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Chwong 1: TONG QUAN VE VI PIEU
KHIEN MCS-51

Chwong nay gioi thiéu tong quan vé ho vi diéu khién MCS-51(chii yéu trén
AT89C51): cau tric phan ciing, so do chan, cdc thanh ghi, déic tinh ldp trinh va cdc
dac tinh vé dién.

1. Giéi thiéu

Ho vi diéu khién MCS-51 do Intel san xuat du tién vao nam 1980 la cac IC
thiét ké cho céac mg (dung hudng diéu khién. Céac IC nay chinh 1a mot hé thdng vi xir
ly hoan chinh bao gém cac cac thanh phan cua hé vi xir Iy: CPU, bd nhé, cac mach
giao tiép, diéu khién ngat.

MCS-51 1a ho vi diéu khién sir dung co ché CISC (Complex Instruction Set
Computer), ¢6 d9 dai va thoi gian thye thi cua cac 1énh khac nhau. Tap 1énh cung cap
cho MCS-51 c6 céc 1énh dung cho diéu khién xuat / nhap tdc dong dén tirng bit.

MCS-51 bao gém nhiéu vi diéu khién khac nhau, bo vi diéu khién dau tién 1a
8051 c6 4KB ROM, 128 byte RAM va 8031, khong c6 ROM ngi, phai st dung bo
nhd ngoai. Sau ndy, cac nha san xuat khac nhu Siemens, Fujitsu, ... cling duoc cap
phép lam nha cung cép thir hai.

'MCS-51 bao g(k)mqnhiéu phién ban khic nhau, mdi phién ban sau ting thém
mot so thanh ghi diéu khién hoat dong ctia MCS-51.

2. Vi diéu khién AT89C51

AT89C51 1a vi diéu khién do Atmel san xuét, ché tao theo cong nghé¢ CMOS
¢0O cac dac tinh nhu sau:

- 4 KB PEROM (Flash Programmable and Erasable Read Only Memory), c6 kha
nang téi 1000 chu ky ghi xoa

- Téan s hoat dong tir: 0Hz dén 24 MHz

- 3 muc khoa bo nhé lap trinh

- 128 Byte RAM ngi.

- 4 Port xuat /nhap 1/O 8 bit.

- 2 bo Timer/counter 16 Bit.

- 6 ngudn ngit.

- Giao tiép nbi tiép diéu khién bang phan cimg.

- 64 KB vung nhé ma ngoai

- 64 KB vung nh¢ dit liu ngoai.

- Cho phép xtr 1y bit.

- 210 vi tri nhé ¢6 thé dinh vi bit.

- 4 chu ky may (4 us ddi voi thach anh 12MHz) cho hoat dong nhan hoac chia.

Pham Hung Kim Khanh Trang 1
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Téng quan vé vi diéu khién MCS-51

- C6 céac ché do nghi (Low-power Idle) va ché d6 ngudn giam (Power-down).

Ngoai ra, mot s6 IC khac ctia ho MCS-51 ¢6 thém bd dinh thoi the 3 va 256
byte RAM noi.

2.1.

So do

FORTO
LATCH

Ao |<:

| PROGRAM
ADDH
| @ REGISTER <:
STACK
| ACC POINTER
BUFFER k # )
| FOOH sCon | TMOD TOOH
T2COH | THO TLC TH1
| =] e M TLA THa* | TLZ%| ROAT2HY Pe
I — INGRENENTER
| RCAPZLY SBUF IE IP
ALY INTEFRLPT SERIAL
| FORT AND TIMER
7 BLOCHS PRCGRAM
COUNTER
| £A
. 3o
PSEN
H_E‘_I' TIMING 5E< N DPTR
=1 anp |89 V/
EA—mCONTROL{ES
o
RST | z PORT 1 FORT 3
LATCH LATCH
S
PORT 1 PORT 2
)cl DRIVERS ERS
AL1  XTAL
LI
F10-P17 P20-P37
I_-E (e
Note:  (*)For Timer 2 only.
Hinh 1.1 — So do6 khoi caa AT89C51
Pham Hung Kim Khanh Trang 2
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AT89C51 gdm ¢ 40 chan, mo ta nhu sau:

o| AT89C51
<
gg P0.0/ADO & P2.0/A8 3;
37 | PO.1/AD1> P2.1/A9 53
36 | P0-2/AD2  P2.2/A10 [—54
35 | P0.3/AD3  P2.3/A11 5
34 | P0.4/AD4  P2.4/A12 TD
33 | P0.5/AD5  P2.5/A13 TD
3> | P0.6/AD6  P2.6/A14 T(
P0.7/AD7 P2.7/A15 —X
; P1.0 P3.0/RXD 1(1)
3| P1.1 P3.1/TXD 3
24| P1.2 P3.2/INTO 3
5 | P1.3 P3.3/INT1 TD
6| P14 P3.4/T0 751
7| P1.5 P3.5/T1 =g -
X—g| P16 P3.6/WR 7
X— P1.7 P3.7/RD —0O
:]]g XTALA1 ALE/PROG %(
XTAL2 PSEN [——X
L; EAIVPP 2
RST o
&

Hinh 1.2 — So d6 chan ciia AT89CS51
% Port0:
Port 0 1a port c6 2 chirc ndng & cac chan 32 — 39 cua AT89CS51:

- Chirc ning IO (xuit / nhap): dung cho cac thiét ké nho. Tuy nhién, khi dung
chtre nang nay thi Port 0 phai dung thém cac dién tr¢ keo 1én (pull-up), gia tri
cua dién tr¢ phu thudc vao thanh phan két noi voi Port.

Khi dung lam ngd ra, Port 0 c6 thé kéo duoc 8 ngd TTL.
Khi dung lam ngd vao, Port 0 phai dugc set muc logic 1 trude do.

- Chuc ning dia chi / dir liéu da hop: khi dung cac thiét ké 16n, doi hoi phai sir
dung bd nhd ngoai thi Port 0 vira 1a bus dir li¢u (8 bit) vira 1a bus dia chi (8 bit
thap).

~Ngoai ra khi 1ap trinh cho AT89C51, Port 0 con dung dé nhan ma khi lap trinh
va xuat ma khi kiém tra (qua trinh kiém tra doi hoi phai c6 dién trd kéo 1€n).

Pham Hung Kim Khdanh Trang 3
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< Port1:

Portl (chan 1 — 8) chi c6 mdt chirc nang 1a 10, khong dung cho muc dich khac
(chi trong 8032/8052/8952 thi dung thém P1.0 va P1.1 cho bd dinh thoi thir 3). Tai
Port 1 da co6 dién tré kéo 1én nén khong can thém dién trd ngoai.

Port 1 c6 kha nang kéo dugc 4 ngd TTL va con dung lam 8 bit dia chi thap
trong qua trinh lap trinh hay kiém tra.

Khi dung 1am ngd vao, Port 1 phai dugc set murc logic 1 trude do.

>

R/
*

Port 2:

*,

Port 2 (chan 21 — 28) 1a port c6 2 chiric nang:
- Chirc nang IO (xuat / nhap): c6 kha ning kéo duoc 4 ngd TTL.

- Chirc ning dija chi: dung lam 8 bit dia chi cao khi can bd nhé ngoai co dia chi
16 bit. Khi do, Port 2 khong dugc dung cho muc dich 10.

Khi dung lam ngd vao, Port 2 phai dugc set muc logic 1 trude do.

Khi 13p trinh, Port 2 dung lam 8 bit dia chi cao hay mot s6 tin hiéu diéu khién.
% Port 3:

Port 3 (chan 10 — 17) la port c6 2 chiic ning:
- Chtic nang 10: c6 kha nang kéo duoc 4 ngd TTL.

Khi dung lam ngd vao, Port 3 phai dugc set muc logic 1 trude do.
- Chuc ndng khac: mo ta nhu bang 1.1

Bang 1.1: Chuc ndng céc chan cua Port 3

Bit | Tén Chirc nang
P3.0 | RxD | Ngo vao port ndi tiep
P3.1 | TxD | Ng0o ra port noi tiép

P3.2 | INTO | Ngit ngoai 0

P3.3 | INT1 | Ngét ngoai 1

P3.4 | TO Ngo vao cua b dinh thoi 0

P3.5 | Tl Ngd vao cua bd dinh thoi 1

P3.6 | WR | Tin hiéu diéu khién ghi dit liéu 1én bd nhé ngoai.

P3.7 | RD | Tin hiéu diéu khién doc tir bd nh¢ dit liéu ngoai.

Pham Hung Kim Khdanh Trang 4
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% Ngudn:
Chan 40: VCC =5V +20%
Chan 20: GND

s PSEN (Program Store Enable):

PSEN (chan 29) cho phép doc bd nhé chuong trinh mé rong ddi voi cac tng
dung str dung ROM ngoai, thuong duoc ndi dén chan oC (Output Control) cua
ROM dé doc cac byte ma 1énh. PSEN sé& ¢ mirc logic 0 trong thoi gian AT89C51 lay
1énh.Trong qué trinh nay, PSEN s& tich cuc 2 1an trong 1 chu ky may.

Ma 1énh cua chuong trinh dugc doc tir ROM thong qua bus dit li¢u (Port0) va
bus dia chi (Port0 + Port2).

Khi 8951 thi hanh chuong trinh trong ROM néi, PSEN s€ ¢ muc logic 1.

s ALE/PROG (Address Latch Enable / Program):

ALE/ PROG (chan 30) cho phép tach ‘cac duong dia chi va dur liu tai Port 0
khi truy xudt bd nhé ngoai. ALE thudng nbi v6i chan Clock cua IC chét (74373,
74573).

~ Céc xung tin hi¢u ALE ¢6 toc do bellng‘l/6 lan tan s6 dao dong trén chip va co
thé dugc dung lam tin hiéu clock cho cac phan khac cua hé thong. Xung nay co thé
cam bang cach set bit 0 cua SFR tai dia chi 8Eh Ién 1. Khi d6, ALE chi ¢6 tac dung
khi dung 1énh MOVX hay MOVC. Ngoai ra, chadn nay con dugc dung lam ngd vao
xung 1dp trinh cho ROM ndi (PROG).

< EA /VPP (External Access) :

EA (chéan 31) ding dé cho phép thuc thi chuwong trinh tir ROM ngoai. Khi ndi
chén 31 voi Vee, AT89C51 s thyc thi chuong trinh tr ROM ndi (t61 da 8KB), nguoc
lai thi thyc thi tir ROM ngoai (t61 da 64KB).

Ngoai ra, chan EA duoc 1y 1am chan cip ngudn 12V khi 1ap trinh cho ROM.
+* RST (Reset):

RST (chan 9) cho phép reset AT89C51 khi ngd vao tin hiéu dua Ién muc 1
trong it nhat 1a 2 chu ky may.

<+ X1,X2:

Ngo vao va ngé ra b dao dong, khi s dung c6 thé chi can két ndi thém thach
anh va céc tu nhu hinh v€ trong so d6. Tan s0 thach anh thuong st dung cho
AT89C51 1a 12Mhz.

Pham Hung Kim Khdanh Trang 5
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c2

| I XTALZ

L]

C1 |
*— XTAL1

l GND

Gia tr1 Cy, C, =30 pF = 10 pF
Hinh 1.3 — So dd két ndi thach anh
2.2. Dinh thi chu ky may

Mot chu ky may bao gdm 6 trang thai (12 xung clock). Mot trang thai bao gdm
2 phan tng v6i 12 xung clock : Phase 1 va Phase 2. Nhu vay, mot chu ky may bao
gdm 12 xung clock duoc biéu dién tir SIP1 dén S6P2 (State 1, Phase 1 - State 6,
Phase 2). Chu ky Iy 1énh va thuc thi 1énh md ta nhu hinh 1.4,

Tin hiéu chdt dia chi ALE tich cuc 2 lan trong mét chu ky may (trong khoang
thot gian S1P2 dén S2P1 va tur S4P2 dén S5P1). Tur d6 tan s6 xung tai chan ALE bang
1/6 tan so thach anh.

> Dbi v6i cac 1énh thyc thi trong 1 chu ky:

- Lénh 1 byte: dugc thyc thi tai thoi diém S1P2 sau khi ma 1énh duge chdt vao
thanh ghi 1énh tai S1P1.

- Lénh 2 byte: byte thir 2 duoc doc tai thoi diém S4 va s& duoc thyc thi tai thoi
diém S4.

> Ddi voi cac 1énh thyc thi trong 2 chu ky:

Qua trinh lay 1énh thyc hién tai thoi diém S1 cua chu ky dau tién (byte ma Iénh
1). Néu Iénh c6 nhiéu hon 1 byte thi s& duoc 1dy & cac thoi diém tiép theo gidng nhu
cac Iénh thuc thi trong 1 chu ky.

Pham Hung Kim Khdanh Trang 6
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1|62 | 63| S4| S5| 86| &1 82| 83| S4] S5 | 86| 51

osc F1 F2|P1 P2|P1 P21 F2[P1 P2IP1 P2[P1 P2|P1 P2|P1 P2[F1 F2|P1 P2|P1 P2|P1 P2
(XTALZ)
ALE | ' | | ] : ] ] . —
! | 5
i OPCOD ;
i

tDIBCARD} l_ READ NEXT OPCODE AGAIN.

151|52|53[s4|35|sa|

(A) 1-byte, 1-cycle instruction, e.g., INC A,

READ OPCODE.
17 READ 2N

{ 51| S.?|83|S4|85|86

BYTE.
-r READ NEXT OPCODE.

1] _--U-_-_-__

i{B) 2-byte, 1'-c5-'cle instruction, e.g., ADD A, #dala

READ OFPCODE.

READ NEXT E
OPCGODE (DISCARD).

[s1]s2[ sa[sa]ss]se| 51 [s2[sa[s4 [s5s6]

{C) 1-byte, 2'—cy'cle instruction, e.g., INC DPTR.

READ OPCODE
(MOVX).

READ NEXT OPCODE AGAIN,

i NO

' gEﬁ%SEE):%SCAHD} FTGH' NO ALEr\_JO FEToH
B =1 ) S“«‘I ss[se| si]se[ca] sa[ss[ssf
(D) MOVX .{jl-byta 2-cycle). l ADDR DATA :

1 —— ;

Hinh 1.4 — Chu ky lénh

Pham Hung Kim Khdanh Trang 7
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2.3.  Té chirc bd nhé

BS nho trong BO nh& ngoai
ROM 4KB BO nh& chwong trinh 64 KB
0000h — OFFFh 0000h — FFFFh

Diéu khién bang PSEN
RAM 128 byte

00h — 7Fh BO nh¢ dir liéu 64 KB

SFR 0000h — FFFFh

30h — OFEh Diéu khién béng RD va WR

Hinh 1.5 - Cac vung nh¢ trong AT89C51

Bo nhd cua ho MCS-51 c6 thé chia thanh 2 phan: bo nhé trong va bd nhé
ngoai. Bo nhé trong bao gom 4 KB ROM va 128 byte RAM (256 byte trong 8052).
Cac byte RAM co6 dia chi tir 00h — 7Fh va cac thanh ghi chirc nang déc biét (SFR) c6
dia chi tir 80h — OFFh c6 thé truy xuat truc tlep Déi v6i 8052, 128 byte RAM cao (dia
chi tir 80h — OFFh) khong thé truy xuét truc tiép ma chi c6 thé truy xudt gian tiép (xem
thém trong phan tap 1énh).

Bo nh¢ ngodi bao gém bd nhé chuong trinh (diéu khién doc bang tin hiéu
PSEN) va bo nh¢ dit lidu (diéu khién bang tin hi¢u RD hay WR dé cho phép doc
hay ghi dir li¢u). Do s6 duong dia chi cia MCS-51 1a 16 bit (Port 0 chira 8 bit thap va
Port 2 chtra 8 bit cao) nén bo nhd ngoai co thé giai ma toi da 1a 64KB.

2.3.1. To chirc b nhé trong

Bo nhé trong cia MCS-51 gdm ROM va RAM. RAM bao gdm nhiéu viing ¢
muc dich khac nhau: ving RAM da dung (dia chi byte tir 30h — 7Fh va c6 thém ving
80h — OFFh tng véi 8052), ving ¢ thé dia chi hoa timg bit (dia chi byte tir 20h —
2Fh, g@)m 128 bit dugc dinh dia chi bit ttr 00h — 7Fh), cac bank thanh ghi (tir 00h —
1Fh) va cac thanh ghi chic nang déc biét (tr 80h — OFFh).

Pham Hung Kim Khdanh Trang 8
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Téng quan vé vi diéu khién MCS-51

++ Cac thanh ghi chirc ning dic biét (SFR — Special Function Registers):

Bang 1.2 — Cac thanh ghi chiic nang déc biét

Dia Co thé Khéng dinh dia chi bit

chi dinh dia

byte chi bit

F8h

FOh |B

Egh

EOh | ACC

D8h

DOh | PSW

C8h | (T2CON) (RCAP2L) | (RCAP2H) | (TL2) | (TH2)

COh

B8&h | IP SADEN

BOh | P3

A8h | IE SADDR

AOh | P2

98h | SCON SBUF BRL BDRCON

90h | Pl

88h | TCON TMOD | TLO THO TL1 THI1 AUXR | CKCON
80h | PO SP DPL DPH PCON

Céc thanh ghi c6 thé dinh dija chi bit s& c6 dia chi bit bat dau va dia chi byte
trung nhau. Vi du nhu: thanh ghi PO ¢ dia chi byte 1a 80h va co dia chi bit bit dau tir
80h (tmg v6i P0.0) dén 87h (mg v&i P0.7). Chirc ning cac thanh ghi ndy s& mo ta
trong phan sau.

Pham Hung Kim Khdanh
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Gido trinh Vi diéu khién Téng quan vé vi diéu khién MCS-51

<* RAM ngi: chia thanh cac viung phén biét: ving RAM da dung (30h — 7Fh), ving
RAM c6 thé dinh dia chi bit (20h — 2Fh) va cac bank thanh ghi (00h — 1Fh).

Dia chi byte Dia chi bit Chire niing
7F
30 Vung RAM da dung
2F 7JE|7E [ 7D [7C | 7B | TA | 79 | 78
2E 77 176 {75 (74 |73 |72 | 71|70
2D 6F | 6E | 6D [ 6C | 6B | 6A | 69 | 68
2C 67 | 66 [ 65 [64 |63 |62 | 61 |60
2B S5F [SE | 5D | 5C | 5B | 5A | 59 | 58
2A 57 [ 56 |55 |54 |53 |52 |51]50
29 4F | 4E | 4D | 4C | 4B [ 4A |49 | 48
= et e 2 Viang 6 thé dinh dia chi bit
26 37 136 (35 (34 |33 |32 |31]30
25 2F [2E [ 2D |2C | 2B | 2A | 29 | 28
24 27 |26 [ 25 |24 |23 |22 (21|20
23 IF|1E|(ID|1C | 1B | 1A |19 |18
22 17116 (15 |14 |13 [12 | 11|10
21 OF | OE [OD | OC | OB | OA | 09 | 08
20 07 {06 [05 [04 |03 |02 |01 |00
11; Bank 3
17
10 Bank 2
Céc bank thanh ghi
IF Bank 1
08
07

00 Bank thanh ghi 0 ( mac dinh cho R0-R7)

Hinh 1.6 — So d6 phan bé RAM ndi
» RAM da dung:

~ RAM da dung c6 80 byte tir dia chi 30h — 7Fh ¢6 thé truy xudt mdi lan 8 bit
bang cach dung ché dg dia chi truc ti€p hay gian ti€p.

Céc ving dia chi thip tir 00h — 2Fh cling c6 thé sir dung cho myc dich nhu trén
ngoai cac chirc nang de cap nhu phan sau.

» RAM c6 thé dinh dia chi bit:

Vung dia chi tir 20h — 2Fh gém 16 byte (= 128 bit) c6 thé thyc hién giéng nhu
ving RAM da dung (mdi lan 8 bit) hay thuc hién truy xuat mdi 1an 1 bit bang cac 1énh

Pham Hung Kim Khdanh Trang 10
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xtr Iy bit. Ving RAM nay ¢6 céc dia chi bit bt dau tai gi trj 00h va két thic tai 7Fh.
Nhu vay, dia chi bat dau 20h (gom 8 bit) c¢6 dia chi bit tir 00h — 07h; dia chi két thic
2Fh ¢6 dia chi bit tir 78h — Fh.

» Cac bank thanh ghi:

Vung dia chi tir 00h — 1Fh dugc chia thanh 4 bank thanh ghi: bank 0 ttr 00h —
07h, bank 1 tir 08h — OFh, bank 2 tir 10h — 17h va bank 3 tir 18h — 1Fh. Cac bank
thanh ghi nay duoc dai dién bang cac thanh ghi tir RO dén R7. Sau khi khoi dong hé
thdng thi bank thanh ghi duoc sir dung 13 bank 0.

Do cO 4 bank thanh ghi nén tai mot thoi diétp chi ¢c6 mot bank thanh ghi dugc
truy xuat boi cac thanh ghi RO dén R7. Viéc thay doi bank thanh ghi c6 thé thuc hién
thong qua thanh ghi tir trang thai chuong trinh (PSW).

Céc bank thanh ghi nay ciing c6 thé truy xut binh thuong nhu ving RAM da
dung da noéi ¢ trén.
2.3.2. To chirc bd nhé ngoai
MCS-51 ¢6 bd nhé theo ciu trac Harvard: phan biét bo nho chuong trinh va dir
liéu. Chuong trinh va dir li¢u c6 thé chtra bén trong nhung van c6 thé két noi voi
64KB chuong trinh va 64KB dit li¢u. B nhd chuong trinh dugc truy xuat thong qua
chan PSEN con bo nhé dit liéu dwoc truy xut thong qua chdn WR hay RD.

Luu y rang viéc truy xuat bo nhé chuong trinh ludn ludn sir dung dia chi 16 bit
con bd nhé dit lidu co thé 1a 8 bit hay 16 bit tuy theo cau I¢nh st dung. Khi dung bd
nh¢ dir lidu 8 bit thi co thé dung Port 2 nhu 1a Port I/O thong thuong con khi dung &
ché do 16 bit thi Port 2 chi dung lam céc bit dia chi cao.

Port 0 duoc ding lam dia chi thip/ dif liéu da hop. Tin hiu ALE dé tich byte
dia chi va dua vao bg chot ngoai.

Trong chu ky ghi, byte dir liéu sé& ton tai & Port 0 vira trudc khi WR tich cuc
va duoc giit cho dén khi WR khong tich cyc.Trong chu ky doc, byte nhan duoc chip
nhén vura trude khi RD khong tich cuyc.

B nh¢ chuong trinh ngoai duoc xtr 1y 1 trong 2 diéu kién sau:
- Tinhiéu EA tich cuc (= 0).

- Gia trj cta bd dém chuong trinh (PC — Program Counter) 16n hon kich thuéc
bo nho.

Pham Hung Kim Khdanh Trang 11
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ONE MACHINE CYCLE — ONE MACHINE CYCLE

sﬂszlsals-zlsalss s1|s2]| s3|sa|ss5]ss

ALE ’ [ rt I ! | [ ]
I I ] L]
PSEN - . ' : L[
. I ! ? ; ;
RD - ' + - + (A)
: ! : ' : WITHOU™
P2 PCH OU'J)( I _PCH OUT )( | PCHOUT > ' PCH OUT )( " PCH OUT )@CH our MOVX
I
& e & & ) E
1 1 I I
1 1 I I l
t pcLout tPCL ouT f_PCL out tecLour
VALID VALID VALID VALID
l—— CYCLE 1 -} CYCLE 2
mlszlsslmlseslss[m | s2| s3] s4|s5]s6
ALE | ! [ I [ . [ l
I I 1
PSEN | i ! oo
1 I 1 I
s . ! | B)
o : | { F | WITH A
' | ' : MOVX.
1 1
P2 PCH ou'p(  PCHOUT )-( I DPH OUT OR P2 OUT X 1 PCHOUT XPCHOUT
| l I !
: l : :
] 1 1 |
trcLour  tapprout t PcLout
WPAL ITY WAAR MY AFAL I
PCH: Program Counter High — PCL: Program Counter Low
DPH: Data Pointer High — DPL: Data Pointer Low
Hinh 1.7 — Thyc thi by nhé chuong trinh ngoai
Pham Hung Kim Khdanh Trang 12
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Két ndi phan cimg khi thiét ké bo nhé ngoai mé ta nhu sau:

ADDRESS BUS

DATA BUS
U1 us u3
A8 21 39 DO DO 2 19 AOQ A0 10 11 DO
— A0 22 | P2.0/A8 P0.0/ADO 38 D1 D1 3 DO Qo 18 AT AT 9 A0 o0 2 D1
AT0 23 P2.1/A9 P0.1/AD1 37 D2 D2 4 D1 Q1 17 A2 A2 8 A1 o1 13—DZ
—ATT 24 | P2.2/A10  P0.2/AD2 —3g D3 D3 5| D2 Q2 & A3 A3 7] A2 02—~ D3~
A2 25 | P2.3/A11 PO0.3/AD3 35 D4 D7 6 D3 Q3 15 A AL 6 A3 03 B
—AT3 26 | P2.4/A12  P0.4/AD4 =7 D5 D5 7| b4 Q4 =7 A5 A5 5| A4 O4 =75
AT 57| P2.5/A13 P0.5/AD5 [33—Dp 06 5| D5 Q5 13 G S a1 A5 05— D5
A5 28 P2.6/A14 P0.6/AD6 32 D7 D7 9 D6 Q6 12 A7 A7 3 A6 06 19—D7
P2.7/A15 PO0.7/AD7 D7 Q7 A8 25 A7 o7 ——~
10 1 1| — N__ A9 24| A8
O—5 P3.0/RXD P1.0 [0 | E A0 51| A9
DT P3.1/TXD P1.1 3—E| OE AT o3 | A10
BO—31 P3.2/INTO P12 0 ATz 5| Al
O P3.3/INT1 P13 5o — 74HC573 A3 26 | A12
DT P3.4/T0 P1.4 G_D - A4 o7 | A13
O—6| P3.5/T1_ P15 =0 —AT5 1| Al4
O—7 P3.6/WR P1.6 g0 N A15
O0——— P3.7/RD P1.7 /3O 20 | —
30 — 19 20 | QE/VPP
29 ALE/PROG XTALTTD CE
PSEN XTAL24——0O 28
_ 31 —= vcc
EA/VPP 9
RST =1 = ROM 27512

AT89C51

Hinh 1.8 — Giao tiép bo nhd chwong trinh ngoai
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ADDRESS BUS

ng wvyd

yupyyy wiry Su

pI Suvif

U4

A8 21
A9 22
A10 23
A11 24
A12 25
A13 26
A14 27
A15 28

P2.0/A8

P2.1/A9

P2.2/A10
P2.3/A11
P2.4/A12
P2.5/A13
P2.6/A14
P2.7/A15

P3.0/RXD
P3.1/TXD
P3.2/INTO
P3.3/INT1
P3.4/T0
P3.5/T1_
P3.6/WR
P3.7/RD

ALE/PROG

PSEN

P0.0/ADO
P0.1/AD1
P0.2/AD2

P0.3/AD3

P0.4/AD4

P0.5/AD5

P0.6/AD6

P0.7/AD7

P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

XTAL1
XTAL2

EA/VPP

RST

AT89C51

Hinh 1.9 — Giao tiép bo nhé dit lidu ngoai

Suu tAm béi: www.daihoc.com.vn

DATA BUS
u7 ue
DO DO 2 19 A0 A0 12 13 DO
— 5 51 DO Q0 {5 = o~ A0 1/00 7 oF
5 o 2 D1 Q1 =7 25 25 o 1A1 101 43 )
53 D3 = D2 Q2 [~ 3 3 o A2 102 =7 53
D4 D4 6 | D3 Q3 45 Ad A% g |AS /03 =3 D4
D5 D5 7| D4 Q4 g A5 A5 7 | A4 10419 D5
D6 D6 g | DS Q5 13 AG A6 6 |AS 10515, D6
D7 D7 9| D6 Q6 3 A7 A7 5 | A6 1706 757 D7
D7 Q7 A8 57 A7 1/07
1 | — A9 26 | A8
1 LE ATO 23 A9
OE . A10
T 25
—— T4 Al
= 74HC573 AT3 28 |12
— AT 3| A3
ATE A4
311 15
2| OE
22 | WE
L 18 o CE1
30 1 Ceo
31
9
—H —_ RAM 62512

Y

P

ugIyy NYIP 14 yuisy opio

P

Y

Y

P

IS-SOW ugnyy ngip 14 ga uvnb Sugj
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ST Sunaj

ADDRESS BUS

DATA BUS
us u10 U9
\————21 P2.0/A8  PO.0/ADO |-oe—37 /\ 57 21po o N 12 a0 100 H3——F3~
—AT0 23 | P2.1/A9 P0.1/AD1 37 D2 N Do 4 D1 Q1 17 1\ AD 10 A1 1/01 ﬁ—/
AT 24 | P2.2/A10 PO0.2/AD2 36 D3 "/ D3 5 D2 Q2 16 AN A3 9 A2 1/102 17—D—3—/
N 81 AT Tl e/ N e | 7 N e O e 7
ANE 26 | B2 5/A13  PO.5/AD5 [—a—D= N L1D5 Q5% > > s 105 HE—— 22
—ATd o7 | P2 : 33 D6 N 8 3 AG AG 6 20 DG
N\ A5 28 | P2.6/A14 P0.6/AD6 32 D7/ D7 g | D6 Q6 12 AT AN A7 5| A6 1/06 21—D7_/
P2.7/A15 PO0.7/AD7 D7 Q7 A8 27 A7 1107 |/
10 1 11 A9 26 | 18
O—7 P3.0/RXD P1.0 [5—0 —E A3 A9
DT P3.1/TXD P1.1 3—D OE N ATT 25| A10
O—5 P3.2/INTO P1.2 [H—o i = Al
E—7 1 P3.3/INT1 P1.3 54 — 74HC573 —AT3 g | A12
DT P3.4/T0 P1.4 G_D - — A1z 3 | A13
B—36 | P3.5/T1_ P1.5 =1 —AT5 371 | Al4
17 P3.6WR P1.6 [Fg—C ———— =1 A15
P3.7/RD P1.7 —O o4 | —
30 — 19 29 | OE
29 ALE/PROG XTAL1 \TD 22 WE
PSEN XTAL24—0O 30 CE1
CE2
EA/VPP 31 U11A
RST [+ 1 = RAM 62512
== 3
AT89C51 I 2
7408

Hinh 1.10 — Giao tiép bo nhé chuong trinh va dir liéu ngoai dung chung
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Gido trinh Vi diéu khién Téng quan vé vi diéu khién MCS-51

¢ B0 nhé chwong trinh ngoai:

Quaé trinh thyc thi Iénh khi dung by nhé chuong trinh ngoai co6 thé’mé ta nhu
hinh 1.7. Trong qua trinh nay, Port 0 va Port 2 khong con la cac Port xuat nhdp ma
chura dia chi va dir liéu. So do két ndi vdi bo nhd chuong trinh ngoai mé ta nhu hinh
1.8.

Trong mot chu ky mdy, tin hi¢u ALE tich cyc 2 lan. Lan thit nhat cho phép
74HC573 mo cong chot dia chi byte thap, khi ALE xuong 0 thi byte thap va byte cao

ctia bo dém chuong trinh déu c6 nhung ROM chua xuét vi PSEN chua tich cyc, khi
tin hiéu ALE 1én 1 trd lai thi Port 0 d4 c6 dir liéu 1a mé 1énh. ALE tich cuc 1an thir hai
duoc gidi thich tuong ty va byte 2 dugc doc tir by nhd chuong trinh. Néu 1énh dang
thyc thi 1a 1€nh 1 byte thi CPU chi doc Opcode, con byte thir hai bo qua.

