bo vi xir
ly da nang dung trong may tinh) két hop vai cac khbi ngoai vi nhu bd nhéd, cac module
vao/ra, cac module bién d6i sd sang twong ty va tuong tu sang sd,... O mdy tinh thi
cac module thuong dugc xay dung boi cac chip va mach ngoai.

Ngay nay, k¥ thuat vi xa 1y, vi diéu khién cang duoc st dung nhiéu trong doi
sdng chung ta, cac thiét bi thong minh trong doi séng sinh hoat, cong nghiép dugc st
dung boi cac vi diéu khién ngay cang nhiéu hon. Linh vyc vi dién tir, hé thong diéu
khién, giam sat vura va nho dugc thuc hién b?mg cac vi xu ly 8051, PIC, AVR, ARM
hay cac board mach Arduino.

Cubn sach trang bi nguoi doc kién thirc vé vi xir 1y, vi diéu khién ho 8051 dé
ngudi doc ¢é cai nhin toan dién vé céac ho vi diéu khién noi chung nhu: cAu trac, tb
chtrc bo nhd, tap 1énh ctia cac dong chip 1ap trinh.

Chuong 1: Néu tong quan vé vi xu 1y, vi diéu khién;

Chuong 2: Cung cip chi tiét vé ciu tric ho vi diéu khién 8051;

Chuong 3: Gidi thiéu phuong phéap 1ap trinh cho vi diéu khién sir dung ngon
ngtt 1ap trinh bac thép va bac cao;

Chuong 4: Thyuc hién céc ung dung ctua 8051 vdi cac thiét bi ngoai vi, ciling la
dé trién khai cac kién thire tir cac chuong trude.

Noi dung cudn sach trang bi kién thtrc ba linh vuc: diéu khién, cong nghé thong
tin va ty dong hod. Tur do, k¥ su cod thé thuc hién cac ung dung diéu khién & cép do
vi mé nho bai 8051, ing dung ngdn ngit l4p trinh hop ngit hodc C dé giai quyét cac
bai toan tir don gian dén phuc tap. Gido trinh duge trinh bay mot cach chi tiét va dé
hiéu dé giup nguoi méi bat dau hoc vi diéu khién dé dang xay dung cac chuong trinh
ung dung.

Lan dau xuit ban cudn sach cé nhitng thiéu s6t mong ngudi doc gop ¥ qua

Email: dovancan@qnu.edu.vn dé tac gia hoan chinh hon.

Xin tran thanh cam on!

Nhom téac gia.

vii



Chuong 1. TONG QUAN VE KY THUAT VI PIEU KHIEN

1.1. Céc phép toan sb hoc va chuyén ddi co sb
1.1.1. Cdc phép todn sé hoc

1.1.1.1. Céc hé dém

Trong cac hé théng s6 thi hé thap phan gan giii voi chiing ta nhét vi n6 duoc sir
dung hing ngay. Khi hiéu cac dic diém cia no s& giup chung ta dé hiéu hon nhiing
hé théng s6 khac. Hé thap phan — hay con goi 1a hé co s6 10. Bao gdm 10 chir sb (ky
hiéu) 46130, 1,2, 3,4, 5, 6, 7, 8, 9. Sir dung nhiing chit s ndy gitp ching ta c6 thé
biéu thi dugc dai lugng bt ky.

Vi du 1.1: S6 435.568
435.568 = 4x102 + 3x10! + 5x10° + 5x10°! + 6x102 + 8x 107

Trong hé théng nhi phan (binary) chi c¢6 hai gia tri s6 12 0 va 1. Nhung c6 thé
biéu dién bat ky dai luong nao ma hé thap phan va cac hé thong sd khac c6 thé bicu
dién duoc, tuy nhién phai dung nhiéu sé nhi phan dé biéu dién mot dai lwong nhat
dinh. T4t ca cac phat biéu vé hé thap phan déu co thé ap dung duoc cho hé nhi phan.
H¢ nhi phan cting 1a h¢ thong sO theo vi tri. M01 nhi phan déu cé gié tri riéng, tirc
trong s, 1a luy thira ctia 2. Dé biéu dién mot sd nhi phan 1¢ ta ciing ding diu chdm
thap phan dé phan biét phan nguyén va phan 1é. Y nghia cia mot so nhi phan dugc
mo ta nhu sau:

Bdng 1.1: Biéu dién y nghia ciia sé nhi phan

‘ N 22 || 21 || 20 -1 2 [ o3 _G,ié v
£ 1= I& 1l < | e < [ = t
[ =8 [=al=2[=1] . [=1r][=1a=18
1 [1 oo . 1 0 | | —S& nhi
Dan
MSB e LSB
thip
phin

Dé tim gia tri thap phan twong duong ta chi viéc tinh tong céc tich gitra mdi sb
(0 hay 1) véi gia tri vi tri ctia no.
Vidu 1.2: 1100.1012 = (1x 2%) + (1x 22) + (0x2') + (0x2°) + (1x2°) + (0x22) + (1x 27)

=84+4+0+0+05+0+0.125=12.12519
S6 nhi phan ¢ 8 bit dugc goi 1a 1 byte, sé nhi phan co 4 bit goi 1a nipple (nira



byte). Mot nhom cac bit nhi phan n6i chung dugc goi mot word (tir) nhung thuong
ding dé chi sb c6 16 bit, s6 32 bit goi 1a doubleword, 64 bit goi 1a quadword.

Dé thuan tién cho viéc chuyén ddi sb ta can phai biét mot sb liy thira nguyén
ctia chiing. Lily thira ctia 2'° = 1024 duoc goi tit 1a 1K (doc K hay kilo), trong ngon
ngit nhi phan 1K 1a 1024. Nhiing gié tri 16n hon tiép theo nhur:

211 =21210=2K

212=22219= 4K (Kilo)

220=210210 = 1K 1K = 1M (Mega)

230=210220 = 1K 1M = 1G (Giga)

240 =1T (Tiga)

Biéu d6 thoi gian dung dé biéu dién su thay d6i theo thoi gian cua tin hiéu sd,
dic biét 1a biéu dién hai hay nhiéu tin hiéu sb trong ciing mot mach dién hay mot hé
thong. Cach dém mot sd nhi phan duogc trinh bay theo bang sau:

Néu sir dung n bit hodc n chir s6 thi ta c6 thé dém duoc 2" sé doc 1ap nhau

Vi du 1.3: Hai bit ta dém duogc 22 =4 sb. O bude dém cudi cung, tat ca cac bit déu ¢ trang
thai 1 va bang 2" 1 trong h¢ thap phan.

- Hé théng $6 thap luc phan st dung co s6 16, nghia la c6 16 ky tu s6. Hé thap
luc phan dung cac ky s6 tir 0 dén 9 cong thém 6 chit A, B, C, D, E, F. Mdi mot ky $6
thap luc phan biéu dién mot nhom 4 ky s6 nhi phan. Y nghia cta hé thong s6 thap luc
phan dugc mo ta bang bang sau:

Bdng 1.2: Biéu dién y nghia ciia sé thép luc

16° 16° 16" 16° 167 167 167
=4096 =256 =16 =1 . =376 =1/256 | =1/4096
MSD Déu chém LSD

thap phdn

- Mbi quan hé gitra cac h¢ théng thap luc phan, thap phan va nhi phan duogc trinh
bay bang bang sau:

Bdng 1.3: Quan hé sé thip phdn, nhi phin va thdp luc

0 1 2 3 4 3 6 i 8 9 10 |11 |12 |13 |14 |15

0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | O111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111




Khi ¢ém sd thap luc phan, mdi vi tri duoc ting dan 1 don vi tir 0 cho dén F. khi
dém dén gia tri F, vong dém lai tro vé& 0 va vi tri ky s ké tiép tang 1én 1. Trinh ty
dém duoc minh hoa nhu duéi day: 0, 1, 2,3,4,5,6,7,8,9, A,B,C,D, E, F, 10, 11,
12, 13,..,1A, 1B, ..., 20, 21,.., 26, 27, 28, 29, 2A, 2B, 2D, 2E, 2F,..., 40, 41, 42 ....,
6F8, 6F9, 6FA, 6FB, 6FC, 6FD, 6FE, 6FF, 700,....

1.1.1.2. Cdc phép toan

- Phép cong:

OVidul4ta cong cac LSD (7 va 4) cho ra 11, 1a B & h¢ hex. Khong co s6
nhé, cong 5 va 3 cho ra 8 va cong c6 nhé gitta 8 va A, tinh nham A ra gié tri thap
phan 13 10. Do d6 tong 14 18, s6 ndy 16n hon 16 nén ta trir cho 16 duoc 2, viét s6 2 va
nhé 1 sang vi tri ké tiép. Cong sd nhd cho 4 va 3 ta dugc tong 1a 8. Tiép theo tong
ciia C va D xem nhu 12 + 13 = 2519, s6 nay 16n hon 16 nén trir cho 16 con 9, va nho
1 sang vi tri ké tiép. Cong s6 nhé nay véi B va 3 duoc 1510 doi sang sb hex 13 F. Cong
s6 nho ndy véi 4 va 4 duoc 8, va két qua cubi cung 1a 8F9. Dudi dy 1a mot vai vi du

vé cong hai s6 nhi phan (s6 thap phan twong duong trong dau ngoic).

Vidu 1.4:
Sil 48 4BC 110 (6) 1011 (11) L1011 (3.373)
+ + + + + +
34 3A° 43D 010 (2) 1101 (13) 10.110 (2.750)
8B 82 8F9 1000 (8) 11000 (24) 110.001 (6.125)

Phép cong 1a phép toan sd hoc quan trong nhat trong hé thong sd. Piing vay, cac
phép trir, nhan va chia duge thyc hién ¢ hdu hét may vi tinh va may tinh bdm tay hién

dai nhit thyc ra chi dung phép cong lam phép toan co ban cta chung.

- Phép tru:
SE bi it 0 1 1 0
SE it - 0 _1 _ 0 _1
Hiéu 0 0 1 11

<8 mugn ( borrow)

Trong phép tru néu s6 bj trir nho hon sd trix, cu thé 13 khi 0 trir 1, thi phai muon



1 & hang cao ké tiép 1a 2 & hang dang trir va s6 muon nay phai tra lai cho hang cao ké

tiép, tuong ty nhu phép trir ciia hai s6 thap phan.

- Phép nhan:
Tuong ty nhu thap phan
0 1 1 0 1001 |11 _1010{100
x @ % X “011 |0011 100 [ 0010.1
0 1 0 1
_—— — — 0011 100
0 1 0 0 - 11 ~ 100
0 0

- Phép chia:
Phép chia mét sé nhi phén (sb bi chia) cho mot s6 khéc (s6 chia) duge thue hién

gidng nhu phép chia sé thap phan. Tién trinh thyc té con don gian hon do khi kiém
tra xem ¢ bao nhiéu 1an sd chia “ di vao™” sd bi chia, chi c6 hai kha ning d6 13 0 va
1. Qua trinh chia dugc minh hoa ¢ trén.
1.1.2. Chuyén déi giiva cdc co so
Trong hé tinh toan cac bd vi xu 1y thuong tng dung 3 hé tinh toan: co sd 10
(Decimal), co s6 2 (Binary), co s6 16 (Hexadecimal).
Chuyén tlr co s6 10 sang co s 2, 16:
Vidu 1.5: 1810 > 727?72

Sau day la vi du chuyén d6i gilra cac co so:

942|16 + 18 (10010) (7CF) 10010 _(12)
du: 14(B)~38] 16 34 @00010) T (D2 X 1000 X9
dr 1o:t;Y“\\3\\f° 2) (110100) (FAL) 10010 A2
dr 3 N0 00000
00000
10010
10100010

Sau khi chia xong dugc cac s6 du va tién hanh ldy cac s6 du tir dudi 1én (theo
chiéu miii tén). Vay 1810 = 100102, hodc 94210 = 3AEs Dbi vdi cac s6 chuyén doi tir
hé Hexadecimal (16) sang h¢ nhi phan (2) hoac nguoc lai, thuc hién theo nhom 4 va

tra theo Error! Reference source not found..

Vi du 1.6: A54F16> 7?72



A 5 4 F

1010 0101 0100 1111

Nhu vay: A54F16 = 10100101 0100 11112
Vi du 1.7: D6i s6 76510 thanh s6 thap luc phan.

Thuc hién phép chia, ta dugc:

785 _ 474 dv 13 € LSD
16/

o4 dr 1S

16

2

= =0 +d¢2¢& MSD

= 76510 = DF2)6

Céch d6i tir s6 thap luc phan sang s6 nhi phan ciing giéng nhu doi tir bat phan
sang nhi phan, nghia 1a mdi ky tu $6 thap luc phan dugc doi sang gia tri nhi phan 4
bit tuong duong.
Vi du 1.8: Ddi s6 8D216 > 272,

8D2 1) = 8 D 2

= 100 1101 0010
= 100011010010

Dbé d6i tir s6 nhi phan sang thap luc phan ta lam ngugc lai cach doi tur thap luc
phan sang nhi phan. Nghia 1a ta nhom thanh timg nhom 4 bit, mdi nhom duoc doi
sang ky s6 thap luc phan tuong duong. S6 0 ¢ thé dugc thém vao dé hoan chinh
nhom 4 bit.

Vi du 1.9: D6i s6 110011011012 thanh sb thap luc phan

11001101101 =110 0110 1101
= 6 6 D
= 66Duqas)

1.2. CAu tric vi xir Iy

Vao nim 1972, hiang Intel dua ra b vi xir 1i 8-bit dau tién véi tén Intel-
8008/8bit. Tir 1974 dén 1975, Intel ché tao cac bd vi xtr 1i 8-bit 8080 va 8085A. Ciing

vao khoang thoi gian ndy, mot loat cac hang khac trén thé gidi ciing da cho ra doi céc



bd vi xtr li twong tu nhu: 6800 cua Motorola véi 5000 tranzitor, Signetics 6520, 1801
cia RCA, ké dén 1a 6502 ctia haing MOS Technology va Z80 cua hing Zilog [1].

Niam 1978 xuét hién Intel 8086 1a loai bd xi xir Iy 16 bit voi 29.000 tranzitor,
Motorola 68000 tich hop 70.000 tranzitor, APX 432 chura 120.000 tranzitor.

B vi xtr Iy cia Hewlet Pakard c6 khoang 450.000 tranzitor. Tir nim 1974 dén
1984 sb tranzitor tich hop trong mét chip tang khoang 100 lan.

Nam 1983, Intel dua ra by vi xtr Iy 80286 dung trong cac may vi tinh ho AT
(Advanced Technology). 80286 su dung I/O (Input/Output) 16 bit, 24 duong dia chi
va khong gian nh¢ dia chi thyc 16MB. Nam 1987, Intel dua ra b vi xur ly 80386 32-
bit. Nam 1989 xuat hi¢n bo vi xtr ly Intel 80486 14 cai tién clia Intel 80386 v6i bo nhé
an va mach tinh phép toan dai sé diu phay dong. Nam 1992, xuit hién Intel 80586
con goi la Pentium 64 bit chira 4 tri¢u tranzitor [1].

1.2.1. Dinh nghia vi xii Iy — vi diéu khién

Tur cac bo vi xir 1y ban dau chi 14 cac bo xir Iy trung tim trong mot hé thong,
khong thé hoat dong néu thiéu cac bd phan nhu RAM (Random Access Memory),
ROM (Read-Only Memory), bo mach chu... cac hing da phat trién cac bo vi xir Iy
nay lén thanh cac bd vi diéu khién dé phuc vu cdc muc dich riéng biét, khac nhau
trong cong nghiép. Mot bo vi diéu khién 1a mot hé vi xir 1y that su duoc to chirc trong
mdt chip (trong mot vo IC) bao gdm mét bo vi xir Iy (Microprocessor), bd nhé chuong
trinh (ROM), bd nh¢ dit liéu (RAM), tuy khong bang dung luong RAM & cac may vi
tinh nhung day khong phai 1a mot han ché vi cc bd vi diéu khién duoc thiét ké cho
mdt myc dich hoan toan khac, ngoai ra trén chip con ¢ bo xtr 1y s6 hoc - logic (ALU)
cung véi cac thanh ghi chirc nang, cc cong vao/ra, co ché diéu khién ngat, truyén tin
ndi tiép, cac bd dinh thoi... Hién nay, cac bd vi diéu khién duoc su dung rat rong rai
va ngay cang dugc chuan hoa dé co thé sir dung rong rai trong cac nganh cong nghiép
va nhiéu thiét bi dién tir.

1.2.2. Céu tric vi diéu khién



| .

Khéi giai ma dia chi S
CPU va diéﬂ; khién {ao;h:' B¢ nho Ngoai vi

1L IO IO
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Bus Dir lidu

Bus Diéu khidn

I INgIyt

Hinh 1.1: Cdu triic vi diéu khién

CAu tric co ban ctia mot vi diéu khién bao gdm cac thanh phan chinh sau:

+ CPU 1a bd ndo trung tdm cua vi diéu khién. CPU la thiét bj quan 1y tat ca cac
hoat dong ctia hé théng va thuc hién tat ca cac thao tac trén dit liéu nhu: nap, giadi ma
va thue thi 1énh. CPU két ndi tat ca cac thanh phan cua vi diéu khién thanh mot hé
thong duy nhat.

+ Memory(bd nh¢): Trong vi diéu khién, bo nhé hoat dong giéng nhu b vi xtr
Iy. Bo nhé luu trit tat ca cac chuong trinh va dit liéu. Bo nhd cia vi diéu khién 13 bo
nhd ROM(EPROM, EEPROM) hodc by nhd RAM véi dung lugng nhét dinh. Ngay
nay con c6 bd nh¢ flash luu trir ma ngudn chuong trinh.

+ Hé thdng bus va I/O sir dung dé giao tiép hodc diéu khién céc thiét bi khac
nhau nhu may in, LCD, LED...

1.3. B nhé vi diéu khién
1.3.1. B) nho ROM

Bo nh¢ chi doc hay ROM 1a loai bo nhd khong kha bién ding trong cic may
tinh hay hé théng diéu khién, ma trong van hanh binh thudng cia hé thong thi dir liéu
chi dugc doc ra ma khong dugc phép ghi vao.

ROM theo dung nghia ddi véi céc chip & thé hé dau, cho phép chi doc dir li¢u
tir chung va chi cho phép ghi dir liéu mot lan, goi la nap ROM.

Do cong nghé phat trién va nhu cau thuc té, cac thé hé ROM sau duoc ché tao
v6i kha nang xoa dugc va nap nhiéu 1an, ma viéc thuc hién nap ROM phai tuan theo

quy trinh dédc bi¢t dac trung. N6 cho ra kha nang mém déo trong viéc stra ddi tinh



nang van hanh cua hé théng diéu khién.

PROM (Programmable Read-Only Memory) hay Mask ROM: Puoc ché tao
bang cac mdi ndi (cau chi - co thé 1am dut bang mach dién). N6 thudc dang WORM
(Write-Once-Read-Many). Chuong trinh nam trong PROM c¢6 thé 1ap trinh dugc bang
nhiing thiét bi dac biét. Loai ROM nay chi c6 thé 1ap trinh duge mot 1an, va 14 ré nhat.

EPROM (Erasable Programmable Read-Only Memory): Pugc ché tao bang
nguyén tac phan cyc tinh dién. Loai ROM nay c6 thé bi x6a bang tia cyc tim va ghi
lai théng qua thiét bi ghi EPROM.

EAROM (Electrically Alterable Read-Only Memory): Loai ROM nay c6 thé
thay doi timg bit mot 1an. Tuy nhién qué trinh viét kha cham va st dung dién thé
khong chuan. Viéc viét lai EAROM khong duoc thuc hién thuong xuyén.

EEPROM (Electrically Erasable Programmable Read-Only Memory): DPugc tao
bang cong nghé ban dan. Noi dung cia ROM nay c6 thé viét vao va xoa (bang dién).

Mot dang pho bién hién hay dung 1a Bo nh¢ flash, goi don gidn 1a Flash, dugc
str dung v6i ca tu cach EEPROM lan trong 6 USB flash.

1.3.2. B¢ nho RAM

RAM la mot loai bd nhé kha bién cho phép truy xudt doc-ghi ngiu nhién dén
bét ky vi tri nao trong by nh¢d dya theo dia chi by nhé. Thong tin luu trén RAM chi
1a tam thoi, chtng s& mét di khi mat ngudn dién cung cép.

RAM 14 bd nhé chinh cta may tinh va cac hé théng diéu khién, dé luu trir cac
thong tin thay ddi dang st dung. Cac hé thdng diéu khién con sir dung SRAM nhu
1am mot thiét bi luu trit thi cip (Secondary storage). Khi can thiét thi bd tri mot chan
nho lam ngué)n dién phu dé duy tri di¥ liéu trong RAM. RAM c6 mdt dac tinh la thoi
gian thuc hién thao tac doc hodc ghi d6i véi mdi 6 nhé 1a nhu nhau, cho du dang ¢
bat ky vi tri ndo trong bo nhd. Mdi 6 nhd cia RAM déu c6 mot dia chi. Thong thudng,
mdi 6 nhé 13 mot byte (8 bit), tuy nhién hé thong lai c6 thé doc ra hay ghi vao nhiéu
byte (2, 4, 8 byte) mot luc.

RAM khéc biét vi cac thiét bi bo nhd tuan ty (sequential memory device) ching
han nhu cac bang tir, CD-RW, DVD-RW, 6 dia cung, trong do bét budce phai tim dén
sector va doc/ghi ca khdi dit liéu & d6 dé truy xuat. RAM 1a thudt ngit phan biét twong
d6i theo ¥ nghia sir dung, v6i cac chip nhé truy xuat ngiu nhién 1a EEPROM (read-



only memory) cdm hodc han ché chiéu ghi va B6 nh¢ flash duge phép doc/ghi.
1.4. Mot s6 dong vi diéu khién thong dung
1.4.1. Ho vi diéu khién 8051

Intel 8051 - lavi diéu khién don tinh thé (khong nham véi CPU) kién trac
Harvard, 1an dau tién dugc san xuét boi Intel nim 1980, dé dung trong cac hé thong
nhiing. Trong nhitng nam 1980 va dau nhimg nim 1990 di rat noi tiéng. Tuy nhién
hién tai di cii va duogc thay thé bang cac thiét bi hién dai hon, v&i cac 16i phdi hop
8051, duoc san xuét béi hon 20 nha san xuét doc 1ap, nhu Atmel, Maxim IC (cong ty
con cua Dallas Semiconductor), NXP Semiconductors (Philips Semiconductor trudc
day), Winbond, Silicon Laboratories, Texas Instruments va Cypress Semiconductor.
Tén goi chinh thirc ctia ho vi diéu khién Intel 8051 — MCS 51.

Nhimg vi diéu khién Intel 8051 dugc san xudt v6i viée dung cong
nghé MOSFET, nhitng phién ban sau, chira ky hiéu «C» trong tén, nhu 80C51, dung
cong nghé CMOS va yéu cau cong suit thap, hon cac dong MOSFET trude ddy (diéu

nay cho phép trang bi trong cac thiét bi véi ngudn nubi 1a pin).

Hinh 1.2: Hinh anh chip ho 80C51
1.4.2. Ho vi diéu khién PIC

PIC 1a mot hovi diéu khién RISC duoc san xuat bdi cong ty Microchip
Technology. Dong PIC dau tién 1a PIC1650 dugc phét trién bdi Microelectronics
Division thudc General Instrument.

PIC bat ngudn 1a chit viét tit cua "Programmable Intelligent Computer" (May
tinh kha trinh thong minh) 1a mot san pham cua hing General Instrument dat cho
dong san pham dau tién cua ho 1a PIC1650. Lic nay, PIC1650 dugc dung dé giao tiép
voi céc thiét bi ngoai vi cho may chu 16 bit CP1600, vi vy, nguoi ta cling goi PIC

v6i cai tén "Peripheral Interface Controller" (Bo diéu khién giao tiép ngoai vi).



CP1600 1a mot CPU tdt, nhung lai kém vé cac hoat dong xuat nhap. Vi vay PIC 8-bit
duoc phat trién vao khoang nam 1975 dé hd trg hoat dong Xuét nhap cho CP1600.
PIC st dung microcode don gian dat trong ROM, va médc du, cum tir RISC chua dugce
str dung thoi bay gid, nhung PIC thuc sy 1a mot vi diéu khién voi kién triic RISC,
chay moét 1énh mdt chu ky may (4 chu ky dao dong).

Nam 1985 General Instrument ban by phén vi dién tir cia ho, va chti s¢ htru mai
hay bo hau hét cac du an - lic d6 da qua 16i thoi. Tuy nhién PIC dugc bd sung
EEPROM dé tao thanh mot bo diéu khién vao ra kha trinh. Ngay nay rat nhiéu dong
PIC duoc xuit xudng voi hang loat cac module ngoai vi tich hop san (nhu USART,
PWM, ADC...), véi bo nhé chuong trinh tir 512 Word dén 32K Word. Hién nay, tai
Viét Nam, di c6 mot cong dong nghién ctru va phat trién PIC, dsPIC va PIC32.

PIC str dung tap 1énh RISC, v61 dong PIC low-end (d6 dai ma 1énh 12 bit, vi du:
PIC12Cxxx) va mid-range (d0 dai ma I¢nh 14 bit, nhu: PIC16Fxxxx), tap 1énh bao
gom khoang 35 1énh, va 70 1énh d6i véi cac dong PIC high-end (46 dai ma 1énh 16
bit, nhu: PIC18Fxxxx). Tap 1énh bao gdm céc 1énh tinh toan trén cac thanh ghi, véi
cac héng sb, hodc cac vi tri bd nhd, cling nhu c6 cac I¢nh diéu kién, 1énh nhay/goi
ham, va cac 1énh dé quay tré vé, né ciing co cac tinh ning phan cing khac nhu ngit
hodc sleep (ché do hoat dong tiét kiém dién). Microchip cung cdp méi truong lap

trinh MPLAB, né bao gdm phan mém mé phong va trinh dich ASM.

Hinh 1.3: Hinh anh dong PIC 16fxxx
Mot sd cong ty khac xay dung cac trinh dich C, Basic, Pascal cho PIC.
Microchip ciling ban trinh dich "C18" (cho dong PIC high-end) va "C30" (cho dong
dsPIC30Fxxx). Ho ciing cung cap cac ban "student edition/demo" danh cho sinh vién
hodc nguoi dung thir, nhitng version nay khong co chire ning tdi vu hoa code va co
thoi han st dung gi6i han. Nhitng trinh dich ma nguén mé cho C, Pascal, JAL, va

Forth, ciing duoc cung cap bai PicForth.
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1.4.3. Board mach Arduino

Arduino 1a mot board mach vi xtr 1y, nham xay dung cac (mg dung tuong tac
v6i nhau hoac véi moi truong duge thuan loi hon. Phan cung bao gém mot board
mach nguén mé duoc thiét ké trén nén tang vi xtr Iy AVR Atmel 8bit, hoic ARM
Atmel 32-bit. Nhitng Model hién tai duoc trang bi gdm mdt cong giao tiép USB, 6
chan dau vio analog, 14 chan I/O s6 tuong thich véi nhiéu board mé rong khac nhau.

Arduino dugc khéi dong vao nam 2005 nhu 1a mot dy an danh cho sinh vién
trai Interaction Design Institute Ivrea (Vién thiét ké tuong tac Ivrea) tai Ivrea, Italy.

Ly thuyét phan ctng duoc dong gop boi mot sinh vién nguoi Colombia tén 1a
Hernando Barragan. Sau khi nén tang Wiring hoan thanh, cic nha nghién ctru da lam
viéc v6i nhau dé gitip né nhe hon, ré hon, va kha dung dbi voi cong dong ma ngudn
mé. Truong nay cudi ciing bi dong cira, vi vay cac nha nghién ciru, mot trong sé do
1a David Cuarlielles, da ph bién ¥ tudng nay.

Mot mach Arduino bao gém mot vi diéu khién AVR v&i nhiéu linh kién bod sung
gitip dé dang 1ap trinh va c6 thé mo rong véi cac mach khac. Mot khia canh quan
trong cua Arduino 1a cac két ndi tiéu chuan cia nd, cho phép ngudi ding két ndi véi
CPU ciia board voi cdc module thém vao c6 thé dé dang chuyén doi, duge goi
1a shield. Vai shield truyén thong v6i board Arduino tryc tiép thong qua cac chan
khac nhau, nhung nhiéu shield duoc dinh dia chi thong qua serial bus I°C, tuc nhiéu
shield c¢6 thé dugc xép chong va sir dung dudi dang song song. Arduino chinh thirc
thuong st dung cac dong chip megaAVR, dic biét 1a ATmega8, ATmegal68,
ATmega328, ATmegal280, va ATmega2560. Mot vai cac b vi xtr Iy khac cling dugc
str dung boi cac mach Aquino tuong thich. Hau hét cac mach gdm mot bd diéu chinh
tuyén tinh 5V va mot thach anh dao dong 16 MHz (hoic b cong hudng ceramic trong
mot vai bién thé), mac du mot vai thiét ké nhu LilyPad chay tai 8 MHz va bo qua bd
diéu chinh dién 4p onboard do han ché vé kich c& thiét bi. Mot vi diéu khién Arduino
cling ¢ thé dugc 1ap trinh sin véi mot boot loader cho phép don gian 1a upload
chuong trinh vao bd nh¢ flash on-chip, so vdi cac thiét bi khac thuong phai cAn mot
bd nap bén ngoai. Piéu nay gitp cho viéc sir dung Arduino duoc truc tiép hon bang

cach cho phép sir dung mot mdy tinh gbe nhu 14 mot bo nap chuong trinh.
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Hinh 1.4: Board mach Adruino dung Atmega8

Mot mach Arduino bao gdm mét vi diéu khién AVR véi nhiéu linh kién bo sung
giup dé dang 1ap trinh va co thé mé rong voi cac mach khac. Mot khia canh quan
trong ctia Arduino 14 cac két ndi tiéu chuan cua no, cho phép nguoi dung két ndi vai
CPU ciia board voi cdc module thém vao c6 thé dé dang chuyén doi, duge goi
1a shield. Vai shield truyén thong v6i board Arduino truc tiép thong qua cac chin
khac nhau, nhung nhiéu shield duoc dinh dia chi thong qua serial bus I?C, tic nhiéu
shield c6 thé dugc xép chong va sir dung dudi dang song song.

C6 nhiéu bién thé nhu Arduino-compatible va Arduino-derived. Mot vai trong
s6 d6 c6 chirc nang twong dwong véi Arduino va c6 thé s dung dé thay thé qua lai.
Nhiéu mé rong cho Arduino dugc thyc thién bé“mg cach thém vao cac driver dau ra,
thuong st dung trong cac truong hoc dé don gian hoa cac cau tric cta cac 'con rép'
va cac robot nhé. Nhitng board khac thuong tuong dwong vé dién nhung co thay doi
vé hinh dang-d6i khi con duy tri do twong thich véi céc shield, d6i khi khong. Vai
bién thé st dung bo vi xir Iy hoan toan khac biét, vdi cac mirc do twong thich khac

nhau.
1.5. Bai tip va ciu héi cudi chwong

Bai tap 1.1: Hay chuyén di cac s sau vé dang co s (2), (10), (16):

a) 111.101, > ............ 165  weeennn 10 b) 900102 ..iiiinnnn. 165 «eeenns 2
Bai tap 1.2: Thyc hién phép toan sau day:

a) 10112+ 3010=............. 16

b) 111, *Clig =............ 10
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c) 123410-1020=............ 16
d) 11116/ 1016 = ...oenenen. 2

Bai tip 1.3: May tinh co ban c6 nhiing thanh phan nio? Néu y nghia va chiic ning
ting thanh phan d6?

Tai liéu tham khao chwong 1

[1] Téng Van On, Ho vi diéu khién 8051, NXB Lao dong Xa hoi, Ha Noi, 2007,

[2] Ngb Dién Tap, Vi diéu khién véi lap trinh C, NXB Khoa hoc K§ thuat, Ha Noi,
2006.