+ B0 nhé dir liéu ngoai:

Bo nhd dit liéu ngoai duoc truy xuat bang 1énh MOVX théng qua cac thanh ghi
xac dinh dia chi DPTR (16 bit) hay RO, R1 (8 bit). So do két ndi véi by nhd dir licu
ngoai mo ta nhu hinh 1.9.

Qua trinh thuc hién doc hay ghi dit liéu dugc cho phép bang tin hiéu RD hay
WR' (chan P3.7 va P3.6).
% B0 nhé chwong trinh va dir liéu dung chung:

Trong cac ung dung phat trién phin mém xay dung dua trén AT89C51, ROM
s& dugc 1ap trinh nhiéu 1an nén d& 1am hu hong ROM. Mot giai phap dit ra 1a sir dung
RAM dé chira cac chuong trinh tam thoi. Khi d6, RAM vira 1a b nhé chuong trinh
vira 12 bo nhé dit liéu. Yéu cau nay cé thé thuc hién bang cach két hop chan RD va

chan PSEN thong qua céng AND. Khi thuc hién doc ma 1énh, chan PSEN tich cuc

cho phép doc tir RAM va khi doc dit liéu, chan RD sg& tich cyc. So d6 két néi mo ta
nhu hinh 1.10.
2.3.3. Giai ma dia chi

Trong céc tng dung dua trén AT89C51, ngoai giao tiép bo nhé d licu, vi didu
khién con thyuc hién giao tiép v6i cac thiét bi khac nhu ban phim, led, dong co, ... Céc
thiét bi nay c6 thé giao tiép truc tiép thong qua cic Port. Tuy nhién, khi sé luong cac
thiét bi 16n, cac Port s& khong dii dé thuc hién diéu khién. Giai phap dua ra 1a xem cac
thiét bi nay gidng nhu bo nhé dit liéu. Khi d6, can phai thyc hién qua trinh giai ma dia
chi dé phan biét cac thiét bi ngoai vi khac nhau.

Quaé trinh giai ma dia chi thuong dugc thuc hién thong qua céc IC gidi ma nhu
74139 (2 -> 4), 74138 (3 -> 8), 74154 (4 -> 16). Ngo ra cua cac IC giai ma s¢ dugc
dua to1 chan chon chip cia RAM hay by dém khi diéu khién ngoai vi.

Pham Hung Kim Khdanh Trang 16
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2.4. Cac thanh ghi chirc nang dac biét (SFR — Special Function Registers)

2.4.1. Thanh ghi tich luy (Accumulator)

Thanh ghi tich luy 13 thanh ghi sir dung nhiéu nhit trong AT89C51, duoc ky
hi¢u trong cau 1énh 1a A. Ngoai ra, trong cac I¢énh x1r 1y bit, thanh ghi tich luy dugc ky
hi¢u la ACC.

Thanh ghi tich luy co thé truy xudt tryc ,tiép thong qua dia chi EOh (byte) hay
truy xuat ting bit thong qua dia chi bit tir EOh dén E7h.

VD: Cau lénh:
MOV A,#1
MOV OEOh,#1
¢6 cung két qua.
Hay:
SETB ACC.4
SETB OE4h
cling tuong tu.
2.4.2. Thanh ghi B

Thanh ghi B dung cho cac phép toan nhén, chia va co thé dung nhu mot thanh
ghi tam, chtra cac két qua trung gian.

~ Thanh ghi B ¢6 dia chi byte FOh va dia chi bit tir FOh — F7h ¢6 thé truy xuét
giong nhu thanh ghi A.

2.4.3. Thanh ghi tir trang thai chwong trinh (PSW - Program Status
Word)

Thanh ghi tir trang thai chuong trinh PSW nam tai dia chi DOh va cé cac dia
chi bit ttr DOh — D7h, bao gom 7 bit (1 bit khong st dung) c6 céc chirc ndng nhu sau:

Bang 1.3 — Chuc nang céc bit trong thanh ghi PSW

Bit 7 6 5 4 3 2 1
Chire cY AC FO RS1 RSO oV ; p
niang

CY (Carry): cO nho, thuong dugc dung cho cac 1€nh toan hoc (C = 1 khi co
nh¢ trong phép cdng hay muon trong phép trur)

AC (Auxiliary Carry): co nhd phu (thuong dung cho cac phép toan BCD).

FO (Flag 0): duoc sir dung tuy theo yéu cau ctia nguoi str dung.

Pham Hung Kim Khdanh Trang 17
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RS1, RSO: dung dé chon bank thanh ghi str dung. Khi reset hé thong, bank 0 s&
dugc st dung.

Béang 1.4 — Chon bank thanh ghi

RS1 | RSO | Bank thanh ghi
0 0 Bank 0
0 1 Bank 1
1 0 Bank 2
1 1 Bank 3

OV (Overflow): ¢ tran. Co6 OV = 1 khi ¢6 hién tugng tran s6 hoc xay ra (ding
cho s6 nguyén co6 dau).

P (Parity): klem tra parity (chdn). Co P = 1 khi tong s6 bit 1 trong thanh ghi A
1a s6 1¢ (nghia l1a tong sO bit 1 ciia thanh ghi A cong thém cd P 1a s6 chan). Vi du nhu:
A =10101010b c6 tong cong 4 bit 1 nén P = 0. C& P thuong duoc dung dé kiém tra
16i truyén dir lidu.

2.4.4. Thanh ghi con tré stack (SP — Stack Pointer)

Con tro stack SP nam tai dia chi 81h va khong cho phép dinh dia chi bit. SP
ding dé chi dén dinh cua stack. Stack 1a mot dang b nhd luu trir dang LIFO (Last In
First Out) thudng ding luu trit dia chi tra vé khi goi mot chuong trinh con. Ngoai ra,
stack con dung nhu bd nhé tam dé luu lai va khoi phuc céc gia tri can thiét.

Pbi voi AT89C51, stack duge chua trong RAM ndi (128 byte dbi véi
8031/8051 hay 256 byte ddi véi 8032/8052). Mac dinh khi khoi dong, gid tri cua SP 1a
07h, nghia 1a stack bat dau tir dja chi 08h (do hoat dong luu gia tri vao stack yéu cau
phai ting ndi dung thanh ghi SP trudc khi luu). Nhu vay, néu khong gan gia tri cho
thanh ghi SP thi khong duoc sir dung céc bank thanh ghi 1, 2, 3 vi ¢6 thé lam sai di
liu.

Déi v6i cac timg dung thong thuong khong can dung nhiéu dén stack, co thé

khong can khoi dong SP ma dung gia tri mic dinh 1a 07h. Tuy nhién, néu cén, ta ¢6
thé xac dinh lai vung stack cho MCS-51.

2.4.5. Con tro dir liéu DPTR (Data Pointer)

Con tro dur liéu DPTR la thanh ghi 16 bit bao gdém 2 thanh ghi 8 bit: DPH
(High) nam tai dia chi 83h va DPL (Low) nam tai dia chi 82h. Cac thanh ghi nay
khong cho phép dinh dia chi bit. DPTR dugc dung khi truy xuat dén b nhé ¢ dia chi
16 bit.

2.4.6. Cac thanh ghi port

Céc thanh ghi PO tai dia chi 80h, P1 tai dia chi 90h, P2, tai dia chi AOh, P3 tai
dia chi BOh 1a c4c thanh ghi chdt cho 4 port xuét / nhap (Port 0, 1, 2, 3). Tat ca céc
thanh ghi nay déu cho phép dinh dia chi bit trong d6 dia chi bit ctia PO tir 80h — 87h,
P1 tir 90h — 97h, P2 tir AOh — A7h, P3 tir BOh — B7h. Cac dia chi bit nay co thé thay
thé bang toan tir e. Vi du nhu: 2 1énh sau 13 tvong dwong:
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SETB PO.0O
SETB 80h
2.4.7. Thanh ghi port ndi tiép (SBUF - Serial Data Buffer)

Thanh ghi port ndi tiép tai dia chi 99h thuc chat bao gom 2 thanh ghi: thanh ghi
nhan va thanh ghi truyén. Néu dir liéu dua téi SBUF thi d6 1a thanh ghi truyén, néu dir
li¢u duoc doc tir SBUF thi d6 la thanh ghi nhan. Céac thanh ghi nay khong cho phép
dinh dia chi bit.

2.4.8. Cac thanh ghi dinh thoi (Timer Register)

Céc cap thanh ghi (THO, TLO), (THI, TL1) va (TH2, TL2) la cac thanh ghi
dung cho céc bd dinh thoi 0, 1 va 2 trong dé bd dinh thoi 2 chi co trong 8032/8052.
Ngoai ra, dbi véi ho 8032/8052 con c6 thém cap thanh ghi (RCAP2L, RCAP2H) st
dung cho b dinh thoi 2 (s€ thao luén trong phﬁn hoat dong dinh thoi).

2.4.9. Cac thanh ghi diéu khién

Bao gdm cac thanh ghi IP (Interrupt Priority), IE (Interrupt Enable), TMOD
(Timer Mode), TCON (Timer Control), T2CON (Timer 2 Control), SCON (Serial port
control) va PCON (Power control).

- Thanh ghi IP tai dia chi B8h cho phép chon mirc wu tién ngat khi co 2 ngit xay
ra dong thoi. IP cho phép dinh dia chi bit tir B8h — BFh.

- Thanh ghi IE tai dia chi A8h cho phép hay cidm céc ngit. IE ¢ dia chi bit tir
A8h — AFh.

- Thanh ghi TMOD tai dia chi 89h dung dé chon ché d6 hoat dong cho cac bo
dinh thoi (0, 1) va khong cho phép dinh dia chi bit.

- Thanh ghi TCON tai dia chi 88h diéu khién hoat dong cta bd dinh thoi va ngit.
TCON c6 dja chi bit tir 88h — 8Fh.

- Thanh ghi T2CON tai dia chi C8h diéu khién hoat dong ctia bo dinh thoi 2.
T2CON c6 dia chi bit tir C8h — CFh.

- Thanh ghi SCON tai dia chi 98h diéu khién hoat dong ctia port ndi tiép. SCON
co dia chi bit tir 98h — 9Fh.

Céc thanh ghi dd noi ¢ trén s& duoc thao luan thém & cac phan sau.
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< Thanh ghi diéu khién nguén PCON

Thanh ghi PCON tai dja chi 87h khong cho phép dinh dija chi bit bao gém céc
bit nhu sau:

Bang 1.5 — Chuc nang céc bit trong thanh ghi PCON

Bit 7 6 5 4 3 2 1 0
Chire
ning SMOD1 | SMODO - POF GF1 GFO PD IDL

~ SMODI (Serial Mode 1): = 1 cho phép tang gip d6i toc do port ndi tiép trong
che d 1,2 va 3.

SMODO (Serial Mode 0): cho phép chon bit SMO hay FE trong thanh ghi
SCON (=1 chon bit FE).

POF (Power-off Flag): dung dé nhan dang loai reset. POF = 1 khi md ngudn.
Do do, dé xac dinh loai reset, can phai xoa bit POF trudc do.

GF1, GFO (General purpose Flag): cac bit cd danh cho nguoi s dung.

PD (Power Down): dugc x0a bang phé’n cimg khi hoat dong reset xay ra. Khi
bit PD = 1 thi vi di¢u khién s€ chuyén sang ché do nguon giam. Trong ché d6 nay:

- Chi c6 thé thoat khoi ché d6 ngudn giam bang cach reset.
- No6i dung RAM va muc logic trén cac port dugc duy tri.

- Mach dao dong bén trong va cac chirc nang khac ngung hoat dong.
- Chén ALE va PSEN & myec thép.

- Yéu cau Vcce phai c6 dién ap it nhat 1a 2V va phuc hdi Vee = 5V it nhat 10 chu
ky trude khi chan RESET xuong murc thap lan nira.

IDL (Idle): duoc xoa b;:?mg phan cimg khi hoat dong reset hay co ngit xay ra.
Khi bit IDL = 1 thi vi diéu khién s€ chuyén sang ché do nghi. Trong ché dj nay:

- Chi c6 thé thoat khoi ché d6 ngudn giam bang cach reset hay c6 ngit xay ra.

- Trang thai hién hanh cua vi diéu khién duoc duy tri va ndi dung cac thanh ghi
khong doi.

- Mach dao dong bén trong khong goi duogc tin hiéu dén CPU.
- Chan ALE va PSEN & muiic cao.

Luu ¥ rang cac bit di;éu khién PD va IDL ¢6 tac dung chinh trong tit ca cac IC
ho MSC-51 nhung chi c6 thé thuc hi¢n dugc trong cac phién ban CMOS.
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PO.X
PN

2.5. Cau truc port
Vee
ADDR/DATA
CONTROL
Read
Latch ‘D_‘[
INT.BUS 5O —
Write LArcH FMUX
To —Ta g
Latech
Read i :]
Pin e ,
a. Cau truc Port 0
ADDR
Read CONTROL

Latch ]

INT. BUS D Q
P2.X

Write LATCH

To g 1=

Latch

READ ]

PIM

P3), mgt bd dém vao va bo lai ngo ra.

INTERNAL
PULLUP~

P2.X
P

¢. CAu trtc Port 2

Hinh 1.11 — CAu tric céc Port cia AT89C51

Read

Latch
INT. BUS
D gy x®
Write LATCH
T, B P, SNSRI
Latch
READ ]
FIM
b. Cau trac Port 1
Alternate
Function

Read
Latch

INT.BUS

INTERMAL
PULL-UP™

P1.X
PIN

—_—

Write
To
Latch

D O
P3.X
LATCH |

CL__ O

PIN

d. C4u trac Port 3

Yec

READ i ] ! ]

Alternate
Input
Function

Internal
Pull-Up*

P1.X
PN

CAu trac cac Port md ta nhu hinh v&, mdi port c6 mot bd chot (SFR tu PO dén

s Port 0:

- Khi ding & ché d6 10: FET kéo 1én tit (do khong co cac tin hiéu ADDR va
CONTROL) nén ngd ra Port 0 hd mach. Nhu vay, khi thiét ké Port 0 lam viéc
& ché d6 10, can phai co6 céc di¢n tré kéo lén. Trong ché 6 ndy, mdi chan cia
Port 0 khi ding 1am ngd ra c6 thé kéo tdi da 8 ngd TTL (xem thém phan sink /
source trong 2.7).

Khi ghi murc logic 1 ra Port 0, ngd ra C_) ctia bo chét (latch) & mirc 0 nén FET
tat, ngd ra Port 0 ndi 1én Vee thong qua FET va c6 thé kéo xudng mirc 0 khi két ndi

v6i tin hiéu ngoai. Khi ghi muc logic 0 ra Port 0, ngd ra 6 ctia bo chdt & muirc 1 nén
FET dan, ngd ra Port 0 duoc ndi voi GND nén luén & mirc 0 bat ké ngd vao. Do do,
dé doc dir 1i€u tai Port O thi can phai set bit trong Uing.
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- Khi dung & ché d6 dia chi / dir liu: FET dong vai tro nhu dién tré kéo 1én nén
khong can thiét ke thém cac dién tré ngoai.

< Port1,2,3:

Khong dung FET ma diung dién tro kéo 1én nén khi thiét ké khong can thiét
phai thém cac dién tré ngoai. Khi dung & ché do 10, cach thic hoat dong gidng nhu
Port 0 (nghia 13 trudc khi doc dit liéu thi can phai set bit trong Gng). Port 1, 2, 3 ¢6
kha néng sink / source dong cho 4 ngd TTL.

2.6. Hoat dong Reset

pé thuc,hién reset, can phai tac dong muc cao tai chan RST (chan 9) cua
AT89C51 it nhat 2 chu ky may. So do mach reset c6 thé mo ta nhu sau:

elele * c20

0.1uF

R28 P

100

&

O—-—42 [ >RST
RESET R27

8.2K

Hinh 1.12 — So dd mach reset cia AT89C51

Sau khi reset, noi dung cia RAM noi khong thay ddi va cac thanh ghi thay doi
ve gid tri mac dinh nhu sau:

Bang 1.6 - Gia tri mdc dinh ctia cac thanh ghi khi reset

Thanh ghi Noi dung

Pém chuong trinh PC 0000h

A, B, PSW, SCON, SBUF 00h

SP 07h

DPTR 0000h

Port 0 dén port 3 FFh

1P XXX0 0000b

IE 0X0X 0000b

Cac thanh ghi dinh thoi 00h

PCON (HMOS) 0XXX XXXXb

PCON (CMOS) 0XXX 0000b
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2.7. Chc van dé khac

2.7.1. Dong sink va source

Dong dién sink va source 1a mot phan quan trong khi thiét ké cac mach dién tu.
Su khac nhau cta chung dugc mé ta nhu hinh 1.13.

bY'§
LED is on

when ehip

ouiput is

low (OV)

-
-
chip
output sinking
a current

sourcing
chip a currant
output

LED is on
when ship
output 15

high (+¥s)

Hinh 1.13 — Khac nhau gitra dong sink va source

Trong AT89CS51, Port 0 c6 dong sink ciia mdi chan twong duong véi 8 ngd
TTL con cac Port khac cé dong sink /source tuong duong véi 4 ngd TTL.

2.7.2. Lap trinh cho AT89C51
2.7.2.1. Cic ché a9 khoa b nhé chwong trinh

Bing 1.7 — Céc ché d6 khod chwong trinh

Ché | Lap trinh cac bit Mbo ta
dé khoa
LB1 | LB2 | LB3

1 U U Khdng khoa

U
2 P U U | Khong cho phép 1énh MOVC tai b nhé chuong trinh
ngoai, chan EA duoc 1y mau va chdt khi reset, khong
cho phép lap trinh.

(O8]

P P U | Gidng ché d6 2 va khong cho phép kiém tra.
4 P P P | Giong ché dg 3 va khong cho phép thuc thi ngoai.

Trong AT89C51, c¢6 3 bit khoa (LB — lock bit) c6 thé dugc 1ap trinh (P —
programmed) hay khong (U — unprogrammed) cho phép chon cac ché dd khoa khac
nhau (bang 1.7).
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2.7.2.2.

Lap trinh

Khi AT89C51 ¢ trang thai X04, tat ca cac 6 nhG thuong 1a OFFh va co thé duge
lap trinh. Dién ap 1ap trinh c6 thé la 5V hay 12V tuy theo loai IC. Dién ap lép trinh
xac dinh bang ky hi€u trén chip hay cac byte nhan dang khi da xoa chip (xem bang

1.8).

Béang 1.8 — Nhan dang dién 4p lap trinh

Vo =12V Voo =5V
Ky hi¢u AT89C51 AT89C51
XXXX XXXX-5
Yyww Yyww
Byte nhan dang | (30h) = 1Eh | (30h) = 1Eh
(31h)=51h | (31h)=51h
(32h) = OFFh | (32h) = 05h

Luu y rang AT89C51 dugc 1ap trinh theo timg byte nén phai thuc hién xo4 tat
ca chip trudce khi 1ap trinh.

Qua trinh 13p trinh cho AT89C51 duogc thuc hi¢n theo cac budc sau:

- Budc 1: bat gié tri dia chi 1én duong dia chi.
- Budc 2: Dat dir 1iéu 1én duong dir lidu.

- Budc 3: Pit cac tin higu diéu khién twong ting (xem bang 1.9).

- Budc 4: bat chan EA/VPP 1én dién ap 12V (néu su dung dién ap lap trinh

12V).

- Budc 5: Tao mot xung tai chan ALE/PROG (xem bang 1.9). Thuong chu ky
ghi 1 byte khong vuot qua 1.5 ms. Sau d6 thay d6i dia chi va lap lai budce 1 cho
dén khi két thiic dir liéu can 1ap trinh.

Bing 1.9 — Céc tin hi¢u diéu khién 1ap trinh

Ché dp RST | PSEN | PROG | Ve | P2.6 | P2.7 | P3.6 | P3.7

Ghi ma H L " |H/12V| L H H H
Doc ma H L H H L L H H
Ghilockbit |LB1 | H L " |H/I2V| H H H H

LB2 | H L . |H/12V| H H L L

LB3 | H L " |H/12V| H L H L
Xoé chip H L " |H/12Vv | H L L L
Poc byte nhan dang | H L H H L L L L

~ Luuy réng cac xung PROG doi hoi thoi gian khong vuot qua 1.5 ms, chi co
ché do xoé chip can xung 10ms.

So dd mach lap trinh va kiém tra cho AT89C51 mo ta nhu hinh 1.14 va 1.15.
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+5V
AT89C31 T
abor RO AT) by Vee
0 ODOOK/OFFFH PGM
A8 - A11
— »| P25
SEE FLASH ——» P27 ALE |4 PROG
PROGRAMMING
MODES TABLE | — ¥ P3.6
| ——] P37
XTAL2 EA |&—— V Ve
3-24 MHz _
14—
I +—{ XTAL1 RST |f¢— V,,
e—| GND PSEN ﬂ_
Hinh 1.14 — So @5 mach 1ap trinh cho AT89C51
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+5V
AT89C51 T
ADDR. 29 - AT by Vee
0( OOOOH/CFFFH PGM DATA
i1 P2.0 - P23 PO [ (USE 10K
° - M pas PULLUPS)
SEE FLASH — | P27 ALE f¢&—
PROGRAMMING—
MODES TABLE | —» P36 ,
Vi
| | P37
XTAL2 EA |«
324 MHz |
]
31 XTAL1 RST l&— V,
GND PSEN ﬂ_

Hinh 1.15 — So dd mach kiém tra cho AT89C51
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Céc dang tin hiéu dung dé 1ap trinh cho AT89C51 dugc mo ta nhu hinh 1.16 va

1.17.
P10 - P17 PROGRANMMING VERIFICATION
P20 - P23 ADDRESS j\ ADDRESS
— Lwvay
PORT 0O DATA IN DATA QUT
oy lghpx [f
taveL [ « torax
ALE/PROG A
oy (& oy
' lGlgH— 7|
— el 0GIC 1
EANVee [ ____Tl LoGic ol _________ | _______.
—t
P27 41 et tELov—b| 1:.‘ “— fenaz
(ENABLE) / \1 I/
| teupL —* +—
P34
(RDY/BSY) BUSY READY
D —
Hinh 1.16 — Dang séng lap trinh & dién ap 12V
PROGRAMMING VERIFICATIOM
P10 - P1.7 b |
P20 - P23 ADDRESS j ADDRESS
*— Lavay
FPORT O L DATA IN DATA QUT —_—
|‘_' toval  toHox [+
LaveL [« | lonax
ALE/PROG N
t - >
SHEL —lgeh—™
_ LOGIC 1
EANegp L0004 | wecol| |
- — t
P27 EHSH tey qv e EHGZ
(ENABLE)
toneL —
P34
(RDY/BSY) BUSY READY
RE—TTS
Hinh 1.17 - Dang song lap trinh ¢ dién ap 5V
Pham Hung Kim Khdanh Trang 27

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién

Téng quan vé vi diéu khién MCS-51

Khi 1ap trinh, cac thong sé vé thoi gian va dién ap duoc mo ta nhu bang 1.10.

Bang 1.10 — Cac dic tinh lap trinh va kiém tra

T=0-70C, Voc =5V £ 10%

Ky Mot Min | Max | DOM
hi¢u vi
Vpp (1) | Dién 4p lap trinh 11.5 12.5 A
Ipp (1) | Dong di¢n lap trinh 1.0 mA
1/tcier | Tén sb thach anh 3 24 MHz
Khoang thoi gian tir luc dia chi on dinh cho dén 48tcrcL
favoL khi c6 thé tao xung PROG (xudng mirc thip)
Khoang thoi gian gitr lai dia chi sau khi chan 48tcrcL
famax PROG 1én mtrc cao
Khoang thoi gian tir luc dit liéu on dinh cho dén | 48tcicr
fovoL khi c6 thé tao xung PROG (xudng mirc thip)
Khoang thoi gian gitr lai dir li¢u sau khi chan 48tcrcL
forDX PROG 1én mtrc cao
Khoang thoi gian tir luc P2.7 (ENABLE) 1én muc | 48tcrcL
teusy | cao dén khi V,,, chuyén dén gia tri dién ap 1ap
trinh (5V/12V)
Khoang thoi gian tir luc V, chuyén 1én gia tri 10
tsHGL dién ap lap trinh dén khi chan PROG xuéng murc us
thip
tousL Khoang thoi gian tir luc chan PROG 1én murc cao 10
(1) dén khi V,, chuyén xudng gia tri dién ap thap 1S
tGLGH D0 rong xung 1ap trinh 1 110 us
tavov | Khoang thoi gian tir luc dua dia chi cho dén luc 48tcr oL
(2) c6 thé doc dit liéu
teLQv théng thoi gjan tu’ luc chan 1?2.7 (ENABLE) 48tcrcL
(2) xuong muc thap dén khi c6 thé doc dit 1idu
teHQz Khoang thoi gian tir luc chan P2.7 (ENABLE) 1én 0 48tcrcL
(2) mrc cao dén khi tha ndi dudng dit lidu
— Khoang thoi gian tir Idc chan PROG 1én mure cao 1.0 us
dén khi chan P3.4 (BUSY) xuong muc thap
twe Chu ky ghi byte 2.0 ms
(1) Chi dung cho dién ap lap trinh 12V
(2) Dung cho ché d¢ kiém tra
(Tham khdo thém mot mach lap trinh cho AT89C51 tai Phu luc 3)
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2.7.3.1.

T=-40-85C; Vee =5V +20%

Pac tinh DC

2.7.3. Cac dac tinh caa AT89C51

Béang 1.11 — Dac tinh DC cua AT89C51

KAy Mo ta Picu kién Min Max D(r.n
hi¢u Vi
Vi | Dién 4p ngd vao muc thap Trir EA -0.5 02Vee-0.1| V
Vi | Pién ap ngd vao muc thap EA -0.5 02Vee-03| V
Vi | Bién 4p ngd vao muc cao Lrir Ii(ST"? L1, 02Vee+09 | Vee+0.5 A
Vi | Dién &p ngd vao murc cao XTAL1, RST 0.7 Vce Vee 0.5 A\
Dién ap ngd ra mirc thap _
VoL (1) (Port 1.2.3) [op = 1.6 mA 0.45 \Y
Dién ap ngd ra mirc thap
V i — Iop =3.2mA 0.45 A%
Ol | (1) (Port 0,ALE, PSEN) oL = 2= 1
A7 ~ ’ IOH =-60 H.A
Vo Dién ap ngo ra murc cao Voo = 5V + 10% 24 \%
(Ports 1,2,3, ALE, PSEN) Ion = -25 pA 0.75 Ve Y
IOH =-10 },lA 09 VCC \Y
Dién ap ngd ra rfluxz cao Vlon_=5§]0i) it(l)ko/ 24 vV
Vour | (Port 0 trong ché do dia chi cc= 0
dir 1iéu da hop) Ion =-300 pA | 0.75 Vcc \
IOH =-80 },lA 0.9 VCC \Y
Iy ]i)gn:;g) ngo vao muc 0 (Port Vi = 0.45V 50 uA
Dong dién xay ra khi _
Irp | chuyén mic logic tir 1 V:INS;/ziV ; (X/CC -650 HA
xudng 0 (P1, 2, 3) °
I;; | Dong dién ngd vao 045 < Vi< +10 LA
i Ve
bi¢n tré kéo xuong tai ngd
Rgst Reset . 50 300 KQ
Cio | Dién dung tai cac chan Tar}io:zéol\éHZ 10 pF
Ché d6 thuong
Dong t6i thiéu ctia ngudn 12 MHz 20 mA
cung cap Che do¢ nghi
lee 12 MHz : mA
A 2n A <o VCC = 6V 100 MA
he d 2
Ché do nguon giam (2) Voo =3V 40 uA
(1) O ché do thuong, lop xac dinh nhu sau:
- ToLmax tai mdi chan 1a 10 mA.
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- ToLmax tai mdi port 8 bit: 26 mA cho Port 0 va 15 mA cho Port 1,2,3.

- loLmax tal tat ca cac ngod vao: 71 mA.

Néu Iop khong thoa man cac diéu kién trén, dién ap VoL c6 thé s& 16n hon gia
tri trong bang 1.11

(2) bBién &p V. tdi thiéu trong ché do nguén giam 1a 2V.

2.7.3.2.

Pac tinh AC
Bang 1.12 — Dic tinh AC ciia AT89CS51

Ky
hi¢u

Mo ta

Thach anh 12
MHz

Thach anh 16 - 24
MHz

Don vi

Min

Max

Min

Max

1/tere

Tén s6 thach anh

0

24

MHz

tLHLL

b0 rong xung ALE

127

ns

taviL

Khoang thoi gian tir
lac dia chi 6n dinh
dén khi ALE xudng
murc thap

43

teLer-13

ns

tLax

Khoang thoi gian giir
lai dia chi sau khi
ALE xudng muc thap

48

terer-20

ns

tiov

Khoang thoi gian tir

lac ALE xubng mirc

thip dén khi ma 1énh
vao hop 1€

233

ns

tiipL

Khoang thoi gian tur
lac ALE xubng mirc
thip dén khi PSEN
xudng mirc thap

43

terer-13

ns

tpLpH

Do rong xung PSEN

205

3tere-20

ns

trrv

Khoang thoi gian tir
lac PSEN xubng
murc thap dén khi ma
1énh vao hop 1€

145

ns

tpxix

Khoang thoi gian giir
lai ma lénh sau tin
hi¢u PSEN

ns

taviv

Khoang thoi gian tir
Iuc dat dia chi dén khi
ma 1énh vao hop 1¢

312

Steper-55

ns

tpxiz

Khoang thoi gian tha
ndi ngd vao ma 1énh
sau tin hiéu PSEN

terer-10

ns
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tpxav

Khoang thoi gian tir
tin hiéu PSEN dén
khi dia chi hop 1&

75

terer-8

ns

tpraz

Khoang thoi gian tir
lic PSEN )guéng
murc thap dén khi tha
noi dia chi

10

10

ns

tRLRH

D0 rong xung RD

400

6tCLCL' 100

ns

twLwh

Do rong xung WR

400

6tcLcL-100

ns

tRLDV

Khoang thoi gian tur
lic RD xudng mirc
thap dén khi dir li¢u
vao hop 1€

252

ns

tRHDX

Khoang thoi gian gitr
lai dir li€u sau tin
hiéu RD

tRuDZ

Khoang thoi gian tha
noi dir liéu sau tin
hi¢u RD

97

2terer-28

ns

tLipy

Khoang thoi gian tir
lac ALE xubng mirc
thap dén khi dir liéu
hop 1€

517

StCLCL' 150

ns

tAvDv

Khoang thoi gian tir
luc dat dia chi dén khi
dir liéu hop 1€

585

9tCLCL' 165

ns

towe

Khoang thoi gian tir
luc ALE xudng murc
thap dén khi RD hay
WR xudng muc thip

200

300

3teretS0

ns

tAvwL

Khoang thoi gian tir
Iuc dat dia chi dén khi
RD hay WR xudng
muc thap

203

ns

tovwx

Khoang thoi gian tu
lac dir li¢u hop 1€ dén
khi WR chuyén muc
logic

23

terer-20

ns

tovwa

Khoang thoi gian tir
lac dir 1iéu hop 1€ dén
khi WR' 1én murc cao

433

7tCLCL'120

ns

twHox

Khodng thoi gian giit

33

teLeL-20

ns
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lai dir li€u sau tin
hiéu WR
Khoang thoi gian tur
lac RD xudng mirc
t iy 8 o 0 0 ns
RLAZ thap dén khi tha noi
dia chi
Khoang thoi gian tir ns ns
lac RD hay WR Ién ns ns
t 7 _ 43 123 | terer-20 | tepert25
WHUT ! mtie cao dén khi ALE cLeL cLek ns ns
1én mirc cao ns
Céac dac tinh AC duoc mo ta trong cac hinh vé sau:
Ly —
ALE v N / AN
~ | B N * ooy
tavie [ o »
| —* hipL .
PSEN / AN A .
—> 1o s +texav—>
tP)(IZ
1:LL."-"O{ -
Ill:',"'(l}(_'r <
PORT 0 > a0-AT 3 < INSTRIN p >« a0-A7T  ><
+ v >
PORT 2 X AB - A15 X AB-AT5

Hinh 1.18 — Chu ky doc by nhé chuong trinh ngoai

b —
ALE
— LI
PSEN J -
‘ tLipy >
e— tp RH —
— t . —
RD — 1 ax—] 1% -t
taL L —> t «—>lpipv [+ RHDZ
RLAZ T t
—| |e—RHDX
PORT 0 AD - A7 FROM RI OR DPL DATA IN 5K A0 - A7 FROM PCL>—< INSTR IN
«+ 1AWL -
e taypy ————
PORT 2 P20 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
Hinh 1.19 — Chu ky doc bg nh¢ dit 1iéu ngoai
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tLHL__.‘
ALE . e
— tyHLH
PSEN /
< o re—tyiwH —
WR —1 | ax -~
le— a1 L — Lavwx — — [ twrox
— tovwm —
PORT 0 _ > A0 - A7 FROM RI OR DPL DATA CUT A0 - A7 FROM PCL>—<INSTR IN
* tanviL »
DOBRT 2 P20 - P27 OR A2 _ A1R FROM DFH ¢ AR _ AR FROM PCH
Hinh 1.20 — Chu ky ghi dir liéu bo nhé ngoai
Pham Hung Kim Khdanh Trang 33

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Téng quan vé vi diéu khién MCS-51

BAI TAP CHUONG 1

1. Giai thich tai sao thuong phai c6 dién tr¢ keo 1én (pull-up) tai Port 0? Trudng
hop nao khong can sir dung dién tré nay?