[3] Nguyén Pinh Phu, Truong Ngoc Anh, Gido trinh vi diéu khién, NXB Pai hoc
Su pham K¥ thuat, 2006.
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Chuong 2. HQ VI PIEU KHIEN MCS-51

2.1. So @0 va chirc ning cic chan ciia ho 8051
2.1.1. So dé céu triic
8051 1a mot ho vi diéu khién do Intel phat trién va san xut. Mot s6 nha san xuit
dugc phép cung cap cac IC tuong thich véi cac san pham 8051 cia Intel 13 Siemens,
Advanced Micro Devices, Fujitsu, Philips, Atmel...
Céc IC cua ho 8051 c6 céac dac trung chung nhu sau [2]:
e 4 port I/O x 8 bit;
e Giao tiép nbi tiép;
e 64K khong gian bd nh¢ chuong trinh mé rong;
e 64K khong gian by nh¢ dir li€éu mo rong;
e Mot bo xtt 1y ludn 1y (thao tac trén cac bit don);
e 210 bit duoc dia chi hoa;
¢ B§ nhan/chia 4 ps.
Ngoai ra, tuy theo s6 hiéu san xuit ma chung c6 nhiing khac biét vé bd nhé va

bo dinh thoi/bd dém nhu trong bang 2.1 dudi day:

Bdng 2.1: Cdc tham s6 RAM/ROM ciia ho 8051

S6 hiéu san xuat B nhé chwong B9 nhé dir liéu trén S bd dinh thoi

trinh trén chip chip (b dém)

80x51 4K ROM 128 byte 2
87x51 4K EPROM 128 byte 2
89x51 4K FLASH 128 byte 2
80x32 0K 256 byte 3
80x52 8K ROM 256 byte

87x52 8K EPROM 256 byte 3
89x52 8K FLASH 256 byte 3

AT89C51 la mot Microcomputer 8 bit, thuoc ho 8051 loai CMOS, cé tde do cao
va cong suat thap v4i bo nhd Flash c6 thé 1ap trinh duge. N6 duge san xuat voi cong

nghé bd nhd khong bay hoi mat d§ cao cia hang Atmel, va tuong thich voi chuin
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cong nghiép cua 8xC51 va 8xC52 vé chan ra va bo 1énh. Vi 1y do do, ké tir day vé
sau ta s€ dung thuat ngt “8051” (hoac "§9C51" 1a tuong duong nhau).

External
Interrupts
Vo :
Interrupt fe— 4K 128 Bytes Fimer ‘_}Cuunter
Control — | FLASH RAM Timer 0 |« |Inputs
N /N
CPU | \
<

(\/ \!? v
UsE Bus ::) 4 /O Ports Serial
—|D|‘ Control Para
II_ fWRfRD I@ﬁITXDRxD
- PO P2 P1 P3

Address;’Data

Hinh 2.1: So do khéi cuia ATS9CS 1
2.1.2. Chuwrc ndang cdc chan

Nhu vy, AT89C51 c6 tit ca 40 chan. Mi chén c6 chirc ning nhu cac duong
I/0 (xudt/nhap), trong d6 24 chan c6 cong dung kép: mdi dudng cé thé hoat dong nhu
mdt dudong 1/0O hodc nhu mot duong diéu khién hodc nhu thanh phén cua bus dia chi
va bus dir li¢u [3]. M0 ta cac chan ho 8051:

- VCC (chan 40): Chan cip nguon;

- GND (chan 20): Chan ndi dat;

- Port 0: Port 0 1a mt port xuat/nhap song hudng cuc mang ho 8 bit. Néu dugc
str dung nhu 13 mot ngd xuat thi mdi chan co thé kéo 8 ngd vao 1én mirc cao. Khi mirc
“1” duoc viét vao cac chan cua port 0, cac chan nay co thé dugc dung nhu 1a cac ngd
nhap tong trd cao.

Port 0 ciling nhan cac byte code (byte ma chuong trinh) khi 18p trinh Flash, va
Xuét ra cac byte code khi kiém tra chuong trinh. Can c6 cac dién tro pullup (5k-10k)
bén ngoai khi thyc hién viéc kiém tra chuong trinh.

- Port 1: Port 1 1a mot port xuat/nhap song hudng 8 bit ¢ cac dién tré pullup
bén trong. Cac bd dém ngd ra cua port 1 ¢6 thé kéo hodc cung cap 4 ngd nhap TTL.

Khi mtrc “1” dugc viét vao cac chan cua port 1, ching dugc kéo 1én cao boi cac dign
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tr& pullup ndi va co thé duoc ding nhu 13 cac ngd nhap. Néu dong vai tro 13 cac ngd
nhap, cac chan cua port 1 (duoc kéo xudng thdp qua cac dién trd bén ngoai) sé cip

dong I do céc dién trd pullup bén trong.

(rayp1.od a0 b vee
(T2EX)P1.1 O] 2 39 [ P0.0 (ADO)
Fi.2] a ag [ Po.1 (AD1)
P1.3C] 4 37 p Po.2 (AD2)
Pr.als 36 [ P0.3 (AD3)
PpisOe 35 1 PO.4 (AD4)
P16 7 34 | PO.5 (ADS)
P1.70 & 33 b Po.s (ADS)
RST ] 9 32 [ Po.7 (ADT)
{RXD) P3.0 ] 10 31 b EAveP
(TED) P31 O 11 30 O ALE/FROG
(TNTO) P3.2 ] 12 29 1 PSEN
(TNT1) P3.3 ] 13 28 b1 P2.7 (A15)
(To) P3.4 ] 14 27 B P2.6 {A14)
(T1) P35 ] 15 26 [0 P2.5 {A13)
{(WH) P36 ] 16 25 O P2.4 (A12)
(AD) P3.7 17 24 [ P2.3 (A11)
XTAL2 ] 18 23 b P2.2 (A10)
XTAL1 ] 19 22 0 P2.1 (AD)
GND ] 20 21 |1 P2.0 (A8)

Hinh 2.2: So dé chdn ciia ATS9CS1

- Port 2: Port 2 1a mot port xut/nhap song hudng 8 bit co cac dién trg pullup
bén trong. Cac bo dém ngd ra ciia port 2 ¢ thé kéo hodc cung cip 4 ngd vao TTL.
Khi cac mirc “1” duogc viét vao cac chan cua port 2 thi ching dugc kéo 1én cao bai
céc dién trd pullup ndi va cé thé duge ding nhu cac ngd vao. Khi duoc dung nhu cac
ngd vao, cac chan cua port 2 (duoc kéo xudng “0” qua cac dién trd bén ngoai) s& cip
dong Ii. do ¢6 céc dién trd pullup bén trong.

- Port 3: Port 3 1a mot port xuat - nhap song hudng 8 bit c¢6 dién trd pullup ndi
bén trong. Cac b dém ngd ra ciia port 3 ¢ thé kéo hodc cung cap 4 ngd vao TTL.
Khi cac mirc “1” dugc viét vao cac chan cua port 3 thi ching duge kéo 1én cao boi
céc dién trd pullup ndi va cé thé duge ding nhu cac ngd vao. Khi duoc ding nhu cac
ngd vao, cac chan cua port 3 (dugc kéo xudng qua cac dién tro bén ngoai) s& cap dong
I do ¢6 cac dién tré pullup bén trong. Port 3 ciing cung cap cac chirc ning cla cac
dac trung dac biét nhu duoc liét ké dudi day:

Bing 2.2: Cdc chirc ning chuyén doi trén Port 3

Chéan Tén Cic chirc ning chuyén doi
P3.0 RXD Port nhap nbi tiép
P3.1 TXD Port xudt ndi tiép
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P3.2 INTO Ngit 0 bén ngoai

P3.3 INT1 Ngit 1 bén ngoai

P3.4 To Ngo vao Timer/Counter 0

P3.5 T1 Ngo vao Timer/Counter 1

P3.6 — Xung ghi bo nhé dir liéu ngoai
WR

P3.7 L Xung doc bo nhd dir liéu ngoai
RD

- RST (chan 9): Ngd vao reset. Mot mirc cao trén chan nay khoang hai chu ky
may trong khi by dao dong dang chay s& reset toan b hé thong.

- ALE/PROG: ALE la mét xung ngd ra dé chét byte thap cua dia chi trong khi
truy cdp bo nhd ngoai. Chan nay cling 1a ngd nhap xung lap trinh (PROG) khi lap
trinh Flash.

Khi hoat dong binh thudng, ALE dugc phat véi mot ty 1¢ khong doi 1a 1/6 tan
s6 bo dao dong va co thé duogc dung cho cac muc dich timing va clocking bén ngoai.
Tuy nhién, lvu ¥ ring mot xung ALE s& bi bo qua mdi khi truy cip bd nhé dir lidu
ngoai.

Néu mubn hoat dong ALE c6 thé cdm duoc bang cach set bit 0 cia SFR tai dia
chi 8Eh. Néu bit nay duoc set, ALE chi hoat dong dugc khi c6 mot Iénh MOV X hodc
MOVC. Nguoc lai, chan nay dugc kéo 1én cao boi cac dién trd pullup "nhe". Viéc set
bit cAm-ALE khong c6 tac dung khi bo vi diéu khién dang ¢ ché do thuc thi bo nhd
ngoai.

- PSEN: PSEN (Program Store Enable) 1a xung doc b nhd chuong trinh ngoai.
Khi AT89C52 dang thi hanh ma (code) tir by nhé chuong trinh ngoai, pseN dugc kich
hoat hai 1an mdi chu ky may, nhung hai hoat dong PSEN s& bi bo qua mdi khi truy
cap bo nhd dir liéu ngoai.

- EA/Vpp: EA (External Access Enable) phai dugc ndi voi GND dé cho phép
thiét bi doc code tir bd nhé chuong trinh ngoai ¢6 dia chi tir 0000H dén FEFFH. Tuy
nhién, luu ¥ rang néu bit khoa “1” (lock-bit 1) duoc 1ap trinh, EA s& dugc chdt bén
trong khi reset.

EA phai duoc ndi voi Vee khi thi hanh chuong trinh bén trong. Chéan nay ciing
nhan dién ap cho phép 1ap trinh Vpp = 12V khi lap trinh Flash (khi d6 &p 1ap trinh
12V duoc chon).
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- XTALI va XTAL2: XTAL1 va XTAL2 Ia hai ngd vao va ra cia mot b khuéch
dai dao dong nghich dugc cAu hinh dé dung nhu mot bg dao dong trén chip.

Khong c6 yéu cau nao vé dao dong ciia tin hiéu xung ngoai, vi ngd nhap ndi véi
mach tao xung ndi 1a mat flip-flop chia doé1, nhung céc chi dinh vé thoi gian high va
low, cac mirc ap toi da va tbi thiéu phai dugc tuan theo.

2.2. Té chirc bd nhé ho 8051

Ho 8051 ¢6 bd nhé theo ciu trac Harvard: ¢6 nhitng ving nhé riéng biét cho
chuong trinh va dit liéu. Nhu da néi ¢ trén, ca chuong trinh va dir li¢u co thé & bén
trong du vay chung c6 thé dugc md rong bang cac thanh phan bén ngoai 1én dén tbi
da 64 Kbytes by nh¢ chuong trinh (ROM) va 64 Kbytes bd nhé dit li¢u (RAM).

B0 nhé bén trong bao gdm ROM va RAM trén chip, RAM trén chip bao gom
nhiéu phan: phan luu trir da dung, phan luu trit dia chi hoa timg bit, cac bank thanh
ghi va céac thanh ghi chiic ning dic biét. Hai ddc tinh can luu y 1a:

- Céc thanh ghi va cac port xuat nhap da dugc xép trong bd nhé va co thé duge
truy xuét tryc tiép giéng nhu cac dia chi bo nhd khac.

- Ngin xép bén trong RAM ndi nho hon so v6i RAM ngoai nhu trong cac b vi
xu ly khac.

2.2.1. Té chirc b nhé ROM

Néu c6 nhiéu EPROM hoic nhiéu RAM hoic ca 2 giao tiép v6i 8051 ta can phai
giai mi dia chi. Viéc giai ma nay ciing can cho hau hét cac bo vi xir xy khéc.

Thi du néu cac RAM va ROM 8Kb duoc sir dung, dia chi phai duoc giai ma dé
chon céc IC nhd nay trén cac gidi han 8K: 0000H — 1FFFH, 2000H — 3FFFH...

Mot IC gidi ma dién hinh 1a 74HC138 dugc dung véi cac ngd ra dugce ndi vai
cac ngd vao chon chip /CS cua céc IC nhé. Chiung dugc mo ta ¢ Hinh 2.7, mot bo
nhé ¢6 EPROM 2764 (8K) va RAM 6264 (RAM). 8051 c6 thé quan 1y khong gian
nh¢ dén 64K bo nhé EPROM va 64K bo nhé RAM.

2.2.2. To chirc by nhé RAM

Nhu ta thay trén Hinh 2.3, RAM bén trong 8051/8031 duoc phan chia gitra cac
bank thanh ghi (0OOH—1FH), RAM dia chi hoa ting bit (20H-2FH), RAM da dung
(30H-7FH) va céc thanh ghi chirc nang dac biét (§SOH-FFH).
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2.2.2.1. Ving RAM da dung

Mic du trén hinh 2.3 cho thdy 80 byte RAM da dung chiém céc dia chi tir 30H—
7FH, 32 byte dudi cung tir 00H dén 1FH ciing c6 thé dugc dung véi muc dich tuwong
tu (mac du cac dia chi nay da c6 muc dich khéc).

Moi dia chi trong ving RAM da dung déu c6 thé duoc truy xuat ty do ding cach

danh dia chi tryc tiép hodc gian tiép.

Bha chi : s Bra chi . i
yte Bia chihit yte Bia chihit
TF FF

Fo  [F7[F6 [F5 [F4 [F3 [F2 [F1JFO | B

RAM da dung E0  [ET [ES [ES [E4 [E3 [E2 [E1 [ED | scc

oo D7 |D6 |D5 |D4 |D3 |D2|— |DEI PSW

0 BEs |-|-|-[pc|eB[BalBe B2 | 1P
2F  [TF [FE [ro Jrc [7E [74 [79 [72
2E (77 [76 [75 [r4 [72 |72 |71 [0 Eo [B7[Bé B5[B4[B3[B2[B1[RO| p3
a0 [6F [6E [¢D [6C [6E [ea [69 |62
20 |67 |66 |65 |64 |63 |62 6l [e0 43 [aF| - [ -ac|apfasfas]as| 1E

2B [5F |3E [5D |5C [SE 54 (59 (58
aa |27 |56 (55 (34 |53 (52 (51
20 [4F |4E [4D 4C 4B [44 (49
aE |47 |46 |45 (44 (45 42 4
27 [BF |3E [3D [3C 3B [34 39
|37 36 35 34 |33 [32 (31|30

&0 [AT[R6 [RS[R4A[RI[AI[AT]AD] F2

00 khdng dwoe dia chi hbabit SBUF
9z |°F [PE [ [oc oE Joa [29 P2 | scom

EIEEI R

25 [2F |2E |20 |oc [2E |24 [29 [28 on |97 o6 [ps |oa o3 o2 [ot fon | 1

74 |27 [26 [25 24 23 22 21 |20

] IF [1E (1D 1 [1E |14 |19 |12 20 khdng dwoe dia chi hbabit TH1

7z [17 |16 {15 |14 13 12 11 |10 20 Lhing dwoe dia chi hia hit THO

21 [0F [0E [oD [0C 0B (04 (09 (02 2B khing dwee dia chi hibabit TL1

oo |07 06 |05 o4 oz |02 (o7 oo g8 Ehiing doe dia chi hia bit TLO

1F Bank 3 &9 Ehdng dwoe dia chi hoabit ThICD

12 2z |EF |EE |8D |8C |8B |3..!'L |89 |EE TN

17 Bank 2 a7 khéng dwoe dia chi hdabit PO

10

0F Banl: 1 23 Ehémg dwoe dia chi hdabit OFH

ne 23 khéng dwoe dia chi hibabit DPL

a7 Bank thanh ghi 0 &1 Ehdng dwoe dia chi hia bit SP

n (thde dinh cho RO-ET) 20 27 |86 |85 |84 |83 |82 |81 |EEI EN
RAM CAC THEWH GHI CHOC HANG BEC BIET

Hinh 2.3: Tom tdt bo nho dir liéu trén chip

Vidu 2.1: bé doc ndi dung ¢ dia chi 5SFH ctia RAM ndi vao thanh ghi tich llly, 1énh sau

s€ dugc dung.
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MOV A, 5FH
Lénh nay di chuyén mot byte dir lidu dung cach danh dia chi truc tiép dé xac
dinh “dia chi nguén” (5FH). bich nhan dir liéu duoc ngém xac dinh trong ma I¢nh 1a
thanh ghi tich liy A.
RAM bén trong ciing co thé duoc truy xuat dung cach danh dia chi gian tiép qua
RO hay R1. So sanh hai Iénh sau thi hanh cung nhi€ém vu nhu Iénh don ¢ trén:

MOV RO, 5FH
MOV A, @RO

Lénh dau dung dia chi tirc thoi dé di chuyén gia tri SFH vao thanh ghi RO, va

1énh thir hai dung dia chi tryc tiép dé di chuyén dit liéu “duoc tré boi RO” vao thanh

ghi tich liy.
2.2.2.2. Vung RAM dia chi hoa ting bit

8051/8031 chura 210 bit dugc dia chi hoa, trong d6 128 bit 1a ¢ cac dia chi byte
20H dén 2FH, va phén con lai l1a trong cac thanh ghi chic nang dac biét.

Y tuéng truy xuét ting bit riéng r& bang phan mém la mot dic tinh tién loi cua
vi diéu khién noi chung. Céc bit c¢6 thé dugc dit, x6a, AND, OR,... v6i mét 1énh don.
Pa sb cac vi xir 1y doi héi mot chudi 1énh doc-sira-ghi dé dat dugc hiéu qua tuong tu.
Hon nifa, cac port I/O ciing duoc dia chi hoa timg bit lam don gian phan mém xuét
nhap tung bit.

Co 128 bit dugc dia chi héa da dung & cac byte 20H dén 2FH. Céc dia chi nay
duoc truy xuét nhu cac byte hodc nhu cac bit phu thudc vao 1énh dugce dung. Vi duy,
dé bat bit 67H, ta dung Iénh sau:

SETB 67H

Chu v rang “dia chi bit 67H” 1a bit c6 trong s6 16n nhat (MSB) & “dia chi byte
2CH”. Lénh trén s& khong tac dong dén cac bit khac ¢ dia chi nay. Cac vi xtr Iy khéc

s€ phai thi hanh nhiém vu tuong tu nhu sau:

MOV A, 2CH ; Poc ca byte
ORL A, #10000000B ; Set MSB
MOV 2CH,A ; Ghi lai ca byte

2.2.2.3. Cac bank thanh ghi:

32 byte thép nhét cta bd nhé ndi 1a danh cho céac bank thanh ghi. B§ Iénh cta
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8051/8031 hd trg 8 thanh ghi (RO dén R7) va theo mic dinh (sau khi reset hé thong)
cac thanh ghi nay ¢ cac dia chi 00H-07H. Lénh sau day s€ doc ndi dung & dia chi
05H vao thanh ghi tich ldy:

MOV A4, R5

Day 1a 1énh mot byte dung dia chi thanh ghi. Tat nhién, thao tac twong tu c6 thé
dugc thi hanh bang 1énh 2 byte dung dia chi tryc tiép nam trong byte thir hai:

MOV A4, 05H

Céc 1énh dung céc thanh ghi RO dén R7 thi s& ngan hon va nhanh hon cac 1énh
twrong tng nhung ding dia chi truc tiép. Cac gi tri dit lidu dugc ding thudng xuyén
nén dung mat trong céc thanh ghi nay.

Bank thanh ghi tich cyc ¢ thé chuyén doi bang cach thay d6i cac bit chon bank
thanh ghi trong tir trang thai chuong trinh (PSW). Gia st rang bank thanh ghi 3 dugc
tich cuc, Iénh sau s€ ghi nd1 dung cua thanh ghi tich Iily vao dia chi 18H:

MOV RO, A

Y tudng ding “céc bank thanh ghi” cho phép “chuyén huéng” chuong trinh
nhanh va hiéu qua (timg phan riéng r& cta phan mém s& c6 mot bo thanh ghi riéng
khong phu thudc vao cac phan khac).

2.2.2.4. Cac thanh ghi chuirc nang ddac biét

Mot vung bd nhé trén chip dugce goi 1a khong gian thanh ghi chirc ndng dac biét
(SFR) nhu dugc trinh bay trong Hinh 2.3.

Luu ¥ rang khong phai tit ca cac dia chi déu duogc st dung, va cac dia chi khong
duoc st dung co thé khong duge cung cip trén con chip. Cac hanh dong doc dén cac
dia chi nay néi chung s& tra vé céc dit lidu ngau nhién, va cac hanh dong viét s& ¢co
mdt hiéu ung khong xéc dinh.

Céc phan mém ngudi dung khong nén viét murc “1” dén nhiing vi tri khong dugc
liét ké nay, vi chiing c6 thé dugc ding trong cac san pham twong lai khi thém véo cac
dac trung mdéi. Trong truong hop nay, cac gia tri reset hodc khong tich cyc ctia cac
bit méi s€ luon 1a “0”.

Céc thanh ghi ndi ctia 8051/8031 dugc truy xuat ngdm dinh boi bo 1énh. Nhu
Iénh “INC A” s€ tang ndi dung cua thanh ghi tich lily A lén 1. Tac dong nay duogc

ngam dinh trong ma 1énh.
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Céc thanh ghi trong 8051/8031 dugc dinh dang nhu mot phén cua RAM trén
chip. Vi vay mdi thanh ghi s& c6 mét dia chi (ngoai trir thanh ghi dém chuong trinh
va thanh ghi 1énh vi cac thanh ghi nay hiém khi bi tac dong truc tiép, nén khong dat
chung vao trong RAM trén chip).

D6 1a Iy do dé 8051/8031 ¢6 nhiéu thanh ghi nhu vdy. Ciing nhu RO dén R7, ¢6
21 thanh ghi chic ndng dac biét (SFR: Special Function Register) & vung trén cia
RAM noi, tir dia chi 80H dén FFH. Chii y rang hau hét 128 dia chi tir 80H dén FFH
khong dugc dinh nghia. Chi c6 21 dia chi SFR 1a dugc dinh nghia.

Ngoai trir thanh ghi tich iy (A) ¢6 thé duoc truy xuit ngdm nhu di noi, da sd
cac SFR duoc truy xudt dung dia chi truc tiép. Chi y rang mot vai SFR c6 thé dugc
dia chi hoa bit hodc byte. Nguoi thiét ké phai than trong khi truy xuét bit va byte. Vi
du 1énh sau: SETB OEOH s¢ set bit 0 trong thanh ghi tich lily, cac bit khac khong doi.
Ta thay rang EOH dong thoi 14 dia chi byte cua ca thanh ghi tich liy va 1a dia chi bit
ctia bit c6 trong s6 nho nht trong thanh ghi tich lity. Vi 1énh SETB chi tac dong trén
bit, nén chi c6 dia chi bit 1a c6 hi€u qua.

- Thanh ghi trang théi chuong trinh: Tt trang thai chuong trinh (PSW: Program
Status Word) & dia chi DOH chtra c4c bit trang thai nhu Bang 2.2.

Badng 2.2: Thanh ghi trang thai PSW

Bit Ky hiéu  Dia chi Y nghia
PSW.7 CY D7H Co nho
PSW.6 AC D6H Co6 nhé phu
PSW.5 FO D5H Co0
Bit Ky hiéu  Dia chi Y nghia
PSW.4 RS1 D4H Bit 1 chon bank thanh ghi
PSW.3 RSO D3H Bit 0 chon bank thanh ghi

00 = bank 0: bia chi 00H-07H
01 = bank 1: Bia chi 08H-OFH
10 = bank 2: Pia chi 10H-17H
11 = bank 3: Bia chi 18H-1FH
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PSW.2 oV D2H Co tran
PSW.1 - DIH Dy trit
PSW.0 P DOH Co parity chan/lé

Co nho: Co nhé (CY) c6 cong dung kép. Thong thuong né dugc dung cho cac
1énh toan hoc; nd s& duoc bat 1én “1” néu c6 mot sd nhd sinh ra bi phép cong hoac
c6 mot s6 muon boi phép trur. Chéng han, néu thanh ghi tich iy chtra FFH, thi 1énh
ADD A, #1 s& tra vé thanh ghi tich lily két qua 00H va bat cd nhd trong PSW.

Co nhé ciing ¢6 thé xem nhu mot thanh ghi 1 bit cho cac 1énh luan 1y thi hanh
trén bit. Chéng han, 1énh sau s& AND bit 25H v&i c& nhd va dat két qua trd vao co
nhd: ANL C, 25H

Co nhé phu: Khi cong cac sé6 BCD, cd nhd phu (AC) duge bat 1én “1” néu két
qué cua 4 bit thap trong khoang 0AH dén OFH. Néu céc gia tri duoc cong la s6 BCD,
thi sau 1énh cong can c6 DA A (hiéu chinh thap phéan thanh ghi tich liy) dé mang két
qua 16n hon 9 vao nibble cao.

Co 0: Co 0 (FO) 1a 1 bit co da dung danh cho cac tng dung cta nguoi dung.

- Cac bit chon bank thanh ghi: Cac bit chon bank thanh ghi (RS0 va RS1) xac
dinh bank thanh ghi dugc tich cyc. Ching dugc x6a sau khi reset hé théng va duoc
thay do1 bang phan mém néu can.

Khi chuong trinh duoc hop dich, cac dia chi bit duoc thay thé cho cac ky hiéu
“RS1” va “RS0”. Viy, 1énh SETB RS1 s& giéng nhu 1énh SETB 0D4H.

Co tran: Co tran (OV) dugce bat Ién “1” sau mdt Iénh cdng hoac trur néu c6 mot
phép toan bi tran. Khi cac s6 ¢6 dau duoc cong hodc trir véi nhau, phan mém co thé
kiém tra bit nay dé xac dinh xem két qua c6 nam trong tam xac dinh khong. Khi cac
s6 khong dau duge cong, bit OV co thé dugc bo qua. Cac két qua 16n hon +127 hoic
nho hon -128 s€ bat bit OV.

Két qua 1a mot s6 co ddu 8EH duge xem nhu -116, khong phai 14 két qua dang
(142), vi vay, bit OV dugc bat.

- Thanh ghi B: Thanh ghi B & dia chi FOH dugc dung cung véi thanh ghi tich
lity A cho cac phép toan nhan va chia. Lénh MUL AB s& nhan céc gia tri khong dau
8 bit trong A va B r6i tra vé két qua 16 bit trong A (byte thip) va B (byte cao). Lénh
DIV AB s& chia A cho B rdi tra vé két qua nguyén trong A va phan du trong B. Thanh
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ghi B cling c6 thé dugc xem nhu thanh ghi dém da dung. N6 duoc dia chi hoa ting
bit bang cac dia chi bit FOH dén F7H.

- Con tro ngan xép Stack pointer: Con tré ngian xép (SP) 1a mot thanh ghi 8 bit
& dia chi 81H. N6 chira dia chi cua byte dit liéu hién hanh trén dinh cta ngan xép.
Céc 1énh trén ngin xép bao gdm cac thao tac cat dit liéu vao ngin xép va lay dit lidu
ra khoi ngan xép. Lénh cat dif liéu vao ngan xép s& lam tang SP trude khi ghi dir licu,
va lénh ldy dir liéu ra khoi ngan xép s& doc dir liéu va giam SP. Ngin xép cia
8051/8031 dugc giit trong RAM ndi va duge gidi han cac dia chi co thé truy xuat
bang dia chi gian tiép.

Dé khai dong lai SP v6i ngan xép bét du tai 60H, cac 1énh sau day dugc dung:

MOV SP, #5FH

Trén 8051/8031 ngin xép bi gidi han 32 byte vi dia chi cao nhit cia RAM trén
chip 1a 7FH. S& di dung gia tri SFH vi SP sé ting 1én 60H trudc khi cit byte dit lidu
dau tién.

Nguoi thiét ké c6 thé chon khong phai khoi dong lai con trd ngin xép ma dé nd
lay gi tri mac dinh khi reset hé thong. Gi tri mic dinh d6 1a 07H va két qua 1 ngin
dau tién dé cat dit liéu co dia chi 1a 08H. Néu phan mém tng dung khong khoi dong
lai SP, bank thanh ghi 1 (c6 thé ca 2 va 3) s& khong dung dugc vi ving RAM nay da
dugc dung 1am ngan xép.

Ngin xép duoc truy xuét tryc tiép bang cac 1énh PUSH va POP dé luu trir tam thoi
va lay lai dir liéu, hodc dugc truy xudt ngdm bang cac l1énh goi chwong trinh con
(ACALL, LCALL) va cé4c 1énh tr& vé& (RET, RETI) dé cét va lay lai bd dém chuong
trinh.

- Con tro dit liéu Data pointer: Con tré dir liéu (DPTR) duoc dung dé truy xuat
bd nhd ngoai 1a mot thanh ghi 16 bit ¢ dia chi 82H (DPL: byte thap) va 83H (DPH:
byte cao). Ba I¢nh sau s€ ghi 55H vao RAM ngoai ¢ dia chi 1000H:

MOV A, #55H

MOV  DPTR, #1000H
MOVX @DPITR, A
Lénh dau tién dung dia chi tirc thoi dé tai dir liéu 55H vao thanh ghi tich liy.
Lénh thtr hai ciing dung dia chi tirc thoi, 1dn nay dé tai dit liéu 16 bit 1000H vao con
tré dit liéu. Lénh thtr ba dung dia chi gian tiép dé di chuyén dit liéu trong A (55H)
dén RAM ngoai ¢ dia chi dugc chira trong DPTR (1000H).
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- Céc thanh ghi port xuat nhap: Cac port cia 8051/8031 bao gom Port 0 ¢ dia
chi 80H, Port 1 & dia chi 90H, Port 2 & dia chi AOH va Port 3 & dja chi BOH. Tét ca
cac port déu dugc dia chi hoa timg bit. Didu d6 cung cap mot kha ning giao tiép thuan
lgi. Chang han néu mdt motor dugc noi qua mot cudn day co transistor lai dén bit 7
ctia Port 1, n6 ¢ thé duge bat va tat béng mot 1énh don:

SETB Pl.7 |, bat motor

CLR P17 tat motor

Céc 1énh trén dung dau chiAm dé xé4c dinh mot bit trong mot byte. Trinh hop dich
s& thi hanh su chuyén dbi can thiét, vi viy hai 1énh sau déy 1a nhu nhau:

CLR Pl.7

CLR 97H

Trong mot truong hop khac, xem xét giao tiép dén mot thiét bi véi mot bit trang
thai goi 1a BUSY, dugc bat khi thiét bi dang ban va duoc x6a khi thiét bi da sin sang.
Néu BUSY duoc nbi t6i P1.5, vong lap sau s& duoc dung dé cho thiét bi trd lai trang
thai san sang:

WAIT: JB  Pl.5 WAIT

Lénh nay c6 nghia 1 “néu bit P1.5 duoc bt thi nhay téi nhin WAIT”. Noi cach
khac “nhay tro lai va kiém tra 1an nita”.

- Céc thanh ghi timer: 8051/8031 chira hai bd dinh thoi/dém (timer/counter) 16
bit dugc dung cho viéc dinh thoi hodc dém su kién. Timer 0 & dia chi SAH (TLO: byte
thap) va 8CH (THO: byte cao). Timer 1 & dia chi 8BH (TL1: byte thap) va 8DH (TH1:
byte cao). Viéc van hanh timer duoc thiét 1ap boi thanh ghi Timer Mode (TMOD) &
dia chi 89H va thanh ghi diéu khién timer (TCON) ¢ dia chi 88H. Chi c6 TCON dugc
dia chi hoa tirng bit.

- Céc thanh ghi port nbi tiép:

8051/8031 chtra mot port ndi tiép trén chip danh cho viéc trao doi thong tin voi
céc thiét bi ndi tiép nhu may tinh, modem hodc cho viéc giao tiép vai cac IC khac c6
giao tiép ndi tiép (cac bo chuyén doi A/D, cac thanh ghi dich...). Mot thanh ghi goi 1a
bd dém dit liéu ndi tiép (SBUF) & dia chi 99H sé& giit ca hai dit liéu truyén va nhan.
Khi truyén dir liéu thi ghi 1én SBUF, khi nhén dit liéu thi doc SBUF. Cac ché d6 van
hanh khac nhau dugc l4p trinh qua thanh ghi diéu khién port ndi tiép (SCON) (dugc
dia chi hoa tirng bit) & dia chi 98H.
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- Céc thanh ghi ngit: 8051/8031 ¢6 cdu triic 5 ngudn ngat, 2 mirc vu tién. Cac

ngit bi cAm sau khi reset hé thong va s& duoc cho phép bang viéc ghi 1én thanh ghi
cho phép ngit (IE) & dia chi ASH. Ca hai thanh ghi dugc dia chi hoa timg bit.

- Thanh ghi diéu khién cong suit ngudn: Thanh ghi diéu khién cong suat
(PCON) ¢ dia chi 87H chtra nhiéu bit diéu khién. Chiing duoc tom tit trong Bang 2.3

sau:

Bdng 2.3: Chitc nang cac bit trong thanh ghi PCON

Bit Ky hiéu Y nghia
7 SMOD Néu duge SET tdc d6 Baud s& tang gép doi ché d6 1,2 va
3 ctia port ndi tiép.
6 - Non
5 - Non
4 - Non
3 GF1 Co da dung 1
2 GFO0 Co da dung 0
1 PD SET kich hoat giam cong suat ngudn, thoat khi Reset.
0 IDL SET kich hoat ché d6 cho, thoat khi co ngét hay Reset h¢

thong

- B4o vé bd nhé: Cac bit khoa bo nhd chuong trinh. Vi didu khién 89C51 ¢6 3
bit khoa c6 thé bo khong lap trinh (U) hodc dugc lap trinh (P) dé nhan cac dic trung
thém vao dugc li¢t ké trong bang 2.4. dudi day (véi LB1, LB2, LB3 1a cac bit khoa

tuong ing).