2. Thiét ké mach giai ma dia chi dung 74LS138 cho 1 RAM 8 KB, 1 RAM 4KB
va 1 ROM 16 KB.

3. Cho ban dd bd nhd sau:

Bo nhé Dia chi

RAMI | 1000h — 1FFFh
RAM2 | 3800h — 3FFFh
ROM | 8000h — 9FFFh

Lap ban dd bo nhé day dii va thiét ké mach giai ma dia chi theo ban do trén.

4. C}lo mach nhu hinh vé. Xéc dinh dia chi cac chan CS. Cho biét chan nao dung
deé doc, chan nao dung dé ghi.

DATA BUS
v1a o o
DO DO AO
D% P2.0/A8  P0.0/ADO gg D7 DT 2 DO Qo g—m
O—55 P2.1/A9  P0.1/AD1 D1 Ql F—7—
23 37_D2 D27 6 1
O—57- P2.2/A10  P0.2/AD2 D2 Q2 AT 1
024 | 36 D3 D3 8 3 3
55| P2.3/A11  PO.3/AD3 32— b —75| D3 Q3 H7—A7 2
O—5g-| P2.4/A12  P0.4/AD4 375 5514 D4 Q4 [45—7A5 vi
O—57 P2.5/A13  PO.5/AD5 [—3=—pg 5647 D5 Q5 5 A6
O—5g P2.6/A14  PO.6/AD6 [35—57 57— 15| D6 Q6 [H9—A7 4
O—=2H P2.7/A15  P0.7/AD7 D7 Q7 ) 6
o (1) P3.0/RXD P1.0 —EI; EEE>—1] LE 5 7
o P3.1/DXD P11 50 E
o g P3.2/INTO P12 [0 —? o
o P3.3/INT1 P1.3 fz—0O -
o g P3.4/T0 P1.4 [0 UTBLS3TS 10 8 [CS4>
O—g] P3.5T1_ P15 [0 A5 1 — 15
R 77| P3.6/WR P1.6 g—= 5 > A YO 2
EEE P3.7/RD P1.7 | 7 1B Y1 43 Cs2 12
30 S 19 - |¢ 321 11
ALEPROG  XTAL14—g—= 8 Y3 =5 13 )
O0—== PSEN XTAL2¢——0  VCCO—— &1 Y4 5 7
— 31 5| G2A Y515 cSe
EAIVPP [0 GB Y6[ csr
RST —0 Y7 Cs8
ATB9C51 ) 7415138
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Chwong 2: LAP TRINH HQP NGU TREN VI
PIEU KHIEN MCS-51

Chwong nay gioi thiéu cdch thirc lap trinh trén MCS-51 ciing nhw giai thich
hoat dong cua cac lénh sur dung cho ho MCS-51.
Cic ky hiéu can chu y:

Rn : cac thanh ghi tr RO — R7 (bank thanh ghi hién hanh)

Ri : cac thanh ghi tir RO — R1 (bank thanh ghi hién hanh)

@Rn : dinh dia chi gian tiép 8 bit dung thanh ghi Rn

@DPTR : dinh dia chi gian tiép 16 bit dung thanh ghi DPTR

direct : dinh dia chi truc tiép RAM noi (00h — 7Fh) hay SFR (80h — FFh)

(direct) :ndi dung ctuia bd nho tai dia chi direct

#data8  : gid tri trc thoi 8 bit

#datal6 : gia tri tuc thoi 16 bit

bit - dia chi bit ctia cac 6 nhd c6 thé dinh dia chi bit (00h — 7Fh ddi voi
dia chi bit va 20h — 2Fh ddi véi dia chi byte)

1. Cac phuong phap dinh dia chi
% Dinh dia chi truc tiép
Dinh dia chi truc tiép chi dung cho céac thanh ghi churc nang dac bi¢t va RAM
noi cua 8951. Gia tri dia chi truc tiép 8 bit dugc thém vao phia sau ma Iénh. Néu dia

chi truc tiép tir 00h — 7Fh thi d6 14 RAM noi ctia 8951 (128 byte), con dia chi tir 80h —
FFh 1a dia chi céc thanh ghi chirc nang dédc biét (xem bang 1.2, chuong 1).

Céc 1énh sau c6 kiéu dinh dia chi truc tiép:

MOV A, PO
MOV A, 30h

Lénh dau tién chuyén noi dung tir Port 0 vao thanh ghi A. Khi bién dich,
chuong trinh s& thay thé tir goi nhé PO bang dia chi truc tiép ciia Port 0 (80h) va dwa
vao byte 2 ciia ma Iénh. Lénh thtr hai chuyén ndi dung cia RAM noi c6 dia chi 30h
vao thanh ghi A.

< Dinh dia chi gian tiép

Dinh dia chi gian tiép c6 thé dung cho ca RAM ndi va RAM ngoai. Trong ché
do nay, dia chi cua RAM xac dinh thong qua mdt thanh ghi (RO, R1, SP cho dia chi 8
bit va DPTR cho dia chi 16 bit). Cac 1énh sau c6 kiéu dia chi gian tiép:

MOV A, QRO
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MOVX A, @DPTR
Lénh dau tién chuyén noi dung cia RAM ndi c6 dia chi chira trong thanh ghi
RO vao thanh ghi A (gia st RO = 30h thi chuyén ndi dung ctia 6 nhé 30h). Lénh thi
hai chuyén ndi dung RAM ngoai vao thanh ghi A (dia chi RAM chira trong DPTR).

+ Dinh dia chi thanh ghi

Céc thanh ghi tir RO — R7 ¢6 thé truy xuét bang cach dinh dia chi truc tiép hay
gian tiép nhu trén. Ngoai ra, cac thanh ghi nay con c6 thé truy xuat bang cach dung 3
bit trong ma 1énh dé chon 1 trong 8 thanh ghi (8 thanh ghi nay c6 dia chi tryc tiép thay
d6i tuy theo bank thanh ghi dang st dung).

% Dinh dia chi tirc thoi

Gia tri cia mot héng s6 ¢co thé dua truc tiép vao ma I¢nh cua chuong trinh.
Trong hop ngit, hiang s6 duoc xac dinh bang cach sir dung dau #.

Lénh:
MOV A, #10h
¢6 ché d6 dia chi tirc thoi.
< Dinh dia chi chi so

Qua trinh dinh dia chi chi sd chi co thé dung cho by nhd chuong trinh, dugc
ding dé doc dir lidu trong cac bang tim kiém. Ché do nay thuong ding mot thanh ghi
nén 16 bit (PC hay DPTR) dé chi vi tri clia bang va thanh ghi A chi vi tri cia cac phan
tur trong bang.

2. Cac van dé lién quan khi lap trinh hop ngir

2.1. Cu phap Iénh

Mot I€nh trong chuong trinh hgp ngt ¢6 dang nhu sau:

Nhan Lénh Toan hang Chu thich

A: MOV A, #10h ; Pua gia tri 10h vao thanh ghi A
LED EQU 30h ; Pinh nghia 6 nh¢ chira ma led
On_Led BIT 00h ; Co trang thai led

Truong nhan dinh nghia cac ky hiéu (c6 thé 1a dia chi trong chuong trinh, cac
hang dit liéu, tén doan hay céac cdu trac lap trinh). Truong nhin khong bit dau bang sb
va khong triung véi cac tir khoa c6 san.

Truong 1énh chtra cac tr goi nhd cho céac 1énh cua MCS-51 hay céac 1énh gia
dung cho chuong trinh dich.
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Truong toan hang chira cac thong s6 lién quan dén 1énh dang sir dung.

Truong chi thich ding dé ghi chi trong chwong trinh hop ngit. Truong nay
phai duoc bét dau béng diu ; va chuong trinh dich s€ bd qua cac tir dat sau diu ;.

Luu ¥ rang cac chuong trinh dich khong phan biét chir hoa va chit thudng.

2.2. Khai bao dir li€u

- Khi khai bao hang s, chit h cudi ciing x4c dinh hing s6 14 s6 thap luc phan;
chit b cubi cung xac dinh s6 nhi phan va chit d cudi (hay khong cd) xac
dinh s thap phan. Luu y rang d6i v6i sb thap luc phan, khi bat ddu bang
chit A — F thi phai thém s6 0 vao phia trude.

Vi du:

1010b ; S6 nhi phan
1010h ; Sé thap luc phan
1010 ; Sb thap phan

OFOh ; SO thap luc phin nhung bat diu bang chit F nén phai thém vao phia
trude s6 0.

- Khi dung dau # phia truéc mot con s6, d6 chinh l1a dit liéu tic thoi con néu
khong dung dau # thi d6 1a dia chi ciia 6 nhé. Luu ¥ rang khi ding RAM
ndi thi chi dung dia chi tr 00 — 7Fh con vung dia chi tir 80h — OFFh dung
cho céac thanh ghi chirc nang déc biét. DPdi v6i ho 89x52, RAM ndi cb 256
byte thi cac byte dia chi cao (tir 80h — OFFh) khong thé truy xut truc tiép
ma phai truy xut gian tiép.

Vi du:

MOV A, 30h ; Chuyén néi dung & nhé 30h vao A

MOV A, #30h ; Chuyén gia tri 30h vao A

MOV A, 80h ; Chuyén néi dung Port 0 vao A (80h 1la

; dia chi Port O
MOV RO, #80h ; Chuyén néi dung & nhé 80h vao A (chi
MOV A, QRO ; dung cho ho 89x52)

- Pé dinh nghia trudc mot ving nhé trong bd nhd chuong trinh, c6 thé dung
cac chi din DB (define byte — dinh nghia 1 byte) hay DW (define word —
dinh nghia 2 byte).

Vi du: Dinh nghia trudc dit licu cho led nhu sau:
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Led: DB 0lh,02h,04h,08h,10h,20h, 40h, 80h

Poan chuong trinh nay xac dinh tai nhan Led c6 chura céc gia tri lan luot tir 01h

dén 80h. Néu nhin Led dit tai dia chi 100h thi gia tri tuong rng nhu sau:

Dia chi | Gia tri
100h | Olh
101h | 02h
102h | 04h
103h | 08h
104h 10h
105h | 20h
106h | 40h
107h 80h

- Pé d& nhé va dé hiéu khi 1ap trinh, cac chuong trinh dich cho phép dung cac
ky tu thay thé cho cic 6 nhd bang cac 1énh gia EQU, BIT.

Vi du:

LED EQU 30h
ON LED BIT 0O0h

Gia su chuong trinh hop ngit c6 cac 1énh sau:

MOV A, LED
SETB ON_LED

Khi bién dich, chuong trinh dich sé tu dong chuyén thanh dang I¢nh sau:

MOV A, 30h
SETB 00h

2.3. Cac toan tw

¢ Cac toan tir so hoc:
Bao gom céc toan tu +, -, *, /, mod.

Vi du: Céc Iénh sau twong duong:

MOV A, #12h MOV A, #10h + 2h
MOV A, #21 mod 2 MOV A, #1
MOV A, #12/4 MOV A, #3
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% Cac toan tir logic:
Bao gdm céc toan tir: OR, AND, NOT, XOR.

Vi du: Cac Iénh sau tuong duong:

MOV A, #01h MOV A, #03h AND 91h
MOV A, #-5 MOV A, #NOT 5
MOV A, #24h MOV A, #20h OR 04h

% Cac toan tir quan hé:

Bao gdm cac toan tir: EQ (=), NE (<>), LT (<), LE (<=), GT (>), GE (>=).
Luu y rang khi st dung céac toan tir quan hé, chi c6 2 két qua: sai (= 0) hay dung (=
FFh hay FFFFh tuy theo két qua 13 8 bit hay 16 bit).

Vi du: Céc 1énh sau tuong duong:

MOV A, #00h MOV A, #5 EQ 6
MOV A, #0FFh MOV A, #7 < 9
MOV DPTR, #0FFFFh MOV DPTR, #5 NE 6

% Cac toan twr khac:

Bao gdm cac toan tir: SHR (dich phai), SHL (dich trai), HIGH (byte cao),
LOW (byte thip), (, ).

Vi du: Cac Iénh sau tuong duong:

MOV A, #06h MOV A, #03h SHL 1
MOV A, #01h MOV A, #HIGH 0123h
MOV A, #02h MOV A, #LOW 0102h

2.4. Caiu tric chwong trinh

- Cau triac chwong trinh hop ngit co ban mé ta nhu sau:
ORG 0000h ; bat 1lénh LJMP main tai dia chi
LJMP main ; 0000h (dia chi bat dau khi
; reset AT89C5H1)
ORG 0030h ; Ving dia chi 0003h - 002Fh
Main: ; dung dé ch@ta cdc chuong trinh

; phuc vu ngit
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CALL Subname

Subname:

RET
END ; k&t thuc chuong trinh

Céc 1énh gia ORG cho biét 1énh phia sau dat tai vi tri nao trong chuong trinh.
Luu ¥ rang khi khéi dong, chuong trinh trong AT89C51 s& dugc thuc thi tai dia chi
0000h nén thong thudng tai dia chi nay s& c6 1énh LIMP main d¢ xac dinh chuong
trinh chinh s& bit du tai nhan main.

Céac du ; xac dinh day 1a mot chu thich, chuong trinh dich s€ bd qua tat ca cac
phan nam sau diu ;.

Céc dia chi tir 0003h — 002Fh phuc vu cho muc dich xtr Iy ngit nén khong sir
dung. Tuy nhién, néu chuong trinh khong can xir 1y ngit thi ciing c6 thé sir dung ludn
vung dia chi nay.

- Khi thyc hién soan thao chuong trinh hop ngir, c6 thé dung bat ky chuong
trinh soan thao khong dinh dang (nhu NotePad, Norton Commander, ...) va
thuong luu file v6i phan mo rong .asm, .a51 (tuy theo chwong trinh dich).

- Sau khi soan thdo, dung mgt chuong trinh dich dé chuyén tur file van ban
thanh file .hex (c6 thé ding sim51.exe, oh.exe). Ngoai ra, c¢6 nhiéu chuong
trinh soan thao bao gdm ca chuong trinh dich bén trong (xem thém phan
phu luc).

- Khi dich ra file .hex, ding mot mach nap dé nap file .hex vao AT89C51
(xem thém phu luc).
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3. Tap Iénh

3.1.

Nhém 1énh chuyén dir liéu

3.1.1. RAM néi

Céc 1énh trong nhom 1énh chuyén dit liéu trong RAM ndi mo ta nhu bang sau:

Bang 2.1 — Cac 1énh chuyén di liéu trong RAM noi

. . £ oon me . Chu ky
Lénh Hoat dong Che d¢ dia chi thure thi
Tuc thoi | Truc tiép | Gian tiép | Thanh ghi
MOV A,(byte) | A = (byte) X X X X 1
MOV (byte),A | (byte)=A X X X 1
MOV (bytel) =
(bytel),(byte2) (l})/yte2) X X X X 2
MOV DPTR =
DPTR #datal6 | datal6 * 2
SP=SP + 1
PUSH (byte) [SP] = (byte) X 2
(byte) = [SP]
POP (byte) SP=SP_ 1 X 2
Chuyén doi dir
XCH A,(byte) | li¢u gitta ACC X X X 1
va (byte)
Chuyén d6i 4
XCHD A,@Ri | bit thp gitra X 1
ACC va @Ri

« Lénh MOV (Move):

Di chuyén dir liéu giita cac thanh ghi va b nhd trong d6 128 byte RAM co dia
chi tir 80h — FFh (chi c6 trong 8x52) chi ¢6 thé truy xuat bang cach dinh dia chi gian
tiép. Cac dang cua 1énh MOV nhu sau:

MOV A, Rn
MOV Rn, A

; Chuyén néi dung thanh ghi Rn vao thanh ghi A
; Chuyén noi dung thanh ghi A vao thanh ghi Rn

MOV A, direct ; Chuyén néi dung 6 nhé truec tiép vao thanh ghi A
MOV direct, A ; Chuyén ndi dung thanh ghi A vao 6 nhé truec tiép

MOV A,@Ri  ; Chuyén ndi dung ciia 6 nhé c6 dia chi chira trong Ri vio A
MOV @Ri, A ; Chuyén ngi dung ciiad vdo é nhé cé dia chi chiva trong Ri
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MOV A, #data8 ; Chuyén gid tri 8 bit vao A
MOV Rn, direct; Chuyén néi dung 6 nhé truec tiép vao thanh ghi Rn

MOV direct, Rn ; Chuyén ngi dung thanh ghi Rn vao 6 nhé truec tiép
MOV Rn, #data8; Chuyén gid tri 8 bit vio Rn
MOV direct, direct; Chuyén néi dung gita 2 6 nhé truc tiép

MOV direct, @Ri; Chuyén ngi dung ciia é nhé c6 dia chi chiva trong Ri vio 6

nhé truc tiép

MOV @Ri, direct; Chuyén noi dung cua 6 nho truc tié}) vao 6 nho co dia chi

chira trong Ri

MOV direct, #data8; Chuyén gid tri 8 bit vao 6 nhé truc tiép
MOV @R, #data8; Chuyén gid tri 8 bit vao é nhé ¢6 dia chi chita trong Ri

MOV C, bit
MOV bit, C

; Chuyén gid tri 1 bit vao co C
; Chuyén gid tri co C vao 1 bit

MOV DPTR, #datal6 ; Chuyén gid tri tirc thoi 16 bit vao thanh ghi DPTR

Trong 1énh MOV, khi sir dung dia chi truc tiép tir 80h — FFh thi ¢ thé thay
bang céac tir goi nhd ciia cac thanh ghi chiic ning dic biét.

Vi du: 1énh MOV A, 80h c6 thé thay thé bang 1énh MOV A, PO (xem thém
bang 1.2, chuong 1).

Khi 1énh MOV thyc hién truy xut bit, cac bit c6 thé 1a dia chi truc tiép (tir 00h
— 7Fh) hay cac tr goi nhd da dugc dinh nghia. Cac bit dugc dinh nghia trudc mo ta

nhu sau:

Béang 2.2 — Cac bit dugc dinh nghia trude trong 8951

Thanh ghi Twr ggi nhé Dia chi bit | Thanh ghi | Twr goi nhé | Dia chi bit
A ACC.0-ACC.7 | EOh—E7h B B.0-B.7 FOh — F7h
CY hay C D7h SMO 9Fh
AC D6h SM1 9Eh
FO D5h SM2 9Dh
RS1 D4h REN 9Ch
PSW RSO D3h SCON TBS 9Bh
ov D2h RBS 9Ah
P DOh TI 9%h
RI 98h
P0.0 — PO.7 80h — 87h PS BCh
Céc thanh P1.0-P1.7 90h —97h PX1 BBh
ohi Port P2.0 - P2.7 AOh — A7h IP PTI BAh
P3.0 — P3.7 BOh — B7h PXO0 B%h
PTO B8h
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EA AFh TF1 8Fh

ES ACh TRO 8Eh

EX1 ABh TFO &Dh

ET1 AAh TRO 8Ch

1 EXO0 A%h TCON IE1 &Bh
ETO A8h IT1 8Ah

IEO 8%h

ITO 88h

Vi du: Lénh MOV C, P0.0 c6 thé thay bang 1énh MOV C, 80h.
< Lénh PUSH / POP:

Céc 1énh nay cho phép cAt hay léy ndi dung cua stack. Khi thyc hién 1€nh
PUSH, noi dung thanh ghi SP tang l1én 1 va ct byte vao stack. Khi thuyc hién 1¢nh
POP, byte duogc 1ay ra tir stack va sau d6 giam SP 1 gia tri. Luu ¥ rang khi str dung
8951, do bd nhd ndi chi c6 128 byte (00h — 7Fh) nén gia tri ctia SP khong dugc vuot
qua 7Fh (néu vuot qua thi dit liéu s& bi mét khi dung 1énh PUSH va dit liéu khong xac
dinh khi dung 1énh POP). Con ddi véi 8x52, do RAM ndi la 256 byte nén khong co
hién tuong nay.

Céc dang cua 1énh PUSH / POP:

PUSH direct  ; Cat vao stack
POP direct ; chy dir liéu tw stack

Luu ¥ rang 1énh PUSH va POP chi dung cho dia chi truc tiép nén khong thé
thuc hién Iénh PUSH Rn do thanh ghi Rn c6 4 dia chi khac nhau tuy theo bank thanh
ghi sur dung.

Xét thanh ghi RO: 4 dia chi cia RO tng véi 4 bank 14 00h, 08h, 10h, 18h. Méc
dinh khi reset, bank 0 dugc st dung nén céc thanh ghi Rn c6 dia chi ttr 00h — 07h. Khi
d6 thay vi dung 1énh PUSH RO, ta c¢6 thé thay bang 1énh PUSH 00h.

+ Lénh XCH / XCHD (Exchange / Exchange Digit):

Lénh XCH / XCHD dung dé hoan chuyén 8 bit / 4 bit thap ctia thanh ghi A véi
cac thanh ghi khac hay bd nhé (1énh XCHD chi dung cho bd nhé ndi dinh dia chi gian
tiép). Cac dang lénh nhu sau:

XCH A,(byte)  ; Hodn chuyén 8 bit
XCHD A,@Ri ; Hoadn chuyén 4 bit thd'p

Vi du: Xét doan Iénh:

MOV A, #30h ; A = 30h
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MOV RO, #54h ; RO = 54h

MOV 30h, #20h ; O nhé 30h chita giéd tri 20h hay
; (30h) = 20h

XCH A, RO ; Hodn chuyén gitta A va RO = A = 54h
; va RO = 30h

XCHD A, @RO ; Chuyén 4 bit thép gifta A va 6 nhd

; RO = 30h 2 @RO: ndéi dung & nhd 30h = 20h

;Chuyén 4 bit thdp=> A = 50h va (30h) =

3.1.2. RAM ngoai

Céc I¢nh trong nhém 1énh chuyén dir liéu trong RAM ngoai mo ta nhu sau:

Bang 2.3 — Cac 1énh chuyén dif liéu trong RAM ngoai

Lénh Hoat dong Chu ky thue thi
MOVX A, @Ri Doc ndi dung tir RAM ngoai tai dia chi Ri 2
MOVX @Ri, A Ghi vao RAM ngoai tai dia chi Ri 2

MOVX A, @DPTR| Boc ndi dung tir RAM ngoai tai dia chi DPTR 2
MOVX @DPTR, A Ghi vao RAM ngoai tai dia chi DPTR 2

(MOVX : Move eXternal)

Péi véi cac 1énh doc / ghi dir 1iéu cua RAM ngoai, chi cho phép thuc hién dinh
dia chi gian tiép. Khi dia chi RAM 1a 8 bit thi ding thanh ghi RO hay R1 con néu la
dia chi 16 bit thi phai dung thanh ghi DPTR. Luu ¥ rang khi dung dia chi 8 bit thi cac
bit dia chi cao khong sir dung nén Port 2 ¢6 thé st dung cho muc dich khac nhung néu
dung dia chi 16 bit thi Port 2 chi ¢6 nhi¢m vu la xuét 8 bit dja chi cao.

Khi thuc hién 1énh doc tir RAM ngoai, chan RD sg xuéng mirc thip con khi
thyc hién I¢nh ghi, chan WR xuéng mre thép.

3.1.3. Bang tim kiém

Céc 1énh trong nhom Iénh tim kiém dir liéu trong bang mo ta nhu sau:

Bang 2.4 — Cac 1énh tim kiém dit liéu

hu ky th
Lénh Hoat dong Chu y.t we
. . . thl
Doc ndi dung bd nhé chuong trinh tai dia
+ OC NC : a1 di
MOVC A, @A + DPTR “hi A + DPTR 2
Doc ndi dung bd nhé chuong trinh tai dia
+ OC NC : a1 di
MOVC A, @A +PC chi A + PC 2
(MOVC: Move Code)
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Céc 1énh nay cho phép tim kiém dir liéu di dinh nghia sin trong b nhd chuong

trinh (néu bd nhé chuong trinh 1a ROM ngoai thi tin higu doc 1a PSEN ). Céc thanh
ghi DPTR hay PC (Program Counter: bd dém chwong trinh — x4c dinh dia chi ctia 1énh
ké tiép s€ thuc hién) chira vi tri nén cla cac bang tim kiém con thanh ghi A chua vi tri
ctia phan tir (thong thuong kich thude 1 phan tir trong bang tim kiém 1a 1 byte).

Vi du: Lay phan tir thir 2 trong bang LED_7S:

MOV A, #2 ; Phan tu tha 2

MOV DPTR, #LED 7S ; Pia chi nén cua bang tim kiém

MOVC A, Q@A + DPTR ; Poc ndi dung phan tu

LED 75: DB data8, data8, data8, data8, .. ; N&i dung
bang tim kiém c6é thé dit tuy vy trong bd nhd chuong trinh

Pé sir dung thanh ghi PC tim kiém dit liéu, qué trinh tim kiém phai thuc hién
thong qua chuong trinh con va bang phai dugc ddt ngay sau chuong trinh con.

Vi du: L4y phan tir thir 2 trong bang LED 7S:

MOV A, #2 ; Phén tu tht 2
CALL Read Led7s

Read Led7s:

MOVC A, QA+PC

RET

LED 7s: DB 0, data8, data8, data8, data8, .. ; NOi

dung bang tim kiém

Luu y réng trong doan 1€nh trén, khi thuyc hién I¢énh MOVC, thanh ghi PC s&
chi dén 1énh ké tiép 1a 1énh RET chir khong phai bang LED _7S. Do d6, bang tim kiém
trong trudng hop nay s& khong co phan tir 0 ma bét dau tai phan tir 1. Bé chuong trinh
gidng nhu cach thuc hién ding DPTR, can phai thay dbi chuong trinh con nhu sau:

Vi du: Ly phan tir thir 2 trong bang LED_7S:

MOV A, #2 ; Phan tu tht 2
CALL Read Led’s

Read Led's:

INC A ; T&ng ndi dung A 1lén 1 dé
hiéu chinh vi tri bang

MOVC A, QA+PC

RET
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LED 7S: DB data8, data8, data8, data8, .. ; NOi dung
bang tim kiém

3.2. Nhém Iénh xi¥ ly bit
Ho MCS-51 chira mot bo xur 1y bit hoan chinh. RAM ndi c6 128 bit c6 thé xu
1y bit va cac thanh ghi chtrc ning dic biét co thé hd tro 1én téi 128 bit (cac bit trong
SFR xem tai bang 2.2). Céc dia chi bit tir 00h — 7Fh nam trong RAM ndi con céc dia
chi tir 80h — FFh nam trong SFR.

Céc 1énh trong nhom I¢énh logic mo ta nhu trong bang sau:

Béang 2.5 — Cac Iénh logic

Lénh Hoat djng Chu ky thue thi
ANL C,bit | C=C AND bit
ANL C,/bit | C=C AND (NOT bit)
ORL C,bit | C=C OR bit
ORL C,/bit | C=C OR (NOT bit)
MOV C,bit | C = bit
MOV bit,C | Bit=C
CLR C C
CLR bit Bi
SETB C C=1
SETB bit | Bit=1
CPLC C=NOTC
CPL bit Bit =NOT bit
JC rel Nhay dén nhan rel néu C = 1
INC rel Nhay dén nhin rel néu C = 0
JB bit,rel | Nhay dén nhin rel néu bit = 1
JNB bit,rel | Nhiay dén nhan rel néu bit = 0
JBC bit,rel | Nhiy dén nhan rel néu bit = 1 va sau d6 xoa bit | 2

ANL: And logic; ORL: Or logic; CLR: Clear; CPL: Complement

Bit: cac bit trong RAM ndi tir 00h — 7Fh hay trong SFR theo bang 2.2

Rel: dia chi trong ddi (cho phép trong ving tir -128 + 127 byte trong bd nhé

o)

|
S

0

-t
Il

NN NN === == =N = NN NN

chuong trinh)
Vi du: Chuyén tir bit 00h vao P1.0
MOV C, 00h ; Chuyén bit 00h vao c& Carry

MOV P1.0, C ; Chuyén c& Carry vao P1.0
Luu ¥ rang trong tap 1énh logic khong c6 1énh XOR ma phai thyc hién bang
phan mém, cy thé nhu sau:

Thuc hién 1énh C = C XRL bit:
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JNB bit, next

CPL C

Next:

Ngoai ra, cac 1énh nhay trén déu dung dia chi twong ddi, nghia 1a chi cho phép
trong ving tir -128 + 127 byte. Néu can nhay dén dia chi xa hon thi phai ding cac
1énh nhay khac, nhu mé ta trong phan sau.

3.3. Nhém lénh chuyén diéu khién
Nhom 1énh chuyén diéu khién bao gém céc 1énh nhay, cac lénh lién quan dén
chuong trinh con, m6 ta nhu sau:

Bang 2.6 — Cac 1énh chuyén diéu khién

Lénh Hoat djng Chu ky thwe thi

JMP addr Nhay t61 nhan addr 2
JMP @A+DPTR | Nhay té1 dia chi A + DPTR 2
CALL addr Goi chuong trinh con tai dia chi addr 2
RET Trd vé tir chwong trinh con 2
RETI Trd vé tir chuwong trinh con phuc vu ngat | 2
NOP Khoéng lam gi ca 1

JMP: Jump

RET: Return

RETTI: Return from Interrupt
NOP: No Operation

. hu ky
Lénh Hoat dong Ché db dia chi Chu ky
; T v thuc thi
Tuc Truc | Gian Thanh
thoi tiép | tiép ghi
hdy dén nhn rel
JZ rel Nhay fi en mhat e Chi dung cho thanh ghi A 2
ntuA=0
Nhay dén nhan rel o )
INZ rel néu A £0 Chi dung cho thanh ghi A 2
DINZ (b?/te) = (byte) - 1
(byte) rel Néu (byte) # 0 thi X X 2
i), nhay dén nhan rel
CINE Nhay dén nhin rel )
. X X
A,(byte),rel néu A # (byte)
CJNE (byte), | Nhay dén nhin rel )
. X X
#data8,rel ncu (byte) # data8
JZ: Jump if Zero; JINZ: Jump if Not Zero
DJNZ: Decrement and Jump if Not Zero
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CJINE: Compare and Jump if Not Equal
s Lénh JMP (Jump):

Lénh JMP bao gém 3 1énh: LIMP (Long jump), AJMP (Absolute jump) va
SIMP (Short jump) cho phép nhiy dén mot vi tri bt ky trong chuong trinh.