Bang 2.4: Thanh ghi bdo vé b nho

Chédp LB1 LB2 LB3 Kiéubio vé
1 U U U  Khong khoa chuong trinh
2 P U U Céc 1énh MOVC duogc thi hanh tr b nhd chuong
trinh ngoai bi cam khi lay cac byte ma tir b nhd noi,
/EA duogc léy mau va duoc chét lai khi reset va hon
nira, viéc 1ap trinh bo nhé Flash 1a bi cAm.
3 P P U  Nhuché do?2 nhung viéc kiém tra cling bi cAm
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4 P P P Nhu ché do 3 nhung viéc thi hanh ngoai ciing bj cAm.

Khi bit khoa “1” dugc 1ap trinh, murc logic tai chan EA duoc léy mau va chdt
lai khi reset. Néu thiét bi duoc bat nguén ma khong co reset, viéc chdt s& duge khéi
tao voi mot gia tri ngau nhién cho dén khi duoc reset. Gia tri duge chdt cua EA phai
béng vo1 muc logic hién tai ¢ chan dé dé cho thiét bi 1am viéc mot cach chinh xac.

2.2.3. B6 nho ngoai

Céc bo vi diéu khién can c6 kha ning mé rong céc tai nguyén trén chip MSC-
51 c6 kha ning cho ta md rong bd nhé chuong trinh dén 64K va khong gian bd nhé
dir liéu 64K. ROM va RAM ngoai dugc thém vao khi can.

Céc IC giao tiép ngoai vi cling c6 thé duoc thém vao dé mé rong kha niang xuat
nhap ching tré thanh mot phan cua khong gian bo nhd dit liéu ngoai bang cach st
dung cach dinh dia chi kiéu I/0 4nh xa bd nhé. Khi bd nhé ngoai dugc st dung port
0 khong 1am nhiém vu cta port xuit nhdp ma port ndy tré thanh port dia chi (A0- A7)
va bus dit liéu (DO — D7) da hop. Ngd ra ALE chét byte thap cua dia chi ¢ thoi diém
bat ddu mdi mot chu ky b nhd ngoai. Port 2 thuong lam byte cao cua bus dia chi.

Mot ¥ tudng tong quét duge trinh bay & Hinh 2.4.

Chu ki bd nhé Chu ky bd nhé

A0-A15 X Dia chi )< AB-A15 >< Pia chi W

D0-D7 >< Dt liéu X .ADO-AD?X Pia chi X Dit liéu X

Khong da hop 24 chan

Pa hop 16 chan

Hinh 2.4: DPa hop Bus dia chi (byte thdp) va bus dit liéu da hop va khéong da hop

Séap xép khong da hop sir dung 16 duong dia chi va 8 dudng dit liéu tong cong
24 duodng. Sap xép da hop 8 duong port 0 cua bus dit liéu va byte thip cia bus dia
chi, do vay ta chi can 16 duong.

Sap xép da hop o6 hoat dong nhu sau: trong Y chu ky dau ctia chu ky bo nhd,
byte thép cua dia chi dugc cung cép boi port 0 va dugc chdt nho tin hiéu ALE. Mach
chdt 74HC373 giit cho byte thip cua dia chi 6n dinh trong ca chu ky bo nhd. Trong
% cua chu ky bo nhé port 0 dugce stir dung 1am bus dir li€u va dit liéu dugc doc hay

ghi.
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2.2.3.1. Truy xudt bg nhé chwong trinh ngodi

port () <j > Do-D7
EA ] T4HCET EREOM
- Djd:(> AD-A7
8051
ALE G
pott 2 > 48415
PSEN O OE
Hinh 2.5: Truy xudt bg nhé chwong trinh ngoai
|.=..- chu ky may - ‘
51 52 53 54 S5 56 51
|P1|P2|P1|P2‘P1|P2|P1|P2‘P1|P2‘P1|P2|P1|P2|
ALE .
PSEN 5
port 2 PCH(prograrm counter high bite) : PCH
port0 FL T (Ete>

Hinh 2.6: Gian dé thoi gian ciia chu ky tim nap & bé nhé ngoai

B6 nh¢ chuong trinh ngoai 1a bd nhé chi doc dugce cho phép baoi tin hi¢u /PSEN.
Khi c6 mot EPROM ngoai dugce st dung ca hai port 0 va port 2 déu khong con 1a cac
port xuit nhap. Két ndi phan cimg véi bd nhd ngoai EPROM dugc trinh bay ¢ Hinh
2.5.

Chu ky may cta 8051 c¢6 12 chu ky dao dong. néu bo dao dong trén chip co tan
s6 12MHz, mét chu ky méay dai 1 ps. Trong mét chu ky may dién hinh, ALE c6 2
xung va 2 byte ciia 1énh dugc doc tir bd nhd chuong trinh. Gian d6 thoi gian ciia chu

ky may nay dugc goi la chu ky tim nap 1énh dugc trinh bay & Hinh 2.6.
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2.2.3.2. Truy xudt bé nhé dir liéu ngoai

B6 nhé dit li¢u ngoai 1a by nhd doc/ ghi dugce cho phép bai cac tin hi¢u /RD va
/WR & cac chan P3.7 va P3.6. Lénh dung dé truy xuat bo nhé dit liéu ngoai 1a MOVX,
st dung con tro dir li¢u 16 bit DPTR hoac RO, R1 lam thanh ghi chira dia chi.

RAM c6 thé giao tiép voi 89C51 theo cung cach nhu EPROM ngoai trir dudng
/RD nbi véi duong chéo xuat /OE cia RAM va /WR ndi v6i duong ghi W ciia RAM.
Céc két ndi ctia bus dit liéu va bus dia chi giéng nhu EPROM. Bang cach sir dung
cac port 0 va port 2 nhu & phan trén, ta c6 mot dung luong RAM ngoai 1én dén 64K
dugc két ndi voi 8051.

Gian do thoi gian cua thao tac “doc” dir liéu cua bd nh¢ dir 1i€u ngoai dugc trinh
bay ¢ Hinh 2.6. Str dung Iénh MOVX A, @DPTR, luu y 14 ca 2 xung ALE va /PSEN
dugc bo qua ¢ noi ma xung /RD cho phép doc RAM (néu 1énh MOVX va RAM ngoai
khong bao gid duoc ding, cic xung ALE ludn c6 tan s6 bang 1/6 tan sb cua mach

dao dong).

| chuky sy — | = chuky miy — |
D0-D7

EPROM
AD-AT

|Sl’sz|s3{s4‘ss ) )

SI’SQ

e 54 ‘ss ‘ss |

w S L | |
PSEN J :LI : :L P20 A8

e P21 A9
| I

5 LA Lo D OF

pota X pon XDPHCRE N W W

: . ) | ! —

) b b PSEN —NC I cs

' ] ' I
\ s : |
port 0 Oprodiyd PCL EBI >
( EBI:Nhap dif igu tir b nhé ngoi

Hinh 2.7: Gian do thoi gian ciia lénh MOVX, giao tiép véi 1K RAM
Gian dd thoi gian cia chu ky "ghi” (1énh MOVX @DPTR, A) ciing tuong tu
ngoai trir cac xung /WR & mure thap va dit liéu duoc xuit ra & port 0 (/RD van ¢ murc
cao).
Port 2 giam bét duoc chirc ning lam nhiém vu cung cip byte cao cua dia chi
trong cac hé thong tbi thiéu thanh phan, h¢ théng khong ding bo nhd chuong trinh

ngoai va chi c6 mot dung lugng nho bd nhé dir li¢u ngoai. Céc dia chi 8 bit co thé
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truy xudt bo nhé dir 1iéu ngoai véi cdu hinh b nhé nhod hudng trang (page — oriented).
Néu c6 nhiéu hon mot trang 64 byte RAM, mot vai bit tir port 2 (hodc mot port khac)
c6 thé chon mot trang. Nhuw RAM 1 Kb (nghia 13 4 trang 256 byte) ta c6 thé két nbi
RAM nay véi 8051 nhu ¢ Hinh 2.7.
Céc bit 0 va 1 ctia port 2 phai dugc khai dong dé chon mot trang, roi Iénh MOVX
dugc dung dé doc hodc ghi trén trang nay.
Vi du 2.2: Gia st P2.0 = P2.1 =0, cac 1énh sau c6 thé dung doc cac ndi dung cia RAM

ngoai ¢ dia chi 0050H vao thanh chira A.
MOV RO, #50H

MOVX A, @R0
Dé doc ¢ dia chi cudi cing cia RAM nay, 03FFH, trang 3 dugc chon nghia 1a
ta phai bat cho cac bit P2.0 va P2.1 bé'mg mot chudi 1énh sau dugc dung:

SETB P2.0
SETB P2.1
MOV RO, #0FFH
MOVX A, @RO

Mot dic trung cua thiét ké nay 1a cac bit tir 2 téi 7 ctia port 2 khong con can lam

bit dia chi nira, cac bit con lai nay co thé st dung cho muyc dich xuét/nhap.

2.3. Tap Iénh ho 8051
Tap 1énh ho MSC-51 dugc su kiém tra ctia cac mode dinh vi va cac 1énh cua
ching ¢ cac Opcode 8 bit. Diéu nay cung cip kha ning 28= 256 1énh dugc thi hanh
va mot 1€nh khong dugc dinh nghia. Vai 1énh c6 1 hodc 2 byte boi dit li¢u hoac dia
chi thém vao Opcode. Trong toan bg céc 1énh c6 139 1énh mot byte, 92 1énh 2 byte
va 24 1énh 3 byte.
2.3.1. Quy woc danh dia chi
Céac ché do dinh vi 12 mot bo phan théng nhat cua tap 1énh. Ching cho phép
dinh rd ngudn hodc noi goi téi cta dir liéu & cac dudong khac nhau tiy thude vio trang
thai cua nguoi lap trinh. Ho 8051 c6 8 ché d6 dinh vi dugc dung nhu sau:
Thanh ghi; Truc tiép; Gian tiép; Ttc thoi; Tuong déi; Tuyét déi; Dai; Binh vi.
2.3.2. Nhom Iénh di chuyén div liéu

Cac 1énh dich chuyén dr li€u trong nhitng vung nhd ndi thye thi 1 hodc 2 chu
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ky may. Mau 1énh MOV <destination>, <source> cho phép di chuyén dit liéu bat ky
2 vung nhd nao cia RAM ndi hodc cac vung nhd cua cac thanh ghi chure nang déc
biét ma khong thong qua thanh ghi A.

MOV <dich>, <nguon>

Ving ngin xép cta 8051 chi chira 128 byte RAM ndi, néu con troé Ngin xép SP
duoc ting qué dia chi 7FH thi cac byte duoc PUSH vao s& mét di va cac byte POP ra
thi khong biét rd.

Cac lénh dich chuyén bd nhd ndi va bd nhd ngoai dung su dinh vi gidn tiép. bia
chi gian tiép co thé dung dia chi 1 byte (@ Ri) hoic dia chi 2 byte (@ DPTR). Tét ca
cac 1énh dich chuyén hoat dong trén toan bo nhd ngoai thue thi trong 2 chu ky may
va dung thanh ghi A 1am toan hang dich (DESTINATION).

Viéc doc va ghi RAM ngoai (RD va WR) chi tich cuc trong suét qua trinh thuc
thi cia 1énh MOVX, con binh thuong RD va WR khong tich cuc (muec 1).

Céc bang tim kiém:

C6 2 1énh di chuyén d 1iéu danh cho viéc doc céc bang tim kiém trong bd nh&
chuong trinh. Do bdi cac 1énh nay truy xuat bd nhé chuong trinh, cac bang tim kiém
chi ¢6 thé dugc doc va khong duoc cap nhap. Ma goi nhd cua 1énh 14 MOVC (move
constan). MOVC st dung bd dém chuong trinh hodc con tr¢ dir li¢u l1am thanh ghi
nén va thanh chira A chira dia chi offset. Lénh sau:

MOVC A, @A+DPTR

C6 thé truy xuat mot bang 256 diém nhap duoc danh sé tir 0 = 255, s6 cua diém
nhap yéu cau dugc nap cho thanh chira A va con tro dit lidu duoc khoi dong dé chua
dia chi dau bang, 1énh sau:

MOVC A, @A+PC

Ciing hoat dong twong tw, ngoai trir & ddy bd dém chuong trinh duoc dung dé
chira dia chi nén va bang duogc truy xuét nho mot chuong trinh con. Trudc tién s6 cla
diém nhadp yéu cau duogc nap cho thanh chira A, sau d6 chuong trinh con dugc goi
chudi 1énh cho phép khoi dong va goi co thé la:

MOV A, ENTRY NUMBER

CALL LOOK UP
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LOOK-UP: INC A
Morc A, @A+PC
RET

TABLE: DB data, data, ....

Béng dugc dinh nghia ngay sau Iénh RET trong chuong trinh. Lénh tang dugc
can dén do PC tro véi lénh RET khi 1énh MOVC duoc thyuc thi. Viée ting ndi dung
thanh chtra sé bo qua 1énh RET.

2.3.3. Nhom lénh toan hoc

Céc 1énh sb hoc cling duoc phan loai nhu duédi. Do c6 thé c6 4 kha nang dinh
dia chi, 1énh ADD A con duoc viét dudi dang.

ADD A, <src, byte>; cong gid tri byte véi nguon src két qua cdt vao nguon
SUBB A, <src, byte>; trir gid tri nguon src cho byte, két qud cdt vao nguon
Vi du 2.3: Phép toan cong

mov a, #38h; Sb thap phan cia 38h 1a 56 va nhi phan la 0011 1000b

Add a, #2fh ; S6 thap phan 2f 1a 47 va nhi phan 12 0010 1111b

38h+6th = 67h 0011 1000b
+0010 1111b
=0I100111b
INC <byte> | tang thém I don vi
INC A J(A) A+ 1
DEC <byte> ; giam di 1 don vi
DEC 4 ;(A)(A)-1
MULL AB s (A) LOW [(4) x (B)], c6 anh huong co OV
; (B) HIGH [(A) x (B)], co Cary dwoc xoa.
DIV AB ; (A) Integer Result of [(4)/(B)], co OV
; (B) Remainder of [(4)/(B)], co Carry xoa
DA A ; Piéu chinh thanh ghi A thanh sé6 BCD diing trong phép

; cong BCD (thuong DA A di kem voi ADD, ADDC)
Néu 4 bit thap (cao) c6 s6 16n hon 9 (khong con s BCD), luc nay né dugc cong
thém 6 (0110) vao 4 bit thip (cao) va co phu AC (cd chinh CY) s& bat 1én “1”.
Két qua s6 thap phan do 14 1ay trong r5, 16, 17.
- Néu [(A3-A0)>9] va [(AC) = 1] (A3A0) (A3A0) + 6.
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- Néu [(A7-A4)>9] va [(C) = 1] (ATA4) (ATA4) + 6.

TAt ca cac 1énh s6 hoc duoc thuc thi trong mét chu ky may ngoai trir 1€énh INC
DPTR duoc thuc thi trong hai chu ky may, cac 1énh MUL AB va DIV thyec thi trong
4 chu ky may (luu ¥ 14 1 chu ky may dai 1 pusec néu 8051 hoat dong véi xung clock
12 MHz).

Vi diéu khién 8051 cung cép kiéu dinh dia chi linh hoat cho khong gian nhd ni.
Mot vi tri bat ky déu c6 thé ting hay giam bang cach dung kiéu dinh dia chi truc tiép
ma khong can qua trung gian thanh chira A. Lay vi du néu vi tri 7FH ctia RAM noi
chura gia tri 40H, 1énh:

INC 7FH

Tang gia tri tai dia chi 7FH thanh 41H va dat két qua tai 7FH, 8051 ciing c6 1énh
INC thao tac trén con tro dir liéu 16 bit. Do con tré dit li€u chira 16 bit dia chi ctia bd
nh¢ ngoai, viéc tang ndi dung con tro nay la mot dac trung thuong st dung. Tap 1énh

8051 khong c6 1énh giam noi dung con tré dit liéu ma ta phai dung dén 1 chudi 1énh

sau:
DEC DPL ; Giam byte thap ciia DPTR
MOV  R7, DPL ; Cdt vao R7
CJNE R7, #0FFH, SKIP ; So sanh voi OFFH
DEC DPH - Néu bcing, giam byte cao cua DPTR
SKIP: .... ; Khong bcfng, bo qua

Céc byte thip va byte cao cia DPTR phai dugc giam riéng ré trong d6 byte cao
(DPH) chi dugc giam 1 néu byte thip (DPL) tran tir 00H qua FFH.

Céch cong nhiéu byte: khi c6 nhiéu byte dir liéu trong bd nhé SRAM, nhu dia
chi 40h (chtra 7dh), 41h (chtta Oebh), 42h (chtra Oc5h), 43h (chira 5bh), 44h (chtra
30h) voi doan 1€nh sau:

Mov r0, #40h ; Xdc lap mad dia chi 40h cua bo nho RAM dung thanh ghi RO

Mov r2, #5  ; Tao s6 lan thuc hién phép cong (5 lcfn)

Clr a ; Xoa sach thanh ghi a

Mov  r7 a - Cat két qua vao thanh ghi tam r7

Lai: add a, @r0 ; Cong a voi ngi dung co o dia chi tro boi thanh ghi r0

Jne  ttuc - Néu co CY conla “0” thi nhay dén nhan ttuc
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Incr7 s Néuco CY=“1"thi tang tang r7 lén 1
Ttuc: inc r0 ; Tang r0 lén 1, chuyén qua dia chi tiép theo
Djnz r2, llai - Néur2 giam chuwa = “0” thi nhay dén nhan llai

Két qua 5 1an cong, két qua byte thap cho giit trong thanh a két qua byte cao lay
theo CY s& cat trong thanh ghi R7.

Céc phép toan sd hoc cho cic con s6 c6 dau +/-. Ngudi ta dung 8 bit vai bit cao
nhat MSB dé lam bit d4u, 7 bit con lai dé ghi d6 16n dir liéu. Bit D7 = “0” biéu thi
dau “+” D7 = “1” biéu thi ddu “— nhu vy dit liéu lic ndy + 127 d&én - 127. Dé biéu
thi mot s6 am (-) c6 dau D7 = “0” lac ndy phan do 16n duoc biéu thi bang sé 1dy bu 2
cua no, viéc chuyén phﬁn d6 16n ra s6 bu 2 s& do trinh bién dich dam nhiém va theo
trinh tu sau:

Viét con s6 c6 dau dang 8 bit nhi phan dédo ngugc cac bit nay va cong (+) 1 thém
vao ta duge sb bu 2 cta sb do.

Vi du 2.4: Biéu dién con s6 -34h c6 s6 nhi phan 1a 00110100b 13y dao 1én 1a 1100
1011b + 1 =1100 1100b hay cch. Chang han cong 2 s -2 va -5:

Mov  a #2 ;-2lafeh = 1111 1110b
Mov  r4, #5 ;-5lafph=11111001b

Add a2 ; Két qud f9h = 1111 1001b, OV = “0”
Hogcmov — a, #+96 ;496 1a 60h = 0110 0000b

Mov I #+70 - +701a 46h = 0010 0110b

Add  arl ; Két qua -90 la a6h = 1010 0110b, OV = “1”

Kiém tra cd tran OV bang “0” 1a két qua ding, bang “1” 1a két qua sai.
2.3.4. Nhom lénh nhay

C6 nhiéu 1énh dé diéu khién Ién chuong trinh bao gém viéc goi hodc tra lai tur
chuong trinh con hodc chia nhanh cé diéu kién hay khong cé diéu kién.

Tt ca cac 1énh r& nhanh déu khong anh huong dén co. Ta c6 thé dinh nhén can
nhay t61 ma khong can rd dia chi, trinh bién dich sé& dat dia chi noi can nhay téi vao
dung khau 1énh da dua ra. C6 3 bién thé cua 1énh nhay: SIMP, LIMP va AIMP (dia
chi twong dbi, dai va tuyét dbi).

Lénh JMP @A-+DPRT ho tro céac thao tac nhay phu thudc vao trudng hop
cu thé cho cac bang nhay. Dia chi dich dugc tinh ¢ thoi diém thuc thi 1énh 1a téng cua

ndi dung thanh ghi DPRT 16 bit v6i ndi dung cua thanh A. DPRT dugc nap dia chi
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ctia bang nhay va thanh chtra A dong vai trd cia mot thanh ghi chi sd.

Vi du 2.5: Néu 6 5 yéu cau, 1 gia tri tir 0 dén 4 dugc nap cho thanh chtra A va 1 nhay
truong hop tuong thich dugc thuc hién nhu sau:

Mov dprt, #jump_table

Mov a, index_number

RI a

Jmp @a+dprt

8051 cung cap cho ta nhiéu 1énh nhay c6 diéu kién. T4t ca cac 1énh nay xac dinh
dia chi dich bang kiéu dinh dia chi trong dbi va cung bi gi¢i han & khoang cach nhay
tir -128 byte dén +127 byte ké tir 1énh theo sau 1énh nhay c6 diéu kién. Tuy nhién can
luu ¥ 14 nguoi 1ap trinh s€ xac dinh dia chi dich theo cung cach véi cac 1énh nhay
khac bang cach dung nhin hay dung sé 16 bit. Trinh dich hop ngit s& thuc hién cac
viéc con lai. Cac 1énh JZ va JINZ kiém tra dit liéu trong thanh chtra cho diéu kién nay.

Lénh DINZ (giam va nhay néu khac 0) danh cho diéu khién vong lap. Bé thuc
thi mot vong lap n lan, ta nap mot byte s6 dém N cho mdt thanh ghi va két thac vong
lap v6i DINZ tro téi diém bat dau vong ldp, nhu N = 10:

MOV  R7, #10

LOOP : ; (Bdt dau vong ldp)

Két thuc vong lap:
DJNZ R7, LOOP
(tiép tuc)

Lénh CINE (so sanh va nhay néu khong bang) ciing danh cho viéc diéu khién
vong ldp. Hai byte dugc xéac dinh trong truong toan hang cua 1€nh va vi¢c nhay chi
duoc thuc thi néu 2 byte khac 0. Gia su néu mot ky tu vira dugc doc vao thanh chira
A tu port ndi tiép va ta mudn nhay dén mot 1énh dugc nhan biét boi nhin
TERMINATE néu ky ty 1a “C” (03H), cac dong 1énh sau duoc sir dung:

CJINE A, #03H, SKIP

SJMP TERMINATE

Vi thao tdc nhay chi xuat hi¢én néu thanh chita A chira ma cua “C”, mot nhan

SKIP duoc ding dé bo qua viéc két thuc 1énh nhay ngoai trir khi ma yéu cau duoc
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doc. Lénh trén con dugc ing dung trong cac phép so sdnh 16n hon hay nhé hon 2 byte
trong truong toan hang 1a cac sd nguyén khong dau. Néu byte nho hon byte thi 2 ¢
nhé duoc SET 1én 1. Néu byte 16n hon hoac béng byte thir 2, cd nhd duoc xda. Léy
vi dy néu ta mudn nhay dén BIG trong khi gia tri trong thanh chira A 16n hon hodc
bang 20H, céc chi thi sau duoc dung:

CINE A4, #20H, $+3

JNC  BIG

Dich nhay cho 1énh CINE duoc xac dinh 1a $+3, dau $ 1a mot ky hiéu cua trinh
dich hop ngir biéu thi dja chi cua l1énh hién hanh. Vi CINE la 1énh 3 byte, $+3 la dia
chi caa Iénh tiép theo, INC. Mat khéc, 1énh CINE theo sau béi I¢nh INC khong quan
tam dén két qua so sanh. Muc dich duy nhét ciia viéc so sanh 1a dé bat hay x6a c& nhd
va lénh INC quyét dinh nhay hay khong nhay. Gia dinh nay thé hién trong d6 8051
tiép can voi tinh hudng 1ap trinh téng quat mot cach vung vé hon so véi hau hét cac
b6 vi xur 1y. Tuy nhién, viéc sir dung “macro” cho phép ta co cac chudi 1énh manh,
chang han duoc cdu triic va thuc thi bang cach dung mot ma goi nhé duy nhat.

Sau day 1a su tom tit timg hoat dong cua 1énh nhay.

JC rel ; Nhay dén “rel” néu co Carry C = 1.

JNC  rel ; Nhay d@én “rel” néu co Carry C = 0.

JB bit, rel ; Nhay dén “rel” néu (bit) = 1.

JNB  bit, rel ; Nhay dén “rel” néu (bit) = 0.

JBC  bit, rel ; Nhay dén “rel” néu bit = 1 va xéa bit.

ACALL addrlil ; Lénh goi tuyét doi trong page 2K

LCALL addrl6 ; Lénh goi dai chuong trinh con trong 64K.

RET ; Két thiic chwong trinh con trévé chuong trinh chinh.
RETI ; Két thiic thii tuc phuc vu ngdt quay vé chuong trinh chinh
AJMP  Addrll ; Nhay tuyét doi khong diéu kién trong 2K.

LIMP Addr16 ; Nhay dai khéng diéu kién trong 64K

SIMP rel  ; Nhay ngdn khéng diéu kién trong (-128127) byte

JMP @A + DPTR ; Nhay khéng diéu kién dén dia chi (4) + (DPTR)
JZ rel  ; Nhay dén A = 0. Thuc hanh 1énh ké néu A khéc 0.
JNZ el ; Nhay d@én A 0. Thuwc hanh 1énh ké néu A = 0.
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CJINE A, direct, rel ; So sanh va nhay dén A direct thuc hanh lénh ké tiéb.‘

DJNE Rn, rel ; Giam Rn va nhay néu Rn 0.

DJNZ direct, rel  ; Twong ty lénh DJNZ Rn, rel.

Vi du 2.6: St dung Iénh r& nhanh dé tao delay:

Delay:

Mov r5, #10

Vongl: mov r6, #50

Djnz r6,$
Djnz r5, vongl
Ret
2.3.5. Nhom lénh logic

T4t ca céc lénh logic sir dung thanh ghi A nhu 1a mdt trong nhitng todn hang
thuc thi mot chu ky may, ngoai A ra mat 2 chu ky may. Nhimng hoat dong logic co
thé dugc thuc hién trén bat ky byte nao trong vi tri nh¢ dir liéu ndéi ma khong qua
thanh ghi A.

Bao gdm céc phép toan logic AND, OR, XOR, NOT trén cic byte dit liéu va
thuc hién trén tirng bit c6 cung gid tri vi tri. Néu thanh chtra A c6 gia tri 00110101B,
1énh AND logic sau:

ANL <dest - byte> <src - byte>

ORL <dest - byte> <src - byte>

XRL <dest - byte> <src - byte>

Céc phép toan logic c6 thé dugc thyc hién trén mot byte bat ky trong bo nhd di
liéu ndi ma khong can qua trung gian thanh chira A. Lénh XRL direct, #data gitip ta
nhanh chong va dé dang dao muc logic céc bit ctia port:

XRL  PIl, #0FFH

Thyc hién mot thao tac doc — stra — ghi. 8 bit cua port 1 duge doc, sau d6 ting
bit dugc XOR véi cac bit tuong ing cua dir li¢u tirc thoi. Vi 8 bit cua dit liéu tie thoi
déu 1a “17, két qua la timg bit ciia port 1 duge duoc lay bu va két qua nay duoc ghi
trg lai port 1.

Céc Iénh quay (RL, RR) dich thanh chira A: Vi 1€nh quay trai RL A, bit c6 gia
tri vi tri 16n nhat MSB duoc dua vao vi tri ¢6 gid tri thap nhat LSB. Vi 1énh quay
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phai RR A, bit ¢6 gia tri thdp nhat LSB dwgc dua vao vi tri thap nhat LSB duoc dua
vao vi tri c6 gia tri 16n nhat MSB. Céc 1énh RLC A va RRC A 1a céac 1énh quay 9 bit
sir dung thanh chirta A va ¢ nhd CY trong thanh ghi PSW. Vi du néu cd nhé CY
chtra 1 va thanh chtra A chtra 00H thi 1énh RRC A s& cho két qua 13 ¢ nhd CY chua
0 va thanh chita A ¢6 ndi dung 1a 80H. Diéu nay c6 nghia 1 cd nhé CY duge dua dén
ACC.7 va ACC.0 duge dua dén cd nhé.

Lénh SWAP A trao ddi nira thip 4 bit v6i nira cao 4 bit trong thanh chira A véi
nhau. Lénh nay dung trong cic phép toan s6 BCD. Chang han thanh A chira mot sd
nhi phan nho hon 10010y ta bién d6i s6 nhi phan nay thanh BCD bang dong 1énh:

MOV B, #10
DIV AB
SWAP A
ADD A, B

Viéc chia mot s6 cho 10 trong 2 1énh dau tién tao ra sd chyc trong ntra thap
thanh A va s don vi trong thanh B. Lénh SWAP va ADD di chuyén s6 chuc dén nira

cao cta thanh chtra A va s6 don vi vao nira byte thap cta thanh chia nay.

CLR A4 ;(4) 0

CLR C ;(C)0

CLR  Bit ; (Bit) 0

RL A ; Quay vong thanh ghi A qua trdi 1 bit (An + 1)(4An)

;n=06(A40) (A7)
SWAP A ; Poi ché 4 bit thip va 4 bit cao ciia A cho nhau (A340) (A744).
Vi du 2.7: Hay nhdp dir li¢u bén ngoai vao 89C51 qua Port P1, va do xem ni dung
c6 bang 45h khong. Néu c6 thi giri ndi dung co trong dia chi 99h ra Port P2.

Mov  p2, #00h ; Chon p2 lam port xudt

Mov  pl, #0ffh ; Chon P1 lam port nhdp

Mov 13, #45h ; Cat 45h vao thanh r3

Mov a pl ; ; Cho nhdp dit liéu ngoai qua port Pl
Xrl a, r3 ; So sanh 8 bit trong a voi 8 bit trong r3
Jnz exit ; Néu A = 0 thi nhay dén nhan exit
Mov p2, 99h

Exit - ...
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Vi du 2.8: Chuyén ma ASCII ra dang s6 BCD nén, truéc hét cho chuyén vé dang
khong nén sau d6 két hop cac s6 BCD khong nén thanh BCD nén. Khi chiing ta gé phim “4”
(md ASCII 1a 34h va phim “7” (ma ASCII 1a 37h) vy tir 2 s6 34h va 37h tao ra s6 BCD
dang nén ttrc 13 tao ra s6 47h (0010 0111b).

Mov a, #'4° - Gan ma ASCII ciia s6 4 cho thanh ghia (aco s0 34h)

Mov rl, #7° - Gan md ASCII ciia s6 7 cho thanh ghia (aco 50 37h)

Anl a, #0fh ; Lay AND cua a va Ofh d@é che 4 bit cao, gitt nguyén 4 bit thap

Anl rl, #0fh; Ldy AND ciia rl va Ofh d@é che 4 bit cao, giit nguyén 4 bit thdp

Swap a ; Ldt 4 bit trong a 1én nam ¢ 4 bit cao, trong a cé 40h
Orl a, rl ; Ghép 4 bit cao cua a va 4 bit thdp cuarl, tao ra 56 BCD
; dang nén.

2.3.6. Cac l¢nh ludn ly, bit

8051 chira mot bo xwr 1i luén ly déy da cho cac hoat dong bit don, day 1a mét
diém manh cta ho vi diéu khién MSC-51 ma cac ho vi diéu khién khac khong co.

RAM ndi chira 128 bit don vi va cac vung nhé cac thanh ghi chirc nang dac biét
cip 1én dén 128 don vi khac. Tt ca cac duong Port 1a bit dinh vi, mdi dudng co thé
dugc xur li nhu Port don vi riéng biét. Cach truy xuét cac bit nay khong chi cac 1énh
r€ nhanh khong, ma 1a mdt danh muc déy du cac 1énh MOVE, SET, CLEAR,
COMPLEMENT, OR, AND.

Toan b sy truy xuét cia bit dung su dinh vi truc tiép v&i nhiing dia chi tir 00H
- 7FH trong 128 ving nhé thap va 80H - FFH & cac ving thanh ghi chirc ning dic
biét.

Bit Carry C trong thanh ghi PSW va duoc dung nhu mot sy tich Iy don bit cta
bo xtt 1i luan ly. Bit Carry cling la bit dinh vi va c6 dia chi tryc tiép vi n6 nam trong
PSW. Hai 1énh CLR C va CLR CY déu c6 cung tac dung 13 x6a bit co Carry nhung
lénh ddu mat 1 byte con 1énh sau mat 2 byte.

Piéu khién don bit dugc dung cho nhiéu thiét bj xuit/ nhap, bao gdm xuét ra
Role, dong co, cudn day, cac LED, mach coi bao dong, loa hodc nhap tur cac chuyén
mach hoic cac bo chi thi trang thai. Néu c6 mot mach coi bao dong ndi véi bit 7 ctia
port 1, ta c6 thé tac dong mach coi bang cach bat bit ctia port:

SETB Pl.7

Hoic tat coi bang cach x6a bit cua port:
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CLR Pl.7

Trinh dich hop ngit s& bién doi ky hiéu P1.7 thanh dia chi bit 1a 97H. Trinh bay
sau cho phép ta di chuyén mot c¢& vao mot chan cua port:

MOV C, FLAG

MoV  Pl0,C

Trong vi du trén, FLAG 14 tén cua 1 bit dugc dinh dia chi trong 128 vi tri thé.p
hodc trong khong gian SFR. Mot duong xuat hodc nhéap (bit 0 cia port 1) dugc bat
hodc x6a phu thudc vao bit co co6 gia tri “1”” hodc “0”. Bit nhé trong PSW dugc dung
nhu mot thanh chira don bit cia bo xur 1y logic trén bit, cac 1énh don bit li€n quan dén
bit nhé ky hiéu C 1a cac 1énh dic biét lién quan dén co nhé (nhu CLR C). Bit nhé
cling c6 mot dia chi tryc tiép vi bit nay duoc Iuu trong thanh ghi PSW, thanh ghi nay
duoc dinh dia chi tung bit.

Céc 1énh logic trén bit bao gém ca lénh ANL va ORL nhung khong bao gom
lénh XRL. Néu ta can XOR 2 bit, Bitl va Bit2, va két qua cat trong cO nhg, cac 1€nh

sau dugc s dung:

MOV  C, Bitl
JNB  Bit2, SKIP
CPL C

SKIP: ...

Trude tién Bitl dugc nap cho ¢ nhé. Néu Bit2 bang 0 thi C dé chira két qua
(nghia 12 Bitl @ Bit2 = Bitl néu Bit2 = 0). Néu bit2 = 1, C chita két qua 12 bu ctia co
nh¢. Viée 1y bu C hoan tit phép toan XOR.

Hoat dong cua cac I¢nh luan ly dugc tom tat nhu sau:

CLR C ; Xéa co Carry xuéng 0. C6 anh hieong co Carry.

CLR BIT ; Xéa bit xuéng 0. Khong anh hieong co Carry

SET C ; Set co Carry lén 1. Co anh huwong co Carry.

SET BIT ; Set bit lén 1. Khong anh huwong co Carry.

CPL C ; Dao bit co Carry. Co anh huong co Carry.

CPL BIT ; Dao bit. Khong anh huong co Carry.

ANL C, BIT ; (C) (C) AND (BIT): Co anh huwong co Carry.

ANL C, /BIT ; (C) (C) AND NOT (BIT): Khong anh huwong co Carry.
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ORL C, BIT ; (C) (C) OR (BIT): Tac dong co Carry.

ORL C,/BIT ; (C) (C) OR NOT (BIT): Tac dong co Carry.
MOV C, BIT ; (C) (BIT) Co Carry bi tac dong.
MOV BIT, C ; (BIT) (C) Khong anh huong co Carry.

2.3.7. Cac lénh xen vao
NOP; Khong hoat dong gi ca, chi tén 1 byte va 1 chu ky médy. Ta ding dé delay
nhitng khoang thoi gian nhd.
2.4. Timer va Counter
2.4.1. Chirc nang Timer
2.4.1.1. Ché dé va hoat dong thanh ghi

Trong 8051 ¢6 4 ché d6 Timer/counter c¢6 2 bit C/T thanh ghi TMOD & dia chi
byte 89H quyét dinh ché d6 Timer/counter.

GATE1 C/T M1 Mo GATEO C/T M1 Mo

Timer/Counter 1 Timer/Counter 0

Bdng 2.5: Cdc ché do chon C/T quy dinh tir hai bit M1, M0

M1 MO Modul Ché @9 hoat dong
0 0 0 Bo dinh thoi 13 bit (8 bit C/T va 5 bit dit trudc)
0 1 1 B dinh thot 16 bit khong dat trude, khong tu nap lai
1 0 2 B dinh thoi 8 bit tu nap lai
1 1 3 Ché d6 dinh thoi chia tach

C/T = 1 ché do chon la Counter, bit nay C/T =0 ché do 1a Timer

GATEL! = 1 hoat dong theo diéu khién ngit ngoai (INT1 = 1)/ GATEI = 0 theo
diéu khién trong khong phu thudc INTI.

GATEO = 1 hoat dong theo diéu khién ngat ngoai (INT0)/ GATEO = 0 theo diéu
khién trong khong phu thudc INTO

MOV TMOD, #01H(0000 0001B); chi cé bit MO nhan 1 nén ta c6 bd Timer
0 Modul 1 ché @6 16 bit khong tu nap lai.

Thanh ghi TCON c6 dia chi byte 88H
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TF1 TR1 TFO TRO IE1 IT1 1E0 ITO

Counterl/Timerl Counter0O/Timer0
TF1 Co béo tran TF1/TFO = "1" khi xung dén thanh ghi TH1/THO, TL1/TLO tir

0000H dén FFFFH dbi véi ché do 1 (16 bit) hodc thanh ghi TL1/TLO dém tir 00H dén
FFH d6i v6i ché do 2 (8bit). TR1, TRO bat dau cho Timer/Counter hoat dong hay

dung.

2.4.1.2. Chédj va nguén xung clock dinh thoi

Timg bd dinh thoi s& dugc dé cap dén trong muyc nay. Chip 8051 c6 2 bd dinh
tho1 TO va T1 nén ta c6 cac thanh ghi THO, TLO, TH1, TL1 va céac co tran TFO, TF1
tuong Ung.

2.4.1.3. Ché @p dinh thoi 16 bit (ché dé 1)

Xung clock dit vao cac thanh ghi dinh thoi cao va thap két hop (TLx/THx). Khi
c¢6 xung clock dén, bo dinh thoi dém 1én: 0000H, 0001H, 0002H... mot tran s& xuét
hién khi co su chuyén s6 dém tr FFFFH xuéng 0000H, su kién nay sé& bat co tran
bang “1” va bd dinh thoi tiép tuc dém. Co tran 1a bit TFx nam trong thanh ghi diéu
khién dinh thoi TCON, bit nay duoc doc hodc ghi bai phin mém.

Bit c6 trong s 16n nhat (MSB) clia gia tri trong cc thanh ghi dinh thoi 1a bit 7
ctia THx va bit c¢6 trong sd thap nhat (LSB) 1a bit 0 cia TLx. Bit LSB thay doi trang
thai va chia 2 tan s6 xung clock dinh thoi & ngd vao trong khi bit MSB thay d6i trang
thai va chia cho 65536 (ttrc 1a 2'6) tan sé xung clock dinh thdi ¢ ngd vao. Cac thanh
ghi dinh thoi (TLx/THx) c6 thé duoc doc hodc ghi & 1 thoi diém bat ky béi phan
mém.

2.4.1.4. Ché do tw nap lai 8 bit (ché do 2)

Ché d6 2 1a ché d6 tu nap lai 8 bit. Byte thdp cua bo dinh thoi (TLx) hoat dong
dinh thoi 8 bit trong khi byte cao cua bd dinh thoi luu trit gia tri nap lai. Khi s6 dém
tran tir FFH xuéng 00H, khong chi co tran cua b dinh thoi dugce bat [én 1 ma gia tri
trong THx con dugc nap vao TLx; viéc dém s& tiép tuc tur gia tri nay cho dén khi xay
ra cd tran (FFH —> 00H) ké tiép... ché do nay kha thuan loi do boi viée tran bo dinh
thoi xay ra & nhimg khoang thoi gian xac dinh va tuan hoan mot khi cac thanh ghi

TMOD va THx da dugc khoi dong.
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2.4.1.5. Dinh thoi mot khoang thoi gian

Néu C/T =0, hoat dong dinh thoi dugce chon va nguén xung clock cua bg dinh
thoi do mach dao dong bén trong chip tao ra. Mot mach chia 12 tan duogc thém vao
dé giam tan sé xung clock dén mot gia tri thich hop véi hau hét cac ing dung. Lac
nay bo dinh thoi duge ding dé dinh thoi trong mot khoang thoi gian. Cac thanh ghi
dinh thoi (TLx/THx) dém 1én véi tan sb xung clock bang 1/12 tan sé ctia mach dao
dong trén chip (nghia 1a néu thanh anh 13 12MHz, tan sé xung clock 1a 1 MHz). Bo
dinh thoi s& tran sau mot sd xung clock ¢b dinh phu thudc vao gia tri ban dau nap cho

cac thanh ghi dinh thoi (TLx/THXx).

2.4.1.6. Khoi tao va truy xudt cac thanh ghi dinh thoi

Céc bo dinh thoi thuong dugc khoi dong 1 1an ¢ thoi diém bat ddu chuong trinh.
TMOD Il thanh ghi dugc khoi dong trudc tién vi day 1a thanh ghi thiét 1ap ché do
hoat dong. Dong I¢nh sau day 1a khoi dong bd dinh thoi 1 hoat dong ché d6 16 bit
(ché do 1) xung clock dugc cap tir mach dao dong trén chip.

MOV TMOD, #00010000B

Két qua cua 1énh nay thiét 1ap M1 = 0 va MO = 1 dé 4n dinh ché d6 1, C/T=0
va GATE = 0 dé sir dung xung clock trén chip, x6a cac bit chon ché d6 ciia bo dinh
thoi 0. Trong thyc té b dinh thoi lam viée bat dau khi bit didu khién hoat dong TR1
dugc bat bang "1".

Trong trudng hop can dém sb dém ban dau cac thanh ghi dinh thoi TL1, THI
cling phai duwoc khoi dong, ¢ tran = "1" khi xdy ra s6 dém tran tir FFFFH xudng
0000H, vi viy mot khoang thoi gian 100pus c6 thé dinh thoi bang cach khoi dong
TL1/THI chtra s6 dém nho hon 0000H mot lwong 14 100 nghia 1a -100 hay FF9CH.
Céc 1énh sau thuc hién diéu nay:

MOV  TLI, #9CH

MOV THI, #OFFH

Ké dén bo dinh thoi bat dau hoat dong bang cach thiét 1ap bit didu khién hoat
dong bang 1 nhu sau:

SETB TR1
Co tran dugc hoat dong thiét 1ap sau khoang thoi gian 100ps bang cach sir dung

mdt 1énh 1& nhanh va lap lai chinh 1énh nay trong khi c& tran chwa dugc bat bang "1":
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WAIT: JNB  TFI1, WAIT
Khi bo dinh thoi tran, ta can dung bd dinh thoi va xo6a cd tran béng phﬁn mém:
CLR TRI ; Dung bo dinh thoi
CLR TFIl ; Xoa co tran
- Boc bg dinh thoi: ta phai doc 2 thanh ghi dinh thoi béng hai dong 1€nh lién
tiép, mot sai 1éch c6 thé xuat hién néu co tran tir byte thap chuyén sang byte cao giira
2 1an doc do vay ta khong doc ding duoc gid tri can doc. Giai phap dua ra 1a trude
tién ta doc byte cao, ké dén byte thap va rdi doc byte cao lan nita. Néu byte cao thay
doi gia tri ta 1ap lai céc thao tac doc vira néu. Nhu doc thanh ghi TL1/TH1 dua vao
thanh ghi R6, R7 va giai quyét van dé vira néu:
AGAIN: MOV A, THI
MOV R6, TLI
CINE A, THI, AGAIN

MOV R7, A

2.4.2. Chirc nang Counter

Néu C/T = 1 b6 dinh thoi duoc cung cép xung clock tir mot nguén tao xung bén
ngoai. Trong da sb cac tmg dung, ngudn xung clock nay cung cip cho b dinh thoi 1
xung dua trén vi¢c xay ra 1 sy kién — bd dinh thoi bay gio dém sy kién. S6 cac su
kién dugc xac dinh trong phén mém bﬁng cach doc cac thanh ghi dinh thoi
(TLx/THXx), gia tri 16 bit trong cac thanh ghi nay tang theo mdi sy kién. Hai chan cia
port 3 (P3.4 va P3.5) bay gio tré thanh ngd vao xung clock cho céc bd dinh thoi. Chan
P3.4 1a ngd vao xung clock cho bd dinh thoi 0 (ta con goi 1a chan TO ¢ ngit canh nay),
chan P3.5 (T1) 1a ngd vao xung clock cho b dinh thoi T1.

2.5. Truyén thong noi tiép
2.5.1. Chirc néing néi tiép

2.5.1.1. Gioi thiéu

Chtre nang ciia port noi tiép 1a thyc hién viéc chuyén doi dir liéu song song thanh
nbi tiép khi phat va chuyén doi dir liéu ndi tiép thanh song song khi thu. Cac mach
phan cting bén ngoai truy xuét thong qua chan TxD (P3.1 phat dit liéu) va RxD (P3.0
thu dir ligu).

Dic trung ctia port ndi tiép 1a hoat dong song cong nghia 1a c6 thé thu phat dong
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thoi. Phan mém st dung 2 thanh ghi chirc ning dic biét SBUF va SCON dé truy xudt
port ndi tiép. B6 dém cua port ndi tiép SBUF c6 dja chi 99H. Viéc ghi 1én SBUF s&
nap dir li¢u dé phat va viéc doc SBUF s¢€ truy xuét di liéu d3 nhan (xem Hinh 2.8).

Thanh ghi diéu khién port ndi tiép SCON (dia chi 98H 1a thanh ghi dinh dia chi
bit) thanh ghi niy chira cac bit trang thai va cac bit diéu khién. Cac bit diéu khién s&
thiét 1ap ché d6 hoat dong cho port ndi tiép con cac bit trang thai chi ra su két thuc
viéc thu hodc phat mot ky tu.

TxD BxD
P31 P30

SBUF L D ; :

CLK write-only 2 Shift register
CLE

Baud rate clock u

(transroat)
Baud rate clock SBUF
(Tecerie) read - only

2051 Internal bus

Hinh 2.8: So do khéi cuia port néi tiép
Do cac ché do truyén thong ndi tiép chuan RS232 ra doi rat lau trudce khi cac
dong IC hoc TTL, nén sy tuwong thich dién 4p da khong nhu mong muén. Hau hét cac
cong RS232 (COM ciia PC) quy wdc mirc “0” ¢o gia tri dién ap -25V + -3V, mic “1”
c6 gia tri dién ap +3V + 25V nén khi mirc dién ap roi vao khoang -3V ++3V la khong
xac dinh dé twong thich véi cac ché do cua vi didu khién qua truyén thong véi COM
PC nguoi ta st dung MAX232 dé 1am nhiém vu chuyén doi tuong thich cho 2 ché do
dién ap trén.
2.5.1.2. Ché d¢ port néi tiép
Thanh ghi chon ché 46 SCON cuia port ndi tiép & dia chi 99H, trudc khi st dung
port ndi tiép, thanh ghi SCON phai dugc khdi dong dung ché do yéu cau, mo ta nhu:
MOV SCON, #01010010B
Khéi dong ché do port ndi tiép & ché @6 "1" (SMO/SM1 = 0/1) cho phép thu
(REN = "1") va bt co ngit phat bang "1" (TI = 1) dé chi ra rang port ndi tiép sin

sang phat dir liéu.
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Port ndi tiép ¢ 4 ché do hoat dong thy thuoc vao SMO va SM1.

Bdng 2.6: Tém tdt thanh ghi SCON

Bit Ky hiéu Dia chi Mbo ta

SCON.7 SMO 9FH Bit 0 chon ché d6 port ndi tiép

SCON.6 SM1 9EH Bit 1 chon ché d6 port nbi tiép

SCON.5  SM2 9DH Bit nay cho phép truyén thong da xir Iy & ché do
2 va 3, bit RI s& khong duoc tich cuc néu bit thi
9 nhan duoc 0

SCON.4 REN 9CH Cho phép thu, phai dugc bat dé nhan ky tu

SCON.3 TB8 9BH Bit phat 8. Bit thr 9 duoc phét & ché d6 2 va 3,
bét va x6a boi phan mém

SCON.2 RBS8 9AH Bit thu 8. Bit thtr 9 nhan duogc

SCON.1 TI 99H Co ngit phat, co ndy dugc bt ngay khi két thic
viéc phat mot ky tu, x6a boi phén mém

SCON.0 RI 98H Co ngat phat, co nay dugc bat ngay khi két thuc

viéc thu moét ky tu, x6a bdi phan mém

2.5.2. Hoat ddng truy xuit thanh ghi

2.5.2.1. Thanh ghi 8 bit (ché d¢ 0)

SM0 SM1 Chédd

Mo ta

Téc d baud

0
0
1
1

0
1
0
1

0
1
2
3

Thanh ghi dich  Cb dinh (tan s6 dao dong/12)

UART 8 -bit  Thay d6i (thiét lap bd dinh thoi)

UART 9 -bit  C6 dinh (tan sé dao dong/12 hoic/64)

UART 9-bit  Thay dbi boi bo dinh thoi

Bang cach ghi gia tri 0 vao SM0, SM1. Dit liéu ndi tiép dugc thu va phat thong

qua chan RxD, TxD xuat xung clock dich bit.

Mot ting dung kha thi cia ché d6 0 1a mo rong thém cho cac ngd ra cho 8051.

Mot vi mach thanh ghi dich ndi tiép — song song cé thé duoc ndi véi cac chan TxD

va RxD cua 8051 dé cung cip thém 8 dudng xuit.

Vi¢ce phat dir liéu dugc khdi dong bﬁng 1énh ghi dir liéu vao SBUF. Dir li¢u

dugc ghi ra ngoai chan RxD (P3.0) vai cac xung clock dich bit dugce guri ra trén chan

TxD (P3.1). M&i mét bit hop 1& duoc truyén di trén duong RxD trong mot chu ky

may.
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2.5.2.2. UART 8- bit ¢6 téc d baud thay doi (ché dé 1)

Trong ché d 1 port ndi tiép hoat dong nhu mot bd thu phat khong dong bo
(UART) 8 bit 6 tdc do baud thay ddi duwge UART la bo thu phat dit liéu ndi tiép véi
moi mot ky tu dir liéu duoc diung trude bdi mot bit Start (0) va ding sau bdi mot bit
Stop (1). Nhu vdy ché d6 1 ¢6 10 bit dugc thu trén chan RxD va 10 bit phat trén chan
TxD cho mdi 1 ky tu dit lidu.

Khi hoat dong thu bit Stop dua dén RBS ctia SCON. Véi 8051, téc do baud
duoc thiét lap boi tde do tran. B0 thu bao gém vi€c phat hién bit Start sai bé'lng cach
yéu cau 8 sb dém & trang thai 0 sau khi ¢ sy chuyén trang théi tir “1” xubng “0”.

2.5.2.3. UART 9- bit ¢6 téc d6 baud cé dinh (ché do 2)

Khi SM1 = 1 va SM0=0, port ndi tiép hoat dong & ché d6 2 UART 9- bit ¢6 dinh
baud. 11 bit dugc thu hodc phat cho mét ky tu dir liéu, thém bit thr 9 14p trinh dugc
trude bit Stop. Khi phat bit thir 9 1a bat ky dat vao TBS trong thanh ghi SCON (c6 thé
1a bit chdn 18). Khi thu bit thir 9 nhan duoc s& dit vao bit RB8. Tdc do baud ché do 2
bang 1/32 hodc bang 1/64 tan sé ctia mach dao dong trén chip.

2.5.3. Thiét ké chwong trinh

2.5.3.1. Cho phép thu

Bit cho phép thu REN trong thanh ghi SCON phai dugc bat boi phan mém dé
cho phép nhan céc ky tu (REN = 1) vira cho phép thu vira cho phép truyén. Diéu nay
thuong dugce thuc hién & dau chuong trinh khi port ndi tiép, bo dinh thoi, ... duge khoi
dong va thuc hién theo 2 cach sau:

SETB REN
Hoac
MOV SCON, #xxxIxxxxB
2.5.3.2. Céc co ngdt

Céc co ngit thu RI va phat TI trong thanh ghi SCON déng mét vai trd quan
trong trong viéc truyén dit lidu ndi tiép ciia 8051. Ca 2 bit déu dugc bat bang phan
ctmg nhung phai dugc x6a bang phan mém.

Néu phan mém mudn nhap mot ky tur tir mot thiét bi ghép véi port ndi tiép phan

mém phai cho cho tdi khi RI dugce bat ké dén phén mém x6a RI va doc ky tu ttr SBUF.
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Thé hién nhu sau:

WAIT: JNB  RI, WAIT  ; Kiém tra RI cho dén khi bang 1
CLR RI ; Xoa RI
MOV A, SBUF ; Doc ky tw
Co TI dugce bat khi két thac viée phat mot ky tu va chi ra rﬁng bd dém phat rong.
Néu phan mém mudn phat mot ky tu dén mot thiét bi ghép véi port ndi tiép, phan
mém trude tién phai kiém tra dé biét port da sin sang. Noi cach khac, néu mot ky tur
trude d6 da duge phat, phan mém phai chd viée phat két thic trudce khi gui tiép ky tu

ké. Céc 1énh sau day phat mot ky tur chira trong thanh chira.

MOV SBUF, A ; Phat ky tu
WAIT: JNB  TIL WAIT  ; Kiém tra TI cho dén khi bang 1
CLR TI ; Xoa TI

Céc chudi 1énh thu va phat & trén 1a mot phan cia cac chuong trinh con xuat
nhap ky tu va chung s& duge mo ta chi tiét trong cac ndi dung khac.
2.5.3.3. Téc do cua port néi tiép
Nhu da thay trong bang trén, toc do baud s& c6 dinh trong cac ché do 0 va 2.
Trong ché do 0, tbc do baud ludn bang tan s ciia mach dao dong trong chip chia cho
12. Thong thuong nguoi ta sir dung 1 thach anh bén ngoai chip cho mach dao dong
nay. Gia st tan s6 cua mach dao dong 1a 12 MHz, tdc do baud cua ché d6 0 1a 1IMHz.
Sau khi hé théng duoc reset, toc do baud cua ché do 2 bé'lng tan s6 cua mach dao
dong /64. Toc d6 baud cling bi anh hudng béi mot bit trong thanh ghi diéu khién
ngudn PCON. Bit 7 ciia PCON 1a bit SMOD viéc bat bit nay sé& lam ting toc d6 baud
ctia cac ché do 1, 2 va 3 1én gip doi.
Vi thanh ghi PCON khoéng dugc dinh nghia ting bit nén viéc bat bit SMOD 1én
"1" ma khong 1am thay doi cac bit khac ctia thanh ghi nay duoc thuc hién bang nhiing
dong I¢énh sau:
MOV A, PCON  ; Ldy gid tri hién hanh ciia PCON
SETB ACC.7 ; Set bit 7 bang 1 (SMOD)
MOV PCON, A ; Nap gid tri moi vao PCON
K§ thuat thuong ding dé tao xung clock téc do baud 1a khoi dong thanh ghi
TMOD ¢ ché d¢ ty nap lai 8 bit va dat gia tri nap lai thich hop vao thanh ghi TH1 dé

c6 toc do tran dang, tir 46 tao ra tdc d6 baud.
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MOV TMOD, 0010xxxxB

Néu mot tan sé dao dong trén chip 13 12MHz thi bé dinh thoi 1 cap xung clock
la 1 MHz. Do bd dinh thoi phai tran ¢ tdc do 1a 38.4 KHz, viéc tran can Xay ra sau
26.04 xung clock va dugc lam tron 1a 26. Vi bd dinh thoi dém 1én va tran khi c6 sd
dém tr FFH chuyén thanh 00H, 26 s6 dém nho hon 0 1a gia tri nap lai can dé nap cho
thanh ghi TH1. Gia tri nay -26.

MOV THI, #26

Trinh dich hop ngit s& bién ddi can thiét. Trong truong hop nay -26 s& bién dbi
thanh OE6H vay thi 1énh trén tr¢ thanh

MOV THI, #0E6H

Vi du 2.9: Viét chuong trinh dé khoi dong port ndi tiép sao cho port nay hoat dong nhu

UART 8-bit véi tdc d6 2400 baud. Sir dung bo dinh thoi 1 dé cung cap xung clock cho toc
d6 baud. Tdc d6 baud duoc tinh nhu trong bang sau:

Bdng 2.7: Bang toc dg truyén thong

Téc d baud TH1 (thap phén) TH1 (Hexa)
9600 -3 FDH
4800 -6 FAH
2400 -12 F4H
1200 -24 F8H

Vi truong hop nay ta khéi dong 4 thanh ghi SMOD, TMOD, TCON va TH1.

Céc gia tri yéu cau dugc tom tat sau:

Bdng 2.8: Cdc ché d hoat déng thanh ghi

SMO0 SM1 SM2 REN TBS RBS8 TI RI

SCON 0 1 0 1 0 0 0 0
GATE C/T Ml MO GATE C/T Ml MO

T™OD 0 0 1 0 0 0 0 0
TF1 TR1 TFO TRO IE1 IT1 [EO  ITO

TCON 0 1 0 0 0 0 0 0

THI 1 1 1 0 0 1 1 0

Viéc thiét 1ap SM0/SM1 =0/1 nham dit port ndi tiép & ché 3o UART 8-bit, REN
= “1” cho phép port ndi tiép thu cac ky ty. Bat TI = “1” cho phép phat ky tu dau tién
bang cach chi ra rang bd dém phat rong. Vi thanh ghi TMOD viéc thiét 1ap M1/MO
= 1/0 dat bo dinh thdi vao ché do tu nap lai 8 bit. Viéc bat TR = “1” trong TCON s&
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khoi dong bo dinh thoi 1 hoat dong.

Céc bit khac dugc cho bang “0” do chung diéu khién cac dic trung hodc cac ché
dd khong duoc str dung trong céac ché do nay. Gia tri can nap cho TH1 1a gia tri cung
cap toc do tran 2400x32=76.8kHz. Gia s tan s6 ciia mach dao dong trén chip la
12MHz b6 dinh thoi 1 dugc cung cip xung clock c6 tan sé IMHz va sé xung clock
cho mdi 1an tran 1a 1000 /76.8 = 13.02 vay gia tr1 nap lai 1a -13 hodc OF3H.

Vi du 2.10: Chudi 1énh khéi dong port ndi tiép va truyén ky tu YES & toc do 9600
(ché do 8 bit dir liéu 1 bit START, 1 bit STOP nhu sau:

org 8100h

mov scon, #50h  ; Port néi tiép ché do 1 (I start + 8 bit dit liéu + 1 stop)

mov  tmod, #20h  ; B4 dinh thoi 1 ché do 2

mov thi, #3 ; Gia tri nap lai dé c6 9600 baud
setb trl ; Bo dinh thoi 1 hoat dong
again: mov a #’y” ; Truyén ky tw y sit dung bang ma ASSCII

acall  truyen
mov a, #’e”

acall  truyen

mov a, #7s”

acall  truyen

sjmp again

truyen:

mov shuf, a ; Nap ky tw tir a vao sbuf dé truyén
here:  jnb ti, here  ; Cho cho t6i khi truyén xong ky tir
ret

end
2.6. Hoat dong ngat
2.6.1. Chirc néing ngit
Ngét la sy kién xay ra ciia mot diéu kién (mot su kién) lam cho chuong trinh
hién hanh bi tam ngung trong khi diéu kién duoc phuc vu bdi mot trinh khac. Di nhién
CPU khong thé thyc thi nhiéu hon mét 1énh & mot thoi diém nhung c6 thé tam ngung
mot cong viéc nay dé thuc thi mot cong viéc khac roi sau do tré vé thuc thi tiép

chuong trinh da tam ngung va van dé trén do diéu khién ngat, viéc ngit nham dap
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ung mot su kién ma su kién nay khong déng bd v6i chuong trinh chinh hay noi cach
khac CPU khong biét trudce s& bi ngét khi nao.

Chuong trinh xir Iy ngét goi 13 trinh phuc vu ngit ISR hay mot quan 1y ngit va
md ta nhu Hinh 2.9 mét vi du dién hinh ngit 14 nhap bang tay sir dung ban phim khi
budng tay tao ra xung tir mirc cao xuéng mirc thap va chuong trinh chinh duoc ngit.
ISR duoc thuc thi dé doc ma phim, sau d6 két thuc bang cach chuyén diéu khién tre

vé chuong trinh chinh.

Ivlain prograva (MO ISE)

Timer
ISR 15R

MAIN MAIN MAIN

Hinh 2.9: So d6 sir dung chwong trinh khong ngdt va c6 ngt

Ho 8051 c6 5 nguyén nhan ngit: 2 do bén ngoai, 2 do bd dinh thdi va 1 do port
ndi tiép. Riéng dong 8052 ¢ thém 1 ngit do bd dinh thoi thir 3. Khi thiét 1ap trang
thai ban dau cho hé thong (cap ngudn, Reset) tat ca cac ngat déu bi vo hiéu hoa va
sau do chiing duogc cho phép riéng ré theo chuong trinh.

Khi xay ra hai ngit dong thoi hay mot ngat dang phuc vu xdy ra mot ngat khac
thi ta ¢ hai so dd ngit so d6 chudi vong (cd dinh) va so d6 hai muc wu tién (do ngudi
1ap trinh).

2.6.2. Té chirc ngit

2.6.2.1. Cho phép va khéng cho phép ngdt

Mdi nguyén nhan ngit cho phép hay khong cho phép ngét thong qua thanh ghi
churc ndng dac biét dinh dia chi bit IE (0A8H), bit toan cuc khdng cho phép hodc cho
phép ngit.

Hai bit sau day phai bat bang “1” dé cho phép mdt ngit nao d6, bit cho phép
ngit riéng r& 1a bit cho phép ngit toan cuc. Chang han ngit do bo dinh thoi 1:

SETB ETI ; Cho phép ngat do b dinh thoi 1
SETB EA ; Cho phép ngdt toan cuc
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Hoac béng lénh
MOV IE, #10001000B

Bdng 2.9: Pia chi cho phép ngat

Bit Ky hiéu  PDiachi Madta

IE.7 EA AFH Cho phép 1/ khong cho phép 0 toan cuc
IE.6 - AEH None

IE.S ET2 ADH  Cho phép ngit do bd dinh thoi 2

IE.4 ES ACH Cho phép ngit do port ndi tiép

IE.3 ETI ABH  Cho phép ngit do bd dinh thoi 1

IE.2 EX1 AAH  Ngit ngoai 1 (P3.3)

IE.1 ETO A9H  Cho phép ngit do bd dinh thoi 0

IE.O EX0 A8H  Ngit ngoai 0 (P3.2)

2.6.2.2. Uu tién ngat

Md&i mot nguyén nhan ngit dugc 1ap trinh riéng dé c6 mot trong hai mirc wu tién

thong qua thanh ghi wu tién ngit IP (interrup priority) ¢ dia chi byte 0BSH.

Bdng 2.10: Pia chi wu tién ngt

Bit Ky hiéu Pia chibit  Mb ta (1 mikc cao, 0 thip)

IP.7 - - Khong str dung

IP.6 - - Khong str dung

IP.5 PT2 0BDH Ul tién cho ngat do bo dinh thoi 2
IP.4 PS 0BCH Ul tién cho ngit do port ndi tiép
IP.3 PT1 0BBH Uu tién cho ngét do bd dinh thoi 1
IP.2 PX1 0BAH Ul tién ngit ngoai 1

IP.1 PTO 0B9H Ul tién cho ngit do bo dinh thoi 0
IP.0 PX0 0BSH Ul tién ngat ngoai 0

Khi thiét 1ap hé théng thanh ghi IP s€ mac dinh tat ca cac murc wu tién murc thép,

ngat c6 uu tién muc cao s€ dugc phu vu trudc hoac dirng mire ngat cé murc wu tién

thap.
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2.6.2.3. Xur Iy ngdt

Khi c6 mot ngit xut hién va CPU chép nhan chuong trinh chinh bi ngt. Cac
thao tac sau day xay ra:

- Hoan tt viéc thuc thi hién hanh

- Bo dém chuong trinh PC duogc cat vao stack

- Trang thai cua ngét hién hanh duoc luu triv lai

- Cac ngét duoc chan lai & mic ngét

B6 dém chuong trinh PC dugc nap dia chi vecto ciia chuong trinh phuc vu ngét
ISR. ISR duoc thyc thi va két thiic khi gap lénh RETI, 1énh nay lay lai gi tri cii ciia
bd dém chuong trinh PC tir Stack va phuc hdi trang thai ciia ngat cii. Va thyc thi

chuong trinh chinh & noi tam dung.