Lénh LIMP c6 kich thudc 3 byte trong do 1 byte ma 1énh va 2 byte chua dia
chi nhin nén pham vi biéu dién dia chi 1a 64K (2 byte = 16 bit = pham vi biéu dién
29 =26 x 2! = 64K). Do d6 1énh LIMP c6 thé thuc hién nhay dén bat ky vi tri nao
trong chuong trinh va dia chi str dung trong 1énh LIMP 1a dia chi tuyét doi.

Lénh SIMP c6 kich thude 2 byte trong do ¢o6 1 byte ma 1€nh va 1 byte dia chi
nén pham vi biéu dién dia chi 1a 256 byte. Trong 1énh nay, dia chi st dung khong phai
1a dia chi tuyét d6i ma 1a dia chi twong ddi (khoang nhay tinh tir vi tri bat dau lénh).
Do byte dia chi sir dung phuong phap bu 2 nén pham vi biéu dién tir -128 + + 127,
nghia 1a pham vi nhay ctia 1énh SIMP chi trong pham vi tir - 128 dén 127 byte. Pham
vi thuc hién mo ta nhu hinh vé.

128 byte
SIJMP rel
127 byte

\ 4

Hinh 2.1 — Pham vi thuc hi¢én cua 1énh SIMP

Lénh AJMP c6 kich thudc 2 byte trong do dia chi chtra trong 11 bit nén pham
vi biéu dién dia chi 1a 2'" (2K). Trong khi d6, ving dia chi tdi da cia MCS-51 1a 64K
nén khi thyc hién 1énh AJMP, 64K chuong trinh phai chia thanh timg ving 2K (tong
cong 32 vung) va I¢énh AJMP chi c6 thé thyc hién trong mot vung.

Tuy nhién, khi 1ap trinh cho MCS-51, thong thuong cac chuong trinh dich déu
cho phép str dung 1énh JMP thay thé cho 3 1énh trén. Khi bién dich, chuong trinh dich
s& tw dong thay thé bang céac 1énh thich hop.
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0000h

2K

07FFh

F800h

2K

FFFFh

AJMP rel

l

AJMP rel

l

Pham vi
thuc hién

Pham vi
thuc hién

J

Hinh 2.2 — Pham vi thuc hién ctia Iénh AJMP

Lénh JMP @A + DPTR cho phép chon céc vi tri nhdy khac nhau tuy theo gia
tri trong thanh ghi A. Dia chi nhay dén chinh 1a tong gi tri ciia thanh ghi A va DPTR.

Vi du:

MOV DPTR, # JUMP TABLE ; bPia chi bang nhay

MOV A, INDEX NUMBER ; Vi tri nhay

MOV B, #3 ; x3 do lénh LJMP

MUL AB ; c6 kich thudc 3

JMP @ A + DPTR

JUMP TABLE:

LJMP LABELO ; Vi tri nhay O

LJMP LABEL1 ; Vi tri nhdy 1

LJMP LABELZ2 ; Vi tri nhay 2

LJMP LABEL3 ; Vi tri nhay 3

LJMP LABEL4 ; Vi tri nhdy 4
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% Lénh CALL, RET, RETI:

Lénh CALL dung dé goi chuong trinh con, bao gdm 2 1énh: ACALL (Absolute
Call) va LCALL (Long Call). Vi tri ¢6 thé goi 1énh CALL gidng nhu da xét trong 1énh
JMP. Khi 1ap trinh, thong thudng cic chuong trinh dich ciing cho phép thay thé duy
nhit bang 1énh CALL va khi bién dich, 1énh CALL s& dugc thay thé bang lénh
ACALL hay LCALL tuy theo vi tri goi 1énh. Luu y réng khi thuc hién 1énh CALL thi
trong chuong trinh con phai két thuc bang 1énh RET.

Ngoai ra, khi sir dung cac chuong trinh con phuc vu ngat, khi két thuc phai
dung 1énh RETI. Lénh RETI va lénh RET chi khac nhau & chd 1énh RETI bao cho hé
thdng diéu khién ngit biét rang qué trinh xir 1y ngét da thuc hién xong.

% Lénh JZ, JNZ:

Lénh JZ va INZ dung dé kiém tra ndi dung cta thanh ghi A. Lénh JZ nhay khi
A =0 va JNZ nhay khi A # 0. Luu y rang pham vi nhay chi cho phép trong khoang tir
-128 = 127 byte (giéng nhu khi st dung 1énh SIMP).

% Lénh DJNZ:

Lénh DINZ thuong duge dung dé tao vong lap. S6 lan lap duoc chuyén vao
thanh ghi dém ¢ dau vong ldp (thanh ghi dém c6 thé ding bat ky thanh ghi nao hay 1a
b6 nho).

Vidu:

MOV R7, #10 ; Lip 10 lan
LOOP:

DJIJNZ R7, LOOP
% Lénh CJNE:

Lénh CJNE dung dé so sanh 2 gia tri v&i nhau, khi 2 gid tri nay khac nhau thi
s& thuc hién 1énh nhay. Luu ¥ rang trong tip 1énh ciia MCS-51 khong c6 1énh 16n hon
hay nhé hon nén chi c6 thé thuc hién cac 1énh nay bing cach két hop 1énh CINE va
ndi dung cua co Carry.

Trong 1énh CINE, néu byte dau tién nho hon byte thir hai thi CF = 1. Nguoc lai
(byte d4u tién 16n hon hay bang byte thi hai) thi CF = 0.

Vi du: Kiém tra noi dung cta thanh ghi A, néu A nho hon 10 thi xuat gia trj
trong thanh ghi A ra Port 1. Nguoc lai thi xuat gi4 tri 10 ra Port 1.

Pham Hung Kim Khdanh Trang 50

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién

Ldp trinh hop ngiv trén vi diéu khién MCS-51

CJINE A, #10, Khacnhau; So sanh A v&i 10

JMP Xuatl0 ; Néu A = 10 thi xudt gid tri 10
Khacnhau:

JC  XuatA ; Néu CF = 1 (A < 10) thi xudt noi
XuatlO: ; dung trong A ra Pl

MOV P1,#10

SJIMP Tiep
XuatA:

MOV P1,A
Tiep:

3.4. Nhom lénh logic

Nhom 1énh logic bao gdm céc 1énh lién quan dén xir Iy logic theo timg byte,

mo ta nhu sau:

Béang 2.7 — Cac Iénh logic

. Chu ky
Lénh Hoat dong Ché d9 dia chi ey
thwe thi
Tuc | Truc | Gian | Thanh
thoi | tiép | tiép | ghi
ANL A,(byte) A = A AND (byte) X X X X 1
ANL (byte),A (byte)=(byte) AND A X 1
(byte)=(byte)AND
ANL (byte),#data8 datas X 2
ORL A,(byte) A = A OR (byte) X X X 1
ORL (byte),A (byte)=(byte) OR A X 1
(byte)=(byte) OR
ORL (byte),#data8 datas X 2
XRL A,(byte) A = A XOR (byte) X X X X 1
XRL (byte),A (byte)=(byte) XOR A X 1
(byte)=(byte) XOR
XRL (byte),#data8 data8 X 2
CLR A A=0 Chi dung cho thanh ghi A 1
CPL A A=NOTA Chi dung cho thanh ghi A 1
hai thanh ghi
RR A Quay. prat Thanf 881 o dung cho thanh ghi A 1
A 1 bit
Quay phai thanh ghi . .
RLC A A va CF 1 bit Chi dung cho thanh ghi A 1
RL A ?‘;iy trdi thanh ghi A | - g cho thanh ghi A 1
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Quay trai thanh ghi A L s .

RLC A va CF 1 bit Chi dung cho thanh ghi A 1
Doi vi tri nibble cao Y e )

SWAP A va thip ctia ACC Chi dung cho thanh ghi A 1

RL: Rotate Left, RLC: Rotate Left through Carry
RR: Rotate Right; RRC: Rotate Right through Carry

% Lénh ANL, ORL, XRL:

Céc lénh logic nay thuc hién gidng nhu trong cac 1énh xir 1y bit nhung thyc
hién trén 8 bit cua cac thanh ghi hay bd nhé. Lénh XRL con dugc dung dé dao tat ca
cac bit nhu sau:

XRL PO, #OFFh
+ Lénh RR, RRC, RL, RLC:

Cac lénh nay dung dé quay phai hay quay trai thanh ghi A 1 bit.

Vi du: Gia stir thanh ghi A =39h (0011 1001b), CF = 1. N6i dung thanh ghi A
sau khi thuc hién cac 1énh quay tuong ung nhu sau:

RR A:

Trudc khi quay:

I I A A

Lo o v pov vt foo fo |
{ |
Sau khi quay:
v o o v for vt fo |0 ]

RL A: A=01110010b (72h)

RRC A:
Trudce khi quay:

CF

L v v [ vl VYT

o | o [ 1 | 1 | 1 | o | o [ 1 1
t |

Sau khi quay:

ACC CF

1 [ o | o | 1 | 1 [ 1 | 0o | 0 1
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RLC A: A=01110011b (73h); CF=0
% Lénh SWAP:
Lénh SWAP A dung dé hoan chuyén ndi dung 2 nibble trong thanh ghi A.

Vi Du: Néu noi dung thanh ghi A = 39h thi sau khi thyc hi¢n Iénh SWAP A,
ndi dung thanh ghi A 1a 93h.

3.5. Nhom Iénh s6 hoc

Céc 1énh trong nhom 1énh s6 hoc mé ta nhu trong bang sau:

Béang 2.8 — Cac I¢nh s6 hoc

. hu ky
Lénh | Hoat dong Ché dp dia chi Chu ky
thuc thi
Tuc thoi | Truc tiép | Gian tiép | Thanh ghi
ADD A=At X X X X 1
A, (byte) (byte)
ADDC A=A+ . . . . .
A, (byte) (byte) + C
SUBB A=A - X X . « {
A, (byte) (byte) - C
INC A A=A+1 Chi dung cho thanh ghi tich luy ACC 1
INC (byte) =
1
(byte) | (byte)+ 1 * * *
INC DPTR = Y . X 1A
DPTR DPTR + 1 Chi dung cho thanh ghi con tré 1énh DPTR 2
DEC A A=A-1 Chi dung cho thanh ghi tich luy ACC 1
DEC (byte) =
1
(byte) | (byte)- 1 * * *
hi dt ho thanh ghi tich luy A %
MULAB | B A=Bx A Chi dung cho than gl‘IC uy ACC va 4
- thanh ghi B
DIV AB A=AdivB Chi dung cho thanh ghi' tich luy ACC va 4
B=AmodB thanh ghi B
DAA | Hituchinh Chi diing cho thanh ghi tich luj ACC 1
trén s6 BCD 8 £ Y

< Lénh ADD:

Thyc hién cong gitra thanh ghi tich lu§y A va mét toan hang khéc. Lénh ADD
anh huong dén cac cd Carry (C), Overflow (OV) va Auxiliary (AC).
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Lénh ADD c6 4 ché do dia chi khac nhau:
- ADD A, #30h ; dinh dia chi tirc thoi (A = A + 30h)

- ADD A, 30h : dinh dia chi truc tiép (A = A + [30h] trong
d6 [30h] 1a gié tri cia RAM ndi c6 dia chi 30h)

- ADD A, @RO : dinh dia chi gian tiép (A = A + [RO] trong
do [30h] 1a gia tri cia RAM noi c6 dia chi chura trong thanh ghi RO)

MOV RO, #30h ; RO =30h

ADD A, @RO ; A=A + [RO] = A + [30h] (cOng ndi dung cua
thanh ghi ACC v6i RAM noi c6 dia chi 30h)

- ADD A,RO ; dinh dia chi thanh ghi (A = A + R0)
% Lénh ADDC, SUBB:

Thuc hién cong hay trir ndi dung cta thanh ghi A v&i mot toan hang khac trong
d6 c6 ding thém co Carry. Lénh ADDC va SUBB anh hudng dén cac co C, OV va
AC.

% Lénh MUL:

Nhan ndi dung cua thanh ghi A véi thanh ghi B. Lénh MUL anh huéng dén co
OV vaxod co C (C=0).

Vi du:

MOV A, #50 ; 50 x 25 = 1250 = 04E2h

MOV B, #25 ; byte cao = 04h, byte thdp = E2h
MUL AB ; B = 04h, A = E2h

+ Lénh DIV:

Chia n6i dung ctia thanh ghi A cho thanh ghi B. Lénh DIV anh huéng dén co
OV vaxodco C(C=0).

Vidu:

MOV A, #250 ; 250 / 40 = 6 du 10
MOV B, #40 ;

DIV AB ; B = 0Ah (10), A = 06h

*» Lénh DA A:

Hiéu chinh ndi dung thanh ghi A sau khi thuc hién céc phép toan lién quan dén
s6 BCD. Qua trinh thuc hién 1énh DA A md ta nhu sau:
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- Néu A[3-0] > 9 hay AC = 1 thi A[3-0] = A[3-0] + 6
- Néu A[7-4]>9 hay C =1 thi A[7-4] = A[7-4] + 6

Lénh DA A ciing anh huong dén co C.
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BAI TAP CHUONG 2

1. Xéc dinh gia tri cta cac biéu thire sau:
a. (10 SHL 2) OR ( 1000 1000b)
b. (5*2—10 SHR 1) AND (11h)
c. HIGH(10000)
d. LOW(-30000)

2. Viét doan chuong trinh doc ndi dung cua 6 nhd 30h. Néu gia tri doc 16n hon
hay béng 10 thi xuét 10 ra PO, nguoc lai thi Xuét gia tri vira doc ra PO.

3. Viét doan chwong trinh xut céc gia tri trong 6 nhd 30h — 3Fh ra P1 (giita
cac 1an xuét co thoi gian tri hodn).

4. Viét doan chuong trinh theo yéu cau sau:

- Poc dir liéu tir P1 (10 14n) va luu gia tri doc mdi 1an vao 6 nhd 30h —
39h (mdi lan doc co tri hodn mot khoang thoi gian).

- Tim gia tri 16n nhét trong cac 6 nhé 30h — 39h, luu vao 6 nhé 3Ah va
Xudt gia tri ndy ra P2.

- Kiém tra noi dung 6 nhé 3Ah, néu = 0 thi quay lai dau chuong trinh,
nguoc lai thi Xuét gia tri nay ra P3.

5. Viét doan chuong trinh theo yéu cau:

- B1: Kiém tra bit P3.0:

P3.0 | Thue hién
=0 | Dénbudc?2
=1 | Dénbudc 3

- B2: Poc dit liéu tir P2, déo tat ca cac bit va xuit ra PO. Sau d6 quay
lai budce 1.

- B3: xuét ndi dung tai 6 nhé 30h ra P1 va quay lai budc 1
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Chwong 3: CAC HOAT PONG CUA VI PIEU
KHIEN MCS-51

Chuong nay gioi thiéu ve cac hoat dong dac trung cua ho vi diéu khién MCS-
51: dinh thoi, cong ndi tiép, ngdt va cdc cdach thire @é diéu khién cdc hoat dong nay.

1. Hoat dong dinh thoi (Timer / Counter)

1.1. Giéi thi¢u
AT89C51 ¢6 2 bd dinh thoi 16 bit co thé hoat dong & cac ché d6 khac nhau va
c6 kha nang dinh thoi hay dém sy kién (Timer 0 va Timer 1). Khi hoat dong dinh thoi
(timer), bd Timer / Counter s& nhan xung dém tir dao dong ndi con khi dém su kién
(counter), bd Timer / Counter nhan xung dém tir bén ngoai. B6 Timer / Counter bén
trong AT89C51 1a cac bo dém 1én 8 bit hay 16 bit tuy theo ché do hoat dong. Mdi bo
Timer / Counter c6 4 ché do hoat dong khac nhau va dugc dung dé:

- Pém su kién tai cac chan TO (chan 14) hay T1 (chan 15).
- Cho mét khoang thoi gian.
- Tao toc do cho port ndi ti€p.

Qua trinh diéu khién hoat dong cua Timer / Counter dugc thuc hién thong qua
cac thanh ghi sau:

Bang 3.1 — Cac thanh ghi diéu khién hoat dong Timer / Counter

Thanh ghi | Dia chi byte | Dia chi bit
TCON 88h 88h — 8Fh
TMOD 89h Khoéng

TLO 90h Khong
TL1 91h Khong
THO 92h Khong
THI1 93h Khong

Ngoai ra, trong ho 8x52 con c6 thém b dinh thoi tha 3 (Timer 2).

1.2. Hoat dong Timer / Counter

Hoat dong co ban cua Timer / Counter gdm c6 cac thanh ghi timer THx va TLx
(x = 0, 1) méc lién ting tao thanh dang thanh ghi 16 bit. Khi set bit TRx trong thanh
ghi TCON (xem thém phan 1.3), timer tuong tng s& hoat dong va gia tri trong thanh
ghi TLx ting 1én 1 sau mdi xung dém. Khi TLx tran (thay doi tir 255 — 0), gia tri caa
THx tang lén 1. Khi THx tran, cd tran twong ung TFx (trong thanh ghi TCON) s&
duoc dua 1én mirc 1.
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Tuy theo ndi dung cua bit C/ T (xem thém thanh ghi TMOD, phan 1.3), xung
dém cc')‘thé lay tir dao dong noi (C/T = 0) hay tir cac chan Tx bén ngoai (C/T = 1).
Luu y rang phai xoa bit TRx khi thay doi ché do hoat dong ctuia Timer.

Khi xung dém Iy tir dao dong ndi, toc do dém = fosc/12 hay fosc/2 trong ché
do X2(r}ghia la néu ,fosc = 1% MHz thi toc d(f),xung démlal MHz hay cul psthicol
xung dém trong ché do chuan) hay toc d0 dém = fpgr/6 (fpgr: tAn sO6 xung ngoai vi —
peripheral clock).

Khi lay xung dém tir bén ngoai (cac chan Tx),bo dém s& tang lén 1 khi ngd vao
Tx ¢ muc 1 trong 1 chu ky va xuéng murc 0 trong chu ky ké tiép. Do do, tan s6 xung
tdi da tai cac chan Tx 1a fosc/24 trong ché do thuong hay fosc/12 trong ché do X2
(=fper/12).

1.3.  Cac thanh ghi diéu khién hoat dong
1.3.1. Thanh ghi diéu khién timer (TCON - Timer/Counter Control
Register)
TCON chua cac bit trang thai va cac bit diéu khién cho Timer 1, Timer 0.

Béang 3.2 — No§i dung thanh ghi TCON

| TF1 | TR1 | TFO | TRO | IE1 | IT1 [ IEO | ITO |

Bit Ky Dia Mo ta
hi¢u chi

TCON.7 | TF1 8Fh | Co bao tran timer 1 (Timer 1 overflow Flag).

Pugc x04 boi phan cting khi chuyén dén chuong trinh
con xir Iy ngit hay xoa bang phan mém.

Dit bang phan cing khi Timer 1 tran

TCON.6 | TR1 | 8Eh | Diéu khién Timer 1 chay (Timer 1 Run Control Bit).
Cho phép Timer 1 hoat dong (= 1) hay ngung (= 0).

TCON.5 | TFO 8Dh | Timer O overflow Flag

TCON.4 | TRO &Ch Timer 0 Run Control Bit

TCON.3 | IEl 8Bh
TCON.2 | IT1 8Ah | Dung cho ngit ngoai 0 va 1 (s& xét trong phan 3 — xir Iy
TCON.1 | IEO 89h | ngit)

TCON.O | ITO 88h

Gia tri khi reset: TCON = 00h
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1.3.2. Thanh ghi ché d9 timer (TMOD — Timer/Counter Mode)

Thanh ghi TMOD chira hai nhom 4 bit dung dé dat ché d6 lam viéc cho Timer
0, va Timer 1. Luu y rang khi 1ap trinh cho AT89C51, thong thuong thanh ghi TMOD
chi dugc gédn mét lan ¢ dau chuong trinh.

Bang 3.3 — N6i dung thanh ghi TMOD

| GATEL | ¢/T 1 | MI1 | MO1 | GATEO | /T 0 | M10 | MO0O |

Bit Tén Timer Mo ta Timer

7 | GATEI | 1 Timer 1 Gating Control Bit
GATE = 0: timer hoat dong binh thuong

GATE = 1: timer chi hoat dong khi chan INTI=

1
6 |C/Tl 1 Timer 1 Timer/Counter Select Bit
=1: di:m b'zmg xung ngoalAte_u chAan T1 (chan 15) Diing cho
= 0: dém bang xung dao dong bén trong Timer 1
5 |Mll 1 Timer 1 Mode Select Bit
MI11 | MO1 | Ché do
0 0 13 bit
4 MO 1 0 1 8 bit'tu dong nap lai
1 0 16 bit
1 1 Khoéng dung Timer 1
3 | GATEO | O Timer 0 Gating Control Bit
2 | C/TO 0 Timer O Timer/Counter Select Bit
1 | MI10 0 Timer 0 Mode Select Bit Dung cho
0 |MO0O |0 Cac ché do gidng nhu timer 1 trong d6 ché do 3 | Timer 0

dung THO va TLO lam 2 gia tri &ém cua timer 0
va timer 1 (xem thém phan 1.4)

Gia tri khi reset: TMOD = 00h

Ngoai ra, Timer con cac thanh ghi chira gia tri dém: THO, TLO (Timer 0) va
THI1, TL1 (Timer 1), moi thanh ghi c6 kich thudc 8 bit. Gia tri cac thanh ghi nay khi
reset cling 1a 00h.
1.4.  Cac ché dd hoat dong

Céc ché do cua timer dugc xac dinh bang 4 bit trong thanh ghi TMOD, trong
do6 4 bit thap dic¢u khién timer 0 va 4 bit cao diéu khién timer 1, mo6 ta nhu sau:

Pham Hung Kim Khdanh Trang 59

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Cic hoat djng ciia vi diéu khién MCS-51

1.4.1. Chéddp o

Ché do 0 1a ché d6 13 bit bao gom 8 bit cua thanh ghi THx va 5 bit cta thanh
ghi TLx con 3 bit cao ctia thanh ghi TLx khong sir dung. Mdi lan c6 xung dém, gia tri
trong thanh ghi 13 bit ting 1én 1. Khi gia tri nay thay doi tir 1 1111 1111 1111b dén 0
thi bd dém tran 1am cho TFx duogc dit 1én muc 1.

Do ché d6 0 sir dung 13 bit nén gia tri dém t6i da 1a 2'* = 8192. Ché d¢ nay
dugc cung cap nham muc dich tao kha nang tuong thich véi 8048 va thuong khong
dugc st dung hién nay.

PERIPH o
CLOCK B

TxE

Timer x
THx TLx
| Tx TEx Interrupt
(8 bits) (5 bits) TCON reg Request

INTx#E

TMOD reg
Hinh 3.1 — Ché d6 0 cua Timer/Counter

1.42. Chédd 1

Ché 6 1 gidng nhu ché d6 0 nhung sir dung 16 bit bao gém 8 bit ctia THx va 8
bit ctia TLx nén gia tri dém t6i da 1a 2'® = 65536. Nhu vay, ché d6 0 va ché do 1 gidng
nhau nhung chi khac & sb bit dém nén thong thuong ché d6 0 khong stir dung ma chi
ding ché do 1.

Khi bo dém tran (gia tri trong cdp thanh ghi THx TLx thay d6i tir 1111 1111
1111 1111b dén 0), co tran TFx dugc set Ién muc 1. Luu y ermg, khi timer tran, gia tri
clia cac thanh ghi dém 12 0 (THx = 0 va TLx = 0) nén néu mudn timer hoat dong tiép
thi phai nap lai gia tri cho céc thanh ghi THx va TLx.

PERIPH
CLOCK

Timer x

THix TLx Qverflo
(8bits) | (8 bits) Interrupt
ON'Teg Request

Hinh 3.2 — Ché d6 1 cua Timer/Counter
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1.4.3. Ché @92

Ché d6 2 1a ché do 8 bit trong d6 sir dung thanh ghi TLx dé chua gia tri dém
con thanh ghi THx chtra gia tri nap lai (do do ché do nay duoc goi 1a ché do tu dong
nap lai — autoreload).

Trong ché d6 2, mdi khi gia tri trong thanh ghi TLx thay d6i tir 1111 1111b dén
0 thi co TFx duoc set 1én mirc 1 dong thoi gia tri trong thanh ghi THx duoc chuyén
vao thanh ghi TLx. Nhu vay, gié tri dém trong TLx va THx chi dugc nap mdt 1an khi
khoi dong timer (c6 thé khong can nap cho TLx nhung khi d6 chu ky hoat dong dau
tién cua timer s€ sai).

Ché d6 2 sir dung 8 bit dém trong thanh ghi TLx nén gi4 tri dém ti da 1a 2° =
256.

PERIPH ) Timer x
CLOCK ; ™~ (sTkIJ_i?s) Overflow TEx Interrupt

THx
(8 bits)

Hinh 3.3 — Ché d6 2 cua Timer/Counter

1.4.4. Ché d¢ 3

—

iPEHIPH . ﬁ overd

CLOCK - [~ TLO verflow -

—— B '8 bits) 4“—’
=)

GATE _[\/
PERIPH . [~ THo Overflow
[CLOCK —1 =8 (8 bits) ﬂ_'
ON.7
CONG

Hinh 3.4 — Ché d6 3 cua Timer/Counter

Ché do 3 st dung céc thanh ghi TLO va THO nhu cac bd dinh thoi doc lap trong
d6 TLO diéu khién bang cac thanh ghi ctia timer 0 va THO diéu khién bang céac thanh
ghi ctia timer 1. Khi TLO chuyén tir gid tri 1111 1111b dén 0 thi TFO dugc dat 1én mirc
1 con THO chuyén tir 1111 1111b dén 0 thi TF1 dugc dat 1én muc 1. Luu ¥ rang trong
ché do 3 (chi c6 trong Timer 0), Timer 1 khong tac dong dén co TF1 nén thuong dugc
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ding dé tao tdc do baud cho port ndi tiép (xem thém phan 2 — cong ndi tiép) hay ding
cho muc dich khac.

Ché d6 nay chi cho phép tac dong dén co tran TF1 thong qua xung dém cia
dao dong ndi ma khong dém bang dao dong ngoai tai chan T1 dong thoi bit GATE]
(TMOD.7) khong tac dong dén qua trinh dém tai THO.

1.5. Timer 2

Timer 2 13 bo dinh thoi 16 bit (chi ¢ trong ho 8x52). Gié tri dém cua timer 2
chira trong cac thanh ghi TH2 va TL2. Gidng nhu timer 0 va timer1, timer 2 cling hoat
dong nhu b dinh thoi (timer) hay dém sy kién (counter). Ché d6 dinh thoi dém bang
dao dong noi, ché do dém su kién dém bang xung ngoai tai chan T2 (P1.0) va chon

che do bang bit C/ T2 cua thanh ghi T2CON. Cac thanh ghi diéu khién timer 2 bao
gom: T2CON, T2MOD, RCAP2H, RCAP2L, TH2 va TL2.

_ Timer 2 ¢6 3 ché do hoat dong: capture (gilr), autoreload (tw dong nap lai) va
tao toc do baud (chon ché d¢ trong thanh ghi T2CON). Céac bit chon ché d§ dugc md
ta nhu bang 3.4.

Bang 3.4 — Chon ché d¢ trong Timer 2

RCLK | TCLK | cp/RL2 | TR2 Ché d¢
0 0 0 1 | Tu dong nap lai 16 bit
0 0 1 1 | Gilr 16 bit
X .
! X ! Tao toc do baud
1 X X 1
X X X 0 | Ngung

1.5.1. Cac thanh ghi diéu khién Timer 2
¢ Thanh ghi T2CON:

Béang 3.5 — Noi dung thanh ghi T2CON

| TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | ¢/T2 | CP/RL 2

Bit| Tén Mo ta

7 | TF2 Timer 2 overflow Flag

TF2 khong dugc tac dong khi RCLK hay TCLK = 1.

TF2 phai dugc xo4 bang phin mém va duoc dit bang phan ctng khi
Timer tran

6 | EXF2 Timer 2 External Flag

Pugc dat khi EXEN2 =1 va xay ra ché do nap lai hay gilr do c6 canh
am tai chan T2EX (P1.1) (chuyén tir 1 xubng 0).

Khi EXF2 = 1 va cho phép ngit tai Timer 2 thi chuong trinh s&
chuyén dén chwong trinh phuc vu ngét ctia Timer 2.

EXF2 phai duoc xo4 bang phan mém
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5 | RCLK | Receive Clock Bit (chi dung cho port ndi tiép & ché do 1 va 3)
RCLK = 0: ding timer 1 lam xung clock thu cho port nbi tiép
RCLK = 1: dung timer 2 1am xung clock thu cho port ndi tiép
4 | TCLK | Transmit Clock Bit
Gidng nhu RCLK nhung ding cho xung clock phat
3 | EXEN2 | Timer 2 External Enable Bit
= 0: bo qua tac dong tai chan T2EX (P1.1)
= 1: x4y ra ché d6 nap lai hay giir do c6 canh am tai chan T2EX (P1.1)
(chuyén tir 1 xudng 0)
2 | TR2 Timer 2 Run Control Bit
= 0: cAm timer 2
= 1: chay timer 2
1 | ¢/T2 | Timer/Counter 2 Select Bit
= 0: dinh thoi (dém bang dao dong noi)
= 1: dém su kién (dém bang xung tai T2 (P1.0))
0 | cp/RL | Timer 2 Capture / Reload Bit
2 Néu RCLK = 1 hay TCLK = 1: bo qua
Néu RCLK = 0 va TCLK = 0: chon ché db giit ( = 1) hay nap lai (= 0)
khi xuat hién xung am tai T2EX (P1.1) va EXEN2 = 1

Gia tri khi reset: T2CON = 00h, T2CON cho phép dinh vi bit

% Thanh ghi T2MOD:

Bang 3.6 — N61 dung thanh ghi T2ZMOD

[-[-[-1-]-]-]T20E | DCEN |

Bit | Tén Mo ta

— N W ROV |
1

T20E | Timer 2 Output Enable Bit
=0: T2 (P1.0) 1a ngd vao clock hay I/O port
= 1: T2 1a ngd ra clock

0 | DCEN | Down Counter Enable Bit
= 0: cam timer 2 14 bo dém 1én / xudng
= 1: cho phép timer 2 12 bd dém 1én / xubng
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Gia tri khi reset: T2MOD = xxxx xx00b, MOD khong cho phép dinh vi
bit

Céc thanh ghi TH2, TL2, RCAP2H va RCAP2L khong cho phép dinh vi bit va
gia trj khi reset 13 00h. Céac ché do hoat dong cta Timer 2 mo ta trong phan sau.

1.5.2. Ché dp capture

Periph
Clock /6 l
\crr_z =0 P TL2 TH2
—1 T2 =1 i @5 | @8ts) [T T2
T2 Pin CONTROL
TR2 ™S/ ’\/
N M TIMER 2
INTERRUPT
CAPTURE
TRANSITION
DETECTION RCAP2L | RCAP2H
T2EX PIN—= Y - sl
CONTROL
EXENZ

Hinh 3.5 — Ché d giit cia Timer 2
Ché d giit ciia Timer 2 ¢6 2 trudng hop xay ra:

- Néu EXEN2 = 0: Timer 2 hoat dong gidng nhu Timer 0 va 1, nghia la khi
gia tri dém tran (TH2_TL2 thay d6i tr FFFFh dén 0) thi co tran TF2 dugc
dat 1én muc 1 va tao ngat tai Timer 2 (n€u cho phép ngat).

- Néu EXEN2 = 1: van hoat dong nhu trén nhung thém mot tinh chét nira 1a:
khi xuét hién canh 4m tai chan T2EX (P1.1), gia tri hi¢én tai cia TH2 va
TL2 dugc chuyén vao cdp thanh ghi RCAP2H, RCAP2L (qué trinh gii
(capture) xay ra); dong thoi, bit EXF2 = 1 (s& tao ngat néu cho phép ngit tai
Timer 2).