Bdng 2.11: Bang thanh ghi cdc co ngdt

Ngit Co Thanh ghi SFR va vi tri bit
Ngit ngoai 0 IEO TCON.1
Ngit ngoai 1 IE1 TCON.3
Ngit do b dinh thoi 1 TF1 TCON.7
Ngit do bo dinh thoi 0 TFO TCON.5
Ngit do port ndi tiép TI SCON.1
Ngit do port nbi tiép RI SCON.0
Ngit do bo dinh thoi 2 TF2 T2CON.7 (8052)
Ngit do bd dinh thoi 2 EXF2 T2CON.6 (8052)

2.6.2.4. Cic vecto ngdt

Khi mét ngit duge chap nhan, gia tri dugc nap cho b dém chuong trinh PC
duogc goi 1a vecto ngit. Vecto ngat 14 dia chi bat dau trinh phuc vu ngit ctia nguyén
nhan ngit tuong Ung.

vecto reset hé thong (RST & dia chi 0000H) duoc chira trong Bang 2.12. Vi vy

cling dugc xem nhu 1 ngét: chuong trinh chinh bi ngét va PC dugc nap gié tri mdi.

Bdng 2.12: Vecto ngat trén 8051
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Ngit do Co Dia chi vecto

Reset hé thong RST 0000H
Ngit ngoai 0 IEO 0003H
B¢ dinh thoi 0 TFO 000BH
Ngit ngoai 1 IE1 0013H
B¢ dinh thoi 1 TF1 001BH
Port nbi tiép RI hoic TI 0023H
Bo dinh thoi 2 TF2 hoic EXF2 002BH

Khi mét trinh phuc vu ngét duogc tro to1, co gay ra ngét s€ tu dong bi x0a vé 0
boi phan cimg. Cac ngoai 1¢ bao gdm co RI va TI dbi véi cac ngat do port nbi tiép;
TF2 va EXF2 d6i v6i cac ngit do b dinh thoi 2. Cac nguyén nhan ngat thudc hai
ngoai 1¢ néu trén do c6 hai kha niang tao ra ngat nén trong thyc té CPU khong x6a co
ngét.

Céc bit ¢ nay phai duoc kiém tra trong ISR dé x4c dinh nguyén nhan ngat va
sau d6 co gy ra ngit dugc x6a boi phan mém. Thong thuong s& c6 mot & nhanh
chuong trinh dén cong viéc twong mg tiy thudc viao nguyén nhan ngit. Vi cac vecto
ngat dat & ddy ciia bo nhd chuong trinh, 1énh dau tién cua chuong trinh chinh thuong
1a mot 1énh nhay qua khoi viing nhé chira cac vecto ngat chang han nhu 1énh

LIMP 0030H.

2.6.3. Thiét ké chwong trinh

Céc 16i thudng xay ra trong thiét ké hé thong, thuong lién quan dén cac ngt, vi
chung ta dang st dung céc ngét va duoc thuc thi doc 1ap. Mdi mot chuong trinh bat
dau ¢ dia chi 0000H voi gia thiét 1a chuong trinh bat dau duoc thuc thi sau khi hé
thdng reset. Y tudng cudi cung 1a cac chuong trinh nay phat trién cho cac tng dung

chinh thirc, chung duoc thuong tri trong ROM hoiac EPROM.

Khuén mau:
ORG 0000H - Diém nhdp sau khi Reset
LIMP MAIN
- Cdc diém nhap cua ISR
ORG 0030H ; Piém nhdp ciia chwong trinh chinh
MAIN: ; Churong trinh chinh bdt dau
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Lénh dau tién nhay dén dia chi 0030H ngay trén cac vecto ngat noi cac ISR bit
dau, nhu duoc trinh bay bang vecto ngit.
Néu chi c6 mot nguyén nhan ngét duoc dung la ngét do bo dinh thoi 0 thi khudn

mau trinh bay dudi day:

Org  0000h s reset
Limp main
Org  000bh - diém nhap cua ngd't do bo dinh thoi 0
Toisr: : bat dau isr cho bé dinh thoi 0
Reti S tréve chuwong trinh chinh
Main: ; chuong trinh chinh

Néu c6 nhiéu ngit dugc str dung ta phai can than dé bao dam cac ISR duoc bat
dau dang vi tri va khong tran sang ISR ké. Vi chi c6 mot ngét dugc su dung trong vi
du trén, chuong trinh chinh c6 thé bat dau ngay sau 1énh RETI.

Cac trinh phuc vu ngd't kich thwoc lon:

Néu 1 trinh phyc vu ngét dai hon 8 byte dugc can dén, ta phai di chuyén chuong
trinh nay dén mot noi khac trong bo nhd chwong trinh hodc ta c6 thé cho 14n qua diém
nhap cua ISR ké tiép. Dién hinh ISR bit ddu véi mot 1énh nhay dén mot ving khac
cua bd nhd chuong trinh, & dé ISR duogc trai rong néu can. Néu chi khéo sat bo dinh

thoi, khuén mau sau day cé thé duoc str dung:

Org  0000h ; reset
Limp main
Org  000bh ; diém nhdp ciia ngidt do b dinh thoi 0
Limp  tOisr
Org  0030h ; phia trén cdc vecto ngdt
Main: ; chuwong trinh chinh
TOisr: : bat dau isr cho bé dinh thoi 0
Reti S tréve chuwong trinh chinh

Vi du 2.11: Viét chuong trinh tao song xung vudng 10KHz trén chan P1.0 bang cach sir
dung bo dinh thoi 0.

Véi tan s6 10 KHz yéu cau chu ky 100 ps. Véi thoi gian muc cao 14 50 ps va thoi gian

mirc thip 50 ps. Do khoang thoi gian nay nho hon 256 ps nén ché do 2 sir dung duge. Mot
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tran xay ra sau 50 ps yéu cau mot gia tri s6 dém nho hon 00H mot lugng +50 phai dugc nap

va dugc nap lai cho TLO, nghia la gia tri nap cho THO la -50. Dudi day 1a chuong trinh theo

yéu cau:
org  8100h
mov  tmod, #02h - Ché do tw nao lai 8 bit
mov  th0, #-50h ; ThO chira gia tri -50
setb  tr0 s Bo dinh thoi hoat dong
loop: jnb 0, loop ; Cho tran
clr 0 ; Xoa co tran
cepl  pl.0 ; Doi trang thai p1.0 (biy)
simp  loop s Lap lai
end

2.7. Bai tip va ciu héi on tip cudi chuong

Bai 2.1: Viét chuong trinh tao séng xung vudng 5KHz trén chan P1.2 bang cach st
dung b dinh thoi 1.

Bai 2.2: Mach coi duge ndi chan P3.7, tin hiéu dau vao ndi chan P1.1. Viét chuong
trinh doc muc logic chuyén mach chan P1.1 va huy coi trong 0,5s sau mdi lan phat
hién su chuyén trang thai tur “1” xuéng “0”.

Bai 2.3: Viét chuong trinh tao ra song vudng 1kHz trén P1.1 st dung dinh thoi 1.

Tai liéu tham khao chwong 2
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Microcontroller and Embedded Systems Using Assembly and C, Department of
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[3] Dogan Lbrahim, Microcontroller projects in C for the 8051, Oxford Auckland
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Chuong 3. NGON NGU LAP TRiNH

Trong k¥ thuat 13p trinh vi diéu khién noi chung, ngén ngit lap trinh duoc sir
dung thuong chia lam 2 loai: Ngon ngit bac thap (hop ngit) va Ngon ngit bic cao
(C/C++).

3.1. Lap trinh hgp ngir

ASM51 1a tiéu biéu chuan bién dich ctia hg MSC-51. ASM51 1a trinh bién dich
manh c6 tac dung hiru hiéu trén hé thong phat trién INTEL va ho IBM PC ciia may
vi tinh.

3.1.1. Céu triic chwong trinh

ASMS51 duoc hién 1én tir chi din cta hé thdng: ASMS51 Source file (Assembly
Control). Trinh bién dich nhan mdt file nguén voi tu cach la ngd nhap
(PROGRAM.SCR) va chiing phat ra mot file d6i twong (PROGRAM.OBYJ) va file liét
ké (PROGRAM.LST). Vi hau hét cac trinh bién dich xem xét chuong trinh ngudn hai
1an trong luc thi hanh su dich ngdn ngit may, nén ching dugc mé ta qua hai Pass bién

dich la Pass1 va Pass2.

FROGRAM.OBJ

PROGRAM.SCR

PROGRAM.LST

Hinh 3.1: Trinh bién dich mot chuong trinh nguén
File Object chi chira cac byte nhi phan (00H - FFH) ctia chuong trinh ngdn ngir
may. File Object Relocatable chtra mot bang ky hiéu va thong tin khac dugc yéu ciu
boi sy két hop va xac dinh dung vi tri. File Listing chira ma nguyén bang ASCII (20H
— 7FH) cho ca hai chuong trinh ngudn va cac byte Hexadecimal trong chuong trinh
ngon ngit may.
Mot nhan dac trung cho dia chi cua 1€nh (hodc dir liéu ) theo sau nhan. Khi céac

r& nhanh dén 1énh nay, nhan dugc ding trong ving toan hang ciia nhanh (hoic 1énh
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nhay).
3.1.2. Phin mém MIDE

Sau day 1a giao dién phan mém dung lap trinh hop ngir cho ho 8051.

'z midepacklZ510
MIDE-51 package 0.2.5.10
OpCUBE

 Setup - MIDE-51 package [Z| : rzl

Welcome to the MIDE-51 package
Setup Wizard

Thiz waill inztall MIDE-51 package 0.2.5.10 on your computer.

It iz recommended that you cloze all other applications befare
continuing.

Click Mest bo continue, or Cancel to exit Setup.

L et » ] [ Cancel

Hinh 3.2: Cai dit phan mém MIDE-51

M-IDE Studio for MCS-51 - [F:\widieukhienB9YCan.asm]

. File Edit Seleckion Dewice Build ‘Windows Help
| d@HWid o caa ¥B0 £ 0
|28 BE =@ 1] A %

13 ; Tao cac ma gquet, lam hien thi -eoo ~o® :

14 Mo 60H,#111111108 —\‘B“"d current file ~—-——___ dich hop ngi# sang * hex
15 Mo 61H,#11111101E

16 Mov 62H,#11111011E

17 HMov 63H,#11110111E

18 : Tal DIA CHI CAT CAC 30 CHO HIEN TREN LEDL 7 DOAN
19 MOV 20H, #0

20 Mo Z1H, #0

21 MOV 22H, #0

22 MOV 23H, $0

23 ; Tal DIA CHI MOI CHO CAC LED EHOI DAT MOV THOD,
24 mow tmod, #O0010001E

25 BzZ5: Hov 140, #0

26 Bzd: MOV L5H, #0 Khinz 1Bi
27 BZ3: MoV 16H, #0

23 EBzz: Mo 17H, #0

29 Bzl: CALL GAMA

30 CALL DELAY

] | INC 17H

32 Hov &,17H

i) (a1 F N I B - b 2]
Line: 1 Column @ 1 Insert .asy/' MCU. B051

-1 Fi\widieukhien834Can. asm
MCS-51 Famiily Macro Assembler ASEM-51 ¥1.3

no errors

Done. "F: vidieukhien89'Can.hex" had been generated.

Hinh 3.3: Cira sé trinh hop ngit dé ldp trinh file.asm
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C6 rat nhiéu phin mém cai dit va dich hop co thé chuyén file C, ASM... thanh
file *.hex. O day ta gi6i thiéu 1 phién ban MIDE-51 dung soan thao va hop dich sang
file hex dong thoi ¢ thé xem simulation trong bd nhé ndi. DE cai dit can may tinh
chay trén nén Windown, nhép dip vao biéu twong MIDE-51.exe nhu Hinh 3.2.

Sau khi cai dit xong, ta md ctra s6 1ap trinh dé lap trinh hop ngit va bién dich
dé stra 16i nhu Hinh 3.3.

Phan mém hop ngit nay cé wu diém nhu: cai dit nhanh, bo nhé nhé, trinh g& rdi
dé hiéu, viéc bién dich va g0 16i 13 rang 1am cho ngudi dung dé dang hiéu duoc ciu

trac chuong trinh.

3.2. Ngon ngir bac cao

Ngbn ngit bac cao 1a cac ngdn ngir gan v6i ngdn ngit con ngudi hon, do d6 viée
1ap trinh bang cic ngdn ngir nay tré nén dé dang va don gian hon. C6 thé ké dén mot
sO ngon ngir lap trinh bac cao nhu C, Basic, Pascal... trong 6 C 1a ngdn ngit théng
dung hon ca trong k¥ thuat vi diéu khién. V& ban chat, sir dung cac ngdn ngit nay
thay cho ngdn ngir bac thip 1a giam tai cho 1ap trinh vién trong viéc nghién ctru cac
tap 1énh va xay dung cac cAu tric giai thuat.

3.2.1. Dinh dang dir liéu

Cdc kiéu dir liéu trong C dwoc liét ké trong Bdng 3.1

Bdng 3.2: Bang liét ké cdc kiéu div liéu trong C

Kiéu S6 Byte Khoang gia tri

Char 1 -128 dén +127

Unsigned char 1 0 dén 255

Int 2 -32768 dén +32767

Unsigned int 2 0 dén 65535

Long 4 2147483648 dén +2147483647
Unsigned long 4 0 dén 4294697295

Float 4

* Khai bo bién:

- Cu phap: Kiéu_dit_liéu Ving nhé Tén bién Pia_chi;

Unsigned char data x;
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- Khi khai bao bién c6 thé gan ludn cho bién gié tri ban dau.
Thay vi:
unsigned char x;
x=0;
Ta chi can:
unsigned char x = 0;
- C6 thé khai bao nhiéu bién cung kiéu mét ltc.
unsigned int x,y,z,t;
3.2.1.1. Vung nhé
- Chi dinh ving nhé: tir khod “Ving_nhé” cho phép nguoi dung c6 thé chi ra
vung nhd st dung dé luu trit cac bién str dung trong chwong trinh. Cac ving nhd ¢o
thé sir dung la: CODE, DATA, BDATA, IDATA, PDATA, XDTA. Khi khong khai
bado vung nhd, trinh dich Keil C s€ mac dinh d6 1a ving nhd DATA.

Badng 3.3: Quy woc vung nhé trong dir licu C

Vung nh¢ Y nghia

CODE Bo nhé mi ngudn chuong trinh (ROM)

DATA B6 nh¢ dit liéu gdm 128 Byte thap cia RAM trong vi diéu khién
(89x51)

BDATA B6 nh¢ dit liéu c6 thé dinh dia chi bit, nam trong ving nhé DATA
(20h — 27h)

IDATA B§ nh¢ dif ligu gdm 128 Byte cao ciia RAM trong vi diéu khién chi ¢6
o mot sO dong vi di€u khién sau nay (89x52)

PDATA B6 nhdé dir liéu ngoai gém 256 Byte, duoc truy cap boi dia chi dat trén
PO (A0-A7)

XDATA B6 nhé dit liéu ngoai c6 dung luong co thé 1én dén 64 KB, dugc truy

cap boi dia chi dit trén PO(A0-A7) va P2 (A8 — A15)

* Pinh nghia lai kiéu:

- Cu phap: typedef Kiéu_dit liéu Tén_bién;
- Tén_bién sau nay s& duoc st dung nhu mot kiéu dir 1iéu méi va co thé dung
dé khai bao céac bién khac:
typedefint m5[5];
Dung tén m5 khai bao hai bién tén a va b c6 kiéu dir liéu 14 mang mot chiéu 5

phan tir:
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mS a,b;

Bdng 3.4: Kiéu dir liéu dinh nghia trong Keil C

Kiéu S6 bit Ngon ngir ASM

Bit 1 Setb 34H (tir 00h — 7Fh)

Sbit 1 Vi du setb p1°0, C... (80h — FFh)
Sfr 8 Géan byte MOV A, 67H

Sfr16 16 DPTR, THO, TLO...

- Bit: Dung dé khai béo cac bién cé gia tri “0” hodc “1” hay cac bién logic trén
ving RAM cua vi diéu khién. Khi khai béo bién kiéu bit trinh dich Keil C s& mic
dinh vung nhé st dung 1a BDATA.

- sbit, sfr, sfr16: Dung dé dinh nghia cho cac thanh ghi chirc ning hodc cac cong
trén vi diéu khién dung dé truy nhép cac doan dit liéu twong tmg 1 bit, 8 bit, 16 bit.

- Mang: Mang 1a mét tip hop nhiéu phan tir cing mot kiéu gia tri va chung mot
tén. Cac phan tr ciia mang phan biét v6i nhau boi chi s6 hay s tht tu cia phan tir
trong ddy phan tir. Mdi phan tir c6 vai trd nhu mot bién va luu trir dwoc mot gia tri
doc 1ap véi cac phan tir khac ciia mang. Mang cé thé 1a mang mot chiéu hoic mang
nhiéu chiéu.

* Khai bao:

- CO phap: Tén_kiéu Ving nhé Tén_mdng[sé_phan_tiv mdng];

Khi bo trong s6 phan tir mang ta s& c6 mang c6 sb phan tir bat ki.

Unsigned int data a[5],b[2] [3]; //b=2x3=6 phan tir

Vi khai bao trén ta s& co: mang a 1a mang mot chiéu 5 phan tir. Mang b 1a mang
hai chiéu, tong s6 phan tir 13 6.

Chi s6 ciia mang bat dau tir s6 0. Mang c¢6 bao nhiéu chiéu phai cung cap day
da bay nhiéu chi s6, nhu: phan tir mang b[0] [1] 1a dung. Nguoc lai, khi viét b[0] 1a
sai.

3.2.1.2. Con tro

Khi ta khai bio mot bién, bién d6 s& dugc cap phat mot khoang nhé bao gom
mot sO byte nhét dinh dung dé luu trir gia tri. Dia chi dau tién cua khoang nhé do
chinh 1a dia chi ctia bién dugc khai bao.

Con tro 12 mot bién dung dé chia dia chi ma khong chira gia tri, hay gid tri cta

con tré chinh la dia chi khodng nhé ma no tro téi.
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Véi cac ving nhé cu thé con tro, tro téi ving nhé d6 chiém dung luong phy
thudc vao d6 16n ctia ving nhd d6. Con tré tong quat khi khong xéac dinh trude ving

nh¢ s c6 dung lugng 16n nhét vi vay tdt nhét nén st dung con troé cu thé.

Bdng 3.5: Quy wdc con tré trong kiéu dit liéu C

Loai con tré Kich thwée Ngon ngir ASM
Con tro tong quat 3 byte
Con tr6 XDATA 2 byte MOVX DPTR,#6000
Con tr6 CODE 2 byte MOVC DPTR, #maled
Con tr6 DATA 1 byte DPTR
Con tré IDATA 1 byte MOVX A, @DPTR, 128 byte RAM
Con tr6 PDATA 1 byte MOVX A, @DPTR, 256 byte RAM

* Khai béo bién con tro:
Cu phap: Kiéu Dir liéu Ving nhé *Tén_bién;
int *int_ptr;
long data *long ptr,
Khi khéng chi & ving nhé con tré s& duge coi 1a con trd tong quat.
3.2.1.3. Kiéu dit liéu cdu triic
Kiéu dir liéu cdu trac 13 mot tip hop cac bién, cdc mang va ca cac kiéu ciu tric
khac duogc biéu thi bdi mot tén duy nhat. Kiéu dit liéu cu trac ding dé luwu trir cac
gié tri, thong tin c6 lién quan dén nhau.
Dinh nghia va khai bao bién céu truc:
Dinh nghia: typedef struct {
Khai bdo cdc bién thanh phan;
) Tén_kiéu cau_tric;

Khai bédo: Tén_kiéeu cau_truc Vung nho Tén_bién;,

typedef struct {
char day;
char month;
int year;
} Date_type;

Date_type date,date_arr[5],
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3.2.2. Phép toan trong ngon ngir C
Phép gan ki higu: “=".

* Ca phap: Bién_1 = Bién 2;

Trong d6, Bién_2 ¢o thé 1a gia tri xac dinh ciing c6 thé 1a bién.

3.2.2.1. Phép todn sé hoc

Bdng 3.6: Bang quy woc cdc phép todn trong Keil C

Phép toan Y nghia Vi du
+ Phép cong X=atb
- Phép trur X=a-b
* Phép nhan X=a*b
/ Phép chia lay phan nguyén  X=a/b (a=9, b=2 — X=4)
% Phép chia lay phan du a%b (a=9, b=2 —» X =1)

3.2.2.2. Phép toan Logic
AND: &&

OR: ||

NOT: !

3.2.2.3. Cac phép toan so sanh

Bdng 3.7: Bang cdc phép toan so sanh trong Keil C

Phép toan Y nghia Vi du Asm
> So sanh 16n hon a>b; 4>5 cac gia tri 0 GT
>= So sanh 16n hon hoac béng a>=b; 6>=2 cac gia tri 1 GE
< So sanh nh6 hon a<b; 6<7 cac gia tri 1 LT
<= So sanh nho hon hoac bﬁng a<=b; 8<=5cac gia tri 0 LE
= So sanh bang nhau a==b; 6==6 cac gid tri 1 EQ
= So sanh khac nhau al=b; 9!=9 céac gia tri 0 NE

3.2.2.4. Phép toan thao tac Bit

Bdng 3.8: Bang cdc phép xu Iy bit trong Keil C

Phép toan Y nghia Vi du Asm
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& Phép va (AND) Bit 1 & Bit 2

| Phép hodc (OR) Bit 1 |Bit 2
! Phép dao (NOT) 'Bit 1
A Phép hodc loai trr (XOR)  Bit 1~ Bit 2
<< Dich trai a<<3
>> Dich phai a>>4
~ Lay bu theo bit ~a

ANL
ORL
CPL
XRL
RL

CPL

3.2.2.5. Phép todn két hop

Bdng 3.9: Bang cdc phép toan két hop trong Keil C

Phép toan Vi du ASM
+= a+=5 <=>a=a+5 INC
= a-=5 <=> a=a-5 DEC
*— a*=5 <=> a=a*5 ADD
/= a/=5 <=>a=a/5 DIV
%= a%=5 <=> a=a%?5 MOD

3.2.3. Ciu triic chwong trinh C
3.2.3.1. Cdu tric

- 1. Khai béo chi thi tién xir Iy
- 2. Khai bao céc bién toan cuc
- 3. Khai b4o nguyén mau cac ham
- 4. Xay dung cac ham va chuong trinh chinh
// Khai bdo chi thi tién xir Iy
#include<regx51.h>
#include<string.h>
#define Ledl P1_0
// Khai béo bién toan cuc
unsigned char code led _arr[3];
unsigned char data dem;
unsigned int xdata x;
// Khai bdo nguyén mau ham

void delay(unsigned int n);
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bit kiemtra(unsigned int a);

void delay(unsigned int n)

{
// Khai bdo bién cuc bé;
// Md chwong trinh tré;

// Xdy dung cdc ham va chwong trinh chinh

void main()

{
// Khai bdo bién cu bo;
// Md chwong trinh chinh,

/

Bit kiemtra(unsigned int a)

{
// Khai bdo bién cuc bé;
// Ma chuong trinh kiém tra bién a;

/

Chu y: Ham khong khai bao nguyén mau phai duge xay dung trude ham cé 1oi
goi ham d6. O trén do ham “bit kiemtra(unsigned int a)” da dwugc khai bao nguyén
mau ham & trude do, nén c6 thé xay dung ham & bat ki vi tri nao trong chuong trinh.

3.2.3.2. Chi thi tién xir Iy

Céc chi thi tién xtr Iy khong phai 13 cac 1énh ctia ngdn ngit C ma 1a cac 1énh gitp
cho viéc soan thdo chuong trinh nguén C trude khi bién dich. Khi dich mot chuong
trinh C thi khong phai chinh ban chuong trinh ngudn ma ta soan thao duoc dich.
Trude khi dich, cac 1énh tién xt 1y s& chinh 1y ban gbc, sau d6 ban chinh 1y nay s&
duoc dich. Coé ba cach chinh 1y dugc dung la:

- Phép thay thé #define // Binh nghia EQU trong ASM

- Phép chén tép #include /I Goi file khac cung chay

- Phép luya chon bién dich #ifdef // Két qua cua cdc file cung chay

Céc chi thi tién xir 1y giup ta viét chuong trinh ngén gon hon va t6 chtic bién
dich, g& 16i chuong trinh linh hoat, hiéu qua hon.

3.2.4. Cdc cdu tric trong Keil C
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3.2.4.1. Cu phap if ... else ...
if ([biéu thirc 1] [todn tir so sanh] [biéu thire 2]) { // Biéu thirc diéu kién
[cau lénh 1]

Jelse {
[cdu lénh 2]

/

Néu biéu thuc diéu kién tra vé gia tri TRUE, [cdu lénh 1] s& dugc thuc hién,
nguoc lai, /cdu lénh 2] s€ dugc thuc hién.

3.2.4.2. Cdu triic switch / case

Giéng nhu if; switch / case cling 1a mot dang Iénh néu thi, nhung n6 duogc thiét
ké chuyén biét dé chung ta xu 1y gid tri trén mot bién chuyén biét.

Vi du 3.1: Xay dung cau trac Switch
switch (action) {

case "callMyMom": // Goi dién cho me cua téi
break;
case "callMyDad": // Goi dién cho ba cua toi
break;
default: // Mdc dinh la khéng lam gi cd
// Chiing ta c6 thé c6 default: hodc khéng
/
* Cu phap:
switch (var) {
case label: // Poan lénh
break;
case label: // Doan lénh
break;
Ve
case... more and more
*/
default: // Statements
/

3.2.4.3. Cau tric for
Ham for ¢ chirc ning lam mot vong lap. Hay hiéu mot cach don gian, nd lam

di 1am lai mot cong viéc c6 mot tinh chat chung nao d6. Chang han, ching ta bat tat
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mdt con LED thi dung digitalWrite xuat HIGH delay roi lai LOW rdi lai delay.
Nhung néu chiing ta mudn 1am nhiéu hon 1 con LED thi doan code ciia chung ta s&
dai ra. Véi 1 con led, ching ta 1ap trinh nhu sau:

digitalWrite(led1, HIGH),

delay(1000),
digitalWrite(led1,LOW),
delay(1000),
Ham for chung ta chi can mot doan code ngan nhu sau:
void setup(){
Serial .begin(9600),
inti;
for (i = 1;i< =10;i=i+1) {
Serial.printin(i),
/
/
void loop(){
/

3.2.4.4. Cau tric while
Gidng nhu for, ciing c¢6 vai khai niém ma chung ta can nim. While 1a mot vong
lap khong biét trudce sb 1an 1ap, n6 dua vao diéu kién, diéu kién con dtng thi con chay.
* Cu phap:
while (<diéu kién>) {
// Cac doan lénh;

/

Vi du 3.2: Chuong trinh st dung c4u trac while
intday = 1;
int nam = 2014, // Nam 2014

while (day < 365) {  // Chung nao day < 365 thi
// con chay (<=364). Khi day // == 365 thi hét 1 nam...
day +=1;
delay(60*60*24); // Mt ngay cé 24 gio, méi gio
// ¢6 60 phiit, moi phiit c6 60 gidy
/

nam +=1; //.. bay gio da la mot nam moi !
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// Chuc mung nam mdai:)
3.2.4.5. Cdu tric break
Break 1a mot 1énh ¢6 chure nang dung ngay 1ap tic mét vong lap (do, for, while)
chtra né trong d6. Khi dirng vong lip, tat ca nhitng 1énh phia sau break va & trong

vong 1ap chiu anh hudng ctia n6 s€ bi bo qua.

Vi du 3.3: Chuong trinh sir dung ciu triic while/ break
inta=0;
while (true) {
if (a == 5) break;
a=a+1;
/
/a=35
while (true) {
while (true) {
at+;
if (a > 5) break;
/

at+;
if (a > 100) break;

/
//a=101

3.2.4.6. Cdu triic continue
continue 1a mQt 1énh c6 chirc nang bo qua mot chu ki 1dp trong mot vong lap
(for, do, while) chtta n6 trong d6. Khi goi 1énh continue, nhitng 1énh sau né va ¢ trong

cung vong lp voi né s& bi bo qua dé thuc hién nhimg chu ki lap ké tiép.

Vi du 3.4: Chuong trinh sir dung cdu triic contrinue
inta=20;
inti=0;
while (i < 10) {
i=i+t1;
continue;
a=1;
/
// a van bang 0
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3.2.4.7. Cau truc return
Cau trac “return” c6 nhi€m vu trd vé mat gia tri (cung kiéu dir 1iéu vé1 ham) ma
n6 duoc goi.
* Cua phap:
return,

return value; // ca 2 déu ding
Thong s6 value: bat ky gia tri hodc mot dbi twong.

Vi du 3.5: Chuong trinh sir dung cau tric return
// Ham kiém tra gi4 tri cta cam bién c6 hon mot ngudng nio d6 hay khong
int checkSensor(){
if (analogRead(0) > 400) {
return 1;
else{

return 0;
/
3.2.4.8. Cdu triic goto

N6 ¢6 nhiém vu tam dirng chuong trinh r61 chuyén dén mdt nhan da dugc dinh

trude, sau do lai chay tiép chuong trinh.

* Cua phap:

- label: // Khai bao mdt nhan c6 tén la label.

- goto label;  /* Chay dén nhén label rdi sau d6 thuc hién tiép nhitng doan
chuong trinh sau nhan d6. Khong nén dung 1énh goto trong chuong trinh hay bt cir
chuong trinh nio sir dung ngon ngit C néu khong chic. Nhung néu sir dung.*/

Vay né hitu ich khi nao, d6 1a luc ching ta dang ding nhiéu vong lap qua va

mudn thoat khoi né mot cach nhanh chong.

Vi du 3.6: Chuong trinh str dung cau tric goto
For(byter = 0; r < 255; r++){
for(byte g = 255; g > -1; g--){
for(byte b =0; b < 255; b++){
if (analogRead(0) > 250){ goto bailout,}
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/

bailout:

3.2.5. Ham trong Keil C
3.2.5.1. Ham tré

Void delay(long time)

{
while(time--);  // goi ham delay (s6 dém vi du 25000)

/

3.2.5.2. Phép gan
Kiéu dir liéu Nhén = dia chi vi diéu khién
Port vi diéu khién ky hiéu Px"y.
Nhu: sbit LED = P30, // Gan nhan LED o dia chi P3.0 hay LED bit p3.0
Véi phép tién dinh nghia define nhan pl 0 // pl.0 = nhan
Ving RAM vi diéu khién ky hiéu 0xYY

Nhu: sfr maled = 0x90 ; // Gan mad led o dia chi 90H hay maled equ 90H

3.2.5.3. Khai bao ham

Void tén ham(khai bdo bién) néu khéng cé khai bdo bién thi mdc dinh la (void)
Goi ham bang lénh tén ham();

kiemtraphim(); // Call kiém tra phim
3.2.6. Phin mém Keil C

3.2.6.1. Khoi tao cho Project.

LCD - uVisiond

File Edit View

HRN=N-
2 (4] [

Project | Flash Debug Peripherals Tools SVCS  Window Help

‘ New yiVision Project..,

S@ [T

New Multi-Project Workspace...
Open Project...

=424 Target 1
E-£5 Source G
L [F] STAR

Close Project

Export

Manage

Select Device for Target Target 1'..
Remoye ltem

Optians for Target ‘Target 1., Alt=F7

Clean target
Build target
Rebuild all target files
Batch Build..

Trar

Stop build

1 DA\DKT'Lap Quang Mam'\Bai_tap'\LCD.uvproj

2 CAUsersiHome_Can'\Dawnloads\MT uvproj

3 C\Users\Home_Can'\Downloads\CAU & PHAT XUNG KT.uvproj

4 C\UserstHome_Can'\Downloads\cau7.uvpraj

// khoi tao

PX82) 37/ dila coh
i)

L

[
[

).
).
).
).
).
).

T
T
T
JI
!;'
ar);

0xCO0) ;

'VI DIEU KHIEN");

Hinh 3.4: Giao dién phan mém Keil C
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Khoi dong phﬁn mém Keil C va tao mot du an béng cach chon Menu Project/

New Project trén giao dién. HOp thoai create new project hi¢n ra nhu Hinh 3.4:

Ep\l’isinn:i
Ele Edit Wiew Project Debug Flash Peripherals Tools SVWCS Window Help

BEdd

B g [
Create New Project

Save i | 3 led [ = =
B Id vz

e

Project Workspace

File: name: 10U q Save ID

Save a3 type: IPmiecI Files [".uv2)

al=amE

[ I I |
Hinh 3.5: Pat tén dw an cho Keil C

Panh tén va chuyén dén thu muc chiing ta luu project va ching ta tao mdi mot

thu muc cho mét project roi chon luu (save). Chu v quy dinh dit tén file giéng nhu
trong C/C-++, thu myc ciing khong sir dung tiéng viét c6 dau.

Hop thoai sau hi¢n ra 1a lya chon dong chip can 1ap trinh tng dung, ¢ day lua
chon ho 8051 1a AT89xx cuia hang Atmel.

Trong ndy c6 hang loat cac hing dién tir san xuat 8051. Chung ta 1ap trinh cho
dong chip nao thi chon loai chip d6. O day ta lap trinh cho AT89C51 cua hing Atmel

nén ta chon nhu trén Hinh 3.6.

Select Device for Target 'érge e

CPU

Wendor:  Atmel
Device:  ATBICH] [~ Use Exterded Linker [L%51] instead of BLE1
Family: WCS-51 [T Use Estended Assembler 851 instead of A51

Data base Description:

[ ATEI/89CE132 M 8051-based Fully Static 24MHz CMOS contraller with 32 1/0 Lines,
[ aTEFFR 2 Timers/Counters, B Intemupts/2 Priority Levels, UART,
Three-Level Program Memory Lock, 4K Bytes Flash Memary,
% :¥ g;E?EHC U 128 Bytes On-chip Rk
[ ATE7FE3WD
([ aT8ac1051
[ ATBICI051U
[ ATEICZ051
(L AT83C4051

-8 W
[0 ATEIM 3
(] ATESCEICCO3

Cancel |
Hinh 3.6: Lua chon Vi diéu khién can lap trinh
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Khi chon chip thi ngay 1ap tirc hién ra bang mot sé tinh ning cua chip ching ta
c6 thé nhin thay: 8051 based fully static 24Mhz .... nhap OK, chon cau tra 16i NO
khi dugc hoéi “copy standard 8051 startup code to project and add file to project” vi
néu chon YES chi lam cho file 1ap trinh ciia chiing ta thém ning.

Dé tao mot file lap trinh c6 tén.c cac chung ta chon file/new hoac an ctrl+N nhu

Hinh 3.7.

LCD - pVisiond

Eile|§dlt View Project Flash Debug Peripherals Tools 5SVES Window Help

| | New.. Ciri=N | m == = = |
= Open Ctrl=0 -

Close

L R [

D Text1

il el Save Ctrl+5 = N

Save As..
@l save Al

Device Database...

License Management...

Print Setup...
=4 Frint... Ctrl+P

Print Preview

Hinh 3.7: Tao cira sé ldp trinh

Cira s6 text] hién ra. Tiép theo ching ta chon File/save As hodac Ctrl+S,

Trong 6 bén trdi man hinh, cira s6 PROJECT WORKSPACE, chung ta mé rong
cai target 1 ra nhu Hinh 3.8.

Nhap chudt phai nén SOURCE GROUP, chon Add file to Group “Source Group
1”” hop thoai hién ra chon file.C ma ching ta vira SAVE roi nhan Add mot 1an roi
nhin Close. Néu chung ta nhdn Add 2 1an phan mém s& thong béo 1a file da add,
chung ta chi viéc OK rdi nhan Close.

Bay gio trong hinh nhin thay trong Source Group 1 ¢6 file VIDU.C. Chung ta
nhép chuot phai vao vung soan thao file VIDU.C dé thém file thu vién. Chon Insert
“#include<REGX51.H>".

Phan cudi ciing ctia cong viéc khai tao 1a chiing ta viét 10i giai thich cho dy an
ctia minh. Phan nay rat can thiét vi n6 dé nguoi khac hiéu minh 1am gi trong project

nay va khi minh can str dung lai code doc lai con biét nd la cai gi.

72



File Edit Wiew Project Flash Debug Peripherals Tools 5VC5  Window Help
MR- NN = = fs | [
|k ) e p | | Target 1 W

L1
eLE

s
=

Project
=54 Target 1

B Ei@ﬂ Options for Group 'Source Group 1°.., Alt+F7

Open File
Open List File

Open Map File

Rebuild all target files

Euild target F7
Translate File

Stop build

Add Group...

| Add Files to Group Source Group 1"... |

Remove Group 'Source Group 1" and its Files

Hinh 3.8: Péng géi nhiéu chuong trinh C trong mét dw dn

3.2.6.2. Soan thao chuwong trinh.

EZvibu - pVision3 - [C:\Documents and Settings\tron_nguyeniDesktopilediVIDU.C*] |._||E|E|
Bﬁile Edit Wiew Project Debug Flash Peripherals Tools SWCS Window Help - = _25_‘
eddlibpeloc|=E 0% %% RrES

B & Q[@EE el m
o2 § 5 K| Target &

'-:I%réj:eci-:il{l;o?kspace. - x o T
=33 Target 1 02 CHUONG TRINH NHAY LED DON =i
=25 Source Group 1 03 by

fa VIDL.C 04 % /m=====s=sssssss===fp tign XU lissssssssssosossoss=sa
05 #include (ATE9x51.h) A4 Dink kem file thu vien
05 #fdefine hat 1 A4 Dimh nohia gia tri bat
07 #define rtat 0 A4 Dinh nghiz gia tri ta
b khai bao bien o
3 5Sbit Led = P1*°0:; // Khai bao bi?n Led ki?u bhit chan T
10
e Khai bao ham 321
e o o ol PR e T
13 woid delay(long time)
14 {
15 long n; // Kkai kao bien cuc be, ten bien n, kieu
16 for (n=0;n<time:n++)
17 i
18 ;A4 khong thuc hien gi ca (nop)
13 } -

L s | [Leld I
= Q@n % WIDU.C

[Sirnulatian [ L4 Cied [cap wum [

Hinh 3.9: Mot chuong trinh ldp trinh C cho vi diéu khién

Chung ta viét thir mot chwong trinh 1am vi du. Chii y khi viét xong mdi dong
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1énh, ta nén giai thich y nghia ctua dong 1énh d6 trong chuong trinh dé dé dang cho
viéc doc hiéu, kiém tra, sira 16i va tbi wu chuong trinh nhu dugc thé hién trong hinh
3.11.
3.3. Bién dich va nap

3.3.1. M6 phong chwong trinh

Khoi tao chwong trinh Protues tir thanh Menu Start hodc biéu twong ngoai man

hinh nén. Tao du 4n m&i tir New Project, chon dudng dan dit tén.

=y

' UNTITLED - Proteus 8 Professional - Home Page 1 8 o . .

File System Help

DEED AR GQEFARBR=E( O

- Home Page X |

PROTEUS DESIGN SUITE 8.5

Open Project | | New Project | | New Flowchart | | Open Sample

Recent Projects

Migration Guide cil Project pdsprj
What's New DACyTNHHGPKTQN\THANG TOI HANGUeb_diod pdspr

DACHTNHHGPKTQN\THANG TOI HANGVed pdspr]
DAKTDWI DIEU KHIEN\Bai tap ASM\VD\Giaotiep_LCD pdspj
> more

9 Help Home
© Schematic Calure
@ PCB Layout

© Simulation
 Visusl Designer

Proteus Design Suite Professional

A\ Your update subscription (USC) has expired. | Renew USC

New Version Available

Description Release Date USC Valid
05/09/2019

© Labeenter Bectronics 19852016
Release 8.5 $P0 (Buid 22067) with Advanced Smulation
‘W labcenter.com

0771172018

20103/2018

2410372017
21/07/2016

Proteus Professional 8.6 SP3 [8.6 23669]
Proteus Professional 8.5 SP1 [8.5 2205
Manual Update Check_ (9] Ignore beta version updates

Expres: 01/01/2020

Free Memory: 4,487 V8
Windows 7 5P1(x64) v6.01, Buld 7601

New in Version 8.9
[ EDF2 File Importer

Hinh 3.10: Giao dién Protues cho mach nguyén Iy va mach in

Sau khi dit tén va lya chon duong dan, bam tiép tuc chuong trinh phén mém s&
hoi lya chon mach nguyén 1y véi céc chiic nang giao dién mac dinh (DEFAULT) va
tuong ty mach in PCB cling chon mac dinh (DEFAULT), néu ching ta khong chon
mic dinh thi man hinh sé& cho ra trang trang, viéc thiét 1ap trang nguyén Iy va mach

in phai dugc thyc hién béi ngudi dung.
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File Edit View Tool Design Graph Debug Library Templ
d Sl | @

System Help
4|+ RQQQ[ D¢ ¥DH EEE @

Hinh 3.11: Giao dién mach nguyén ly
Vi tri twong tng trén giao dién Hinh 3.11 vang 1, 13 giao dién thiét ké mach
nguyén ly, vung 2 la thiét ké mach in PCB, vung 3 1a noi léy linh kién cho mach

nguyén 1y can thiét ké va ving con lai 1a chon ngudn duong Power va dit Ground.

.
3"‘_ Pick Devices

Resutts (8):

33z BIGE Tmes. U2,
me. o looit [imers, UART)

Show onfy parts with models? ||

mesen 3 el e =
Eﬂiggwi ATBIC51RB2 MC58051 8051 Microggntoller {16kB code, 48MHz, Watchdog Timer, 2¢16-bit Timers, UART)
I All Categaries ATBICEIRBZBUS MCS8051 8057 Micmg:ol\er {16kB code, 48MHz, Watchdog Timer, Zx16-bit Timers, UART) LD
RacEpuCee ATBICS1RC2 MCS8051 8051 Microcontoller {32kB code. 48MHz. Watchdog Timer, 16bit Timers. LART) Ch
AT89C51RC2.BUS MCSBOD51 8051 Microcontoller (2B code, 48MHz, Watchdog Timer, 2x16bit Timers, LUART) P;zzms
AT83C51RD2 MCS8051 8051 Microcontoller {§4kE code, 40MHz, Watchdog Timer, 3x16-bit Timers, UART) FEEN R
PLAEZ

ATBICEIRD2.BUS MCSB051 8051 Microcontoller (54kB code, 40MHz, Watchdog Timer, 3x16-bit Timers, UART) T poEm
P2EMTE
PITS

Sub-category:

Manufacturer:

Hinh 3.12: Dac tinh linh kién dwoc lwa chon
Trén Hinh 3.12 vung 1 1a st dung phim tit dé lya chon nhanh linh kién so véi

tim kiém trén thanh cong cu doc menu, vung 2 1a vung lya chon linh kién phu hop
d6ng thoi xudt hién so d6 mach nguyén Iy va mach in cta linh kién d6 twong tng véi

vung 3, va vung 4.
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Sau khi nap file hex da 1ap trinh va bién dich, click dap vao vi diéu khién dé

chon file hex can nap vao chip;

3.3.2. Cong cu bién dich

Sau khi soan thao xong nhan Ctrl+S dé luu. Sau khi luu ching ta bién dich

chuong trinh bang cach 4n phim F7 hodc chon Build target 14 biéu twong ngay trén

ctra s6 Workspace, nhu trén hinh:

Project

Pé bién dich chuong trinh thanh file HEX cac ching ta chon: Project/option

—-#24 Target 1

3| &

S @ E#

Workspace

&

£ Source &
VI

@Elle Edit Wiew |Project| Debug Flash Peripherals Tools SWCS  wWindow Help

E= = =]

Mew Project, ..

Import pVisionl Project...
Dpen Project. .,

Close Project

omponents, Environment, Books...

Seleck Device For Target 'Target 1'

ptions for Target 'Target 1'

K2 viDU - p¥ision3 - [C:\WDocuments and SettingsMron_nguyeniDeskiopilcdAWIDU. C*]

1e thu vien
k nghia gia tri bat
nk nghia gia tri ta

Build karget F7

%

Rebuild all target files
Translate :\Documents and Settingsitron_nguyenDeskioplcdiWIDU, C

1 Ci\Documents and Settingsitron_nguyen\DeskioptlcdiwIDU. uvZ
2 D:ASET UPYma tran led\few Folder\dFdfd. w2

3 DASET UPYyma tran led\ma tran led.Uvz

4 Ci\Documents and Setkingsitron_nguyen\Desktoptlcdiled. Uvz
S D:Y120o andWI_XU_LIheVDEVADS DA riokar, vz

Led kiPu kit chan P.

T e o T o W=

ca fnrop)

=

Hinh 3.13: Bién dich chuong trinh Keil C

for ‘target 1’ nhu hinh:

;-E

Sutput Window

=l £5 Souree @
- [£] viol

E YIDU - p¥ision3 - [C:\Documents and Settings\tron_nguyen\Desktopicd\¥IDU.C]

%E\Ie Edit  View Eroject}gebug Flash Peripherals Tools SYCS Window Help
2 EHa
= 3| S
& i

Project Workspace

-1 %59 Target 1

Mew Project,..
Import phisionl Project...
Open Project, .

Close Praject

Components, Enviranment, Boaks. ..

Select Device for Target 'Target 1'

Cptions for Target 'Target 1'

|Build targ

compiling
linking...
Program 3i
"wIpu" - o

[RTATF Tl Bl

Rebuild all target files
Translate C:\Documents and Settingsitron_nguyen)DeskiopilcdivIDU.C

1 ChDocurments and Settingsitran_nguyen’DeskbopllediYIDU. uvz

2 DASET UPYrna tran ledNew Folder\dfdfd.Uvz

3 DASET UPYrna tran ledima tran led. vz

4 C\Docurments and Settingsitran_nguyeniDeskbopiledilcd. Uyvz
5D 12\00 aniWI_¥U_LTheWDE\ADC _DAC_motar. vz

& D 12\00 aniWI_¥U_LIYEo Rale thai gianirole thoi gian. vz

7 DATROM Mew Folderitranl, Uvz

=l x|

le thu vien
k nohia gia tri bat
nk nghia gia tri ta

[ | B I»!ﬂ

Hinh 3.14: Pat thugc tinh tao file hex
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Trong hdp thoai hién ra, hily check vao Creat HEX File nhu chi dan: Chon thé

menu Target va nhap lai tan s6 thach anh la 12Mhz.

(o piions for larget Target ' sl
Device | Terget (Tutpily Listing | 51 | 451 | BLST Locate | BLST Misc | Debug | Utiies |
| Select Folder for Dbjects. .. | Mame of Executable: |E:-:amp|e

* Create Executable: MExample

I Debug Information v Browse Information | Merge32k Hesfile
te HEX File HEX Format, |3
Check
" Create Library: \Ewxample. LIB [ Create Batch File
- After Make
|v Beep'when Complete [ Start Debugaing

[ Run User Pragram #1: 1 Brawmse. .
[ Run User Program #2; 1 Browse. ..

E‘ Cancel | Defaults |

Hinh 3.15: Tao file HEX cho chwong trinh
DPé mo phong, chung ta chon Debug/Start/stop debug session hodc 4n Ctrl+F35,

hodc nhan vao Icon chit D mau do trong céi kinh lup trén thanh cong cu.

KZ ViDU - p¥ision3 - [C:\Documents and Settingsitron_nguyen\Desktoplle dWIDU.C]

[a File Edit Miew Project |erugl Flash Peripherals Tools S¥C5 Window Help 2 ]E | X|
; | Yoo Start{Stop Debug Session Chi+Fs |
Sl IEE@ s R Lj@d“
w0 a@ly
SEEs W&
Froject Waorkspace ? ]
=1 E Targef 1 j
[=l&5 Source Group 1
£ [#] VIDULC : bat Lod
tre mot khoeang th?i gian
tat Led
B tre mot khoang tho: gian
A Insert/Remove Breakoaoint Fa
@?I Disable All Breakpaoints x
o : |l Kl All Breakpoinks Chrl+Shift+F2 b
B | =W | =. y
*[Build target 'T -
compiling VIDL.
linking. ..
Z|Prugrom Size: d (2
g LpLt - U Eree Cixecution Profiling 3
i =
3 N N I A | ESSES
SkarkfStop Debug Secsion | ILize i1 [ M | =

Hinh 3.16: Chay mé phong chuwong trinh

Dé hién thi cac cong, cc thanh ghi chung ta chon trong Peripherals.
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k2 viou - pVision3 - [C:\Documents and Settings\tron_nguyen\DesktopMcd\WIDU.C]

Bﬁile Edit Wiew Project Debug Flash |Pe[ipherals Tools ZWCS window Help = X

AsEE| L ne oo o | g [ aa]
- @ % "\@] g Interrupk
@0 o g WoRs T potg E)‘

Odm
RET

"Ero-]:;act \'l{l:or'i«space Pl | 23 Serial Part L j
i 5 Ti 3 Port 2 -
Reqister | Walue - 24 | ] s
= Regs 25 H . Port 3
o 0s00 22 | Led = Bat; 7/ bat Led
el 000 T 27 delay(1000); // tre mot khoang th?i gian
7 0=00 28 Led = tat; S/ tat Led
e 000 o delay(1000): //ére mot khoang thoi gian
o 000 30 ¥
[ L 0+00 3 b
-
L H - e 1 32 2
E | % ® q ’
Symbel =|B vouc |

f.;g j

ILoad "C:>Documents and Settingsstron_nguyensDesktop s led~sVIDI"

2l >
=5 |AEM ASSIGN BreakDisable BreakEnable BreakEill BreakList BreakSet
1A I LA ;\Build }\Eommand A_Find in Files f | 1 L

|Simulation k1:0.00019450 sec |Li26 Cil MUM

Hinh 3.17: Kiém tra trang thai cac thanh ghi trong vi diéu khién
Ta thay 1 clra s6 nho Parallel Port xuat hién. D6 1a cai dé mo phong cho mot
cong cia AT89CS1, dau tick twong duong chan & mirc cao (5V), khong tick chan &
murc thap OV. Trong menu Peripherals con c6 cac ngoai vi khac nhu timer, interrupt,

serial.

kZviou - p¥ision3 - [Disassembly]

File Edit Wiew Project Debug Flash Peripherals Tools SYCS  Window Help — = __)ii
=F~2=N- I : ) % % S ~[aa] ¢
2-1 o @ 7 0
g Hem o @ e [@EYYEEREA
ftsiest W"—"‘"‘EP"“ =% 22: wvoid main(void) a
Register I Value |~ 235 { =
= Regs | 24: Pl = 0x00;
o 0400 &
e O — P1({0x90),A
erd 0=00 -
Zeely 0=00 7 Bits 0
- 000 PLABD CTTTTT W bd = bat: ~~ bat Led
[E - EKEE bl | C:04 | Pins [0 TR lay(gggé?}?gg}u‘lre mot khoaiw
=@ % |« 3 |
Ermboh — VIDU.C &) Disassembly
*|Running with Code Size Limit: 2K B

|Load "C:““Documents and Settings““tron_nguyen““Desktops\sledssWIDU"

Ouput Window

7
ASM ASSIGN BreaskDisable BreakEnable BreakKill BreakList BreakSet
: Command £ Findin Files [ [« _|»

Hinh 3.18: Két qua g6 roi chuwong trinh
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Pé chay chuong trinh chung ta 4n chudt phai vao man hinh soan thao, rdi 4n F11,
mdi 14n 4n s& chay mot 1énh, khi debug néu chung ta chd ham delay lau qua 1000 1an

1 Edit Component |i_ & |

Part Beference: u1 Hidden: [ K

Part Valle: ATESCH] Hidden: [

" %!| | Bemert: - Mew

- k| PcB Package: DIL40 - B[~ | [ HiddenFins |
1 Program File: - f Hide - Edit Firmnware

(et Fimere |
Clock Frequency: 12MHz 2 Hid e

Advanced Properties:

Enable trace logging ¥ || No w | | Hide All -

Cther Properties:

Lookin: ||| Mach Nap - O P
iz Name = Date modified Type Size
el 1 14/01/2016 10417 .. Filefolder
Recent Places 71 ezs2sshex \ HEX File TKB |
Desktop

Hinh 3.19: Nap file hex vao mé phong
Cong cu hd tro nap 1én chip Little Programmer USB & COM

# Little Programmer Gold

MCU Atmel MCS51
MCU Atmel AVR
MCU Philips

Serial ATBIC2051

ATBIC4051
ATBICS1

ATB958252

Hinh 3.20: Lua chon chip cho mach nap
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3.4. Bai tip va cAu héi cudi chwong

Ciu 3.1: Viét chuong trinh 4 Led (ndi vao cac chan P1) sang lan luot cach nhau 0,5s.
Chi c¢6 1 LED sang tai mot thoi diém?

CAu 3.2: Viét chuong trinh nhan nut Start (chan P1.7) dong co (chan P2.0) chay, nhan
nut Stop (chan P1.6) dong co dung?

Cau 3.3: Viét chuong trinh dém san phém st dung Counter 0, ché d6 16 bit, chan
cam bién vao P2.0 = “0” khi ¢ san phém va nguoc lai. Khi ) luong dém da 10 san
pham mot dén Led chan P3 duoc sang 1én dén 8 Led twong Gng 80 san pham hé thong
quay tro lai tir dau?

Tai liéu tham khao chwong 3

Tiéng Viét

[1] Ngb Dién Tap, Vi diéu khién véi ldp trinh C, Nha xuit ban Khoa hoc K¥ thuat,
2006.

Tiéng Anh

[2] Muhammad Ali Mazidi, Janice Gillispie Mazidi, Rolin D. McKinlay, The 8051
Microcontroller and Embedded Systems Using Assembly and C, Department of
Computer Science and Information Engineering National Cheng Kung

University, Taiwan, 2003.

[3] Dogan Lbrahim, Microcontroller projects in C for the 8051, Oxford Auckland
Boston Johannesburg Melbourne New Delhi, 2011.
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Chuong 4. THIET KE GIAO TIEP NGOAI VI

4.1. Két ndi vao ra co ban
Mot vai trng dung thuce té can cong suét rt 16n nén ta can phai sur dung khuéch
dai Hinh 4.1. Dé dap tng duoc cac dong dién 16n, ngudi ta thudng ding céc transistor
ludng cuc cong suét 16n nhu D718, B688, A671, D613... dong dién cuc dai cho phép
c6 thé 1én dén 10A.
4.1.1. Két néi ra don bit
Thuyc hién ghép ndi don bit bang cach cho giao tiép ho 8051 véi dén LED & ché

dd xuat tin hi¢u nhu trong vi du sau:

Vi du 4.1: Chuong trinh hop ngir diéu khién port 0 sang tit:
; Chuong trinh chinh

ORG 0000H ; Khai bao dia chi bt dau ciia chuong trinh
MOV PO, #00H  ; Nap 00 vao port 0 dé tdt 8 led

PORT 0: LCALL DELAY  ; Goi chuwong trinh con DELAY
INC PO ; Tang noi dung PO lén 1
LCALL DELAY ; Goi chuwong trinh con DELAY

SJMP PORT 0

s Chuong trinh con DELAY

DELAY: MOV R6, #OFFH  ; Nap hang sé FF vao thanh ghi R6
DE2: MOV R7, #0FFH  ; Nap hang sé FF vao thanh ghi R7
DEIl: DJNZR7, DEI s Giam R7 di 1 don vi va nhay dén DEI khi

R7#0)
DJNZ R6, DE2 ; Giam R6 di 1 don vi va nhay dén DE2 khi R6£0)

RET ; Thoat khoi chwong trinh con

END

; Chuong trinh con DELAY dung timer

DELAY: CLR TFO ;- Xoa co ng(it cua Timer 0
MOV TLO, #00H ; Nap 0vao TLO
MOV THO, #00H ; Nap 0vao THO
MOV TMOD, #01 ; Khoi tao timer TO mode 1 bo dém 16 bit
SETB TR0 ; Cho phép timer 0 bdt dau dém xung

DEIl: JBN TFO, DEI - Kiém tra co tran

RET.
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----- 13 xraLt PO.0ADD (=33
L PO.IADT (o=
- P02AD2 (3L
c B A PO.3IAD3 (22
L PO4/AD4 (2% -
L PO5ADS (o=
L PO 6/ADB :
. P20A8 521 -
o PLUAY (D55 -
e P22/AI0 T2 - .
vvvvvvvv £oa] PSEN P2IAIT (55 | Ehéi tao hé thong ‘
i e o om B r ow o 31_-&[5 P2.4/A12 w5
: EA P25/AIS (22
P26AI4 2L
P2.7/A15 ‘ Jang Led ‘
P10 paR@ 0 v
™) Ti'
—— P11 P3.1/TXD. _]; : ‘ Tré 1s ‘
—==1p12 P3UNTO (oot - ¥
P13 P33T o= =
P14 P340 (o2 ‘ Tit Led ‘
P15 P35I [ v
P16 P3 8WR [ T
LY iy P3.7/RD - ‘ Trels ‘
. ommmecet e — |

Hinh 4.1: So' d6 ddu néi Led don véi ho 8051 va thudt todn xudt don bit

Vi du 4.2: Ghép ndi LED don véi chan P1.0 cua vi diéu khién, viét chuong trinh diéu
khién LED nhap nhay v&i thoi gian tré 14 1s.
+ Chuong trinh C diéu khién:

#include<AT89x51.h> // Dinh kem file thu vién

#define bat 1 // Dinh nghia bat LED

#define tat 0 // Binh nghia tdt LED

[¥==========Khqgi bdo bién ===============%¥/

sbit Led = P10, // Khai bdo bién Led kiéu sbit ¢ gan chin P1.0
[¥============ Khai bao ham ================%/
Y Ham tré */

void delay(long time)

{

while(time--);
/
/* Chuong trinh chinh */
void main(void)

{

while(1)
{
Led = bat; // Bat Led
delay(25000); // Tré Is

82



Led = tat; // Tit Led
delay(25000); // Tré Is

}
4.1.2. Két néi vao don bit

Tuong tu ching ta thuc hién két ndi nhap don bit nut nhén Start, Stop nhu trong
Hinh 4.2. Cu thé, mot dén Led duge ndi voi chan P1.0 cua vi diéu khién. Mot cong
tac Start ndi voi chan P3.0 va cong tic Stop ndi v6i chan P3.1 cua vi diéu khién. Hay
viét chuong trinh diéu khién dé khi bat cong tac Start thi Led sang, khi bat cong tic
Stop thi Led tit.

U1
2B byraLy PO.0/ADD ::g
P0.1/AD1 w37
19 P0.2/AD2 CE
— KTALZ P0.3/AD3 i
PO.4/AD4 7]
P0.5/ADS A
2% pet EE 5?285 BV
LAl
s 15
o | P2.2/A10 O]
0m PSEN P2.3HAN =5
anfs s Tedmta
P2 6iA14 O]
P2.7iA1G
12 pig P3URD :1? ‘
P11 P31TO [EH
D1 p3 P AT [ 213
LED-GREEN 581 gy Pagmy | Led=tat
w STET- 5: P15 PISTI :lg
& P18 P3BAAR E 7
L CLE PAIRD L E i
i ATBACE]
Hinh 4.2: So do néi ho 8051 két hop xudt nhdp don bit
Vi du 4.3: Chuong trinh diéu khién két nbi vao don bit:
#include<AT89x51.h> // Pinh kem file thu vién
#define bat 1 // Dinh nghia gia tri bat den Led
#define tat 0 // Binh nghia gid tri tit dén Led
sbit Led = P1"0; // Khai bdo bién Led kiéu bit chdn P1.0
shit STOP = P3"0; // Céng tic STOP dé tdt Led
shit START = P3"I; // Céng tiac START dé tt Led
void main(void)
{
Led = tat; // Ban dau tdt Led
while(1){
if((START==0)&&(STOP= = 1)) {
Led = bat;
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}
if((START== 1)&&(STOP==0)){
Led = tat;
}
}
}

4.2. Giao tiép ma quét
4.2.1. Hién thi LED 7 doan

Trong d6 cac duong dit lidu duge ndi chung lai v6i nhau va nbi tiép voi 8 dién
trd han dong, gia tri dién trd nay tuy thudc vao dién ap: 5V-330Q, 12V-1kQ, 24V-
2,2kQ. Nhu vy tai mot thoi diém chi c6 mot Led duoc sdng va luan phién nhau, véi
téc d6 luan phién nhanh thi mat nguoi khong phan biét dugc chdp tat cia timg Led &
tan s6 16n hon 24Hz, luc d6 xem nhu ca hai Led cing sang dong thoi.

®

41015

R4,7E

i

Hinh 4.3: So' do nguyén Iy néi 2 Led 7 doan dém s6

Badng 4.1: Ma hinh Led 7 doan

Cac P10 P11 P12 P13 Pl4 P15 P16 s0
da f e 4 e b2 » g
thi mov

P1,#
0 1 0 0 0 0 0 0 1 81
1 1 1 1 1 0 0 1 1 cf
2 0 1 0 0 1 0 0 1 92
3 0 1 1 0 0 0 0 1 86
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Cac P10 P11 P12 P13 Pl4 P1S Pl.6 s0

A

R
thi mov

P1.#
4 0 0 1 1 0 0 1 1 cc
5 0 0 1 0 0 1 0 1 a4
6 0 0 0 0 0 1 0 1 a0
7 1 1 1 1 0 0 0 1 8f
8 0 0 0 0 0 0 0 1 80
9 0 0 1 0 0 0 0 1 84

Mot trudng hop khéac cho viéc két ndi Led 7 doan str dung cong tic diéu khién
Gat switch 2 1én ON dé kich hoat Port 3 1a c4c nat nhén.
Gat switch 4 1én ON dé kich hoat Led 7 doan.

Port 2 dung dé chon Led 7 doan nao sé& duoc sang va Port 0 1a dir li¢u cho Led
7 doan d6. Vi két ndi phan cing nhu vay, dé hién thi s6 5 thi dir liéu xuét ra s& la
0x6D (0110 1101). Tuong tu, gia tri cho cac s6 tir 0 dén 9 s& 1a:
unsigned char Led7 data[10] =
{0x3F,0x06,0x5B,0x4F,0x66,0x6D,0x7D,0x07,0x 7F, 0x6 F } ;

Dé quét Led, so d0 nguyén 1y s& duoc mic nhu Error! Reference source not
found.. Port 2 goi 1a port dir li¢u, dir li¢u nay s€ dugc ndi voi tat ca cac Led. Port 1
dung dé chon Led, cuc E cua transitor duoc ndi v&i chan mass cta Led 7 doan. Port
1 bang 1 tai bit nao thi transitor twong (mg s& dan. Gia sir Port 1 = 0x80, transitor T4
dan, dong data s& di qua Led 7 doan ndi v6i T4 xudng dét, va Led nay sé sang, cac
Led con lai thi khong. Khi s6 lwong Led cang nhiéu, ta phai tinh toan dé tim ra so to
hop 1y. Thong thudng, khoang thoi gian tdi da giita Led dau tién va Led cubi cing
trong khi quét Led phai nhé hon 1/50 gidy (50Hz). Dé quét 8 Led 7 doan trong trudng
hop nay, ta s& dung 1 buffer ¢ 8 phan tir, roi dinh ki xuét timg phan tir ra Led 7 doan
turong tng. Viéc thay doi dir liéu trong buffer nay s& do cac ham duoc cung cip cho
ngudi dung st dung cap nhat. Ta s& dung ngit timer dé dinh ki goi ham scan Led7(),
ham nay c6 chirc nang xuét 1 gia tri trong buffer ra Led tuong tmg, sau mdi lan goi,

index s& tang 1én 1, dén khi bang 8 s& quay tro vé 0.

Viét chuong trinh dé module nay c6 thé dung lai cho cac ing dung khac, ta s&

85



hién thuc cac ham dudi day:

void init_Led7(): Khoi tao cac thong s6 ban dau

void clear Led7(): Xoa dit liéu dang hién thi trén Led 7 doan

void set_position(unsigned int pos): Thiét 1ap vi tri xuat dir liéu, vi tri 0 1 Led
ngoai cung bén trai.

unsigned int get_position(): Truy xuit vi tri dang xuét dit liéu.

void put_number(unsigned int num): Xuat gia tri num (14 sé unsigned int) ra Led

7 doan tur vi tri hién tai.

void put_string(char strNum/[]): Xuit gia tri strNum (1a gia tri char) ra Led 7 doan
tur vi tri hién tai.

void scan_Led7(): Xuét dit liéu tir buffer ra Led 7 doan.

Céc ham interface nay dugc khai bao trong file Led7.h. File Led?7.c s€ thuc hién
cac ham nay.

Ham init Led7()

void init_Led7()

{
PO = 0x00; // Port div liéu
P2 = 0x00; // Port lya chon quét
position = 0;
Led7 index = 0;
is_valid data = 1,

/

* Giai thich:

- PO: Port dé xuat dir liéu cho Led 7 doan, khéi tao 0x00 tuc 1a khong c6 Led
nao trong Led 7 doan sang.

- P2: Port dé chon Led 7 doan nao trong 8 Led s& nhan data tir Port 0, tich cuc
muc “17, P2 = 0x01 (0000 0007) tic la Led 7 doan ngoai cung bén trai s€ sang, P2 =
0x20 (0000 0010) tirc 1a Led tha hai tinh tir trai s€ sang.