1.5.3. Ché dé tw dong nap lai
Ché d6 tu dong nap lai cling c6 2 trudng hop giéng nhu ché do gii:

- Néu EXEN2 = 0: khi Timer tran, cd tran TF2 duoc dit 1én 1 va nap lai gia
tri cho TH2, TL2 (tir cap thanh ghi RCAP2H, RCAP2L) dong thoi tao ngat
tai timer 2 néu cho phép ngat.

- Néu EXEN2 = 1: hoat dong giéng nhu trén nhung khi c6 xung 4m tai chan
T2EX thi ciing nap lai gid tri cho TH2, TL2 va dat co EXF2 lén 1.
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. Ché do tu dong nap lai cling cho phép thuc hién dém lén hay xuéng (diéu khién
bang bit DCEN trong thanh ghi T2ZMOD). Khi DCEN duoc dét 1én 1 va chan T2EX ¢
muc cao thi timer 2 s& dém 1€n; con néu T2EX ¢ murc thap thi timer 2 dém xudng.

Khi dém 1én, timer tran tai gia tri dém OFFFFh. Khi tran, co TF2 duoc dat 1én
muc 1 va gia tri trong cdp thanh ghi RCAP2H, RCAP2L chuyén vao cap thanh ghi
TH2, TL2.

Khi dém xudng, timer tran khi gia tri trong cdp thanh ghi TH2, TL2 bang gia tri
trong cap thanh ghi RCAP2H, RCAP2L. Khi tran, co TF2 duogc dat 1én 1 va gia tri
OFFFFh dugc nap vao cdp thanh ghi TH2, TL2.

Trong’ché do nay, khi timer tran, gia tri trong co EXF2 s& chuyén mirc va
khong tao ngat (c6 thé dung thém EXF2 dé tao gid tri dém 17 bit).

Pzriph
A D —

ON.

1 @)

(DOWN COUNTING RELOAD VALUE)

FFh || FFh T2EX:
(8-bit) || (8-bit) D 1=UP
2=DOWN

TOGGLE T2CONreg

|

T2 | TH2 1. TIMER2
(8-bit) (8-bit] | TF2 INTERRUPT

: : )/'\‘—l T2CONreg

RcAP2l||RcAP2H
(8-bit) || (8-bi)

Hinh 3.6 — Ché d6 tu dong nap lai

1.5.4. Ché dd tao xung clock
Trong ché do nay, timer tao ra mot xung clock ¢6 chu ky bon phan (duty cycle)
50%. Khi timer tran, ndi dung gﬁa thanh ghi ‘RCA,P2H, RCAP2L dugc nap vao cap
thanh ghi TH2, TL2 va timer ti€p tuc dém. Tan so0 xung clock tai chan T2 dugc xac
dinh theo cong thuc sau:

fe £ x2™
2(65 536 — RCAPij
RCAP2L
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X2: bit nam trong thanh ghi CKCON. Trong ché 36 X2: fosc = fihach anhs NEUQOC
lai thi fosc = finach ann/2-

Pé timer 2 hoat dong o ché d6 tao xung clock, can thue hién cac budc sau:
- bat bit T20E trong thanh ghi T2MOD = 1.

- Xoa bit C/ T2 trong thanh ghi T2CON =0 (do ché do nay khong cho phép
dém bang dao dong ngoai ma chi dém bang dao dong noi).

- Xdc dinh gia tri cua c@p thanh ghi RCAP2H va RCAP2L theo tan sd xung
clock can tao.

- Khéi dong gi tri cho cap thanh ghi TH2, TL2 (c6 thé khong can thiét tuy
theo tng dung).

- Pat bit TR2 trong thanh ghi T2CON = 1 dé cho phép timer chay.

FCLK PERIPH |
TRz
T2CON T2 TH2
(&-bit) | (8-bi) |—
OVER-
FLOW
RCAP2L||RCAP2H
(8-bit) || (8-bit)
Toggle
T2 G <] |
@ D
] T20E
T2MOD
. —_ TIMER 2
e [ B Baad > INTERRUPT
L ge
EXEN2 T2CON
T2CON

Hinh 3.7 — Ché d tao xung clock

1.5.5. Ché dp tao toc do baud

Khi cac bit TCLK va RCLK trong thanh ghi T2CON dugc dét 1én muc 1, timer
2 s& dung dé tao toc do baud cho cong noi tlep Che do nay cung hoat dong nhu timer
0 va timer 1 (s& khao sat cy thé tai phan 2 — cong ndi tiép).
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1.6. Cacvidu

beé diéu khién hoat ddng cua timer, can thyc hién:

- Nap gid tri cho thqnh ghi TMOD dé Xac dinh ché dd hoat dong (thong
thuong chi dung ché d6 1 — 16 bit va ché do 2 — 8 bit tuy dong nap lai).

- Nap gia tri dém trong céac thanh ghi THx, TLx (thong thuong sir dung timer
0 va timer 1 nén qua trinh dém la dém Ién).

- bat cac bit TRO, TR1 =1 (cho phép timer hoat dong) hay xoa cac bit nay vé
0 (cam timer).

- Trong qué trinh timer chay, thuc hi¢n kiém tra cac bit TFO, TF1 dé xac dinh
timer da tran hay chua.

- Sau khi timer tran, néu thyc hién kiém tra tran béqg p,hﬁn mém (khong ding
ngat) thi phai thuc hién xoa TFO hay TF1 dé c6 thé tiép tuc hoat dong.

Vidu 1 Viét chuong trinh tao séng vudng tan s6 10 KHz tai chan P1.0 ding
timer O (tan so thach anh Ia fosc = 12MHz).

Giai
Do fosc = 12MHz nén chu ky may = 1 ps.

f=10KHz > T = 1/f= 0.1 ms = 100 ps > mot chu ky song vuéng chiém
khoang thoi gian 100 chu ky may = thoi gian tri hoan can thiét 1a 50 chu ky may.

Tri hoan 50 chu ky may
+—>
' | ' | ' |
| | |
SN R SN E A N

A
v

T =100 chu ky may

~ Dogiatri dém 1a 50 (mg voi 50 chu ky may) nén chi can dung ché do 8 bit (co
thé dém tir 1 dén 256) cho timer 0 (ché do 2).

- N&i dung thanh ghi TMOD:

GATE1 | C/T1 | M11 | M10 GATEO C/T0 MO1 | MO0
0 0 0 0 0 0 1 0
Timer 1 khong dung Khong dung | Pém bang dao dong | Ch¢ do 8

INTO ndi bit

TMOD = 0000 0010b (02h)
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- Gia triﬁ dém 1a SQ vé do timer 0 dém 1én nén gia tri can nap cho THO la -50
(c6 the khong can nap cho TLO nhung Iuc d6 chu ky dau tién cia xung s¢€
sai).

Chuong trinh thuc hién nhu sau:

MOV TMOD, #02h
MOV THO, # (-50)
MOV TLO, # (-50)

SETB TRO ; Cho phép timer 0 chay

Lap:
JNB TFO,Lap ; Néu Timer chua tran thi cho
CLR TFO
CPL P1.0 ; Pao bit P1.0 d&é& tao xung vudng
SIJMP Lap
END

Vi du 2: Viét chuong trinh tao xung vudng tan s6 f = 1 KHz tai P1.1 dung
timer 1(tan so thach anh 1a fosc = 12MHz).

Giai
Do fosc = 12MHz nén chu ky may = 1 ps.

f=1KHz > T=1/f=1ms= 1000 us > mét chu ky song vudng chiém
khoang thoi gian 1000 chu ky mady —> thoi gian tri hoan can thiet 1a 500 chu ky may.

~ Gia tr dém 1a 500 vuot qua pham vi clia ché do 8 bit nén phai sir dung timer 1
O ché do 16 bit gché do 1). Boi véi ché do 16 bit, do khong co gia tri nap lai nén moi
khi timer tran, can phai nap lai gia tri cho thanh ghi TH1 va TL1.

- Noi dung thanh ghi TMOD:
GATEI C/T1 M1l | M10 | GATEO | C/T0 | MO1 | M0O
0 0 0 1 0 0 0 0
Khong dung | BPém bang dao dong | Ché do 16 | Timer 0 khong dung
INTI ndi bit

TMOD = 0001 0000b (10h)

- Gia tri &ém 1a 500 nén gia tri can nap cho cdp thanh ghi THO TLO la -500
(dung cac Iénh gia HIGH va LOW).

Chuong trinh thyc hi¢n nhu sau:

MOV TMOD, #10h
Batdau:
MOV TH1,#HIGH (-500)
MOV TL1, #LOW (-500)
SETB TR1 ; Cho phép timer 1 chay
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Lap:
JNB TF1l,Lap ; Néu Timer chua tran thi cho
CLR TF1
CPL P1.1 ; Pdo bit P1.1 dé& tao xung vuéng
CLR TR1
SJMP Batdau ; Quay lai nap gia tri cho THO TLO
END

Vi du 3: Viét chuong trinh tao xung vudng tan s6 f = 10KHz tai P1.0 ding
timer 0 va xung vuong tan so f =1 KHz tai P1.1 dung timer 1.

Giai

Phan tich cho cac thanh ghi gidng nhur phan vidu I va 2 nhung luu y rang qua
trinh kiém tra timer tran s& khac: thuc hién kiém tra timer 0, néu chua tran thi kiém tra
timer 1 va kiém tra twong tu cho timer 1.

Chuong trinh thyc hi¢n nhu sau:

MOV TMOD, #12h
MOV TH1,#HIGH (-500)
MOV TL1, #LOW (-500)
MOV THO, # (-50)
MOV TLO, # (-50)
SETB TRO
SETB TR1
KtrTO:
JNB TFO,KtrTl
CLR TFO
CPL P1.0
KtrTl:
JNB TF1,KtrTO
CLR TF1
CPL P1.1
MOV THI1, #HIGH (-500)
MOV TL1, #LOW (-500)
SIJMP KtrTO
END

Luu ¥ rang, xung vudng tao bang cach nhu trén c6 thé khong chinh xac khi 2
timer tran cung lac.

Vi du 4: Viét chuong trinh tao xung vudng tan s6 f = 1 Hz tai P1.2 ding
timerl.
Gidi

f=1Hz>T=1/f=1s=1000000 us > mdt chu ky song vudng chiém
khoang thoi gian 500 000 chu ky may = thoi gian tri hoan can thiét 1a 500 000 chu ky
may.
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Gia tri dém 1a 500 000, vuot qua kha ndng cua timer (téi da chi dém duoc

65536 chu ky) nén phai thuc hién tao vong lip dém nhiéu lan cho dén khi dat dén gia
tr1 500 000 (c6 the dém moi lan 50 000 va thyuc hién vong 1dp 10 lan).

Chuong trinh thuc hi¢n nhu sau:

MOV TMOD, #10h

Batdau:

Lap:

MOV R7,#10 ; Lidp 10 lan

MOV TH1, #HIGH (-50000)
MOV TL1, #LOW (-50000)
SETB TR1

KtrTl:

JNB TF1l,KtrTl

CLR TF1

CLR TRO

DJNZ R7,Lap ; Néu R7 # 0 thi 1ldp lai

CPL P1.2 ; Pado bit dé tao xung

SJMP Batdau
END

Vi du 5: Viét chuong trinh con tao thoi gian tri hoan 1s ding timer 0.

Giai

Do chuong trinh yéu cau tao thdi gian tri hoén nén sé chu ky dém 1a 1 000 000.
Chuong trinh nhu sau:

MOV TMOD, #01h

;——- CHUONG TRINH CHINH
Delayls:
MOV R7, #20 ; Ladp 20 lan

Lap:

MOV THO, #HIGH (-50000) ; M&i 1ladn tri hoadn 50 000 ps
MOV TLO, #LOW (-50000)
SETB TRO

Lapl:

JNB TFO,Lapl

CLR TFO

CLR TRO

DJNZ R7,Lap ; Lip du 20 l&n thi thoat
RET
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Luu ¥ rang khi viét chuong trinh tri hodn nhu trén thi chuong trinh cua
AT89C51 xem nhu dung lai, khong lam gi ca (co thé giai quyet bang cach su dung
ngat — xem thém phan 3).

2. Cong ndi tiép (Serial port)

Cong nbi tiép trong 89C51 c6 kha ning hoat dong ¢ ché do6 dong bo va bat
ddng bo dung 2 chan TxD (P3.1) va RxD (P3.0). Chirc ning cta port ndi tiép 1a thuc
hién chuyén ddi song song sang ndi tiép ddi voi dir lidu xuit, va chuyén doi ndi tiép
sang song song ddi vai dit liéu nhap.

Khi hoat dong & ché do truyén / nhan bat dong bd (UART — Universal
Asynchronous Receiver / Transmitter), cong ndi tiép c6 3 ché d6 song cong (1, 2 va
3). Qua trinh doc / ghi cong nbi tiép dung thanh ghi SBUF (Serial Buffer), thuc chat 14
2 thanh ghi khac nhau: mot thanh ghi truyén va mét thanh ghi nhéan.

Cong ndi tiép co tat ca 4 ché do khac nhau:

Ché d¢ 0: dit liéu truyén / nhin théng qua chan RxD va xung clock dich bit
thong qua TxD voi tde do baud br:ing fihach ann/12.

Ché @é 1: truyén / nhan 10 bit: 1 bit start (Iudn = 1), 8 bit dir liéu va 1 bit stop
(luén = 0), tbc do baud co thé thay ddi dugc va khi nhan, bit stop dua vao RBS8 cua
thanh ghi SCON.

Ché dp 2: truyén / nhan 11 bit: 1 bit start, 8 bit dir liéu, bit thir 9 va 1 bit stop.
Khi truyén, bit 9 1 bit TB8 va khi nhan, bit 9 13 bit RB8 trong thanh ghi SCON. Téc
d6 baud ¢ dinh 1a 1/32 hay 1/64 tan s thach anh.

Ché dp 3: gidng ché d6 2 nhung tdc d6 baud c6 thé thay doi dugc.

Trong 4 ché do trén, thuong st dung ché do 1 hay 3 dé truyén dir liéu. Trong
truong hop truyén dir lidu gitra cac vi diéu khién AT89C51 véi nhau, c6 thé dung ché
d6 2. Ngoai ra, cong ndi tiép con co cac ché do nang cao: kiém tra 16i khung va nhan
dang dia chi ty dong.
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2.1. Cac thanh ghi diéu khién hoat dong

2.1.1. Thanh ghi SCON (Serial port controller)
Béang 3.7 — Noi dung thanh ghi SCON

| FE/SMO | SM1 | SM2 | REN | TB8 | RB8 | TI | RI |

Bit Ky | Dia Mo ta
hiéu | chi
SCON.7 | FE Framing Error — kiém tra 16i khung
Pugc dit 1én 1 khi phat hién 16i tai bit stop va phai xoa
bang phan mém. Bit FE chi truy xuat dugc khi bit SMODO
9Fh | = (trong thanh ghi PCON).
SMO Serial port Mode bit 0 - Xac dinh ché d6 cho cong ndi tiép

SCON.6 | SM1 | 9Eh

Serial port Mode bit 1

SMO0 | SM1 Mb ta Téc do baud
0 0 Thanh ghi dich fosc/12
0 1 UART 8 bit Thay d6i
1 0 UART 9 bit fosc/32 hay fosc/64
1 1 UART 9 bit Thay doi

SCON.5 | SM2 | 9Dh

Serial port Mode bit 2 — Ché d6 da xir Iy
= 0: binh thuong
= 1: cho phép truyén thong da xir I trong ché do 2 va 3

SCON.4 | REN | 9Ch

Reception Enable bit — Cho phép thu
=0: cAm thu
= 1: cho phép thu tai cong ndi tiép

SCON.3 | TB8 | 9Bh

Transmitter Bit — Bit truyén thir 9 trong ché do 2 va 3

SCON.2 [ RB8 |9Ah

Receiver Bit — Bit nhan thtr 9 trong ché d6 2 va 3. Trong
ché d6 1, néu SM2 = 0 thi RB8 = stop bit.

SCON.1 | TI 9%h

Transmit Interrupt flag — Co ngat phat
Puoc dit bang 1 khi két thuc qua trinh truyén va xoa bang
phan mém.

SCON.O | RI 9%h

Receive Interrupt flag — Co ngat thu
Pugc dit bang 1 khi nhan xong dir liéu va xoa bang phan
mém.

Gia tri khi reset: 00h, cho phép dinh dia chi bit
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2.1.2. Thanh ghi BDRCON (Baud Rate Control Register)
Bang 3.8 — N§i dung thanh ghi BDRCON

|-]-]-[BRR | TBCK | RBCK | SPD | SRC |

Bit | Ky M0 ta
hi¢u
7 |-
6 |-
5 |-
4 | BRR Baud Rate Run control bit — Cho phép hoat dong

= 0: cAm bd tao téc d6 baud nodi (internal baud rate generator) hoat
dong
= 1: cho phép

3 | TBCK | Transmission Baud rate generator selection bit for UART — Chon bo
tao tbc do baud truyén 13 bo tao tdc do ndi (= 1) hay bang timer (= 0)

2 | RBCK | Reception Baud rate generator selection bit for UART — Chon bd tao
tbc d6 baud nhan 13 bo tao toc do ndi (= 1) hay bang timer (= 0)

1 SPD Baud Rate Speed control bit for UART — Chon toc d6 baud 1a nhanh
(= 1) hay cham (= 0)

0 |SRC Baud Rate Source select bit in Mode 0 for UART — Chon téc d6 baud
trong ché do 0 tir dao dong thach anh (= 0) hay tir bd tao tbc do baud
ndi (= 1)

Gia tri khi reset: 00h, khong cho phép dinh dia chi bit

Ngoai ra con c6 cac thanh ghi SBUF (Serial Buffer), BRL (Baud Rate Reload),
SADEN (Slave Address Mark), SADDR (Slave Address).

Luu ¥ rang cic thanh ghi BDRCON, BRL, SADEN va SADDR chi ¢ trong
cac phién ban mai cua MCS-51.

2.2. Tao toc d9 baud
- Ché d6 0: tdc d6 baud cd dinh = 1/12 tan sb thach anh.

- Ché d6 2: téc d6 baud = 1/32 tan s thach anh khi SMOD = 1 hay 1/64 khi
SMOD = 0 (SMOD: nam trong thanh ghi PCON).

- Ché dd 1 va 3: téc d6 baud xéac dinh béng tdc do tran cua timer 1. Trong ho
89x52, c6 thé dung timer 2 dé tao téc d6 baud con trong cac phién ban mai,
6 thé dung bo tao tdc do noi (INT_BRG - Internal Baud Rate Generator).
Viéc xac dinh ngué)n tao toc do baud mé ta nhu hinh 3.8 va bang 3.9.
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.
TIMER el
0  TIMER BRG RX ™~
TIMFR2 — 0
'f::_l — Rx Clock
INT_CRG
M&
TIMER1 —0 7 TIMER_BRG_TX S
TIMER2 N 0
| 1
INT_CRG

Hinh 3.8 — Lya chon toc d6 baud

Bang 3.9 — Lya chon tdc do baud

TCLK | RCLK | TBCK | RBCK | Clock phat | Clock thu
0 0 0 0 Timer 1 Timer 1
1 0 0 0 Timer 2 Timer 1
0 1 0 0 Timer 1 Timer 2
1 1 0 0 Timer 2 Timer 2
X 0 1 0 INT BRG | Timer 1
X 1 1 0 INT BRG | Timer 2
0 X 0 1 Timer 1 | INT BRG
1 X 0 1 Timer2 | INT BRG
X X 1 1 INT BRG | INT BRG

2.2.1. Tao toe do baud b%ng Timer 1
Khi dung timer 1 dé tao toc d6 baud, thong thuong can thiét 1ap timer 1 hoat
dong & ché do 8 bit tu nap lai va gia tri nap ban dau cua timer 1 (chtra trong thanh ghi
THT1) phu thudc vao tdc do baud cén tao theo cong thirc sau:

SMOD
fOSC X 2

Gié tri nap = —
12 x32 xbaud rate

Vi du: Gia sir tan s thach anh 13 foge = 11.0592 MHz, gi tri nap khi tao toc
dd baud 4800 bps la:
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11.0592x10° x2°

Néu SMOD = 0: gia tri nap = — =-6— TH1 = -6 hay THI
12 x 32 x 4800
— FAh
6 1
Néu SMOD = 1: gia trj nap = — 1020210 X2 15 TH1 = 12 hay
12 x 32 x 4800
THI = F4h

Vi du: Gia st tan s6 thach anh 13 fosc = 12 MHz, gia tri nap khi tao tc d6 baud
4800 bps la:

Néu SMOD = 0: gia trinap = — M =—6.51 — chon gia tri nap 1a -6

12 x 32 x 4800

hay -7. Néu chon gia tri nap = -6 thi tdc d6 baud = 5208 bps con néu chon -7 thi tbc d6
baud la 4464 bps.

Néu SMOD = 1: gié tri nap = — 120392107 X2 _ 15 0>+ chon gid trj nap

12 x 32 x 4800

1a -13 — tbc d6 baud 1a 4807 bps. Nhu vay, khi ding tan sé thach anh 1a 12 MHz thi
tdc d6 baud s& co sai s6 — chi ding khi két ndi nhiéu vi diéu khién MCS-51 véi nhau
con khi két ndi v6i cac thiét bi khac (nhu may tinh ching han) thi nén sir dung tan sb
thach anh 11.0592 MHz.

Cac gia tri nap thong dung cho MCS-51 mo ta nhu sau:

Bang 3.10 — Céc gia tri nap thong dung

Téc a9 [bps] | fosc[MHz| | SMOD | Gia tri nap | Toc dd thwe [bps] | Sai s6
1200 11.059 0 -12 1200 0
4800 11.059 0 -6 4800 0
9600 11.059 0 -3 9600 0
1200 11.059 1 24 1200 0
19200 11.059 1 -3 19200 0
1200 12 0 -26 1201.9 2.17%
2400 12 0 -13 2403.8 0.16%
4800 12 0 -6 5208.3 8.5%
9600 12 0 -3 10416.7 8.5%
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2.2.2. Tao tdc dd baud bing Timer 2

TIMER 1
COVERFLOW

Periph

Clock
l CT2=0

e o TL2 THZ

]‘ C/TZ = 1 : | (8 Bits) | (8 Bits) i T--- RCLK
T2FIN CONTROL

- v 16 FFX CLOCK

T SMoD1

RELOAD Lwm_#—_ .. TCLK
TRz
+18 b»Tx CLOCK
RCAPZL | RCAP2H
TRAMSITION
DETECTOR
o “TIMER 2
T2EX PIN—s] % : = EXFe INTERRUPT
GONTROL
EXENZ

Hinh 3.9 — Tao téc do baud béng timer 2

Timer 2 dugc dung dé tao toc d6 baud khi dat cac bit TCLK, RCLK Ién 1
(trong thanh ghi T2CON). Céng thtrc lién quan giita toc do baud va gia tri nap nhu sau
(lwu ¥ rang gia tri nap chura trong cip thanh ghi RCAP2H_RCAP2L):

fOSC

Gia tri nap = —
HHEP 2x16xbaud _rate

Khi ding Timer 2 dé tao toc do baud, xung clock thu va phat cé thé tach riéng
bang cach chi ding TCLK hay RCLK. Luc d6, xung clock con lai dugc xac dinh theo
Timer 1. Ngoai ra, ciing ¢ thé tao ngat cho Timer 2 bang cach dat bit EXEN2 = 1 va
ngét tao ra khi xuét hién canh 4m tai chdn T2EX.

Vi du: Gia sur tan s thach anh 1a fosc = 11.0592 MHz, gia tri nap khi tao tde
dd baud 4800 bps la:

6
Gid tri nap = — 029210 oy prBSh
2x16x4800

— RCAP2H = FFh, RCAP2L = B8h
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2.2.3. Bj tao toc dd baud ndi (INT_BRG — Internal Baud Rate
Generator)

auto reload counter
Periph Feeg overflow _II,—L -
Clock E_ J_b_*_-l._' ? ]_ INT_BRG

SMOD1

BRR

Hinh 3.10 — B) tao toc do baud noi

Gié tri nap trong bd tao tdc do nodi chira trong thanh ghi BRL va duogc xac dinh
theo cong thirc sau:

SMODI1
fOSC 2

2x32%x 6" xbaud rate

Gia trinap = —

Trong d6 SMODI1 nam trong thanh ghi PCON va SPD nam trong thanh ghi
BDRCON.

2.3. Truyén thong da xir Iy
Ché d6 2 va 3 cua MCS-51 cho phép thyuc hién két ndi nhiéu vi diéu khién &
ché d6 master — slave. M6 hinh thyc hién ctia qua trinh truyén théng mé ta nhu hinh

ve sau:
Master Slave 1 Slave 2
RxD TxD RxD TxD RxD TxD
RxD TxD RxD TxD RxD TxD
Slave 3 Slave 4 Slave 5

Hinh 3.11 — Truyén thong da xtr 1y
Quié trinh truyén dit liéu mé ta nhu sau:

- Khi khoi dong, cac vi diéu khién slave co bit SM2 = 1 (trong thanh ghi
SCON) va hoat dong & ché 30 UART 9 bit. Nhu vay, slave chi nhan duogc
dit liéu khi bit truyén thir 9 (TBS ctia master) 14 1.
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- MBbi slave duoc gan trudc mot dia chi. Khi can trao doi thong tin véi slave
nao, master s& goi dir liéu 9 bit gdm 8 bit dia chi cia slave va bit 9 = 1. Di
liéu nay s& duoc tat ca cac slave nhan vé (do bit 9 = 1). Chuong trinh trong
slave s& kiém tra gia tri dia chi tuong ng, néu trung véi dia chi da cai dat

san thi dao bit SM2 (= 0), néu khac thi bo qua.

- Tiép tuc, master s& goi dir liu dén slave nhung lic nay bit 9 = 0. Khi do,

chi ¢6 slave nao c¢6 bit SM2 = 0 mad1 nhan duoc dir liéu.

- Sau khi truyén xong dir liéu, master goi lai 8 bit dia chi va bit 9 = 1. Slave

nhan duoc s& dao bit SM2 1an nira dé khoéi phuc trang thai ban dau.

Nhu vay, trong qua trinh truyén théng da xir 1y, c6 2 loai thong tin goi: byte dia

chi néu bit 9 = 1 va byte dit liéu néu bit 9 = 0.

2.4. Nhan dang dia chi ty dong

Trong cac phién ban méi cia MCS-51, dia chi cua cac slave ¢ thé nhan dang
bang cac thanh ghi SADDR va thanh ghi mit na SADEN (cac bit khong quan tim
trong thanh ghi dia chi SADDR s¢€ tuong tng véi céc bit 0 trong thanh ghi SADEN).

Xét hé thong c6 1 master va 3 slave:
Slave 1: SADDR = 1111 0001b, SADEN=1111 1010b

1111 0001b
1111 1010b

1111 0x0xb

Slave 2: SADDR = 1111 0011b, SADEN =1111 1001b

1111 0011b
1111 1001b

1111 Oxx1b

Slave 3: SADDR = 1111 0001b, SADEN =1111 1010b

1111 1011b
1111 0101b

1111 x0x1b
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Néu chi can gdi dir liéu cho slave 1, dia chi can str dung c6 bit 0 = 0 (do dia chi
cua slave 2 va slave 3 c¢6 bit 0 = 1 con dia chi cua slave 1 c6 bit 0 tuy y), gia su la
1111 0000b.

Néu can goi cho slave 2 va slave 3 ma khong goi cho slave 1 thi dia chi can
dung c6 bit 1 = 1 (do dia chi ctia slave 1 ¢6 bit 1 =0 con slave 2 va 3 thi tuy y), gia su
nhu 1111 0011b.

¢ Dia chi broadcast

Dia chi broadcast tao thanh tr phép toan OR gitra cac thanh ghi SADDR va
SADEN trong doé cac bit 0 xac dinh do 1a cac bit khong quan tam.

Gia st SADDR =0101 0000b va SADEN = 1111 1101b thi

0101 0000b
OR 11111101b

1111 1101b
Dia chi broadcast 1a 1111 11x1b.

2.5. Kiém tra 18i khung
Ché 6 kiém tra 16i khung chi c6 trong cac ché d6 1, 2 va 3 dugc thuc hién
bang cach dat bit SMODO 1én 1 (trong thanh ghi PCON). Khi SMODO = 1, b6 thu s&
kiém tra bit stop mdi khi c¢6 dit liéu dén. Néu bit stop khong hop 18, bit FE s& duogc dit
1én 1 (trong thanh ghi SCON).

Phan mém sau khi doc byte dif liéu s& kiém tra bit FE dé xac dinh c6 18i duong
truyén hay khong. Luu ¥ rang bit FE chi xo4 bang phan mém hay khi reset hé théng
ma khong bi xoa khi nhan bit stop hop €.

2.6. Cacvidu

Dé diéu khién hoat dong cua céng ndi tiép, can thuc hién cac budc sau:
- Khéi dong gia tri cia thanh ghi SCON dé xac dinh ché do hoat dong.

- Chon b tao toc d6 baud (mic dinh 13 timer 1) va xac dinh cac théng sd can
thiét theo tbc do baud yéu cau.

- Kiém tra cac bit TI va RI dé xac dinh cho phép truyén hay nhan dir lidu

khong.
- Néu can truyén dir liéu thi kiém tra TI va chuyén noi dung truyén vao thanh
ghi SBUF.
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- Néu can nhan di liéu thi kiém tra RI va doc ndi dung tr SBUF vao thanh
ghi A.

Vi du 1: Khéi dong cong nbi tiép ¢ ché ddo UART 8 bit voi toc dd baud 9600
bps, dung timer 1 1a b tao tdc do baud (gia su tan so thach anh 1a 11.0592 MHz).

- Noi dung thanh ghi SCON:
SMO0 | SM1 SM2 REN TB8 | RBS TI RI
0 1 0 1 0 0 1 0
UART 8 Khong & ché do da xtit | Cho phép Cho phep
bit ly thu truyén
SCON = 0101 0010b (52h)
- N&i dung thanh ghi TMOD:
GATEI C/T1 Ml11 | M10 | GATEO | C/T0O | MO1 | MOO
0 0 1 0 0 0 0 0
Khong dung | Bém bang dao dong | Che do 8 | Timer 0 khong dung
INTI ndi bit

TMOD = 0010 0000b (20h)
- Gia tri @m (theo bang 3.10): THI = -3
Doan chuong trinh khoi dong nhu sau:

MOV SCON, #52h
MOV TMOD, #20h
MOV THI1, #-3
SETB TR1

Vi du 2: Viét chuong trinh xuat lién tuc cac ky tu tir ‘A’ dén Z’ ra cong ndi
tiép voi tbe d6 baud 4800 bps (gia sur tan sb thach anh 1a 11.0592 MHz).

Tbc d6 = 4800 bps —> gia tri dém: TH1 = -6
Chuong trinh thyc hién nhu sau:

MOV SCON, #52h

MOV TMOD, #20h

MOV TH1, #-6

SETB TR1
Batdau:

MOV A, #’A’

Pham Hung Kim Khdanh Trang 80

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Cic hoat djng ciia vi diéu khién MCS-51

Truyen:
JNB TI,$ ; Néu chua cho phép truyén thi chd
CLR TI ; Xo4 TI dé khéng cho phép truyén, sau khi
; truyén xong thi méi cé thé truyén tiép

MOV SBUF, A ; Truyén dtr liéu

INC A ; Qua ky tu ké

CJINE A, #’7Z’+1,Truyen; Néu da truyén xong tu ‘A’
SJMP Batdau ; d&&n ‘Z’ thi 18p lai qua trinh

Vi du 3: Viét chuong trinh nhan ky ty tir cong ndi tiép voi toc do baud
19200bps (gia st tan sb thach anh 14 11.0592 MHz).