- Position: La vi tri bat dau hién thi gia tri, chang han nguoi ding muén hién thi
s6 123 tir vi tri thir hai tinh tir trai thi phai thiét 1ap position 1 “1” (position = 0 1a Led
ngoai ciing bén trai). Bién position ndy ngudi ding phai dung ham set_positon thi

moi thay d6i duogc.
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- Led7 index: vi tri s€ xuét data, bién nay dugc dung trong ham scan Led,
ngudi dung khong can thiép vao bién nay duoc.
-is_valid_data: bién dung trong ham scan_Led, bién nay dé tam dimg viéc quét
Led trong khi dang thay doi buffer hién thi, nguoi dung ciing khong can thiép dugc
vao bién nay.
Ham clear Led7()
void clear Led7()

{
Led7 buffer[0] = 0x00;
Led7 buffer[1] = 0x00;
Led7 buffer[2] = 0x00;
Led7 buffer[3] = 0x00;
Led7 buffer[4] = 0x00;
Led7 buffer[5] = 0x00;
Led7 buffer[6] = 0x00;
Led7 buffer[7] = 0x00;

/

Ham nay chi don gian 1a xo4 buffer 8 phan tir, lic d6 toan b cac Led sé tat.
Buffer nay dung dé chtra dit liéu cua 8 Led 7 doan, dit liéu cua ting Led s€ dugc dinh
ki dua ra Led tuong ung.

Ham set_position(unsigned int pos)
void set_position(unsigned int pos) // Thiét lgp vi tri ddu ra
{
position = pos,
/
Ham nay s& liy thong sb tir ngudi ding dé cap nhat cho bién position.
Ham get position()
unsigned int get _position() // Ldy vi tri hién tai
{
return position,
/
Ham nay tra vé vi tri dang xut dit lidu.
Ham put Number(unsigned int num)

void put_number(unsigned int num)

{
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inti;

is_valid data = 0; // Disable scan Led
for(i=position, i<8; i++)
{
if(i>=0)
{
Led7 buffer[i] = Led7 data[num % 10];
/
num = num / 10;
if(num == 0)
break;
/
position = i;
is_valid data = I; // Enable scan Led

/

Ham nay dung dé cat timg chit sé ctia s6 num dé bo vao buffer trong Gmg. Vong
1ap for dung dé hién thuc tac vu nay, chir ) hang don vi cua num s€ dugc bo vao
buffer vi tri position.

Ham put_string(char strNum([])

Ham nay ciing gan giéng véi ham put Number, chi khac d6i sé 1a kiéu charf].
Viéc thao tac trén dit liéu kiéu char[] can phai include thém thu vién string.h

Ham scan_Led7
void scan_Led7()

{
if(is_valid data)
{
P2 = 0x00; // Remove noise
PO = Led7 buffer[Led7 index]; //Data for the next Led
P2 =1<<Led7 index; // Enable data
Led7 index++; // Update new index
if(Led7 index == §)
Led7 index = 0;
/
/

Pay 1a ham dung dé quét Led, va s& duoc ngat timer goi. Muc dich ctia ham nay
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1a xuét dit liéu ra Led & vj tri tiép theo. Port 2 dung dé chon Led, va dé tranh hién
turong bong mo khi quét Led, chung ta phai gan né vé 0x00 trude. Led7_index 13 bién

chi vi tri cua Led hién tai chuan bi nhan dir liéu.

Ham scan_Led7() dugc goi trong ngat timer0. Vi cac ham da thiét ké o trén,
dé xuat s6 1234 tai vi tri thir 2 tinh tir trai sang ta viét trong ham main() nhu sau:
void main(){
init_main();
init_timer0(),
init Led7();
set position(1);
put_Number(1234);
while(1){},}

4.2.2. Giao tiép ma trin

4.2.2.1. Giao tiép phim ma trdn

B s I e e e B
._1—0 O $0 O ‘O O—I—O O—
B s Y ) /@ /@ /1o
._1—0 O o $O O 0‘ O O—OI—O oO0—
B e s I s B e
._1—0 O O lO O t* Q o—ol—o o—e
1 9 B s I e S

Hinh 4.4: So do ghép néi phim ma trgn véi vi diéu khién

Két ndi ban phim cho phép nguoi sir dung c6 thé nhap dit liéu va thong qua cac
phim chirc nang diéu khién hoat dong cua vi diéu khién. Pé quan 1y duoc cac phim
ctia ban phim ma khong 1am anh huéng nhiéu t6i qua trinh thyc hién tinh toan cia vi
diéu khién chinh, nguoi ta st dung riéng mot vi diéu khién loai nho dé quan Iy ban
phim. Ban phim dugc xay dung theo kiéu ma tran, gém 4 hang x 5 cot.

- 4 hang duoc 1y tir cac chan P1.0 - P1.3 cia vi diéu khién

- 5 ¢ot duoc léy tir cac chan P1.4 - P1.7 cua vi diéu khién va cot cudi cung ndi
dat.

89



T4 chirc cac phim gdm céac phim tir 0 -9 va tir A- F lam thanh phan nhap di liéu.
Céac phim chtc nang F1, F2 la phim lga chon céc 1€nh trén menu, phim BACK
SPACE la phim x6a, gitip chinh stra khi nhap liéu nham. Phim ENTER d¢ kich hoat
1€nh hién hanh, tuy theo ngtr canh, dugc hién thj trén LCD. So dd nguyén ly cua ban
phim nhu hinh:

Thuat toan doc ban phim dugc xay dung trén Hinh 4.5

| Cat; =0 (=1-4) |

Tré lal k&t qua phim Jda
nhén

Hinh 4.5: Thudt toan giao tiép ban phim véi 8051
4.2.2.2. Giao tiép Led ma trin

LED matrix 8x8: 13 mot bang 64 diém LED b0 tri theo kiéu ma tran 8 hang x 8
cot, tai mdi diém 2 LED xanh va d6 diu chung Andt, mdi hang gdm 8 diém ciing déu
chung Anot voi nhau. Dya trén nguyén tac nhu quét man hinh, ta c6 thé thuc hién
viéc hién thi ma tran dén bang cach quét theo hang va quét theo cot. Mdi Led trén ma
tran LED c¢6 thé coi nhu mot diém anh. Pia chi cia mdi diém anh nay dugc xac dinh
déng thoi boi mach giai ma hang va gidi ma cot, diém anh nay s€ duogc xac dinh trang
thai nho dit ligu dua ra tir b vi diéu khién 89C51.

Nhu vay tai moi thoi diém chi c6 trang thai cua mot diém anh duoc xac dinh.
Tuy nhién khi x4c dinh dia chi va trang thai ctia diém anh tiép theo thi cac diém anh
con lai s& chuyén vé trang thai tat. Vi thé dé hién thi dugc toan bd hinh anh cia ma
tran dén, ta co thé quét ma tran nhiéu 1an véi toc do quét rat 16m, 16n hon nhiéu lan
thoi gian kip tat cia dén. Mat ngudi chi nhan biét dugc t6i da 24 hinh/s do d6 néu toc
do quét rat 16m thi s& khong nhén ra dugc su thay ddi nho cua dén ma sé théy duoc

toan b hinh anh can hién thi.
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Thuc hién ting cot, dau tién chon cot 1, dua dién ap cot 1 vé 0. Sau d6 chon va
quét lan lugt cac hang 1, 2, 3,4, 5, 6, 7, 8 nhu sau:

e Dén | tit > DPién 4p dua vao hang 1 1a OV.

e Dén 2 tit > Pién 4p dua vao hang 2 1a OV.

e Dén 3 sang 2 Dién ap dua vao hang 3 1a 5V.
e Dén 4 sang - Dién ap dua vao hang 4 1a 5V.
e Dén 5 sang - Dién ap dua vao hang 5 1a 5V.
e Dén 6 saing = Dién ap dua vao hang 6 1a 5V.
e Dén 7 sang = Dién ap dua vao hang 7 1a 5V.
e Dén 8 saing 2 Dién ap dua vao hang 8§ 1a 5V.

Chon cot 2, ndi dat. Sau d6 quét lan luot cac hang 1, 2, 3, 4, 5, 6, 7, 8.
e Dén 1 tit > Dién ap dua vao hang 113 OV.
e Dén 2 sang - Dién ap dua vao hang 2 1a 5V
e Pén 3 tit > Dién ap dua vao hang 3 13 OV
e Dén 4 sang - Dién ap dua vao hang 4 1a 5V
e Dén 5 tat - Dién ap dua vao hang 5 1a OV
e Dén 6 tat - Dién ap dua vao hang 6 12 OV
e Pén 7 tit = Dién ap dua vao hang 7 12 OV
e Dén § tat - Dién ap dua vao hang 8 1a OV

Tiép tuc quét v6i cac cot tir 3 dén 8 bang cach nhu trén, sau d6 chuyén sang quét

den LED thtr hai va thtr ba mot cach tuong tu.

Dé mit nguodi nhan biét duoc toan bd hinh anh cta ma tran ta phai tién hanh
quét nhidu l1an. Do mat nguoi khong phéan biét duoc su thay doi anh néu anh d6 duoc
quét voi tbc do 24 hinh/s trd 1én, nén néu ta quét anh voi tdc do 16n hon hodc bé“mg
24 hinh/s thi 4nh s€ chay lién tuc va khong bi giat.

Nguyén ly diéu khién ma trn Led: Ma tran Led hai mau duge ciu tao gém
nhitng diém sang, mdi diém sang c6 hai bong dén do va xanh 14 bén trong. Khi ca 2
den nay cung sang cho ta cdm giac mau vang.

Viét chuong trinh: Chuong trinh dugc t6 chirc chitc ba module: MAIN dé chira

file main.c, TIMER dé goi ham quét ma trédn Led va Led ma tran dé chua cac ham

lién quan dén ma tran Led.

Cac ham vé ma tran Led nhu sau:
void init_Led matrix(); // Khoi tao ma trdn Led
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void scan_Led _matrix(); // Quét ma tran Led, ham nay dwoc goi trong timer.
void update display Led matrix(); // Cép nhdt buffer hién thi.
Ham init Led matrix()

void init_Led matrix()

{
PO = 0x00; // Red data
P2 = 0x00; // Green data
index Led matrix = 0; // Index use to scan Led

alphabet index = 208,// In the initial, Led matrix doesn't display anything

/
Trong do:

- PO: Port dé xuéat dit 1iéu c6 mau do cho ma tran Led.

- P2: Port dé xuat dit liéu c6 mau xanh cho ma tran Led.

- index_Led_matrix: bién ding dé quét dir liéu hién thi trén ma tran Led, ta ding
bién nay dé iy dit liéu trong hai buffer (mdi buffer 8 phan tir) dé hién thi va chon
cot.

- alphabet_index: bién dung dé lay dir liéu can hién thi, bo vao hai buffer d6 va
xanh. Mang dir liéu nay thuong kha 16n va dugc khai bao trong file
table Led matrix.h.

Ham scan_Led matrix(): Ham nay dugc goi trong timer, c6 nhi€ém vu XuAt
buffer hién thi ra ma tran Led, dinh ki xuét tung phén tur cua buffer ra ct tuong tng.
void scan_Led matrix()

{

Pl =0; // Remove noise

PO = red_bufffindex Led matrix];

P2 = green_buff[index Led matrix],;

Pl =1 <<index Led matrix;

index Led matrix = (index Led matrix + 1) % 8, // Next column

/
Ham wupdate_display Led matrix(): Him nay dung dé thay doi noi dung hién

thi, cac ung dung cua ngudi dung chu yéu 1a thay doi code & ham nay.
void update display Led matrix()
{
char i;
for(i=0;i<8; i++)
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red_buff]i] =alphabet upcase Led matrix[i+alphabet index |,
green_buff[i]=alphabet upcase Led matrix[i+alphabet index];

/
Ham main chi viéc thay ddi alphabet index (dit liéu cta chit cai ké tiép) roi goi
ham update display Led matrix(), dinh ki 1s sau d6 thay d6i chit ké tiép:

while(1)

{
alphabet index = (alphabet_index + 8) % 216,
update_display Led matrix();
delay ms(1000),

/

Viét chuong trinh chir chay trén ma tran Led, cung cip giao dién gitp nguoi
dung c6 thé thay doi dé dang. Nguyén 1y chay chir trén ma tran Led. Dé chay mot
dong chir qua ma tran Led, chung ta s€ c6 mdt buffer luu toan by dong chir d6. Buffer
nay thudng 13 mot mang cac byte. Chuong trinh sé dinh ki cit mot phan trong buffer
nay d6 dir liéu vao buffer nho hon ding dé quét Led. Chuong trinh quét Led s& hién
thi ra Led ma tran.

Tai thoi diém T1, dit liéu d6 vao buffer quét Led 14 chir “H”. Tai thoi diém T2,
mdt phan chit H va E dugc d6 vao buffer nay, va tai thoi diém T3 1a chit “E”. Néu
khoang thoi gian gitra cac thoi diém 1a nho, chung ta s& thay hiéu tmg dong chir chay
qua ma tran Led.

Dé sinh ra dugc buffer chira toan bo dong chit, chiing ta phai xtr 1y dit liéu da
lwu sén (tam goi 1a font chit), ghép ndi chiing sao cho dep mét. Chang han mudn hién

chit “HELLO WORLD”, chiing ta phai lam nhu sau:

Lay font cua chir “H”, bo nhirn Cot trong ¢ dau va Cu@i, han con 1a1 bod vao
Yy
buffer.

Léy font cia chit “E”, bo nhitng cot tréng & dau va cudi, thém mot byte 0x00

vao buffer (tao mot nét roi gitta H va E) 101 bo dit liéu cua E vao.
Tuong tu, hét chit “O”, chung ta thém khoang ba byte 0x00.

Tuy vao tai nguyén ctia hé thong, chung ta dinh nghia ra d6 dai t6i da cua buffer

nay. Trong qua trinh sinh ra buffer, chuwong trinh s€ cap nhat do dai hién tai va sé
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dimg viéc ghép chir néu do dai 13 qua mirc cho phép.

Viét chuong trinh: Chwong trinh s& gdm ba nhém 1a TIMER, LED MATRIX va
MAIN. Céc nhdm TIMER va LED MATRIX dugc dung lai. Trong file Led matrix.h
ta khai bao thém mot ham cung cp cho ngudi ding:

void set_message(char strMsg/[]);

Ham ndy cho phép nguoi dung thay d6i ndi dung chir chay qua ma tran Led.
Nhu goi set_message (“HELLO WORLD”).

Pé xtr Iy chudi trong KeilC, chung ta chén thém hai thu vién sau ¢ dau file
Led matrix.c:
#include <stdlib.h>

#include <string.h>

Dit lidu cua buffer 16n gém c6 100 cot, bién rotal length trong vi du sau ding
dé Tuu do dai hién tai cua mang buffer nay:
unsigned char data_buff[100];
int total_length;

Mang alphabet_upcase Led matrix 1a dit li¢u font cua cac chit cai in hoa.
Trong chuong trinh ndy chi hién thi duoc céac chi cai in hoa, khong bao gom céc chir
cai thuong va cac ki tu sd.

4.3. Giao tiép dir liéu
4.3.1. Giao tiép LCD
LCD la dang méan hinh tinh thé 16ng ding dé hién thi cac dit liéu tir vi diéu khién
1én giao dién nguoi dung. Hinh 4.6 1a m6 ta so do giao tiép ho 8051 véi LCD2408.
Dé c6 thé hién thi mot cach thuan tién, linh hoat cac thong sé ciia hé thong dong
thoi dam bao duoc tinh my thuat, ta chon man hinh tinh thé 1ong LCD 2408. Pay la
loai man tinh thé long gém c6 8 dong, mdi dong co thé hién thi 24 ky tu, rat tién cho
ngudi st dung trong khi 1am viéc v6i 8051 ¢ ché do monitor. LCD 2408 c6 4 chan
diéu khién va 8 chan dit liéu, 4 chan diéu khién 1a RS, R/W, El, E2. Chéan El, E2:
dugc goi 1a chan “Enable”. Chan nay cho phép guri dit liéu vao LCD hay khong.

Chan 15va 16 1a 4 va K cua LCD.

E1I cho phép lam viéc voi 4 dong trén cia man hinh. E£2 1a chan cho phép lam
viée véi 4 dong dudi. Pé c6 thé gui dir lidu vao LCD, dau tién chin nay phai dugc

set 1én “1”. Sau khi thuc hién xong cac 1énh, chan nay phai set xudng “0” dé bao cho
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biét réng LCD da thyuc hién Iénh va dang cho [€nh tiép theo.

Chan RS: 12 chan “Register Select”. Khi chan ndy & mirc “0”, LCD s& biét rang
cac dir liéu truyén dén nod dung dé diéu khién nhu céc 1énh x6a man hinh, dat vi tri
con tro,.... Néu RS & murc “1” cac dit liéu tmyén dén LCD dugc no hiéu 1a cac dit liéu
dang ky tu can hién thi.

Chan R/W: 1a chan “Read/Write”. Dé c6 thé ghi dir liéu 1én LCD, chan nay phai
& mirc “0”. Con dé doc dir liéu tir LCD thi chan nay phai & mirc “1”. Tuy nhién trong
LCD chi ¢6 mot 1énh doc dit liéu tir LCD, d6 chinh 1 1énh 1y trang thai cua LCD dé
béo cho biét nd dang ban hay khong. Chinh vi vay chan ndy hau nhu chi & muc tin
hiéu “0”. DB0 - DB7: 8 chan dir liéu cua LCD.

LCD1
LMO16L
U2

A3 B erand PO.0/ADD %

PO 1/AD1 32
- Po 27402 3L
A8 1 1A Po.2/AD3 |2

P0_4/AD4 % i

FB'EMDS? ﬁﬂw (7] &5 o= B 6 S D D P
o PO 6/4D6 [—22 gk 22, 85883325
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P2 1/A9 |—22
2 P2 2/A10 %
£ psEn P23mn 2
N P2 4/A12 22 =
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P2 7IA15
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—— P15 P3.5M1 —&
—~{ Pis P3.61WR [
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Hinh 4.6: So' do ghép néi LCD véi vi diéu khién 1

MGdi lan thyc hién mot 1énh, LCD phai mat mot khoang thoi gian dé hoan tat
viéc ndy. Chinh vi vay khi ra 1énh cho LCD, ta phai tré mot khoang thoi gian. Sau d6
méi duge thuc hién 1énh tiép theo. Tuy nhién phwong phap tré khong dugc 6n dinh
va chinh x4c khi tan s6 thach anh thay d6i, con mot phuong phép nira 1a phuong phap
kiém tra LCD d4 sin sang nhan dir liéu hay chua bang cach kiém tra bit ¢6 trong s6
cao nhit - D7 - cta thanh ghi 1énh (lwu ¥ 13 thanh ghi 1énh, tic khi RS = 0), khi bit
nay xudng 0 bao hiéu LCD di sdn sang nhan 1énh tiép theo. Phuong phap nay cé uu
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diém 1a 1am viéc 6n dinh, déng bd va khong phai mét thoi gian tré du ra khong can
thiét. Dé cho LCD c6 thé hoat dong, dau tién ta phai khoi tao LCD, bao cho no biét
s6 hang, s6 ky tu hién thi trén mot hang. Cac dit liéu diéu khién lan lugt dugc chuyén
vao Data Bus cua LCD la 38H, OEH, va 06H. Sau céc 1énh khoi tao LCD nay ta méi
c6 thé hién thi ky tu 1€n trén man hinh LCD. Viéc x6a man hinh, dua con trd vé g6c
trén bén trai c6 thé thyc hién duoc bang cach chuyén dit liéu diéu khién 01H vao Data
Bus cua LCD.

Bdng 4.2: Ma lénh diéu khién ciia LCD 2408

Ma (Hexa) Lénh dén thanh ghi cia LCD

X6a man hinh hién thi
Tré vé dau dong

Dich con tré sang trai
Dich con tr6 sang phai
Dich hién thi sang phai
Dich hién thi sang trai
Tét con tro, tit hién thi
T4t hién thi, bat con tro
Bat hién thi, tat con trd

Bat hién thi, nhap nhay con tro

MM A > 0 N RN~

Tit hién thi, nhdp nhay con trd

10 Dich vi tri con tro sang trai

14 Dich vi tri con tré sang phai

18 Dich toan bd hién thi sang trai

1C Dich toan bd hién thi sang phai

80 Pua con tro vé dau dong thir nhat (*)
Co Dua con tré vé dau dong thir hai (*)
38 Hai dong va ma tran 5x7

(*) Dia chi cua cac dong cu thé cia LCD 2408 nhu sau :
- Dong 1 0080H Dong 2 0098H
- Dong 3 00B8SH Dong 4 00DSH

LCD 2408 dugc phan lam 2 nita man hinh va chan E1, E2 dugc dung dé chon
lam viéc v61 cdc man hinh theo thtr tu 1, 2. Muc tich cyc ctuia cdc chan nay la muc
"1". Cy thé, ta mudn in ki tu 'A' 1én dong 2 cuia nira man hinh 2 (dudi) & LCD, ta thuc

hién:
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-batE1=0,E2=1

- Chuyén sang thanh ghi 1énh: dat RS =0

- GUri ma 1énh ra LCD: mov LCD_DATA _ PORT, #DONG2
- Chuyén sang thanh ghi dir liéu: dat RS = 1

-Inkitg'A": mov LCD DATA PORT, #A'

GUri ma 1énh hodc dit liéu dén LCD ¢6 kiém tra c& ban.

Poan chuong trinh trén day da chi ra cach giri cac 1énh dén LCD ma khong co
kiém tra c& ban (Busy Flag). Luu y rang ching ta phai dat mot do tré 16n trong qué
Trinh xut dit liéu hodc 1énh ra LCD. Tuy nhién, mot cach tét hon 14 hién thi co ban

trude khi xuat mot 1énh hodc dit lidu t6i LCD. Dudi day la mot chuong trinh nhu vay.

; Kiém tra cd ban trudc khi giri dit liéu, 1énh ra LCD

: Pat P1 1a cong dit lidu

: Dt P2.0 ndi t6i chan RS

: D3t P2.1 ni t6i chan R/'W

: Pat P2.2 ndi t6i chan E

Luu y ring trong chuong trinh kiém tra co ban D7 cua thanh ghi 1énh. Bé doc thanh ghi
1énh ta phai dat RS =0, R/W = 1 va xung “cao - xudng - thip” cho bit E dé chon thanh ghi lénh.
Sau khi doc thanh ghi Iénh, néu bit D7 (c& ban) ¢ muc cao thi LCD bén va khong c6 thong tin
(1énh) nao dugc xuat dén no chi khi ndo D7 = 0 méi ¢6 thé guri dit liéu hodc 1énh dén LCD. Luu y
phuong phap nay khong st dung d6 tré thoi gian vi ta dang kiém tra cd ban trudc khi xuét 1énh
hodac dir liéu 1én LCD.

Luu ¥ riang trong chuong trinh cd ban D7 caa thanh ghi 1énh, dé doc thanh ghi
lénh ta phai dat RS = 0, R/W = 1 va xung “cao - xuéng - thap” cho bit E dé chon
thanh ghi Iénh. Sau khi doc thanh ghi 1€nh, néu bit D7 (cd ban) & muc cao thi LCD
béan va khong c6 thong tin (1énh) nao dugc xuat dén né chi khi nao D7 = 0 méi c6 thé
guri dir liéu hodc 1énh dén LCD. Trong LCD ta c6 thé dat dir liéu vao bt ctr chd nao

dudi day la cac vi tri dia chi va cach chung dugc truy cap.

Badng 4.3: Bang dit liéu cua LCD

RS E/W DB7 DB6 DBS DB4 DB3 DB2 DBI DB0

0 0 1 A A A A A A A

Khi AAAAAAA = 0000000 dén 0100111 cho dong 1énh 1 va AAAAAAA =
1100111 cho dong Iénh 2.

97



Bang 4.4: Panh dia chi cho LCD

DB7 DB6 DBS DB4 DB3 DB2 DB1 DB0

Dong 1 (min) 1 0 0 0 0 0 0 0
Dong 1 (max) | 0 1 0 0 1 | 1
Dong 2 (min) 1 1 0 0 0 0 0 0
Dong 2 (max) 1 1 1 0 0 1 1 1

Dai dia chi cao c6 thé 14 0100111 cho LCD, 40 ky ty trong khi d6i voi CLD 20
ky tu chi ¢én 010011 (19 thap phan = 10011 nhi phan). Dé y rang dai trén 0100111
(nhi phan) = 39 (thap phan) tng v&i vi tri 0 dén 39 cho LCD kich thudc 40 x 2.

Ttr nhitng diéu néi & trén day ta c6 thé nhan duoc céc dia chi cua vi tri con tro
c6 cac kich thuée LCD khéc nhau (Bang 4.5).

Bdng 4.5: Danh sach liét ké chi tiét cac 1énh ciia LCD

16 x 2 LCD 80 81 82 83 84 85 86  Through 8F
co Cco C2 C3 €4 CC5 C6 Through CF

20 x 1 LCD 80 81 82 83  Through 93
20 x 2 LCD 80 81 82 83 Through 93
co C0 C2 C3 ThroughD3
20 x4 LCD 80 8l 82 83  Through 93
CoO Co0 C2 C3 ThroughD3
94 95 9% 97 Through A7
D4 D5 D6 D7 Through E7
20x2LCD 80 8l 82 83  Through A7
CoO Co0 C2 C3 ThroughE7

4.3.2. Giao tiép ADC
ADC 0804 1a bd chuyén d6i twong tu sang s6 thudc ho ADC8xx cia hing

National Semiconductor. N6 cling dugc nhiéu hang khac san xuét, n6 lam viéc véi
dién 4p +5V va c6 do phan giai 1 8 bit. Ngoai do phan giai thi thoi gian chuyén déi
cling 1a mot yéu td quan trong khac khi ddnh gia mot bd ADC. Thoi gian chuyén doi
dugc dinh nghia nhu 14 thoi gian ma bd ADC can dé chuyén mot dau vao tuong tu
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thanh 13 dau ra s6 nhi phan. Trong ADC0804 thoi gian chuyén ddi thay d6i phu thudc
vao tan sd xung nhip duoc cép t6i chan CLK va CLK IN nhung khéng thé nhanh hon
110ps. Céac chan cia ADC0804 dugc mo ta nhu sau [2]:

- Chan CS - chon chip: La mot dau vao tich cuc mirc thép duogc str dung dé kich
hoat chip ADC0804. B¢ truy cap ADC0804 thi chan nay phai & mirc thap.

- Chan RD (doc): Dy 1a mot tin hidu dau vao dugc tich cuc murc thap. Cac bo
ADC chuyén dbi dau vao twong tu thanh s nhi phan twong dwong vdi nd va giit nd
trong mot thanh ghi trong. RD duoc st dung dé nhan dir liéu duogc chuyén doi & dau
ra cia ADC0804. Khi CS = 0 néu mot xung “cao - xudng - thap” dugc ap dén chan
RD thi d4u ra s 8 bit duge xuit hién & cac chan dit liéu DO - D7. Chan RD cling
dugc coi nhu cho phép déu ra.

- Chan ghi WR (thuc ra tén chinh xac 13 “Bét ddu chuyén d6i”). Pay 1a chan
dau vao tich cyc muc thap duoc ding dé bao cho ADC0804 bit dau qua trinh chuyén
d6i. Néu CS = 0 khi WR tao ra xung “cao - xudng - thap” thi bd ADC0804 bat dau
chuyén doi gia tri dau vao tuong tw Vin vé s6 nhi phan 8 bit. Lugng thoi gian can thiét
dé chuyén dbi thay doi phu thudc vao tan sé dua dén chan CLK IN va CLK R. Khi
viéc chuyén d6i dir liéu duoc hoan tit thi chan INTR dugc ép xudng thdp boi
ADCO0804.

- Chén ngét INTR (ngét hay goi chinh x4c hon 1a “két thiic chuyén d6i*).

- Chan CLK IN 1a mét chan dau vao duge ndi t6i mot ngudn xung nhip ngoai,
khi xung nhip ngoai duoc sir dung dé tao ra thoi gian. Tuy nhién ADC0804 ciing c6
mdt bo xung nhip bén trong. Dé sir dung bd xung nhip bén trong ctia ADC804 thi cac
chan CLK IN va CLK R dugc ndi téi mot tu dién va mét dién tré nhu trén Hinh 4.7.
Trong truong hop nay tan sb xung nhip dugc xac dinh bang biéu thirc:

fo_1
1IRC

Gi4 tri tiéu biéu cila cac dai luong trén 1a R = 10kQ va C = 150pF va tan s6 nhan

duogc 1a f = 606kHz va thoi gian chuyén d6i s& mét 1a 110pus.
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Hinh 4.7: So d6 nguyén Iy ADC0804 ¢ ché dj chay tw do.

Day 14 chan dau ra tich cyc mirc thap. Binh thuong né & trang thai cao va khi
viéc chuyén doi hoan tat thi né xudng thip dé bao cho CPU biét 1a dit lidu duoc
chuyén déi sin sang dé ldy di. Sau khi INTR xudng thép, ta dat CS = 0 va giri mot
xung “cao xudng - thap” t6i chan RD lay dit liéu ra cia ADC804.

- Chan Vin (+) va Vin (-): Day 1 cac dau vao twong tu vi sai ma Vin = Vin (+) -
Vin (-). Thong thudng Vin (-) duoc ndi xudng dat va Vin (+) duge diung nhu dau vao
tuong tu duoc chuyén d6i vé dang sb.

- Chan Vcc: Pay 1a chan ngudn nudi +5V, no ciing duge dung nhu dién ap tham
chiéu khi ddu vao Viez (chan 9) dé ho.

- Chan Vief2: Chan 9 1a mot dién ap dau vao dugc dung cho dién ap tham chiéu.
Néu chan nay ho (khong duoc ndi) thi dién 4p dau vao twong ty cho ADC0804 nim
trong dai 0 dén +5V (gidng nhu chan Vcc). Tuy nhién, cé nhiéu tmg dung ma dau
vao tuong tu 4p dén Vin can phai khac ngoai dai 0 dén 5V. Chan V2 dugc dung dé
thuc thi cac dién ap dau vao khac ngoai dai 0 -5V, néu dai dau vao tuong tu can phai
1 0 dén 4v thi Vier2 duoc ndi véi +2V. Biéu dién dai dién ap Vi d6i v6i cac dau vao

V:¢et2 khac nhau:

Bang 4.6: Dién dp Vyep lién hé voi dai Vi,

Vref/ 2(V) Vin(V) Step Size (mV)
Ho * 0 dén 5 5/256 = 19.53
2.0 0 dén 4 4/255 = 15.62
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Vref/ 2(V) Vin(V) Step Size (mV)

1.5 0 dén 3 3/256=11.71
1.28 0 dén 2.56 2.56/256 =10
1.0 0 dén 2 2/256 = 7.81
0.5 0 dén 1 1/256 = 3.90

Ghi chu: Vce =5V

Khi Vief/2 ho thi do duge ¢ d6 khoang 2,5V; kich thudc budce k (d9 phan dai) 1a
su thay d6i nhoé nhat ma ADC c6 thé phan biét duoc.

- Céc chan dit liéu DO - D7: Céc chan dir 1i¢u DO - D7 (D7 1a bit cao nhat MSB
va DO 14 bit thip nhat LSB) 1a cac chan dau ra dir liéu sb. Pay 13 nhitng chan dugc
dém ba trang thai va dit liéu duoc chuyén doi chi dugc truy cap khi chan CS =0 va

chan RD bj dua xubng thip. Dé tinh dién 4p dau ra ta c6 thé sir dung cong thirc sau:

V6i Dou 12 dau ra dir liéu s6 (dang thap phan). Vi, 1 dién ap dau vao twong ty
va do phan dai 1a sy thay doi nho nhat dugc tinh nhu 13 (2 x Vie/2) chia cho 256 dbi
v6i ADC 8 bit.

- Chan mass twong tu va chan mass s: Day 1a nhimg chan du vao ndi dat chung
cho ca tin hiéu sb va tuong tu. Dt tuong tu dugc ndi ti dat ciia chan Vin, con dat sb
duogc ndi toi dat ciia chan Vee. Ly do ma ADC phai ¢ hai chan ndi dat 1a dé cach ly
tin hiéu tuong tu Vi, tir cac dién ap ky sinh nham muc dich tao ra viéc chuyén mach
s6 dugc chinh x4c. Trong phan trinh bay ctia chiing ta thi cdc chan nay duge nbi chung
véi mot dat. Tuy nhién, trong thuc té thu do dit liéu cac chan dat nay duoc ndi tach
biét. Tur nhitng diéu trén ta két luan réng céc bude can phai thuc hién khi chuyén doi
dir liéu béi ADC0804 la:

e Bat CS = 0 va gii mot xung thip 1én cao téi chan WR dé bit dau chuyén
doi.

e Duy tri hién thi chdn INTR . Néu mxuéng thép thi viéc chuyén ddi duoc
hoan tat va ta c6 thé sang budc ké tiép. Néu INTR & mirc cao va tiép tuc tham
dod cho dén khi n6 xudng thap.

e Sau khi chan ﬁxuéng thap, ta bat CS = 0 va giri mot xung “cao - xudng
- thdp” dén chan RD d¢é l4y dir liéu ra khoi chip ADC0804. Phan chia thoi gian
cho qua trinh nay dugc trinh bay trén Hinh 4.8.
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Hinh 4.8: Gidn do thoi gian hoat déng cdc chan ADC 0809

Twong tw nhu ADC0804, IC chuyén d6i ADC tich hop dén 8 kénh dau vao 1a
ADCO0809. Vi mach nay chuyén ddi tin hiéu tur tuong ty sang sb 8 bit, duoc ché tao
theo cong nghé CMOS. Bo chuyén dbi tuong tur sé nay sir dung phuong phép chuyén
d6i x4p xi. Sai s6 ctia phép chuyén d6i la mot bit. Sau day so dd két ndi ho 8051 véi
ADCO0809.

8051 ADCS809 5V c|=-
P2 T Wi
RD
P2, Pl CLK
WE. cLi L0k | 180p
F'1 -+ D|:| "'-.-"Iin("' =
" : 10k
. Wing- > =
) A
: "'\"Ilref-'f —C
g Gh = e
P1. «{D7 1 i
P2, «—|INTR g

il &l

Hinh 4.9: Ghép néi ADC0809 véi ho 8051
Nguon nudi 5V, dai tin hiéu 16i vao twong t 5V khi ngudn nudi 1a +5V. C6 thé
mé rong thang do bang cac giai phap k¥ thuat cho timg mach cu thé. D& dang giao
tiép voi vi diéu khién vi ddu ra c6 bd dém 3 trang thai nén co thé ghép truc tiép vao
kénh dit liéu ctia h¢ vi diéu khién.
Mot s chire ning cia ADC0809:

- Tong sai s chua chinh 14 1/2 LSB;
- Thoi gian chuyén doi 100us;

102



- T4n s6 xung clock 10kHz — 1028 kHz;

- Pam bao sai s6 tuyén tinh trong dai nhiét do tir —-40°C 85°C;

- INO — IN7 12 8 chan dau vao tuong tu;

- A, B, C la cac chan tin hiéu chon kénh;

- Céc chan DO - D7 1a céc dau ra s6 ;

- ALE 1a chén tin hiéu cho phép chét sd liéu dau vao ;

- Start 1a chan cip xung cho phép bat dau chuyén doi ;

- Clk 14 dau vao cung cap xung clock cho ADC;

- Ref(+) 1a chén dién ap vao chuan +5V;

- Ref(-) 14 chan dién 4p vao chuan 0;

- OE 1a chan cho phép xuit dit liéu da chuyén dbi ra DataBus;

- EOC 1a chan cho biét qua trinh chuyén do6i da két thuc;

- Vcc 1a chan ngudn cung cép.

Vi du 4.4: Chuong trinh giao tiép ADC véi 8051.

; Pat P2.6 = WR (bat dau chuyén doi can mét xung thap lén cao)
; Dat chdan P2.7 = 0 khi két thiic chuyén doi
; Pat P2.5 = RD (xung cao - xuong - thap sé doc dir liéu tir ADC)
s P1.0—P1.7 cua ADC 804

MOV PI, #0FFH ; Chon PI la cong dau vao
BACK:

CLR P2.6 ;Pat WR =0

SETB P2.6 ; Bt WR = “1” dé bdt dau chuyén déi
HERE:

JB P27, HERE ; Cho cho P2.7 to dé két thiic chuyén doi

CLR P25 ; Két thiic chuyén doi, cho phép doc RD

MOV A, Pl s Doc dir liéu vao thanh ghi A

ACALL CONVERSION ; Chuyén doi s6 Hex ra ma
ASCII

ACALL DATA-DISPLAY ~ ; Hién thi dir liéu

SETB P2.5 s Pua RD = “1” dé cho lan doc sau.
SJMP BACK

Xét truong hop ndéi mot LM35 t6i mot ADC0804 c6 d6 phan dai 8 bit véi tbi da
256 bude (2%) va LM35 (hodc ML34) tao dién ap 10mV cho mdi su thay ddi nhiét do
1°C nén ta co thé tao diéu kién Vi, ctia ADC0804 tao ra mot Vou = 2560mV (2,56V)
cho dau ra dau thang do. Do vy, nhiam tao ra Vou ddy thang 2,56V cho ADC0804 ta
can dit dién ap Veer/2 = 1,28V. Diéu nay 1am cho Vou cia ADC0804 dap ung truc
tiép v4i nhiét d6 duge hién thi trén LM35 (Bang 4.7). Céc gia tri ctia Ver/2 dugc cho
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& Error! Reference source not found..

Badng 4.7: Gia tri dién ap twong ung nhiét do

Nhiét d§ (°C) Vin (mV) Vout (D7 — DO)
0 0 0000 0000
1 10 0000 0001
2 20 0000 0010
3 30 0000 0011
10 100 0000 1010
30 300 0001 1110

Hoat dong cia ADC0809: Pau tién ta phat tin hiéu vao 3 chan A, B, C dé chon
cong vao tuong ty. Dé bat dau cho ADC0809 hoat dong, ta phat xung vao chan Start.
Tiép tuc phat xung ALE dé chét dit liéu twong tu ddu vao. Sau khi qua trinh chuyén
d6i twong tu — sb dd dién ra xong. ADC0809 s& tu phat ra mot xung trén chan EOC
dé bao cho biét da két thiic qua trinh chuyén doi. Pé dir liéu duoc dua ra cac chan DO
- D7, ta phat mot xung vao chan OE cua ADCO0809, bay gio c6 thé doc dit liéu dugc.

4.3.3. Giao tiép DAC

4.3.3.1. B¢ phdn giai

Do phan giai (resolution) ctia bd bién d6i DAC duoc dinh nghia 1a thay doi nho
nhit c6 thé xay ra ¢ dau ra tuong tu boi két qua ciia mot thay doi ¢ dau vao sb. Do
phan giai cia DAC phu thudc vao sd bit, do d6 cac nha ché tao thuong an dinh do
phan giai cia DAC ¢ dang sb bit. DAC 10 bit c6 do phan giai tot hon DAC 8 bit.
DAC c6 cang nhiéu bit thi o phan giai cang t6t hon. Do phan giai ludn bing trong
s6 ctia LSB. Con goi 14 kich thudc bac thang (step size), vi d6 1a khoang thay doi ctia

Vout khi gid tri cua dau vao so thay doi tir budc nay sang budc khac.
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Hinh 4.10: Céu triic thang dién dp ciia b DAC

Dang song bac thang ¢ 16 muic voi 16 thang thai dau vao nhung chi ¢6 15 bac
gitra mtrc 0 va muc cyc dai. V&i DAC c6 N bit thi té)ng s6 muc khac nhau sé& 1a 2V,
va tong s6 bac s& 1a 2N — 1. Do d6 d6 phan giai bang véi hé s6 ty 1¢ trong mdi quan

hé gitra dau vao va dau ra ciia DAC.
Dau ra twong ty = K x dau vao sb
Vi K 1a mie dién thé (hodc cudng d6 dong dién) & mdi bac.
Nhu vay ta c6 cong thirc tinh d phan gidi nhu sau:

D0 phan giai:

i (4.1)

Véi A, 1a dau ra cuc dai (ddy thang)
N 12 s6 bit.

Néu tinh theo phan trim ta c6 cong thirc nhu sau:

Y%= 4.2)
Ay,
Ta co :
114
7Y% =7 100% = 6.67% (4.3)

Vi du 4.5: Mot ADC 10 bit ¢6 kich thude bac thang = 10mV. Hay xac dinh dién
thé dau ra cuc dai (day thang) va ty 1& % d6 phéan giai.
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Bai giai:
DAC c6 10 bit nén ta c6 s6 bac 1a 2'° — 1 = 1023 bac
Vi mdi bac 1a 10mV nén dau ra cuc dai sé 1a 10mVx1023 = 10.23V

7% = 10102%.100% =0,1% (4.4)
,23m

Tur vi du trén cho thiy ty 1& phan trim d6 phan giai giam di khi sb bit dau vao

tang 1én. Do d6 ta con tinh dugc % do phan giai theo cong thuec:

o/ _ AfS 0
Y% =L 100% (4.5)

2N71 :

Véi ma dau vao nhi phan N bit ta c6 tong s6 bac 1a 2N — 1 bac.

4.3.3.2. Do chinh xac

C6 nhiéu cach danh gia do chinh xéc, hai cach thong dung nhat 1 sai s6 toan
thang (full scale error) va sai sb tuyén tinh (linearity error) thuong dugc biéu dién ¢
dang phan tram dau ra cyc dai (day thang) ctia bo chuyén doi.

Sai s6 toan thang 1a khoang 1éch t6i da ¢ dau ra DAC so véi gid tri du kién (ly
tuong), duge biéu dién & dang phan tram.

Sai s6 tuyén tinh 14 khoang léch t6i da & kich thudc bac thang so véi kich thude
béc thang 1y tuong. Piéu quan trong ctia moét DAC 1a d6 chinh xac va do phan giai
phai tuwong thich véi nhau.

So dd mach cua mot mach DAC 4 bit dung dién tré va bo khuéch dai déo, bon
dau vao A, B, C, D ¢6 gia tri gia dinh lan luot 12 0V va 5V.

R =1k
f
PR, | PRI
MSB
+Vee
c e—nFK .
Op Amp L &
s Vout
B .—/%\—Il
| -Vee

Péuvao s 0V hodc 5V
A '—/\ﬁk/\—

Hinh 4.11: So do6 cdu triic DAC

Bo khuéch dai thuat toan (Operational Amplifier — OA) dugc dung lam bg cong

dao cho tong trong s6 ctia bon muc di¢n thé vao. Ta thay cac dién trd dau vao giam

106



dan 1/2 1an dién tré trude nd. Nghia 12 ddu vao D (MSB) c¢6 RIN = 1k, vi vay bd
khuéch dai cong chuyén ngay mirc dién thé tai D di ma khong 1am suy giam (vi Ry =
1k). Pau vao C co R = 2k, suy giam di 1/2, twong tu dau vao B suy giam 1/4 va dau
vao A giam 1/8. Do d6 dau ra bo khuéch dai dugc tinh bai biéu thirc:

1 1 1

1
V Z_E(VD+EVC "r‘ZVB +§VA) (46)

out

Dau am (-) biéu thi bo khuéch dai cong ¢ day 1a khuéch dai cong ddo. Dau 4m

nay chung ta khéng can quan tam.

D0 phan giai cia mach DAC Hinh 4.11 béng Vo1 trong sb cua LSB, nghia la
bang V,, nhan véi 5V = 0.625V.
Vi du 4.6: D) phan giai DAC
a. Xac dinh trong sb ctia mdi bit diu vao & trén
b. Thay d6i Rf thanh 500Q. Xac dinh dau ra cuc dai day thang.
Bai giai:

a. MSB chuyén di v6i mic khuéch dai = 1 nén trong s ctia né ¢ dau ra la 5V.

Tuong tu nhu vay ta tinh dugc cac trong sb cua céc bit dau vao nhu sau:

- MSB # 5V

- MSB thit 2 # 2.5V (giam di 1/2)

- MSB thir 3 # 1.25V (giam di 1/4)

- MSB thtt 4 (LSB) # 0.625V (giam di 1/8)

b. Néu R¢= 500Q giam theo thira s6 2, nén mdi trong s6 dau vao s& nho hon 2 1an so
v6i gid tri tinh & trén. Do d6 dau ra cyuc dai (dy thang) s& giam theo cung thira sd, con lai: -
9.375/2 = - 4.6875V
4.4. Két ndi voi linh kién dién tir cong suit

4.4.1. Giao tiép Transistor

Thuc hién viéc chuyén cac xung dién thanh cac budc quay min ctia motor. Do
c6 sy twong tmg 1-1 gitta xung dién diéu khién va budc quay cua motor nén dong co
budc c6 do chinh xac dich chuyén cao. Vi vay dong co budc thuong dugc str dung
trong céac thiét bi toa do chinh xac nhu canh tay robot, may in, may vé, thiét bi khoa
hoc... Nguyén ly hoat dong va cAu tao cua dong co budc dugc trinh bay nhu sau:

Error! Reference source not found. 1a dong co budc loai nam cham vinh ctru.

Ro6to 1am bang nam cham vinh ctru con céc cudn day dugce quan trén stato. Budc goc
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cua Roto 14 90°. Pong co ¢6 4 cuc duge dat & vi tri ddi dién nhau ting cap mot, gém
X, XvavY,Y.

c2
Il U1
" L 1 L wTaLd POVADD 2
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Hinh 4.12: So dé ghép néi ho 8051 véi transistor

Tuy thudc vao chiéu dong dién chay qua cic cudn day ma tir trudng cia stato

s€ c6 mot hudng nhét dinh. Do d6 Réto s& duge dinh vi chinh xac.

Vi¢c thay ddi thir tu chiéu dong dién chay qua cac cudn day theo mot trinh tu
nhat dinh s& diéu khién duoc dong co chay thuan hay chay nguoc nhu mong mubn.
Va tdc do ciia dong co co thé duoc diéu chinh bang khoang thoi gian tré giita hai 1an
thay d6i thir tw chiéu dong dién.

Trong mach nguyén Iy & Error! Reference source not found. c6 mot Header
6 dau ra dé diéu khién dong co budc (Stepper motor). Loai dong co bude dugc lap
dat trén hinh 14 dong co budc co dién ap ngudn cap 1a 5V va do phan giai 1a 200
budc/vong, tic 1a véi mdi nhip diéu khién, motor budc s& quay mot géc = 3600/200
= 1,8°. vay 4 budc Roto s& quay duoc 4x1.8 = 7,2°,
4.4.2. Giao tiép Thyristor va Triac

Thay vi chi ¢6 3 16p ban dan (hai méi ndi) thi nguoi ta ché tao linh kién c6 4

16p ban dan (3 mbi ndi).

108



Anode

Anode
P P
N N N
—i —r P
Lrate (S
N N Gate
| Cathode Cathode

Hinh 4.13: Cdu tric cia linh kién thyristor

Trong Hinh 4.13 cho thay 4 16p ban din xem nhu 14 2 transistor PNP va NPN
két hop nhau thanh mét cdu trac méi. Cau trac ban dan nay c6 tén 1a SCR (thyristor)
vi n6 c6 kha niang khoi dan & mot thoi gian, diéu khién duge qua trinh nan dong. SCR
gidng nhur hai diod ndi tiép, ¢6 3 cuc Anode-A, Cathode-K va cuc Gate-G.

Phén tich vé dong cho thay khi A - K ¢6 dién ap thuan, chua c6 dong qua SCR.
O thoi diém ton ¢6 xung trén G thi NPN dan, ltic nay PNP kich dan va dong chay tir
A qua K do @6 SCR dan tao ra dong I(scr) qua SCR.

So @6 thiét ké Két ndi triac v6i 8051 trong d6 P1.7 1a xung dugc phat ra cip

cho vi¢c mé thyristor hoac triac nham diéu chinh dién ap cong suat dau ra.

vge
ci Ul g LAMPU
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7 1501
x O p1o >
t A MOC3021
B P12 » o e T :
A P13 . <)
= x P14 ' Re
: 2 5
C2 12z ELs 1 i o a1 AC 220 Vit
30pF 5 . TRIAC
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‘ P33
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R4 P35
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= 0. 1uF | z D2
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m| T s 220:12 Vol
LM7805 5.

Hinh 4.14: So do6 ghép noi ho 8051 véi triac
4.4.3. Giao tiép IGBT

PWM viét tit ciia tir Pulse Width Modulation. PWM dugc sir dung nhiéu trong
hé thong diéu khién ty dong ngay nay. N6 dugc ing dung trong dicu khién téc do
dong co, do sang tdi ctia Led, man hinh LCD, pha mau cho bang quang béo, str dung
trong céc thuat toan diéu khién vén tc cho Robot nhu PI, PD, PID ...
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Hiéu don gian PWM hoat dong nhu mét cong tic dong mé rat nhidu 1an trong
mot khoang thoi gian. Néu tan sé dong mé cang nhanh thi dién ap cip trung binh
cang lon.

Ngoai linh vyc diéu khién hay on dinh tai thi PWM né con tham gia va diéu ché
cac mach ngudn nhu 13: boot, buck, nghich Iuu 1 pha va 3 pha... chiing ta con gip
nhiéu trong thuc té va cac mach dién diéu khién. Diéu dic biét a PWM chuyén dung
dé diéu khién cac phan tir dién ttr cong suit c6 dudng dic tinh 13 tuyén tinh khi c6 sn
mot nguén mét chiéu ¢ dinh. Nhu vay PWM n6 dugc tng dung rat nhiéu trong céc
thiét bi dién, dién tir. Diéu ma linh vyc dién, dién tir d€ dang nhan ra la PWM chinh
nhan t6 ma cac do6i Robocon st dung dé diéu khién dong co hay on dinh téc d6 dong
co. Trong bai viét ndy ching ta s& tim hiéu phuong phap dung 8051 dé tao xung c6
dd rdng mong mubn trong diéu khién dong co dién.

- Tao mdt tan sd chuén tir 0,1ms dén 10ms dung céc bd timer cta vi diéu khién.

- Thay ddi d6 rong xung bang cach thay doi ty sé xung mirc “1” va mirc “0” ciia

tan s6 chuan do.
Véi d6 rong xung thay doi chung ta c6 thé thay doi do sang tdi ctia dén Led, toc
dd dong co. Dudi day 1a mdt ing dung ctia PWM trong viéc diéu khién dong co dién
mot chiéu
4.5. Két ndi truyén thong
4.5.1. Két néi RS232

Xay dung tGng dung két ndi giita board 89Cxx va mdy tinh thong qua cong
COM.

Nguyén 1y két ndi UART: UART RS232 1a chuan két ndi kha phd bién va dugc
hd tro & hiu hét cac dong vi diéu khién vi khoang cach xa va chi phi thap. Dong 8051
hd trg mot kénh giao tiép UART. Dir liéu duoc truyén ditrén chan TX gém bit 1 start
(muc 0), data va 1 bit stop (muc 1).

UART la phuong thirc truyén nhan bat dong bo, nghia 1a bén nhan va bén phat
khong can phai c6 chung tbc d6 xung clock (xung clock cua vi diéu khién khac xung
clock ctia may tinh). Khi d6 bén truyén mudn truyén dit liéu s& gui start bit (bit 0) dé
béo cho bén thu biét dé bat dau nhan dir liéu va khi truyén xong dit liéu thi stop bit

(bit 1) s& duoc giri dé bao cho bén thu biét két thuc qua trinh truyén.

Khi c6 start bit thi ca hai bén s& dung chung mét xung clock (c6 thé sai khac

mot it) véi dd rong mat tin hi€u (0 hodc 1) dugc quy dinh béi “baud rate”, “baud rate”
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= 9600bps nghia la d) rong cua tin hiéu 0 (hoac 1) 1a 1/9600 = 104ms va khi phat thi
bén phat s& dung “baud rate” chinh xac (9600bps) con bén thu c6 thé dung “baud
rate” sai 1éch mot it (9800bps chang han). Truyén bat dong bo sé truyén theo timg
frame va mdi frame c6 ciu trac nhu sau: Stop bit--B7--B6-- B5-- B4-- B3-- B2-- B --
BO0-- Start bit.

Ngoai ra trong frame truyén c6 thé c6 thém bit odd parity (bit 1¢) hodc even
parity (bit chin) dé kiém tra 13i trong qua trinh truyén. Bit parity nay c6 dic diém néu
str dung odd parity thi sb cac bit 1 + odd parity bit s& ra mot sb 1é con néu sir dung

even parity thi sd cac bit 1 + even parity bit s& ra mot s6 chin.

(=1 +5V
Num |
= Tu dién
c1 3
10pAEY 10pA Y
T_| T
Cﬂng COM mpnsvclg Tiﬂpﬂﬁ\' :

- = T Vi diéu khién
& 5 ol Microcontroller
e o - 13 12 - = Rx
o & e 14 1 iy
- o Uuan dien ap A

) | RS232 S
Noi dat L

Linh kién MAX232

Hinh 4.15: Giao tiép UART

Dit liéu truyén tdi vi diéu khién duoc luu trong thanh ghi SBUF va khi vi diéu

khién nhan du dir li¢u, co ngat RI s€ bat 1én.

Cong ndi tiép duoc s dung dé truyén dir liéu hai chiéu giita may tinh va ngoai
vi, ¢6 cac vu diém sau:

- Khoang céach truyén xa hon truyén song song.

- S6 day két ndi it.

- C6 thé truyén khong day dung hong ngoai.

- C6 thé ghép ndi vai vi didu khién hay PLC (Programmable Logic Device).

- Cho phép ndi mang.

- C6 thé théo lip thiét bi trong luc may tinh dang lam viéc.

- Co thé cung cap ngudn cho cac mach dién don gian

Tin hiéu truyén theo chuan RS-232 ciia EIA (Electronics Industry Associations).
Chuan RS-232 quy dinh muc logic “1” img v&i dién ap tir -3V dén -25V (mark), mirc
logic 0 tng voi dién ap tir 3V dén 25V (space) va c6 kha nang cung cip dong tir 10
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mA dén 20 mA. Ngoai ra, tat ca cac ngo ra déu c6 dic tinh chéng chap mach. Chuén
RS-232 cho phép truyén tin hiéu véi toc do dén 20.000 bps nhung néu cap truyén du
ngin c6 thé 1én dén 115.200 bps. Cac phuong thic ndi giita DTE va DCE:

- Pon cong (simplex connection): dir lidu chi duge truyén theo mot hudng.

- Ban song cong (half-duplex): dit liéu truyén theo hai huéng, nhung mdi thoi
diém chi dugc truyén theo mot hudng.

- Song cong (full-duplex): sd liéu duoc truyén dong thoi theo 2 hudng.

- Pinh dang cua khung truyén dit liéu theo chuan RS-232 nhu sau:

stat [D0 |[D1 [D2 |[D3 [D4a [D5 |[Ds [D7 [P [stop
0 1

Khi khong truyén dir liéu, duong truyén sé o trang thai mark (dién ap -10V).
Khi bit du truyén, DTE sé& dua ra xung Start (space: 10V) va sau d6 lan luot truyén
tir DO dén D7 va Parity, cudi cung 14 xung Stop (mark: -10V) dé khoi phuc trang thai
duong truyén. Dang tin hiéu truyén mé ta nhu sau (truyén ky tu A).

4.5.2. Giao tiép 12C

I12C 1a mot chuén giao tiép theo md hinh master/slave dugc phat trién vao nim
1982 bai hing Philips cho viéc giao tiép ngoai vi gitta cac vi diéu khién, IC trong
khoang cach ngan. Chuan giao tiép 12C dugc sir dung rat phd bién trong cac thiét bi
dién tir boi dic tinh dé thuc hién véi giao tiép gitta mot hodc nhiéu thiét bi 1am master
véi mot hodc hodc nhiéu thiét bi lam slave. Céc hang san xuét IC ngay nay déu hd tro
giao tiép 12C trén céac IC c6 tng dung can giao tiép vdi cac IC hay céc vi diéu khién
khac.

Giao tiép I2C chi st dung 2 day cho viéc giao tiép giita 128 thiét bi véi viée
dinh dia chi 7 bit va 1024 thiét bi véi viéc dinh dia chi 10 bit. Khi d6, mdi thiét bi
trong mo hinh master/slave s€ c6 mdt dia chi ¢b dinh duy nhat va master s& lwa chon
thiét bi ndao can giao tiép.

12C sir dung 2 day giao tiép 1a SCL va SDA. Day SCL (viét tit ctia Serial Clock
Data) la dy truyén xung clock phat tir thiét bi master dong bo véi viéc truyén dit liéu.
Déy SDA (Serial Data) la day truyén dir liéu.

Mach vat Iy 12C 1a mach cuc thu hé, do d6 dé mang [2C cé thé hoat dong dugc,
can tdi thiéu 2 cdp dién trd pull-up nhu trén hinh, thong thuong cac gia tri dién tro

4k7 hodc 1k2 dugc su dung, tuy thudc vao tbe do truyén va khoang cach truyén.
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Hinh 4.16: M6 hinh giao tiép 12C

Truyén nhan bit trong 12C: Cac dit liéu duoc truyén trong 12C dang cac chudi
8 bit. Sau khi bit Start du tién duoc truyén, 8 bit tiép theo chira thong tin vé dia chi
cua thiét bi s& duoc truyén tiép. Sau do, mot bit ACK sé& duoc truyén dé x4ac nhan viéc
truyén bit thanh cong. Sau khi truyén bit ACK, 8 bit tiép theo chira thong tin dia chi
thanh ghi ndi cta thiét bi slave s& dugc truyén. Sau khi hoan tit viéc dinh dia chi véi
8 bit nay, mot bit ACK nfira s€ dugc truyén dé xac nhan. Sau do, 8 bit Data s& dugc
truyén tiép theo. Cudi cliing, qua trinh truyén két thiic véi mot bit ACK va 1 bit Stop

xac nhan vi¢c truyén dir liéu ket thic.

Start  Device (Slave) Address ~ Ack. Internal Register Address Data - Stop
Hinh 4.17: Cdc bit truyén, nhdn trong giao tiép 12C.

Xay dung tmg dung giao tiép véi DS1307 dé lay dit liéu ngay thang nam, gio
phut gidy.

Céac dic diém cua DS1307: Real time clock dém gio, phut, gidy, thang, ngay
cua thang, ngdy cua tudn, nim ké ca nim nhuén (dén nim 2100).

56 byte Ram dé luu trit dit liéu, nhung dit liéu khong bi mét khi tit ngudn.

Str dung 2 ddy tin hiéu dé truyén dit liéu theo giao thirc 12C.

C6 thé 1ap trinh dugc dé xuét tin hiéu xung vudng.

Tu dong phat hién ra ngudn cung cip bi 18i (ngit ngudn) va chuyén qua mach

bao v¢ st dung nguon pin duy trir.

Duya vao gian d6 trén ta hién thuc ham dé Start 12C nhu sau:

113



void start 12C()

{
SCL = I;
SDA = I,
nop();
SDA = 0;
SCL = 0;
nop();

/

Tan s6 xung clock chuan cua giao thirc 12C 1a 100KHz. Khi truyén ¢ téc d6 cao
c6 thé hoat dong & clock IMHz. Tuy nhién chung ta nén delay vai us dé dam bao dir
liéu duoc truyén dﬁy du va chinh xac. Ham dé Stop 12C duoc hién thuc nhu sau:

void stop 12C()

{
SCL = I;
SDA = 0;
nop(); nop();
SDA = I,

/

Truyén mot byte dir liéu: Khi truyén mot byte dir li€u, bit c6 trong s6 cao nhat
(bit 7) s& dugc truyén trude. Khi bit cudi cung (bit 0) duge truyén, s& co thém bit
ACK bao hiéu két thiic mot byte dir liéu.

spa (D7l D[ D5 D4 D3| 02| D1 Do |Ack]

SCL T2 a4 e Je 47 J8 |4

Diru liéu dugce truyén tir “master” xudng “slave”.

O ché do nay, master s€ gui 8 bit dir 1i€u, sau khi nhan xong 8 bit nay, slave s&
tu dong guri lai mot bit ACK va master phai tao ra thém mot clock dé nhéan bit ACK
nay.

// Write 12C
void write_I2C(unsigned char data2send)
{

int i;

for (i=0,i<8;i++)
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SDA = (data2send & 0x80) ? 1:0;
SCL = 1;

nop();

SCL=0;

dataZsend<< = I;

nop();

/
// Clock to receive ACK from slave

SCL = I;
nop();nop();
SCL = 0;

/

Truyén tir slave 1én master: O ché d6 nay, master s€ nhan vao 8 bit dir li¢u, va
sau khi nhan xong, master phai gtri mot bit ACK xudng slave. Trong qué trinh doc
mdt chudi byte tir slave, master giri bit ACK. Ddi vi byte cudi ciing, master s& gui
bit NO ACK va sau d6 gui tin hi¢u stop. Him doc mot byte sau ddy c6 tham s6 1a
ACK_Bit, ding dé phan biét ACK va NACK.

4.5.3. Truyén thong RS485

Chuan RS232 dung duong truyén khong can bang vi cac tin hiéu 1y chuén 1a
GND chung nén d& bi anh hudng cua nhiéu lam téc d6 va khoang cach truyén bi giéi
han. Khi mudn ting khoang cach truyén, mot phuong phap co thé sir dung 1a dung 2
day truyén vi day, vi lic ndy hai ddy c6 cung dic tinh nén sé& loai trir duoc nhiéu
chung. Hai chuin dugc st dung 1a RS422 va RS485 nhung théng thuong sit dung
RS485. Pién ap vi sai yéu cau phai 16n hon 200mV. Néu Vag > 200mV thi tuong
g véi logic “1” va Vag < -200mV twong tmg véi logic 0. Chuan RS485 sir dung
hai dién tro két thic 12 120Q tai hai diu xa nhit ciia duong truyén va s dung day

xoan doi.
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Hinh 4.18: Gidi ma truyén thong RS
4.5.4. Truyén thong IRF (RF)

RF 1a tir viét tat ciia chir tiéng anh Radio Frequency, néi don gian day 1a séng
v tuyén co tan sd tir 30kHz dén 300 GHz.

cw

= NN AN AN
yvuv - VYU UV
s AAAAAN
VUVVVUY

Hinh 4.19: Dang song RF
RF 433Mhz: Pay 1a tin hiéu séng vO tuyén c6 tin sé 433Mhz

( Radio Frequency 433Mhz ). Hz 14 don vi do cta tan sé hay chu ky song, nhu vay
433Mhz c6 nghia 1a 433.000.000 chu ky trong mdi gidy. Trong hinh trén, kénh lién
lac (Communication Channel) chinh la RF 433Mhz.

Tan s6 433Mhz nam trong bang séng UHF (Untra Hight Frequency). Thudng
anten 13 loai dang hudng (tirc birc xa dién tir hudng ra moi huéng trong khong gian).
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D6 1a 1y do vi sao may thu séng RF chi thu duoc mot phan tin hiéu tir may phat. “Mot
phan” ¥ n6i mot phan ciia cong sudt tir mat phat, con ndi dung thong tin nguyén ven.

Céc dic tinh quan trong: RF 433Mhz (hay 315Mhz) nim trong mién tan s
song dién tir UHF nén thuong dung dé truyén tin hiéu trong méi truong khong khi.
Loai sdng nay nay ciling tuan theo cac dinh ludt phan xa, khtic xa, giao thoa ctia song
dién tir va con c6 kha nang dam xuyén (xuyén tuong, xuyén vat can khong phai la
kim loai). Cu ly truyén phu thudc vao nhiéu yéu té: nhu tan sd truyén (tin sb cang
thdp truyén cang xa); 46 4m khong khi hodc tinh dong nhit ciia méi truong truyén;
phan cyc song; cong suat phat (dBm), d6 nhay may thu (dBm) v.v...

Céc khdi chure ning trong mot hé théng lién lac song vo tuyén RF:
a) Simplex
Kiéu lién lac don cong, ddy chinh 13 kiéu lién lac cta cac remote xe hoi, remote
ctra cubn vv... Cai remote chira mach phat tin hidu chi phat RF, con xe hoi hay cai
motor chita mach chi thu RF (Rx-Receiver).

o™ 2 a4

anten anten

Transmitter (Tx) Receiver (Rx)

Hinh 4.20: Phwong thirc truyén séng simplex — don cong
b) Half-duplex

Vé6i phuong thirc half-duplex thi mdi bén déu c6 khéi phat Tx va khéi thu Rx va

déu can thém céi chuyén mach ( nat bam dé noéi trén bd dam):
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anten anten

Transmitter (Tx) —|_ j Transmitter (Tx)
Receiver (Rx) —|_/ \_]— Receiver (Rx)

Hinh 4.21: Phuwong thirc haff duplex — ban song cong

¢) Full-duplex
V&1 phuong thte full-duplex (song cong) thi mach dién bén trong hoi phurc tap
hon. Can c6 bo diéu hudng anten goi 1a circulator. Bo ndy c6 chiic ning vira dua tin
hiéu ctia bo phat Tx 1én anten dé birc xa ra khong gian vira 1ay tin hiéu thu vé va dua
vao bo thu Rx ma khong 1an vao nhau (khong nhiéu noi bo):

y 7 N

anten anten

Transmitter (Tx)

j Transmitter (Tx)

g .
Receiver (Rx) I —I— Receiver (Rx)

Hinh 4.22: Phuong thirc truyén séng Full Duplex — Song cong
4.6. Bai tip va cAu héi cudi chwong
Bai tap 4.1: Viét chuong trinh hién thi s6 24 trén LED 7 doan va LCD.
Bai tap 4.2: Viét chuong trinh quét phim 4x4 két ndi Port 0.
Bai tap 4.3: Viét chuong trinh PWM tao song dang Sin ¢6 tin s6 50Hz.

Bai tap 4.4: Viét chuong trinh giao tiép may tinh diéu khién 4 kénh thiét bi qua relay
két nbi 8051.
Tai liéu tham khao chwong 4
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