Giii
Tbc d6 = 1900 bps — gid tri dém: TH1 = -3 va SMOD = 1
Chuong trinh thyc hién nhu sau:

MOV SCON, #52h
MOV TMOD, #20h

MOV A, PCON ; Gan bit SMOD = 1 (do PCON khdéng cho
SETB ACC.7 ; phép dinh dia chi bit nén phai thuc
MOV PCON, A ; hién thdng qua thanh ghi A)

MOV THI1, #-3
SETB TR1
Nhan:
JNB RI,$ ; Néu chua cé ky tu dén thi cho
CLR RI ; Xod RI dé khdédng cho phép nhan, sau khi
; c6 ky tu tiép theo thi méi nhan
MOV A, SBUF ; Nhén dt 1iéu
SJMP Nhan

Luu y rang, d6i voi cac vi du trén, khi truyén hay nhan di liéu thi MCS-51 phai
cho, khong duogc thuc hién cong viée khic. Van dé nay co thé giai quyét bang cach sir
dung ngit (xem thém phan 3).

3. Ngit (Interrupt)

Ngit 1a qua trinh dimg chuong trinh dang thyc thi dé phuc vu cho mot chuong
trinh khac khi xay ra mot sy kién. Chwong trinh xir 1y sy kién ngit goi 1a chuong trinh
phuc vu ngat (ISR — Interrupt Service Routine).
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Ho MCS-51 ¢6 tong cong 5 ngudn ngit khac nhau (khong ké reset ciing ¢ thé
xem nhu 1la mot ngét): ngét ngoai 0, 1 (tai cac chan INTO, INTI), timer 0, 1 (khi
timer twong Ung tran), cong ndi tiép (khi c6 ky tw dén hay khi truyén ky tu di). Ddi véi
ho 89x52 sé& c6 thém ngat timer 2.

3.1. Cac thanh ghi diéu khién hoat dong

3.1.1. Thanh ghi IE (Interrupt Enable)
Béang 3.11 — N6i dung thanh ghi IE

|EA |- | ET2 | ES | ET1 | EXI | ETO | EXO |
Bit | Ky hiéu | Dia chi Mo ta
IE.7 | EA AFh | Enable All
Cam tat ca (= 0) hay cho phép ngit

IE.6 | -
IE.5 | ET2 ADh Enable Timer 2

Cho phép ngit tai timer 2 (= 1)

IE.4 | ES ACh Enable serial port

Cho phép ngit tai cong ndi tiép (= 1)
IE.3 | ET1 ABh Enable Timer 1

Cho phép ngit tai timer 1 (= 1)

IE.2 | EX1 AAh Enable External interrupt 1

Cho phép ngit tai ngit ngoai 1 (= 1)
IE.1 | ETO A%h Enable Timer 0

Cho phép ngit tai timer 0 (= 1)

IE.O | EXO0 A8h Enable External interrupt O

Cho phép ngit tai ngat ngoai 0 (= 1)
Gia tri khi reset: 00h, cho phép dinh dia chi bit

Thanh ghi IE cho phép mét ngit ¢ xdy ra hay cAm ngat (dé cho phép can dung
2 bit: bit EA = 1 va bit cho phép twong ting timng ngit).

3.1.2. Thanh ghi IP (Interrupt Priority)
Bang 3.12 — Noi dung thanh ghi [P

|- |- |PT2|PS|PTI | PXI | PTO | PXO |

Bit | Ky hi€u | Dia chi Mo ta
IP.7 | -
IP.6 | -
IP.5 | PT2 BDh | Chon mirc uu tién cao (= 1) hay thap (= 0) tai timer 2
IP.4 | PS BCh Chon mtc wu tién cao (= 1) hay thap (= 0) tai cong ndi tiép
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IP.3 | PT1 BBh Chon mtc wu tién cao (= 1) hay thap (= 0) tai timer 1
IP.2 | PX1 BAh Chon mirc uu tién cao (= 1) hay thap (= 0) tai ngat ngoai 1
IP.1 | PTO B%h Chon mirc wu tién cao (= 1) hay thap (= 0) tai timer 0
IP.0 | PXO0 B8h Chon mtc wu tién cao (= 1) hay thap (= 0) tai ngit ngoai 0

Gia tri khi reset: 00h, cho phép dinh dia chi bit

Thanh ghi IP cho phép chon mirc wu tién cho cac ngat. Ho MCS-51 ¢6 2 miic
ru tién: mirc cao va muc thap. Qua trinh xir I wru tién ngat mo ta nhu sau:

- Néu 2 ngat xay ra dong thoi thi ngat nao c6 muac uu ti€n cao hon s€ dugc
phuc vu trude.

- Néu 2 ngit xay ra dong thoi c6 cing mirc vu tién thi thi tu vu tién thyuc
hién tir cao dén thap nhu sau: ngit ngoai 0 — timer 0 — ngit ngoai 1 — timer
1 — cong ndi tiép — timer 2.

- Néu ISR cua mot ngét c6 muc uu tién thép dang chay ma co ngét khac xay
ra véi mirc wu tién cao thi ISR ndy s& tam dirng dé chay ISR ¢6 mirc wu tién
cao (cling co nghia 1a khong thé dimg ISR ¢6 muc wu tién cao).

3.1.3. Thanh ghi TCON (Timer/Counter Control)
Bang 3.13 — Noi dung thanh ghi TCON

| TF1 | TRI1 | TFO | TRO | IE1 | IT1 [ IEO | ITO |

Bit Ky Dia Mo ta
hiéu chi

TCON.7 | TF1 8Fh

TCON.6 | TR1 8Eh Xem phin timer

TCON.5 | TFO 8Dh

TCON.4 | TRO 8Ch

TCON.3 | IE1 8Bh | Co ngat ngoai 1
Dit bang 1 khi phat hién tac dong ngét tai INTI
Xoa bang phan mém hay bang phan cting khi chuyén
diéu khién dén ISR

TCON.2 | IT1 8Ah Interrupt 1 Type control bit
= 0: ngat ngoai 1 dugc tac dong bang muc logic 0
= 1: ngit ngoai 1 dugc tac dong bang canh 4m

TCON.1 | IEO 89h Dung cho ngat ngoai 0

TCON.O | ITO 88h

Gia tri khi reset: TCON = 00h
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3.2. Xirly ngit

Pé kiém tra khi ndo ngit xay ra, cac cd ngit duoc ldy miu ¢ thoi gian S5P2
ctia mdi chu ky may. Céc diéu kién ngit dugc hoi vong cho dén chu ky may ké tiép dé
xac dinh xem c6 ngit xdy ra hay khong. Khi ¢ diéu kién ngat, hé thong ngit sé& tao ra
lénh LCALL dé goi ISR tuong tng nhung 1énh nay s& khong duoc thuc hién khi ton

tai mot trong céc dicu kién sau:

- C6 mot ngit c6 mirc vu tién bang hay cao hon dang dugc phuc vu.
- Chu ky hoi vong hién tai khong phai 1a chu ky cudi cia mot 1énh.

- Pang thyc thi 1énh RETI hay bat ky 1énh nao c¢6 anh huéng dén thanh ghi

IE va IP.

Khi ¢c6 ngét xdy ra, cac thao tac thuc hién lan luot 1a:

Hoan tat 1énh hién hanh.

Luu trang thai ciia ngat hién hanh.

Cét n6i dung ctia thanh ghi PC vao stack.

Dua vao thanh ghi PC dia chi cua ISR tuong ung.

Sau khi thuc hién xong ISR (két thuc bang 1énh RETI), thuc hién qué trinh:

khoi phuc trang thai ban dau ctia ngat va 1ay dia chi tir stack dua vao PC.

% Bang vector ngat

Khi xdy ra ngat, thanh ghi PC s& dugc nap gid tri tvong tng véi cac ngat. Cac

gia tri nay dugc goi la vector ngat, mo ta nhu sau:

Bing 3.14 — Bang vector ngit

Nguyén nhan ngit | Dia chi
Reset 0000h
Ngit ngoai 0 0003h
Timer 0 000Bh
Ngit ngoai 1 0013h
Timer 1 001Bh
Cong nbi tiép 0023h
Timer 2 002Bh

Trong cac nguyén nhan nay, reset c¢6 thé dugc xem nhu mot ngit co vector ngat
12 0000h nhung cach xir 1y khi reset khong gidng nhu ngat: khai dong tat ca cac thanh

ghi vé gia tri mic dinh va khong luu ndi dung cua PC vao stack.
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Theo bang vector ngat, ISR ciia ngat ngoai 0 nam tir dia chi 0003h dén 000Ah
(chiém tong cong 8 byte) nén khi st dung ISR ¢6 kich thudc thap hon 9 byte thi ¢6 thé
dung truc tiép tai dia chi 0003h (xem thém phan sau). Tuy nhién, néu kich thudc ISR
16n hon thi phai ding cac 1énh nhay tai cac vector ngat. Khi d6 chuong trinh s& c6 cau
trac nhu sau (tén cta cac ISR c6 thé thay d6i):

ORG 0000h

LJMP main

ORG 0003h

LJMP IntO_I SR
ORG 000Bh

LIJMP Timer(O ISR
ORG 0013h

LJMP Intl_I SR
ORG 001Bh

LJMP Timerl ISR
ORG 0023h

LIJMP Serial ISR

RETI

RETI
Timerl ISR:

RETI
Serial ISR:

END

Luu ¥ rang néu khong sir dung ngit nao thi khong can phai khai bao ISR cho
ngit do.
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3.3. Ngit do b dinh thoi
MCS-51 ¢6 2 ngudn ngit tir timer: timer 0 va timer 1 (d6i v6i ho 89x52 con ¢
thém timer 2). Khi timer hoat dong & ché o ngét, chuong trinh van hoat dong binh
thuong cho dén khi timer tran thi méi chuyén dén vi tri cta ISR (trong khi do, khi
timer hoat dong khong sir dung ngit thi chuong trinh s& dimg lai — xem thém phén vi
du trong hoat dong dinh thoi).

Céac ngudn ngit nay cho phép hay cidm bang cac bit trong thanh ghi IE: EA,
ETO, ET1 va chon ché d6 uu tién bang cac bit trong thanh ghi IP: PT0, PT1. Khi timer
tran, c& TFx s& chuyén 1én mirc 1. Hé thong ngit khi phat hién co TFx 1én 1 s& chuyén
dén ISR tuong tmg va ty dong xo04 c& TFx.

Qué trinh diéu khién hoat dong bang b dinh thoi cé st dung ngit thuc hién
nhu sau:

- Xéc dinh ché d6 hoat dong cua bd dinh thoi.

- Nap gia tri cho cac thanh ghi THx, TLx.

- Cho phép ngit tai cac bd dinh thoi twong tng (thanh ghi IE).
- Xéc dinh mirc vu tién (thanh ghi IP).

- Cho phép timer chay bang cac bit TRx.

- Viét ISR cho timer tuong tng.

Vi du 1: Viét chuong trinh tao song vudng tan sb f= 5 KHz tai P1.0 dung ngat
timer 1 (gia st tan s6 thach anh 1a 12 MHz).

Giai

f=5KHz — T =200 ps (200 chu ky) — thoi gian tri hoan: 100 chu ky
Gia tri #ém = 100 — dung ché do 8 bit

TMOD = 0010 0000b (20h)

- NOoi dung thanh ghi IE:

EA |- | ET2 |ES | ETI | EX1 | ETO | EX0
1 10] O 0 1 0 0 0
IE = 1000 1000b (88h)

Chuong trinh thyc hién nhu sau:

ORG 0000h
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LJMP main
ORG 001Bh
CPL P1.0 ;
RETT ;

Main:
MOV TMOD, #20h
MOV IE,#88h ;
MOV TH1, # (-100)
MOV TL1,#(-100)
SETB TR1
SJMP $ ;

END

dao bit
trd vé chuong trinh chinh tu ISR

Cé thé thay thé bdng 2 lénh sau:
SETB EA
SETB ET1

Ldp tai chd, nghia 1a chuong trinh
khéng lam gi ca, cho timer tran (céac
tng dung thuc té cé6 thé xu ly céac
cbng viéc khéc)

Luu y rang lénh CPL P1.0 chiém 2 byte, 1énh RETI chiém 1 byte, tong cong
ISR cho timer 1 1a 3 byte khong vuot qua 8 byte nén co thé dit truc tiép tai dia chi

001Bh.

Vi du 2: Viét chuong trinh tao xung vudng tan sé f = 10KHz tai P1.0 dung
ngat timer 0 va xung vudng tan s6 f= 1 KHz tai P1.1 dung ngat timer 1.

Gia tri dém cho timer 0: 50.

Gia tri dém cho timer 1: 500.

— timer 0: 8 bit, timer 1: 16 bit

TMOD = 0001 0010b (12h)

- Noi dung thanh ghi IE:

EA | -

ET2 | ES | ET1 | EX1 | ETO | EXO0

1 [0

0 160 | 0 | 0

IE = 1000 1010b (3Ah)

Chuong trinh thuc hién nhu sau:

ORG 0000h
LJIJMP main
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ORG 000Bh

CPL P1.0

RETI

ORG 001Bh

MOV TH1, #HIGH (-500)
MOV TL1, #LOW (-500)
CPL P1.1

RETI

Main:

MOV TMOD, #12h

MOV IE, #8Ah

SETB TRO

SETB TR1

MOV TH1, #HIGH (-500)
MOV TL1, #LOW (-500)
MOV THO, # (-50)

MOV TLO, # (=50)

SJIMP $

END

; 2 byte
; 2 byte
; 2 byte
;1 byte

Trong vi du nay, do timer 1 hoat dong & ché d6 16 bit nén mdi lan timer tran
phai thuc hién nap lai gia tri cho timer 1.

Vi du 3: Viét chuong trinh dung ngit timer 0 sao cho ctr 1s thi ting ndi dung
ctia cac 6 nhd 30h, 31h, 32h theo quy luat ddng hd (30h chira gid, 31h chua phut, 32h
chua giay).

Yéu cau chuong trinh tri hoan 1 1s trong khi timer 0 cho phép tri hoén tbi da 1a
65536 us — chon gia tri dém 1a 50000 va thyc hién lap lai 20 lan (20 x 50000 =
1000000 ps = 1s).

TMOD = 0000 0001b (01h)
IE = 1000 0010b (82h)

Chuong trinh thuc hién nhu sau:

Hour EQU 30h
Minute EQU 31h
Second EQU 32h
ORG 0000h

LJMP main

.
4

Pinh nghia trudc céc & nhd
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ORG 0003h
LJIJMP Timer(O ISR

Main:

MOV TMOD, #01h
MOV IE, #82h

MOV THO, #HIGH (-50000)
MOV TLO, #LOW (-50000)

MOV R7, #20
SETB TRO
SJMP $

TimerO ISR:

MOV THO, #HIGH (-50000)
MOV TLO, #LOW (-50000)

DINZ R7,exitTimer0
CALL Inc clock
MOV R7, #20

exitTimerO:

RETI

Inc clock:

INC Second

MOV A, Second

CJINE A, #60,exitInc
MOV Second, #0

INC Minute

MOV A,Minute

CINE A, #60,exitInc
MOV Minute, #0

INC Hour

MOV A, Hour

CINE A, #24,exitInc
MOV Hour, #0

exitInc:

RET
END

3.4. Ngit do cong noi tiép

Ldp 20 lan

Néu chua dua 20 1la&n thi thoat
Tdng theo quy ludt déng hd

Tang giady

Néu gidy < 60 thi thoat
Ngugc lai thi gan gidy = 0
va tdang phut

Néu phut < 60 thi thoat
Nguoc lai thi gan phut = 0
va tang gio

Néu gid < 24 thi thoat
Ngugc lai thi gan gio = 0

MCS-51 ¢6 2 ngudn ngat do cong ndi tiép: ngit phat va ngit thu. Hai ngudn
ngit nay xac dinh bang cac bit RI, TI va ding chung mot dia chi ISR nén khi chuyén
dén ISR, cic co ngit khong tu dong xoa bang phan cimg ma phai thuc hién bang phan
mém: kiém tra nguyén nhan ngat (RI hay TI) va xo4 bit cd twong ting.
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Vi du: Viét chuong trinh khoi dong cong ndi tiép ¢ ché do UART 8 bit véi tde
d6 truyén 4800 bps. Viét ISR cho cbng ndi tiép theo yéu cau: truyén tuan tu cac ky tu
tir ‘A’ dén ‘Z’ ra cong nbi tiép dong thoi mdi 1an ¢ ky tu dén cong nbi tiép thi nhan
vé va xuat ky tu nhan ra PO (gia sir tin sb thach anh 1a 11.0592 MHz).

Giai
- NOoi dung thanh ghi SCON:
SMO | SM1 SM2 REN TB8 | RBS§ TI RI
0 1 0 1 0 0 0 0
UART 8 Khong & ché do da | Cho phép Khéng cho phép
bit xu ly thu truyén
SCON = 50h
- Noi dung thanh ghi TMOD:
GATEI] C/T1 MI11 | M10 | GATEO | C/T0 | MO1 | M0OO
0 0 1 0 0 0 0 0
Khong dung | Bém bang dao dong | Che do 8 | Timer 0 khong dung
INTI nodi bit

TMOD = 0010 0000b (20h)
- Gia tri @m (theo bang 3.10): THI =-6

- Noi dung thanh ghi IE:

EA |- [ET2|ES|ETI | EXI | ET0 | EX0
1jolo 1] o] o] o] o
IE = 1001 0000b (90h)

Chuong trinh thyc hi¢n nhu sau:

ORG 0000h
LJMP main
ORG 0023h ; Pia chi ISR cua cbéng ndi tiép
LJMP Serial ISR
Main:
MOV TMOD, #20h
MOV THI1, # (-6)
MOV TL1,#(-6) ; Tbc d6 4800 bps
SETB TR1
MOV R7,#’A’ ; Ky tu truyén dau tién
MOV IE,#90h ; Cho phép ngdt tai cébng nbdi tiép
SETB TI ;Cho phép truyén
SIJMP $
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Serial ISR:
JNB RI,Transmit ; Néu khéng phai ngdt do nhéan
; ky tu thi truyén

CLR RI
MOV A, SBUF ; Nhan ky tu
MOV PO, A ; Xudt ra Port 0
SIJMP exitSerial

Transmit: ; Truyén ky tu
CLR TI
MOV A,R7
MOV SBUF, A ; Truyén ky tu
INC R7 ; Qua ky tu ké

CINE R7,#'7Z’'+1,exitSerial ; Néu chua truyén’Zz’ thi
; tiép tuc truyén, nguoc lai thi
MOV R7,#’A’ ; bdt dau truyén tu ky tu ‘A’
exitSerial:
RETI
END

3.5. Ngit ngoai

MCS-51 ¢6 2 ngudn ngat ngoai khac nhau: ngit ngoai 0 va ngit ngoai 1. Ngit
ngoai xay ra khi bit IEx chuyén 1én mirc 1, qua trinh chuyén murc ciia bit IEx xay ra
khi:

- BitITx =0 va xuét hién muc logic 0 tai chan INTx twong tng (P3.2 cho
ngat ngoai 0 hay P3.3 cho ngat ngoai 1).

- Bit ITx = 1 va xuét hién canh 4m tai chan INTx.

~ Khi co ngit xay ra va cho phép ngat (ding thanh ghi IE), chuong trinh s€ duoc
chuyén dén dia chi cua ISR twong tmg (0003h cho ngat ngoai 0 va 0013h cho ngat
ngoai 1) va xoa co ngat TFx.

Luu ¥ rang cac co ngat duoc 14y mau trong mdi chu ky nén dé phat hién ngit,
yéu cau phai:

- O muc thap tdi thiéu 1 chu ky néu tac dong bang mirc logic (ITx = 0).

- O mirc cao t6i thiéu 1 chu ky trudc khi chuyén xuéng mic thap va mic
thap cling phai ton tai toi thi€u 1 chu ky (ITx = 1).

Qua trinh di€u khién ngdt ngoai mo ta nhu sau:

- Xéc dinh yéu ciu ngat bang canh 4m hay bang mic logic.
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- Cho phép ngit tai ngit ngoai twong mg (dung thanh ghi IE).
- Xéc dinh mirc vu tién (thanh ghi IP).
- Viét ISR cho cac ngit.

Vi du: Viét chuong trinh sao cho mdi khi ¢6 mic logic 0 xuit hién tai P3.2
(ngat ngoai 0) thi tao xung 1 KHz tai P1.0. Qua trinh tao xung chi dung khi c6 mirc
logic 0 xuat hién tai P3.3 (ngat ngoai 1).

Giai

Chuong trinh thyc hién ¢6 3 ngat xay ra: ngit ngoai 0 cho phép timer chay dé
tao xung tai P1.0, ngit ngoai 1 cam timer dé nging qué trinh tao xung va ngat timrer
dé tao xung.

f=1KHz — T = Ims (1000 chu ky): gia trj dém 1a 500 (ché do 16 bit)

- Noi1 dung thanh ghi TMOD:
GATEI1 C/T1 M1l | M10 | GATEO | C/T0 | MO1 | M0OO
0 0 0 1 0 0 0 0
Khong dung | Bém bang dao dong | Ché¢ d¢ 16 | Timer O khong dung
INT1 ndi bit

TMOD = 0001 0000b (10h)
- NOoi dung thanh ghi IE:

EA |- [ET2|ES|ETI | EXI | ET0 | EX0
1jol o o] 1] 1 o] 1
IE = 1000 1101b (3Dh)

Chuong trinh thyc hién nhu sau:

ORG 0000h

LJMP main

ORG 0003h ; Pia chi ISR ngdt ngoai 0
SETB TR1 ; Timer 1 chay

RETI

ORG 0013h ; Pia chi ISR cua ngdt ngoai 1
CLR TR1 ; Cam timer 1

RETI

ORG 001Bh ; Pia chi ISR timer 1

MOV TH1, #HIGH (-500); Ché d&6 16 bit nén mdi 1lan tran
MOV TL1, #LOW (-500); phai nap lai gia tri

CPL P1.0 ; Pado bit P1.0 dé tao xung

RETI
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Main:
MOV TMOD, #10h
MOV TH1, #HIGH (-500)
MOV TL1, #LOW (-500)
MOV IE,#8Dh ; Cho phép ngdt tai ngdt ngoai 0, 1 wva
SJMP $ ; timer 1
END
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BAI TAP CHUONG 3

1. Viét doan chuong trinh theo yéu cau:
- Khoi dong cong nbi tiép & ché d6 UART 8 bit vai toe do truyén 4800 bps.

- Dinh thoi s thi doc dir liéu tir P1, luu vao 6 nhd 30h va xuit dit liéu vira
doc ra cong noi tiep.

2. Viét doan chuong trinh theo yéu cau:
- Khoi dong cong nbi tiép & ché d6 UART 9 bit vai toe do truyén 9600 bps.

- Khi co ngit xay ra tai ngit ngoai 0 thi xuat dir liéu tai 6 nhé 30h ra cong ndi
tiép trong do bit truyén thir 9 1a bit parity.

- Khi c6 ngit tai ngat ngoai 1 thi doc dit lidu tir PO va luu két qua vao 6 nhé
30h.

3. Viét doan chuong trinh theo yéu cau:

- Khico ngét tai ngét‘ngoéi 0 (tac dong béng canh) thi doc dir li¢u tai P2 va
luu vao 6 nhd 30h dong thoi tang gia tri trong 6 nhd 1én 1.

- Dung ngit timer 0 dinh thoi 30s thi doc gid tri trong 6 nhé 30h, xoa ndi
dung trong 6 nhé 31h va kiém tra gia tri theo yéu cau:

Gia tri Thuc hién

>200 | PatbitP1.0=1,x04bitP1.1=0vaP1.2=0
Tao xung f = 1KHz tai P1.3 dung ngit timer 1
<100 |PatbitPl.1=1,x04bitP1.0=0vaP1.2=0
Ngung tao xung tai P1.3

Khac | DPatbitP1.2=1,x0abitP1.0=0vaPl.1=0
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Chwong 4: CAC UNG DUNG DU'A TREN VI
PIEU KHIEN MCS-51

 Chuong nay gioi thi¢u vé mot s6 img dung ciia MCS-51 trong thuc té: diéu
khién Led don, Led 7 doan, ma tran Led, LCD, dong co budc, giao tiep 8255.

1. Didu khién Led don

vCe
D1 R1 b1 R1
IN > //K IN > N”
LED RESISTOR LED RESISTOR |
Hinh b

Hinh a
Hinh 4.1 — So d6 két ndi Led don

Mach diéu khién led don m6 ta nhu hinh 4.1. Luu y ring cac port cua
AT89C51 co6 dong toi da 1a 10 mA (xem thém chuong 1, phan déc tinh DC) nén khi
can diéu khién nhiéu Led can mac thém mach khuéch dai.

vce
o
D2 R1
//K
IN 1 2
D1 R2
74LS04
//K
Vele
o)
D4 R3
//K
D3 R4
//K

n>—— @

Hinh 4.2 — So db két ndi dung mach khuéch dai
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o—=" p3.7/RD P17 F=—=0
30 N 19

O—5g ALE/PROG  XTALL 40
0—=2 PSEN XTAL2 42—

EA/VPP S—lﬂ

RST =—=O
AT89C51

Hinh 4.3 — Két ndi Led don voi AT89C51
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Vi du: Xét so dd két ndi Led nhu hinh 4.3. Viét chuong trinh diéu khién Led
sang tuan tu tr trdi sang phai, moi lan 1 Led.

Giai

_ Cac Led nbi véi Port 0 ciia AT89C51 (PO khi dung nhu cac cong nhap / xuat
thi can phai co6 dién tr6 keo 1én nguén) nén mudn Led sang thi phai goi dir liéu ra PO.
Theo so do mach, Led sang khi céac bit twong tng tai PO 1a 0.

Yéu cau diéu khién Led sang tir trai sang phai (theo thtr ty 1an luot tir P0.0 dén
P0.7) nén dit li¢u goi ra la:

- Lan1:1111 1110b (OFEh) — sang 1 Led trai
- Lan2:1111 1101b (OFDh)

- Lan3:1111 1011b (OFBh)

- Lan4: 1111 0111b (OF7h)

- Lan5:1110 1111b (OEFh)

- Lan6: 1101 1111b (ODFh)

- Lan7:1011 1111b (OBFh)

- Lan8: 0111 1111b (7Fh)

- Lan 9: quay lai gidng nhu lan 1

Chuong trinh thuc hién nhu sau:

MOV DPTR, #MaLed ; DPTR chta vi tri bang mé& Led
Main:
MOV R7, #0 ; Phan tu ddu tién cua bang ma
Loop:
MOV A, R7
MOVC A, @A+DPTR ; Poc bang ma
MOV PO, A ; Chuyén vao PO dé sang Led
CALL Delay ; Chd dé mdt ngudi céd thé thiy
INC R7 ; Chuyén qua trang thai ké
CJINE R7,#8, Loop ; P4 hét bang ma thi lidp lai
SJMP main
MaLed: DB OFEh, OFDh, OFBh, OF7h, OEFh, ODFh, OBFh, 7Fh
Delay:

MOV TMOD, #01h

MOV THO, #HIGH (-50000) ; Chd 50 ms
MOV TLO, #LOW (-50000)

SETB TRO

JNB TFO, $

CLR TFO
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CLR TRO
RET
END

2. Piéu khién Led 7 doan

2.1. Céiu triic va bang mai hién thi dir liéu trén Led 7 doan

- Dang Led:

i g

| — :

i f b |

e

| |

I |

| C |

| € d|d|

: d o'

I —_— ]

Hinh 4.4 — Hinh dang cua Led 7 doan
- Led Anode chung:
COM
a c e g f dp

Hinh 4.5 — Led 7 doan dang anode chung

Péi voi dang Led anode chung, chan COM phai c6 mirc logic 1 va mudn sang
Led thi tuong ung cac chan a — f, dp s€ & muc logic 0.

Béang 4.1 - Bang ma cho Led Anode chung (a 1a MSB, dp la LSB):

So|a|lb|c|d|e|f|g|dp|Mahex
0(0/{0/0]0]|0OfO0]1|1 03h

L (1{0jO0f1 |1 ]1]|1|1 9Fh
210(0|1]0|0|1]|O0] 1 25h
3/10[{0[0(0|1]|1]0] 1 0Dh

4 {11010 (1]1]0(0] 1 9%h
510(1{0{0]1]0[0] 1 49h

6 {0/1]0]0(0]0]|0] 1 41h
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710/0(0[1|1]1]|1]1 1Fh
8(0[0|0[0|0O|0|O] 1 01h
910/0(0]0|1|0]|O0O| 1 0%h

Béang 4.2 - Bang ma cho Led Anode chung (a la LSB, dp 1a MSB):
S6|(dp|g|fle|ld|c|b|a|Maihex
0] 1(1/0[{0[0]0|0|0| OCOh
1|1 |{1[{1|1{1]0|0|1| OF%h
211(0[1]{0/0|1][0|0]| OA4h
3/1/0(1{1]{0]|0/0|0| OBOh
411 (0[{0|1{1]{0[0]1| 9%
501 (0(0[1]0]{0|1]|0| 92h
6 [ 1[0(0[{0|0[0|1|0] &2h
711 (1[1{1[1]0|/0|0| OF8h
81 110/0[{0/0|0|0]|0| 8&0h
9111(0(0[{1/0[0|0|0]| 90h

- Led Cathode chung

a Db ¢

d
D1 D2 D3 D4
ROROR
COM

Hinh 4.6 — Led 7 doan dang cathode chung

e g f£ dp

D5 D6 D7 D8
e f g dp
ROROR

Déi v6i dang Led Cathode chung, chan COM phai c6 mic logic 0 va mudn
sang Led thi twong img cac chan a — £, dp s€ & muc logic 1.

Bang 4.3 - Bang ma cho Led Cathode chung (a 1a MSB, dp 1a LSB):

So|a|lb|c|d|e|f|g|dp|Maihex

O |(1[1|Ll|{1|1|1]{0] O | OFCh

1 {0]1]1|]0|0({0]|0]| O 60h

2 (1(1]0|1|1[{0|1] O | ODAh

3111 1]0(0|1]O 0F2h

4 10|1|1(0(0|1|1|O 66h
S{1]0|1|1|0|1|1] O | OB6h

6 |1]0|1|1|1|1|{1] O | OBEh
71111{1{0[0[0{0| O | OEOh
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g (1|1|1j1]1/1|1| O | OFEh
9 11|11 |1]|0[1]|1] O | OF6h

Béang 4.4 - Bang ma cho Led Anode chung (a 1a LSB, dp la MSB):

So|dp|g|f|e|d|c|b|a|Mahex
O[O0 |O|1|1|L1|1f1|1| 3Fh
110(0[0|OJO|1|1|0] O06h
210 (1]0[1|1]|0O|1|1| 5Bh
310(1(0{0f(1}1|1|1]| 4Fh
410 (1[1/0[{0|1[1]0| 66h
510 (1(1]0|1|1/0|1| 6Dh
6 |0 |1|1|1(1]1|0|1| 7Dh
710(0(0[{0|0|1|1]|1| O7h
8O0 1|11 1|1|Ll|1] 7Fh
910 (11|01 }|1|1|1]| 6Fh

2.2. Cac phwong phap hién thi dir liéu

2.2.1. Phuong phap quét
Khi két ndi chung cac dudng dir liéu cua Led 7 doan, cac Led khong thé sang
ddng thoi (do anh hudng 1an nhau giira cac Led) ma phai thuc hién quét Led, nghia 1a
tai mdi thoi diém chi sang mot Led va tat cac Led con lai. Do hién tuong luu anh cua
mat, ta s& thdy cac Led sang dong thoi.

Vi du 1: Xét so d6 két ndi nhur hinh 4.7. Viét chwong trinh hién thi s6 0 ra Led1
va s 1 ra Led2.

Led c6 chan COM ndi voi Vee (thong qua Q2, Q3) nén Led 1a loai anode

chung va Q2, Q3 1a transistor PNP nén dé Led sang thi dit liéu twong tng tai cac chan
diéu khién (P1.0, P1.1) phai la 1.

Theo so d6 két ndi, chan g cua Led ndi véi P0.6, chan a ndi véi PO.0 nén bang
mi Led 13 bang 4.2, dit liéu cho s6 0 va 1 1an luot 1a 0COh va OF9h.

Phuong phép sir dung 14 phuong phap quét nén can phai c¢6 thoi gian tri hodn
gitta 2 1an quét, thoi gian nay duoc thuc hién thong qua timer (thoi gian tri hodn
khoang 200 ps).
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Chuong trinh thyc hién nhu sau:

Xo4 Pl dé& tit Led

M& s6 0
Sang Ledl

Thdi gian

Tat Ledl

Ma sb 1
Sang Led2

Tat Led2

MOV P1,#0 ;
Main:
MOV PO, #0COh
SETB P1.0 ;
CALL Delay ;
CLR P1.0 ;
MOV PO, #0FSh
SETB P1.1 ;
CALL Delay
CLR P1.1 ;
SJMP main
Delay:

MOV TMOD, #01h
MOV THO, # (-200)
MOV TLO, # (-200)
SETB TRO

JNB TFO, $

CLR TFO

CLR TRO

RET

END

trl hodn dé thdy Led séang

Vi du 2: Viét lai chwong trinh trén nhung st dung ngét cuia timer.

Giai

Déi véi chuong trinh trong vi du 1, khi dang thyc hién quét led thi chuong
trinh khong 1am gi ca trong khi d6, cac tng dung thuc té thuong xtr 1y cac cong viée
khac dong thoi voi qua trinh quét. Van dé nay co thé giai quyét bang cach sir dung
ngétcﬁathnet1n6ikhithnerﬂénthithuclﬂénlﬁénthiﬁén],Led.

Chuong trinh thuc hi¢n nhu sau

Ledl EQU 30h
Led2 EQU 31h
Led Pos EQU 32Zh
ORG 0000h

LJMP main

ORG 000Bh

LJIJMP Timer(O ISR

.
4

Pia chi chta d
bia chi chta di
Vi tri Led hién

bia chi ISR cua

liéu cua Ledl
liéu cua Led?2
hanh

timer O
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Main:
SETB
SETB
MOV
MOV
MOV
MOV
MOV
MOV
MOV
SETB
SJMP

EA ; Cho phép ngdt tai timer O
ETO
Ledl, #0COh ; S6 0
Led2, #0F9%h ; S6 1
Led Pos,#01lh ; Vi tri sang dau tién la Ledl
RO, #Ledl ; D liéu gdi ra dau tién 1a & Ledl
TMOD, #01h
THO, # (-200)
TLO, # (-200)
TRO
$ ; Khéng lam gi cad, cac tng dung thuc té

; c6 thé thém chuong trinh vao

Timer(O ISR:

MOV A,Led Pos ; Xac dinh vi tri Led hién hanh
MOV P1,A ; Sang Led hién hanh

RL A ; Dich trdi dé chuyén qua Led ké
MOV Led Pos,A ; trong qua trinh tran tiép theo
MOV A, @GRO ; Poc dr 1iéu hién hanh

MOV PO, A

INC RO ; Chuyén qua di@t liéu ké

CJINE RO, #Led Pos,exitTimer0O ; Néu da quét hét toan bd
MOV Led Pos,#0lh ; Led thl bdt dau lai tu Ledl

MOV

RO, #Ledl

exitTimerO:

RETI
END

Vi du

2 ¢6 thé mo rong thém cho 8 Led trong d6 cac bit diéu khién tir P1.0 dén

P1.7 bang cach khai bao thém cac 6 nh¢ cho cac Led nhu sau:

Ledl
Led?2
Led3
Led4
Ledb
Ledb
Led?7
Led8
Led

EQU 30h ; Pia chi chtta d 1iéu cua Ledl
EQU 31h ; Pia chi chtta d 1iéu cua Led2
EQU 32h

EQU 33h

EQU 34h

EQU 35h

EQU 36h

EQU 37h

Pos EQU 38h ; Vi tri Led hién hanh
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Vi du 3: Viét chuong trinh hién thi ndi dung trong 6 nhé 30h ra 2 Led trong d6
Led! chira sb hang chuc va Led2 chira sé hang don vi (gia sir gi4 tri trong 6 nhé 30h
t6i da 1a 99).

Giai
Dé xuét noi dung trong 6 nhé 30h ra Led 7 doan can thuc hién:

- Chuyén noi dung trong 6 nhd 30h thanh sé hang chuc va hang don vi (thuc
hién chia cho 10).
- Chuyén gia tri s thanh mi Led 7 doan (bang cach tra bang).

Chuong trinh thyc hién nhu sau:

Ledl EQU 30h ; Pia chi chtta dit 1iéu cua Ledl
Led2 EQU 31h ; Pia chi chtta dt 1iéu cua Led?2
Led Pos EQU 32h ; Vi tri Led hién hanh
ORG 0000h
LJMP main
ORG 000Bh ; Pia chi ISR cua timer O
LJMP TimerO_ISR

Main:
SETB EA ; Cho phép ngdt tai timer O
SETB ETO
MOV Led Pos,#0lh ; Vi tri sang dau tién la Ledl
MOV RO, #Ledl ; Dt liéu g&i ra dau tién 1la & Ledl

MOV TMOD, #01h
MOV THO, # (-200)
MOV TLO, #(-200)

SETB TRO
Begin:
MOV A, 30h
CALL Chuyenma
SJMP Begin
Chuyenma:
MOV B, #10 ; Chia cho 10: A ch@ta sé hang chuc,
DIV AB ; B chta sb hang don vi
CALL BCDtoLed7 ; Chuyén sang m& Led 7 doan
MOV Ledl, A ; bua vao 6 nhdé 31h (Ledl)
MOV A, B ; Chuyén sang m& Led 7 doan cua

CALL BCDtoLed7; s& hang don vi
MOV Led2,A
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BCDtoLed7:
MOV DPTR, #MaLed?7
MOVC A, QA+DPTR
RET
MaLed7: DB 0COh, O0F%h, 0A4h,0OBOh, 99%h, 92h, 82h, 0F8h, 80h, 90h

TimerO ISR:

PUSH ACC

MOV A, Led Pos ; Xac dinh vi tri Led hién hanh
MOV P1,A ; Sang Led hién hanh

RL A ; Dich trdi dé& chuyén qua Led ké
MOV Led Pos,A ; trong qua trinh tran tiép theo
MOV A, @GRO ; Poc dr 1iéu hién hanh

MOV PO, A

INC RO ; Chuyén qua dit liéu ké

CJNE RO, #Led Pos,exitTimer0O ; Néu da quét hét toan bd
MOV Led Pos,#01lh ; Led thl b&t dau lai tu Ledl
MOV RO, #Ledl1
exitTimerQ:
POP ACC
RETI
END

2.2.2. Phuwong phap chot
Khi thyc hién tach riéng cac duong dir liéu cua Led, ta c6 thé cho phép cac Led
sang dong thoi ma s& khong ¢o hién twong anh hudng giita cac Led. IC chdt cho phép
luru triv dit lidu cho cac Led c6 thé sir dung 1a 7418373, 74LS374. Khi thuc hién bang
phuong phép chdt, khi ndo can xuét dir liéu ra Led thi goi dit lidu va tao xung dé chét.

Vi du: Xét so 6 mach két ndi nhu hinh 4.8. Viét chuong trinh xuét s6 2 ra
Led3 va s6 3 ra Led4.

Do Led3 ndi voi 74LS374 (U5) diéu khién bang chan P1.0 nén dé hién thi trén
Led3, can phai:

- Xuét dit liéu ra PO.
- Kich xung tai chan P1.0 dé chét di liéu
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Gido trinh Vi diéu khién Cic trng dung dwa trén vi diéu khién MCS-51

Chuong trinh thyc hién nhu sau:

MOV PO, #0BOh
CLR P1.0
SETB P1.0
MOV PO, #99h
CLR P1.1
SETB P1.1
END

3. Piéu khién ma trin Led

Ma trin LED bao gom nhiéu LED cting ndm trong mét vo chia thanh nhiéu cot
va hang, mdi giao diém gitta hang va cot c6 thé ¢6 1 LED (ma tran LED mot mau) hay
nhiéu LED (2 LED tai mét vi tri tao thanh ma trdn LED 3 mau). Dé LED tai mot vi tri
nao d6 sang thi phai cap hiéu dién thé duwong giita Anode va Cathode. Trén co s& céu
truc nhu vay, ta co thé mé rong hang va cdt cua ma tran LED dé tao thanh céc bang
quang bao.

Hinh 4.9 — Hinh dang ma tran Led

Két ndi ctia ma tran Led c6 2 cach: anode ndi véi hang, cathode ndi voi cot hay
nguoc lai. So dd két ndi mo ta nhu hinh 4.10. Theo ciu trac két ndi nhu hinh Ve, 2
Led trén 2 cot khong thé sang déng thoi. Xét so d6 két ndi nhuw mach hinh b, mot Led
sang khi tuong img hang ciia Led =0 va cdt = 1.

Gia st ta can sang Led déng thoi tai hang 1, c6t 1 va hang 2, cot 2. Nhu vay, ta
phai co hang 1 = 0, c6t 1 = 1 (sang Led tai hang 1, cot 1) va hang 2 =0, cot 2 =1
(sang Led tai hang 2, cot 2). Ttir d6, do hang 1 =0, cot2=1vahang2 =0, cot2 =1
nén ta cling c6 cac Led tai hang 1, cot 2 va hang 2, c6t 1 cling sdng. Nghia 1a, khi ta
cho 2 Led tai hang 1, c¢0t 1 va hang 2, c¢0t 2 sang déng thoi thi s& dan dén cac Led tai
hang 1, cot 2 va hang 2, ¢t 1 cling sang.

Do d6, dé thuc hién sang mot ky tu trén ma tran Led, ta phai ding co ché quét,
tai moi thoi diém chi sang 1 cdt, cac cdt con lai tat di nhung neu cho thoi gian quét da
nhanh thi ta van thay giong nhu céc cot sang dong thoi.
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[

o

[ N
[ L
[ N

Hinh a Hinh b

Hinh 4.10 — So dd két ndi ma tran Led
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Dit liéu cho s6 0:

T B B

bl I Bl B I

bé sang s6 0 trén ma tran Led, ta thuc hién qué trinh quét nhu sau:

Lan 1: Hang = 0100 0001b, cot = 0001 0000b
Lan 2: Hang = 0011 1110b, ¢4t = 0000 1000b
Lan 3: Hang = 0011 1110b, ¢t = 0000 0100b
Lan 4: Hang = 0011 1110b, cot = 0000 0010b
Lan 5: Hang = 0100 0001b, cot = 0000 0001b

Vi du: Xét so d6 két ndi ma tran Led nhu hinh 4.11. Viét chuong trinh sang s6

0 trén ma tran Led.
Giai

main:
MOV RO, #0

lap:
MOV A, RO
MOV DPTR, #cot
MOVC A, @A+DPTR
MOV P1,A

MOV A, RO

MOV DPTR, #hang
MOVC A, @A+DPTR
MOV PO, A

CALL delay

INC RO

CJINE RO, #5, lap

Xudt cdt

Xudt hang

Tao thdi gian tri hoadn dé thiy
Chuyén sang cot ké

Néu quét du 5 coét thi ldp lai
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SIJMP main
delay:

MOV TMOD, #01h

MOV TLO, #LOW (-500)

MOV THO, #HIGH (-500)

SETB TRO

JNB TFO, $

CLR TFO

CLR TRO

RET
cot: DB 01h,02h,04h,08h,10h
hang: DB 41h,3Eh,3Eh,3Eh,41h
END

Vi du 2: Viét chuong trinh cho chudi ‘KTCN’ di chuyén tir trai sang phai trén
ma tran Led.
Giai

Giai thuat dé Led di chuyén tir trai sang phai tham khao thém tai Tai liéu Thi
nghiém Vi xir Iy — Bai 3 (ma trdn Led va ban phim) (download tai Website
http://eed.hutech.edu.vn).

main?2:
MOV R2, #0
mainl:
MOV R1, #20 ; Mot ky tu quét 20 lan
main:
MOV RO, #0
lap:
MOV A,RO
MOV DPTR, #cot
MOVC A, @A+DPTR
MOV P1,A

MOV A, RO
ADD A, R2
MOV DPTR, #hang
MOVC A, @A+DPTR
MOV PO, A
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CALL delay
INC RO
CJNE RO, #5, lap

DJINZ R1,main
INC R2
CJNE R2,#31,mainl ; Néu quét hét chudi thi 1l8p lai
SJMP main?2
delay:
MOV TMOD, #01h
MOV TLO, #LOW (-500)
MOV THO, #HIGH (-500)
SETB TRO
JNB TFO, S
CLR TFO
CLR TRO
RET
cot: DB 01h,02h,04h,08h,10h
hang: DB 00h,77h, 6Bh, 5Dh, 3Eh, 7Fh ;M& ch® K
DB 7Eh, 7Eh, 00h, 7Eh, 7Eh, 7Fh ;M& cht T
DB 41h, 3Eh, 3Eh, 3Eh, 5Dh, 7Fh ;Ma ch#t C
DB 00h, 7Dh, 7Bh, 77h, 00h, 7Fh ;M& chi# N
DB 7Fh, 7Fh, 7Fh, 7Fh, 7Fh ; Cac cot trdng
END

4. Piéu khién dong co budéc

Pong co bude 1a dong co cho phép dich chuyén mdi 1an mot bude hay nira
budc tuy theo xung diéu khién. Goc quay cta mdi bude tuy theo loai dong co, thudng
1a 1.8”/budc hay 7.2°/budc.

Dong co budc gém 4 cudn day: 1-2, 2-3, 4-5 va 5-6 nhu so dd sau:

MG1
1
2
3
<| w| «©| STEPPER MOTOR

Hinh 4.12 — Bdng co budc
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Cic trng dung dwa trén vi diéu khién MCS-51

Mach diéu khién dong co nhu sau:

R1

R2

R3

e

R4

at
o
3

d’{”

Hinh 4.13 — So dd diéu khién dong co budc

Xung diéu khién dong co nhu sau:

Bang 4.5 - Diéu khién mot budce

MG1

“l MOTOR STEPPER

Nguogc Thuan
2 3 4 2 3 4

1 0 0 0 1 0 0 0

0 1 0 0 0 0 0 1

0 0 1 0 0 0 1 0

0 0 0 1 0 1 0 0

1 0 0 0 1 0 0 0

Bing 4.6 - Diéu khién nira budc
Nguoc Thuan
2 3 4 1 3

1 0 0 1 1 0 0 1
1 0 0 0 0 0 0 1
1 1 0 0 0 0 1 1
0 1 0 0 0 0 1 0
0 1 1 0 0 1 1 0

Pham Hung Kim Khanh Trang 113

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Cic trng dung dwa trén vi diéu khién MCS-51

—| o o] ©
o| o o] ©
o| of —| —
—_| = =] ©
—_ = =] ©
o| of —| —
o| o o] ©
—| o o] ©

Vi du: Xét so do két ndi dong co nhu hinh 4.14. Viét chuong trinh diéu khién
dong co quay thuan mdi 1an mot budce véi toe do 50 vong/phit (gia sir dong co co goc
quay 1a 7.2°/budc).

vce
¢}
R11 D13 MG1
Q4
1
us 2
3

[} :g P0.0/ADO  P2.0/A8 g%
O—37 PO.U/ADL  P2.1/A9 53
D36 PO2/AD2  P2.21A10 |5 R12 Sl | moTor sTEPPER

35| PO.3/AD3  P2.3/ALl [ Q5 D14
O—37 PO.4/AD4  P2.4/A12 [—5&—0
O—33 PO.5/AD5  P2.5/A13 (71
0—35- PO.6/AD6  P2.6/A14 551
0—==+ P0.7/AD7 P2.7/A15 —0O
D—% P1.0 P3.0/RXD g O
O—3 PL1 P3.LTXD 751 R13
00— P1.2 P3.2/INTO 0 1
D—é P1.3 P3.3/INT1 i 0 Q@ p1s
O—p PL4 P3.4/T0 15
0— PL5 P3.5/TL 16
O—g PLE P3.6/WR [—7 2
00— P1.7 P3.7/RD —O
D+2-XTAL1 ALE/PROG %ﬂ R14
O—=—pXTAL2 PSEN =4 1 o7 D16
D% EA/VPP
O——— RST

AT89C51 i

Hinh 4.14 — So d6 két ndi AT89C51 vé6i dong co bude

Goc quay 7.2%budc — 1 vong quay can 360%7.2° = 50 bude — 50 vong quay
can thuc hién 2500 budc.

Téc d6 50 vong / phut — 1 phut (60s) thuc hién 2500 budc — mdi budc can
60/2500 = 0.024s = 24,,000 ps.

Thur ty kich xung nhu bang 4.5. Chuong trinh thuc hi¢n nhu sau:

main:
MOV RO, #0
MOV DPTR, #thuanlbuoc
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begin:
MOV A,RO
MOVC A, @A+DPTR
MOV P2,A ; Xudt ra P2 dé diéu khién dbéng co
CALL Delay
INC RO
CJINE RO, #4,begin
SJIMP main
Delay:
MOV TMOD, #01h
MOV THO, #HIGH (-24000)
MOV TLO, #LOW (-24000)
SETB TRO
JNB TFO, $
CLR TFO
CLR TRO
RET

thuanlbuoc: DB 08h,04h,02h,01h
END

5. Piéu khién LCD (Liquid Crystal Display)
< So dd ctia LCD1602A:

1602 Lcb

THIS IS THE LCD
2 LINES x 16 CHARACTERS

LAMP

Hinh 4.15 - LCD 1602A

- CONST (contrast): chinh d twong phan (d¢ sang cua hinh anh trén LCD).

- EN (Enable): cho phép doc/ghi dir lidu. Trong ché do doc, EN tac dong bang
xung duong (canh 1€n) va trong ché d6 ghi, EN tac dong bang xung dm (canh
xuong).

Pham Hung Kim Khanh Trang 115

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Cic trng dung dwa trén vi diéu khién MCS-51

- RS (register selection): chon thanh ghi 1énh (RS = 0) hodc thanh ghi dir li¢u
(RS=1)

- R/W: doc (R/W = 1) hay ghi (R/'W = 0)

- D7 —D4: bus dir lriéu (ché dd 8 bit: 4 bit cao, ché do 4 bit: dung cho truyén 4
bit cao va 4 bit thap). Ngoai ra, bit D7 con dung lam ngo ra cho co Busy.

- D3 —DO: 4 bit thip trong ché d6 8 bit hay bo tréng trong ché do 4 bit.

- A, K: anode va cathode dén nén ciia LCD.

% Cac thanh phén chirc ning ciia LCD1602A:

- Co Busy (BF — Busy flag): Néu BF = 1, LCD dang trong qué trinh thuc thi
mdt 1énh. Khi d6, cac 1€nh goi tiép theo s€ bi bo qua. BF dugc doc tai chan
D7 khi RS = 0 va R/W = 1. Do d6, truéc khi thuc hién mot 1énh, can kiém tra
BF trudc, néu BF = 0 thi méi goi 1énh.

- DDRAM (Display Data RAM): chtra cac ky ty s& hién thi trén LCD, t6i da
1a 80x8 bit (80 ky ty). Khi hién thi & ché d6 1 dong, dia chi cia DDRAM c6
pham vi tir 00h + 4Fh con khi & ché d6 2 dong, dia chi DDRAM tu 00h +
27h cho dong 1 va 40h + 67h cho dong 2.

- B0 dém dia chi (AC - Address Counter): dung dé luu dia chi hién hanh cta
DDRAM va CGRAM, ¢6 thé thuc hién doc AC khi RS =0 va R/W = 1.

- CGROM (Character Genaration ROM): chira cic md hinh ky tu s& hién
thi trén LCD, bao gdom 192 ky tyr 5x7 theo bang ma ASCII (nghia la khi
DDRAM chtra gia tri 41h tuong Gmg véi ma ASCII cua ky ty ‘A’ thi trén
LCD s& hién ‘A”), trong d6 chi ¢6 cic ma tir 00h — OFh s& khong 1dy theo ma
ASCII ma lay theo cac ky tu da dinh nghia trong CGRAM.

-  CGRAM (Character Genaration RAM): chira cic md6 hinh ky tur do nguoi
sir dung dinh nghia dé hién thi cac ky tu khong co sin trong CGROM.
CGRAM cho phép tao t6i da 8 ky tur 5x8 (xem bang 4.7).

Bang 4.7 — Cac ky tu dinh nghia trong CGRAM

DDRAM | Pia chi CGRAM | Dir liéu CGRAM | Ky tw
00h hay 08h | 000 000 XXX 77777 1
000 001 xxx ?7777?
000 010 XXX 77777
000 011 XXX 77777
000 100 XXX 77777
000 101 XXX 77777
000 110 xxx 77777
000 111 XXX 77777
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01h hay 09h | 001 000 XXX 77777
001 001 xXxx 77777
001 010 xXxx 77777
001 011 Xxx 77777
001 100 xxx 77777
001 101 Xxx 77777
001 110 Xxx 77777
001 111 xxx 77777
02h hay 0Ah | 010 000 Xxx 77777
010001 XXX 77777
010010 Xxx 77777
010011 XXX 77777
010 100 Xxx 77777
010 101 Xxx 77777
010110 XXX 77777
010111 xxx 77777
03h hay 0Bh | 011 000 Xxx 77777
011 001 xXxx 77777
011010 Xxx 77777
011011 XXX 77777
011 100 xxx 77777
011101 XXX 77777
011110 XXX 77777
011111 Xxx 77777
04h hay 0Ch | 100 000 XXX 77777
100 001 xxx 77777
100 010 Xxx 77777
100 011 Xxx 77777
100 100 Xxx 77777
100 101 Xxx 77777
100110 xxx 77777
100 111 Xxx 77777
05h hay ODh | 101 000 Xxx 77777
101 001 xxx 77777
101 010 Xxx 77777
101 011 xXxx 77777
101 100 Xxx 77777
101 101 Xxx 77777
101 110 xxx 77777
101 111 Xxx 77777
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06h hay OEh | 110 000 XXX 77777 7
110 001 xXxx 77777
110010 xxx 77777
110011 Xxx 77777
110 100 xxx 77777
110 101 Xxx 77777
110 110 Xxx 77777
110111 Xxx 77777
07h hay OFh | 111 000 Xxx 77777 8
111 001 XXX 77777
111010 Xxx 77777
111011 XXX 77777
111 100 xXxx 77777
111101 Xxx 77777
111110 XXX 77777
111111 Xxx 77777

Pé dinh nghia mét ky tu, thuc hién thay thé dau ? béng cac gia tri 0 hay 1
tuong trng va g1 vao CGRAM.

Vi du: Pé dinh nghia chit D tai vi tri 1 trong CGRAM, dia chi va dir liéu tuong

ung la:

DPia chi Dir liéu

00h 111]1]1]0]1En
01h o|1{[o]0oY1]09h
02h o/1{[o]o][1]09n
03h Ll lolf1]1pn
04h o/1{[o]o]1]09n
05h o/1{[o]o]1]09n
06h il ol 1Eh
07h 0/o[o/0]0]00h

Nghia 1a tai dia chi 00h cia CGRAM chua gia tri 1a 1Eh va twong tu cho dén
dia chi 07h.

% Cac che d¢ truyen dir liéu:

LCD1602A c6 2 ché d6 truyén dir liéu: ché d6 8 bit (dung ca DO — D7) va ché
d6 4 bit (khong dung D3 — DO, chi dung D7 — D4). Trong trudng hop dung ché d6 4
bit, dit liéu 8 bit s& dugc truyén 2 1an: truyén 4 bit cao rdi tiép tuc truyén 4 bit thip.
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Sau khi thuc hién truyén xong 8 bit, BF méi chuyén 1én 1. Hai ché d¢ truyén nay mo
ta nhu hinh 4.16 va 4.17.

RS

/ \

/N S S S
Internal / Internal cperation \ /_

signal

DB7
No busy

X ; X / \ / / X DATA X
DB7 DATA Busy Busy \ \

INSTRUCTION Busy Flag Check Busy Flag Check Busy Flag Check INSTRUCTION
Hinh 4.16 — Dinh thoi giao tiép & che do 8 bit

RS

/ \

E _/_\_/_\_/_\_/_\—/_\_/_\_/_\_/_\_
Internal / Internal operation \ /

signal

DB7
No busy

S OO WMYS SRV e8.0.0
A A A

INSTRUCTION Busy Flag Check Busy Flag Check INSTRUCTION

Hinh 4.17 — Dinh thoi giao tiép ¢ ché d6 4 bit
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s Tap lénh:

Béang 4.8 - Tép I¢nh cia LCD1602A

Lénh

Ma Iénh

RS

R/W

D7

D6

D5

D4

D3

D2

D1

DO

Thoi
gian thue
thi (fosc
=270
KHz)

Xoa man
hinh

Ghi 20h
(khoang trang)
vao DDRAM
va dat dia chi
DDRAM la
00h

1.53ms

Ve dau
chubi

bat dia chi
DDRAM la
00h va tra con
tré vé vi tri dau
(ndi dung
DDRAM
khong dbi)

1.53ms

Pinh ché
do

I/'D

- Chiéu di
chuyén con tro
I/D = 1: tang
I/D = 0: giam

- Dich toan
man hinh khi
ghi DDRAM:
S = 1: cho phép
dich

S=0: cAm

39us

biéu
Kkhién
hién thi

D = 1: hién
man hinh

D =0: cAm
C=1: hién con
tro

C=0: cAm

B = 1: nhip
nhdy

B =0: cAm

39us

Dich con
tro hay
man hinh

S/C

R/L

S/C = 1: dich
man hinh
S/C = 0: dich
con tro

R/L = 1: dich
phai

R/L = 0: dich
trai

39us

Chuc
nang

DL

DL =1: 8 bit
DL =0: 4 bit
N=1:2dong
N=0:1dong

39us
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F=0:kytu
5x7
F=1:kytu
5x10
Pinh dia Xac dinh dia
chi 0 0 0 1 AC5 | AC4 | AC3 | AC2 | AC1 | ACO | chicua 39us
CGRAM CGRAM
DPinh dia Xac dinh dia
chi 0 0 1 AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO | chicua 39us
DDRAM DDRAM
Xac dinh dia
chi hién hanh
Poc BF va klel,ntg? 3
vadiachi |0 |1 | BF | AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACo | X HeE g
A1 s 1énh tiep hay
hién hanh R
khong
BF = 1: khong
BF = 0: ¢6 thé
e Ghi dir liéu vao
Ghi dir
lidu 1 |0 D7 |D6 |D5 |[D4 |D3 |D2 |DlI |DO |DDRAMhay | 43us
) CGRAM
N Doc di liéu tir
Poc dir
lia 1 1 D7 | D6 D5 D4 D3 D2 D1 DO DDRAM hay 43us
u CGRAM
I/D: Increment/Decrement S: Screen S/C: Screen/Cursor

R/L: Right/Left
F: Font type

Cac gia tri thuong dung mo ta nhu sau:

Bang 4.9 — Cac 1énh thuong dung

DL: Data Length
AC: Address Counter

N: Line number

Lénh Mo ta
01H Xo6a man hinh man hinh
02H Tré vé dau chudi
04H Dich con tro sang trai
06H Dich con tro sang phai
05H Dich man hinh sang phai
07H Dich man hinh sang trai
08H Tét con tro, tat hién thi
0AH Tat hién thi, bat con tro
0CH Bat hién thi, tit con trd
0EH Bat hién thi, nhap nhay con trd
OFH Tat hién thi, nhap nhdy con tro
10H Dich vi tri con tro sang trai
14H Dich vi tri con tré sang phai
18H Dich toan bd man hinh sang trai
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Gido trinh Vi diéu khién

Cic trng dung dwa trén vi diéu khién MCS-51

1CH Dich toan bd man hinh sang phai

80H Pura con tro vé dau dong 1

COH Pua con tro vé dau dong 2

38H Xac lap ché d6 2 dong va do phan giai chir 5x7

Vi du 1: Cho so dd két néi LCD 1602A v6i AT89C51 nhu hinh v&. Viét
chuong trinh hién thi chudi “KHOA DIEN — DIEN TU” trén dong 1 va “BO MON
DIEN TU — VIEN THONG” trén dong 2.

1602

THIS IS THE LCD

o
=
2 LINES x 16 CHARACTERS| |3
[ —~
2 o o
O NM WO %] |§ z O Z O
[ajajaNaNalaNala) o o L (&) O] > -
N~|00| O Of | N M| <t <t [Te] © ("1 | (\1 Lri‘.o
| | | | |
" vce
u9
g P2.0/A8  P0.0/ADO %ﬂ
23| P2.1/A9  P0.1/AD1 571
54| P2.2/A10  P0.2/AD2 [—3g—H
0—55 P2.3/A11  P0.3/AD3 31
C—56] P2.4/A12  P0.4/AD4 5,1
0—571 P2.5/A13  P0.5/AD5 [—33—H
O—5g] P2.6/A14  P0.6/AD6 35—
O—=— P2.7/A15 P0.7/AD7 [—0O
D% P3.0/RXD P1.0 ;
0—5 P3.UDD PL1 3
0—731 P3.2/INTO PL2
O—37 P3.3/INTL PL3 5
O—5 P3.4/T0 PL4 ¢
O—i6 ] P3-5/TL PL5 [~
O—371 P3.6/WR P16 [g
O0—=—— P3.7/RD P1.7
30 _— 19
O—5g| ALE/PROG ~ XTAL1{—7g—
O—==— PSEN XTAL2¢——0
EA/VPP g—lﬂ
RST [—X
AT89C51

Giai

Hinh 4.18 — K&t ndi LCD va 89C51

8 bit dit liéu cia LCD nbi voi P1 — ché do 8 bit. Yéu cau hién trén 2 dong —
ché do 2 dong.

Chuong trinh thyc hién nhu sau:

EN BIT P2.2
RS BIT P2.0
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RW BIT P2.1
LCD DATA EQU Pl
main:
MOV LCD DATA, #38h ; dit ché do6 2 dong

CALL write command

MOV LCD DATA, #0Ch ; bat hién thi
CALL write command

MOV LCD DATA, #01lh ;x04 man hinh
CALL write command

MOV LCD_ DATA, #80h ; Chuyén vé dia chi 00h (dong 1)
CALL write command

MOV DPTR, #Linel

CALL write ; Ghi vao DDRAM

MOV LCD DATA, #0COh ; Chuyén vé dia chi 40h (dong 2)
CALL write command

MOV DPTR, #Line?2

CALL write ; Ghi vao DDRAM

CLR A
MOVC A, @A+DPTR
CJNE A, #0FFh,writel;Néu gid tri 1la OFFh thi hét chudi
RET
writel:
MOV LCD DATA,A
call write data
INC DPTR
SIJMP write
write command:
CLR RS
CLR RW
CLR EN
NOP
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SETB EN
NOP

CLR EN
CALL Delay
RET

write data:

SETB RS
CLR RW
CLR EN
NOP
SETB EN
NOP
CLR EN
CALL Delay
RET

Delay:
PUSH 07h
PUSH 06h
MOV Ro, #50
MOV R7,#255
DJNZ R7,S
DJNZ R6,S$-4
POP 06h
POP 07h
RET

Linel: DB 'KHOA DIEN - DIEN TU', OFFh
Line2: DB 'BO MON DIEN TU - VIEN THONG', OFFH
END

Vi du 2: Yéu cau giéng nhu vi du 1 nhung ¢t mdi 1s thi dich chudi sang trai
mot ky tu.

Chuong trinh thuc hién nhu trén nhung thém phan xir Iy ngit cho timer 0: cir
dinh thoi 1s thi dich chudi sang trai (nghia 1a dich toan bo man hinh sang phai). Theo
bang 4.9, 1énh can goi ra LCD c6 ma 1énh 1a 1Ch.

Chuong trinh thuc hi¢n nhu sau
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ORG 0000h

LJMP main

ORG 000Bh

LIJMP Timer(O ISR
Main:

MOV IE, #82h ; Cho phép ngdt tai Timer O

MOV TMOD, #01h

MOV THO, #HIGH (-50000)

MOV TLO, #LOW (-50000)

MOV R7, #20

SETB TRO

TimerO ISR:
MOV THO, #HIGH (-50000)
MOV TLO, #LOW (-50000)
DJIJNZ R7,exitTimer0
MOV R7, #20
MOV LCD DATA, #1Ch ;Dich toan man hinh sang phai
CALL write command
exitTimerQ:
RETI

END

Vi du 3: Cho mach két ndi LCD nhu hinh 4.18, viét chuong trinh xuét chudi
“Khoa Pién — Dién tir” trén dong 1 va “Bo mon Dién tir - Vién thong” trén dong 2.

Giai

Vi du ndy yéu cau cac ky tur khong co trong bang mi nén phai dinh nghia thém
trong CGRAM. Cac ky tu can dinh nghia la: b, ¢, w, 9, 0, g, téng cong la 6 ky tu (co
thé thuc hién duoc do LCD 1602A cho phép dinh nghia ti da 8 ky tu).
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Gido trinh Vi diéu khién

Dia chi va dir liéu tuong Ung la:

00h

0lh

02h

03h

Ky tw | Md DDRAM

b

Dir liéu

1Eh

0| 1Eh

11h

1Eh

OFh

11h

11h

0

1
I

110

10| 0Eh

v/

1
T

10| OEh

10| 0Eh

0[0]1|0%

0[{0]1 0%

1

1

1
T

1
T

0[1]0|0Ah

1

1

1

1

1

0/0]0)1

0[{0|0]0|10h

olo/d]0]12n

0[0|{1]0|12h
0[0)L]0|12h

1
1

1

ol1{loloY1]|09n

0

0[1f/O0] 0|1 |05

0

0[0fo[o]0]oon
0[0l1[0]0]04n

0

]

0/0|é|0|0]|04h
0[{0|1]0|0]00h
0/1/0/0|0]08h
0{0pL|O|1]|05h
0[1/70]0)1 0%

]
]
]

0 P00 0Ch
0[{0/0][0|0]|00h
0/0]1]0|0]04h

0
0

1'o{0|0NI
INEARAKY !

0

0/0/é|0|0|04h
0[{0/0][0|0]|00h

Dia chi
00h
01h
02h
03h

04h
05h
06h
07h
08h
0%h

0Ah
0Bh
0Ch

0Dh
OEh
OFh

10h

11h

12h

13h

14h

15h

16h

17h

18h

19h

1Ah

1Bh

1Ch

1Dh
1Eh

1Fh
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Cic trng dung dwa trén vi diéu khién MCS-51

Pia chi Dit liéu Ky tw | Mi DDRAM
20h olol1]o]0]04n
21h 0/170M [ 0] 0AR
22h 0/1[1[1]0]0Eh
23h 170/0[0\1]|11h i
24n |1Jololol111h | ° 0dh
25h O TTTTT|0/|0ER
26h 0/0/0[0]0]|00h
27h 0/0/0]l0]0]o00n
28h Pl 1| 05h
29h 111 OEh
2Ah 1 1 0Ah
2Bh L1 l1l1]1Fn N
| x
och |l d[iFn | € 05h
2Dh l 10h
2Eh Mt | OFh
2Fh 0/0/0[0]0]00h
Chuong trinh thyc hién nhu sau:
EN BIT P2.2
RS BIT P2.0
RW BIT P2.1
LCD_DATA EQU Pl
org 0

1jmp main
main:

MOV LCD DATA, #38h
CALL write command

MOV LCD_DATA, #0Ch
CALL write command

MOV LCD_DATA, #01h
CALL write command

MOV LCD_DATA, #40h
call write command
MOV DPTR, #cgram data

CALL write

; x04 man hinh

; Pia chi dau cua CGRAM

; 1a 00h
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MOV LCD_DATA, #80h
CALL write command
MOV DPTR, #Linel
CALL write

MOV LCD_DATA, #0COh
CALL write command
MOV DPTR, #Line2
CALL write

here:SJMP here

write:
CLR A
MOVC A, @A+DPTR
CINE A, #0FFh,writel
RET
writel:
MOV LCD DATA,A
call write data
INC DPTR
SJMP write

Delay:
PUSH 07h
PUSH 06h
MOV R6, #50
MOV R7, #255
DJINZ R7,5$
DJNZ R6,$-4
POP 06h
POP 07h
RET

write command:
CLR RS
CLR RW
CLR EN
NOP
SETB EN
NOP
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CLR EN
SJMP wait

write data:

SETB RS
CLR RW
CLR EN
NOP
SETB EN
NOP
CLR EN
wait:
call delay
ret
Linel: DB 'Khoa ',00h,'1',01lh, 'n - ',00h,'1',01h, 'n

t',02h,0FFh ; Chudi ‘Khoa Pién - Pién tu’

Line2: DB 'B',03h,' m',04h,'n ',00h,'i',01h,'n t',02h,"' -

vi',05h,'n th',04h,'ng', OFFH ; Chudi ‘B& mén Pién tu -

Vién théng’

cgram data: DB 1Eh,09h,09h,1Dh,09h,0%h, 1Eh, 00h ; Cht
DB 04h,0Eh,11h,1Eh,10h,0Fh, 04h,00h ; Chi
DB 08h,05h,0%h,12h,12h,12h,0Ch,00h ; Chi
DB 04h,0Ah, O0Eh,11h,11h,0Eh,04h,00h ; Chi
DB 04h,0Ah, OEh,11h,11h,0Eh,00h,00h ; Chi
DB 05h, OEh, OAh, 1Fh, 1Fh,10h, OFh, 00h ; Chi
DB OFFh

o D> (W)

O»

DO O»

END

6. Giao tiép voi PPI8255

PPI8255 1a IC giao tiép lap trinh dwogc, cho phép md rong port trong truong
hop cac port ctia 89C51 khong du dung. Cac ché do hoat dong ctia 8255 c6 thé tham
khao thém tai Gido trinh Vi xir 1y (cing tac gia). 8255 c¢6 tong cong 2 ché do: BSR
(Bit Set/Reset) va 1/0 (Input/Output) trong dé I/O chia thanh 3 ché d6 khac nhau, tron
tai liéu nay chi xét & ché do 0 (xuat/nhap co ban).

8255 ¢6 téng cong 3 port, mdi port 8 bit trong d6 port C ¢o thé chia thanh 4 bit
cao va 4 bit thap tao thanh 2 nhém: nhom A (PA + PCH) va nhom B (PB va PCL).
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Cic trng dung dwa trén vi diéu khién MCS-51

w
i

33 | DO

D1
32
31 | P2

30 | P3
D4
29
D5
28
27 | P6
D7

o

36 | R

WR
A0
Al

e

fee]

Tw
[ (53}

Cs

RESET

8255

PAO
PAL
PA2
PA3
PA4
PAS
PAG
PA7

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

PCO

EN

w

N

-

40
39
38
37

PIEEEEEE

;

PC1

PC2

PC3
PC4
PC5
PC6
PC7

[
w|~|o|n
ooo

12
11
10

D7 —DO: bus dir liéu
PA7 —PAO: Port A
PB7 - PBO: Port B
PC7 —PCO: Port C
Al, AO: gidi ma
RESET: ngd vao Reset

CS: Chip Select

ﬁ : Read

Hinh 4.19 — So d6 chan cua 8255

Pé diéu khién 8255, bén trong c6 mot thanh ghi diéu khién (CR — Control
Register) cho phép chon ché do hoat dong. N6i dung cta CR nhu sau:

1

D6

D5

D4

D3

D2 | D1 | DO

—

v

Nhém A Nhém B
PCH (PC7 + PC4) PCL (PC3 + PCO0)
1: Input 1: Input
0: Output 0: Output
PA < » PB
1: Input 1: Input
0: Output
Hinh 4.20 — Dang tir diéu khién cho 8255A & ché d6 I/O
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D7 D6 D5 D4 D3 D2 Dl DO

0 X X X S/R

Mode BSR Khong str dung Chon bit 0: Xoa (Reset)
000: PCO 1: bat (Set)
001: PC1
010: PC2
011: PC3
100: PC4
101: PCS
110: PC6
111: PC7
Hinh 4.21 - Dang tir diéu khién cho 8255A & ché do BSR

Luu ¥ rang khi can Set/Reset bit thi phai goi dit liéu ra CR cht khong goi ra
PC.

Nhu vay, dé xac 1ap diéu khién 1am viéc cho 8255, can thyc hién dinh c4u hinh
cho 8255 (chon céc ché d6 hoat dong cho PA, PB va PC). Pé thuc hién qué trinh nay,
can tac dong dén CR cua 8255. Logic chon cac port cho 8255 md ta nhu sau:

Bang 4.10 — Logic chon céc port cia 8255

cS | Al | A0 Chon
0 0 0 |PortA
0 0 1 |PortB
0 1 0 |PortC
0 1 1 | Thanh ghi diéu khién
1 X x | 8255A khong hoat dong

Vi du: Cho mach két ndi gitta AT89C51 va 8255 nhu hinh 4.22. Viét chuong
trinh diéu khién theo yéu cau:

- Nhin SW1: sang 4 Led trai va sang Lamp.
- Nhan SW2: sang 4 Led phai va tat Lamp.
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wiry) SUnpy moyg

yupyy

JANWAVAN

R

ZSI Suvag

vce
o}
DATA BUS
VWorr o2
ADDRESS BUS Q: \\:
u10 u12 U13 RN6
DO DO A0 DO
02t po0ias  PO.0/ADO o2 31 bo Q0 2 34 ' bo PAO |4 1 6
22 38 DI D1 4 5 AL DI 33 3 2 5
O—55-{ P2./A9  PO.L/ADL =7 D2 - D1 Ql 77 Dz 55 D1 PAL [ 5 2
O0—57- P2.2/A10  P0.2/AD2 D2 Q2 D2 PA2 |
24 36__D3 D3 8 9 A3 D3 31 1 4 13
O—52 P2.3/A11  P0.3/AD3 D7 D7 D3 Q3 v D7 D3 PA3 0
025 35 13 12 30 40 5 12
P2.4/A12 PO0.4/AD4 D5 D5 D4 Q4 AS D5 D4 PA4 ——0
26 34 4 5 29 39 6 11
P2.5/A13 P0.5/AD5 D5 Q5 D5 PA5 |
27 33 D6 D6 7 6 _AG D6 28 38 7 10
55| P2.6/A14 PO.6/AD6 55— 7 D7 5| D6 Q6 Hg—A7 57— 5 D6 PAG 5= 5 5
P2.7/A15 P0.7/AD7 D7 Q7 D7 PA7
_ AO
o 2 P3.0/RXD Pl.O;—U [ALE> li LE AT g A0 PBO%U 220 vee
B—> P3.UDD P11 —5—0 [ |CE Al PBL [ 5 o)
B—35 P3.2/INT0 P12 5—0 — 35 PB2 57—
O P3.3/INT1 P1.3 Fz—0O B RESET PB3 55—
D;g P3.4/T0 P1.4 g—ﬂ 74LS3T3 RD; 32 RD PB4 %ﬂ ?022 ?OZKI
O—ig| P3.5/TL P15 [0 WR 5 WR PB5 5,
= P3.6/WR P16 [g—o S PB6 [z Swi
P3.7/RD P17 0 pB7 =0
= -
gg ALE/PROG XTALl'%D B PCO 1‘5‘ O O
O0—=— PSEN XTAL2 ¢——0 PC1 15 Sw2
PC2 [0
EA/VPP g—lﬂ PC3 3¢ .
RST [—U PC4 5 o O
PC5 1 =
AT89C51 U1l Ecg o - 220V
Cc RL1 8
; A E%D 8255 15 \_/
3B Yirz H 3] & H
c % 2 g D79 T2 4 LAMP
veco——(H el Yi[g5d P
| GA Y55 ¢ vcco QH; o
G2B Y6~ —
Y7 —=0O
. 7415138

Hinh 4.22 — So dd két ndi 89C51 véi 8255
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Gido trinh Vi diéu khién Cic trng dung dwa trén vi diéu khién MCS-51

Do PA diéu khién Led, PCL diéu khién cong tic nhan, PCH diéu khién RL1
nén PA xuit, PCL nhap va PCH xuat (con PB tuy y). Noi dung thanh ghi diéu khién
nhu sau:

1|00 0 0 0 0 1 81h
1/0 | Ché d6 0 | PA xuat | PCH xuat | Ché d6 0 | PB xuét | PCL nhap

Led don ndi véi cac bit ctua PA tai cathode va anode ndi véi Vee nén dé Led
sang thi dit liéu tai PA 1a 0 va Led tat khi dir liéu 1a 1.

Pén LAMP duogc diéu khién bang RL1: khi RL1 dong (img véi PC7 = 0) thi
LAMP sang va nguoc lai, khi RL1 ngét (tng voi PC7 = 1) thi LAMP tit. Noi dung
thanh ghi diéu khién khi diéu khién PC7 nhu sau:

PC7=0

0 [o]Jo]o[1][1]1] 0 [OEh
BSR | Khong dung | PC7 |=0

PC7=1

0 [oJo]o|1[1][1] 1 |OFh
BSR | Khong dung | PC7 | =1

Cong tic SW1, SW2 ndi véi PCO va PCI1: khi nhan cong tic thi chan tuong
g tai PC = 0 va khi khong nhan thi = 1. Do d6, dé kiém tra cong tic c6 nhan hay
khong thi doc dit liéu tir PCL va kiém tra twong tmg céc bit PCO, PC1.

Dia chi cac port cua 8255:

CS =0 Tuyy Al AO |Port | bia chi

(Y6 =0) hex

AlS Al4 Al3 Al12 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

I 1 0[]X X X X X X X X X X X|[0o 0 [A [cooon
0 1 |B |cooin
1 0 |C |coo2n
11 _|CR [cC003h

Chuong trinh thuc hién nhu sau:

MOV DPTR, #0C003h ; Pia chi CR
MOV A, #81h; PA: xudt, PB: xudt, PCH: xuidt, PCL: nhap
MOVX @DPTR, A ; Xudt ra CR
Begin:
MOV DPTR, #0C002h ; Pia chi PC

Pham Hung Kim Khdanh Trang 133

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién

Cic trng dung dwa trén vi diéu khién MCS-51

SW1:

SW2 :

MOVX A, @DPTR
JNB ACC.0,SwWl
JNB ACC.1,SW2
SJMP begin

CALL Delay

MOV A,11110000b
MOV DPTR, #0C000h
MOVX @DPTR, A

MOV A, OEh

MOV DPTR, #0C003h
MOVX @DPTR, A
SJMP begin

CALL Delay

MOV A,00001111b
MOV DPTR, #0C000h
MOVX @DPTR, A

MOV A, OFh

MOV DPTR, #0C003h
MOVX @DPTR, A
SJIMP begin

.
4

boc vao
Néu PCO = 0 thi dén Swl
Néu PCl = 0 thi dén SW2

Tradnh rung phim
Sang 4 Led tréai
Pia chi PA (do PA ndi v&i Led)

PC7 = 0 — dbéng RL1 — sang LAMP
Pia chi CR (do dung ché dd BSR)

Sdng 4 Led phai
Pia chi PA (do PA nbi v&i Led)

PC7 = 1 — déng RL1 — sang LAMP
Pia chi CR (do dung ché d& BSR)

Delay:

MOV TMOD, #02h

MOV THO, #HIGH (-50000)

MOV TLO, #LOW (-50000)

SETB TRO
JNB TFO, S
CLR TFO
CLR TRO
RET

END
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BAI TAP CHUONG 4

1. Cho so dd két ndi nhu hinh 4.3. Viét chuong trinh sang Led theo yéu cau:
sang lan luot 1 Led tir phai sang trai va thuc hi¢n 4 lan; nhép nhdy 8 Led 5
lan; sang Led tir ngoai vao trong, mdi l1an 2 Led va thuc hién 3 1an (thoi
gian tri hodn giita 2 1an sang 1 300ms, dung timer 1).

2. Cho so d6 két n6i nhu hinh 4.7. Viét chuong trinh ting ndi dung ctia 6 nhé
30h tir 00 — 99 va hién thi gi tri trén 2 Led 7 doan (hién thi Led bang ngat
timer 1 va thoi gian tri hoan khi taing ndi dung cua 6 nhé 30h 1a Is dung
ngit timer 0).

3. Cho so d6 két ndi nhu hinh 4.7 trong d6 két ndi thém 4 Led (Led2 — 6) duoc
diéu khién bang cac bit ciia P1: P1.2 — P1.5. Viét chuwong trinh hién thi gio,
phut gidy trén 6 Led (Led1,2: gid; Led3,4: phut; LedS,6: gidy) trong d6 gio
chtra trong 6 nhd 30h, phut trong 6 nhé 31h, gidy trong 6 nhé 32h (thoi gian
tri hodn 1s dung ngat timer 0, quét Led dung ngat timer 1).

4. Cho so d6 két ndi nhu hinh 4.11. Viét chwong trinh cho chudi “DAI HOC
KY THUAT CONG NGHE TPHCM” di chuyén tir trai sang phai trén ma
tran Led.

5. Cho so dd két ndi nhu hinh 4.14. Viét chuong trinh diéu khién dong co
quay thuan 100 vong véi toc do 10 vong/phit (gia st mdi bude cd goc quay
1a7.2°%.

6. Cho so d6 két ndi nhu hinh 4.18. Viét chuong trinh cho chudi “Pai hoc K§
thuat Cong ngh¢” trén dong 1 va “Khoa Dién — Pi¢n tiu” trén dong 2 di
chuyén tir trai sang phai (thdi gian dich chuyén 1a 300ms dung ngat timer

1.
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Gido trinh Vi diéu khién Phu luc 2 — M6 phéng bing Proteus

Phu luc 2: MO PHONG BANG PROTEUS
1. Gi6i thiéu

Phan mém Proteus 12 phan mém cho phép mo phong hoat dong ctia mach dién
tir bao gdbm phan thiét ké mach va viét chuong trinh diéu khién cho cac ho vi diéu
khién nhu MCS-51, PIC, AVR, ...

Phan mém bao gém 2 chwong trinh: ISIS cho phép md phong mach va ARES
ding dé v& mach in.

Khéi dong chwong trinh

- Start > All Program > Proteus 6 Professional > ISIS 6 Professional

I Zone Labs [

@ opera

@NTFS“DOS L

JﬂNTFSDOSProFessional [
a 3 Jj Prokeus WSM Model Help  »

ARES & Professional

@) ARES Help

@) 1515 6 Help

I FlashGet

,lﬂ Herosoft HeroYideo{ 3000}
I IntelicAD 2001
,lﬁ K-Lite Codec Pack
IFT] LAC VIET mkd2002
,lﬁ Macromedia
) MATLAB 7.0.4
,lﬁ Microsaft OFfice
Tatal Command Jﬁ Mozilla Firefox

I orcaD 10.0
x Micr osaft Office Jj Passware

,lj PopCap Games
Micr osaft Office ,lﬁ Real

,lﬂ Spybot - Search & Destroy
‘iﬁ Paink Jﬁ Startup

.lﬁ Symantec Client Security
1515 & Professic Jﬂ Total Commander

,lﬂ Yideo Fixer
[} ARES 6 Profess |7 Vobsub
I winZip
&ll Programs ]ﬁ ¥ahoo!
,lﬂ ‘fahoo! Messenger
A~ Acrabat Distiller 7.0

a Manage Your

R Command Pri

/ windows Expl

)

Licpoce Mananer
) Meten e Fies
6)) ProSPICE Help
i) Proteus W3M 50K
@) Read Me
) sampls Designs

=l k! {[E

* * w w ¥ ¥ ¥ ¥ w w W FY ¥ w w w w wv wv v v w w

i/ start @ F] (G [’ adobe Acrobat 7.0 Prafessional @ bail.dac -... | '{5 standare
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- Cira s6 chuong trinh sau khi khoi dong:

Vung khong gian dung
v€ mach dién

Thanh cong cu Thanh cong cu

chon linh kién chnan

18]

/iS15 Professional

At Library Tools Design Graph  Sou «cbug Template System Help

Adz 80 ||p=«AFaaan o s B SEEE R sy Nz DREL S DD|E

E P L e :

LS

>

I

=

@

i

e

2 +

bz

m

©

2

A

* Céc nut chon cho phép bat dau, tam dirng
hay két thuc qua trinh mo phong

|eoF =t H PN w ||J\Hootsheet1 |J| A0 +1000 th

Cac thao tac co ban

% Sir dung thanh cong cu chuén:

i5is temip - ISIS Professional

File “ew Edit Lbrary Tools Desion Graph Source Debug  Template  Swstem  Help

DR @E 8D D=+ +AQRE (0 >[4 bE
NS

New: tao mach Save: Iuu trir Zoom Out: thu Zoom to Area:
dién mai mach dién nha mach dién phéng to mot

[ \_ L / vung mach dién
Open: mo mach Zoom In: Zoom All: hi¢n
dién cAh <an nhdone to mach toan ha mach

Céc thao tac trén thanh cong cu chuan ciing c¢6 thé thuc hién thong qua menu
File va menu Edit.
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% Sir dung thanh linh kién:

Nhoém cac linh

Linh kién duoc
chon

dano <Ano

kién vira st
bait tén cho day
dan -
Nbi day dang ﬁ
bus 745138
R (4789051
— |LED-RED
Ngudn vi GND %T
{2
Cac thiét bi tao =
tin hi¢u sin, Cac linh kién
vuong. .. 4 trong nhém
il
Céc thiét bj do ———03
/
O
O
89
A
=]
&

Cho phép quay
linh kién

= |

D¢ dua linh kién vao ving thiét ké, ta thyc hién chon linh kién rdi nhan chudt

trai trén vung lam viéc.

Dé thuc hién chon linh kién, ta thuc hién nhan chuot phai trén linh kién, n6 s&

chuyén sang mau do cho biét trang thai dang chon.

Pham Hung Kim Khanh

Trang 183

Swu tam béi: www.daihoc.com.vn



Gido trinh Vi diéu khién Phu luc 2 — M6 phéng bing Proteus

Sau khi da chon linh kién, ta c6 thé di chuyén linh kién bang cach thuc hién
thao tac drag-and-drop (nhan chudt trai va giir roi di chuyén chudt dén vi tri ké).

Dé xo4 linh kién, ta chon linh ki€n r6i nhan chudt phai lan nira dé xoa.
% Thém linh kién méi:

Néu linh kién khong ton tai trong thanh linh ki¢n, ta phai thuc hién thém méi tur
céc thu vién c6 san bang cach chon menu Library > Pick hay nhan P.

55 UNTITLED - ISIS Professional
File Wiew Edit | Library Tools Design Graph S
D=l g RE
:[j’ Make Device. ..
Make Symbal...
# Packaging Tool...
Store Local Object. ..

P Decompose

W

Ik Em Campile ka Library, ..
* Autoplace Library. ..

= ‘erify Packaging. ..
s |

N
V

Libraty Manager

Cira s6 ldy linh kién:

i5is Pick Devices

2|
Kepwords: FResults [1]: RES Preview:
|resist0r
Match Whole Words?

I Devicel Library | [iescription

Analogue Primitive [RESISTOR]

Lategory:

[&ll Categories]
Modeling Primitives

R I

Tén linh
kién /
Hinh anh ’/
Tim kiém linh kién
\ inh kién
X : PCE Preview:

Cac thu vién

chita linh kién

Sub-categony:
3 att Wirewound ;l

7w/ att wWirewound CéC thu Vlén
DEY_ISIS

DF RDAC RESISTOR —
— con

High Voltage
Resistor Packs
W ariable

Manufacturer:

Analog Devices IF!ES4D j
4 aplin

| 0K l | LCancel I
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Vi du nhu d¢ tim linh kién dién tro:
- (30 Resistor trong vung Keywords.
- Chon Category la Resistors.
- Chon Sub-category la Generic.
< Noi day:

- Chuyén con tré chudt dén vi tri can ndi day, trén con trd chudt s€ xuat hién
dau X

R2

—~— P

- Di chuyén chudt va nhan chudt tréi khi can thiét xac dinh vi tri day dan

R

3

fﬂ-- . _/_ h _ff
- Khi kéo day dén vi tri can thiét thi nhn chudt trai dé ndi day.

2. M6 phéng 89C51

Pé thuc hién qua trinh moé phéng 89C51 trong Proteus, ta can thuc hién cac
budc sau:

- Buwdc 1: Vé mach nguyén ly.
- Buwdc 2: Dinh nghia chuong trinh dich

Chon menu Source > Define Code Generation Tools
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igis UNTITLED - ISIS Professional
Ele Yiew Edit Library Tools Design Graph | Source Debug  Template  System  Help

J 0= | | = |J | &dd/Remaove Source Files. ., Q
— e IZ:IEeFinE Code Generation Tools. ..
> H

Setup External Text Editor. ..
Build Al

Sau d6 thuc hién chon chuong trinh dich mong mubn. O day ta thyc hién mo
phong cho 89C51 nén chon chuong trinh ASEMS5I.

Add/Remove Code Generation Tools

2]

Code Generation T ool

Path: |31 | B Professional\TOOLGAASEME1 WASEM EXE
- [evRasm :
EVRASM3Z -
take Rule
Source Extr A5 Ohi. Extre HEX

Always Build: [

Command Line: |X1

Usze %1 for zource file, %2 for object file, 33 for list file.

Debug D ata Extraction

ListFile Estn;  [L5T

Path:  d:\Program FileshLabcenter ElectronicshPrateus B ProfessionalsT OOLS%ASEMS1WASEMDD

[ Disable automatic build rules. | e I | Bemove I | oK I | Cancel I

Phan Tools: chon ASEM51, phan Command Line: gd vao %]1.

- Buwdc 3: Dinh nghia file chuong trinh cho 89C51.

Chon menu Source > Add/Remove Source File

igis bai2 - 1SIS Professional
File ‘iew Edit Lbrary Tools Design Graph | Source Debug Template System  Help

DEE(@E SR B

add/Remove Source files, ..

—————————— ﬁDeFine Code Generation Toals, ..

— & Setup External Text Editor. ..
' MR .
Build all
1. baiz. ASH

Chon phian Code Generation Tool 13 ASEM51.
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Add,/Remove Source Code Files

Source Code Filenarme

Code Generation Tonlil

ASEMB1 | Tao file
<MOME> L.
mam

ASEM

ASHTI

| AVRASM J

AVEA T
| W I | Bemnve_l ‘ ok, I ‘ Cancel I

-

Do chua c6 chuong trinh cho 89C51, ta nhan vao niut New dé tao file. Trong
phan File name, ta gd vao tén chuong trinh (gia sir g6 vao bai2).

New Source File 2 x|
Laak i I@ Prateus j = = EE-
MName = Size | Type | Date Modified | Attributes | Diake P
Desktop
ty Documents
hp Campuiter

1] |
File name: Ibai2
Filez of type: IASEME‘I zource files [*A5M)

Néu chua co file bai2.ASM, Proteus s& xuat hién thong bao yéu cau tao file,
nhén Yes dé tao:

Mew Source File ﬂ

F:ikhanhlBAIGIANG XL Proteusibaiz

\?r) This file dogs not exisk,

Create the File?
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Sao khi tao file thanh cong, trén menu Source s& xuét hién thém file bai2. ASM.

gt bai2 - ISIS Professional

Fil= Wjew Edit Lbrary Tools Design Graph | Source Debug  Template  Swstem  Help

D=R aEen || @l

Add/Remove Source files. ..
'ﬂ” Define Code Generation Tools. ..

L Setup External Text Editor. ..

............ Build all

............ 1. baiz. A5M

- Budc 4: Dinh nghia file thuc thi cho 89C51

Chon file bai2. ASM d¢é soan thao chuong trinh ngudn, nhap vao END va nhén
nut Save.

%; Source Editor - [bai2.ASM] - O] x|

File Edit Wiew ‘Window Help

DB &= 8|2
END ;I

Nhén Save
dé luu

4 o

Ready l_ IW v

Sau khi luu file ngudn, ta thuc hién dich chuong trinh nguon.

File Wiew Edit Library Tools Design Graph ’m Debug Template Swstem  Help
J 0= | | =Nk H E| - Add/Remaove Saurce files.,
—_— '5@ Define Code Generation Tools.,
Setup External Text Editor..
ElJlI:I all

1. bai2.ASM

Khi bién dich, néu c6 13i, chuwong trinh dich s& théng bao 16i, néu khong thi s&
tao ra file bai2. HEX.
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5

_|af x|

i5i5 BUILD LOG - ISIS Professional

Processing bail ASM. ..
ASEMS51 baii.ASM

Thong bao chuong

MC5-51 Family Cross Assenbler ASEM-51 V1.2
trinh khong c6 101

no errors
Extracting debugy data from bail LST...

Processed 43 lines.

Build completed CK.

Thuce hién gan file thuc thi cho 89C51 bing cach nhan chudt phai 1én 89C51 dé
chon (89C51 s& chuyén sang mau do) rdi nhan chudt trai dé md cira s6 thudc tinh cua
89C51.

Edit Component

=
x

Component Beference: |U1 Hidder: [
Component W alue: I.&TBEIEE'I Hidder: [
Help
FPCB Package: ID”-‘”:' j IHidE Al | Data I

Program File: I E I Hide All Hidden Pins

Clock Frequency: I'I 2MHz I Hide Al
LCancel
Advanced Properties:

LedLedle

Enable trace logging j I Mo I Hide All j
Other Properties:
Nt Bron -
Nut Browse:
Mo chuong
trinh thire thi d|

Exclude from Simulation: [ Attach hierarchy module: [
Exclude from PCE Layout: [ Hide comman pits: [
Edit all properties as text [

Nhén vao nat Browse (hinh v& trén) dé mo chuong trinh thuce thi, chon chuong
trinh 1a bai2. HEX
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o I = e

i 3

Desktop

4

My Documents

o

My Computer

4]

| Size | Type | Dake Modified

| attributes | Date

1KB HEX File 10)31/2006 7:14 PM

File name:

Files of twpe:

A

|Ba1zHEX

Ilntel Hex Files

Nhan nut Open dé mo file, khi d6 trong thudc tinh Program File ctia 89C51 s&
c6 tén chuong trinh 1a bai2. HEX.

Prograrmn File:

Clack, Frequency:

|BAI2HE [Hide sl =] | ™ ien Eins I

[12MHz [Hide &l

Al

Sau khi gan file thyc thi cho 89C51, ta chi can thyuc hién sta chuong trinh
ngudn va bién dich lai ma khong can gan lai file thyc thi.

C6 thé tham khao thém phan hudng din sir dung cta Proteus ung dung tong
mo phong 89C51 tai Website: http://eed.hutech.edu.vn, phan H§ tre hoc tap

Pham Hung Kim Khdanh
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Mnemonic Description Byte | Oscillator
Period
ARITHMETIC OPERATIONS
ADD ARn Add register to Accumulator 1 12
ADD A, direct Add direct byte to Accumulator 2 12
ADD A @RI Add indirect RAM to Accumulator 1 12
ADD A #data Add immediate data to Accumulator 2 12
ADDC A,Rn Add register to Accumulator with 1 12
Carry
ADDC A direct Add direct byte to Accumulator with 2 12
Carry
ADDC A,@RIi Add indirect RAM to Accumulator with 1 12
Carry
ADDC A #data Add immediate data to Acc with Carry 2 12
SUBB A,Rn Subtract Register from Acc with 1 12
Borrow
SUBB A,direct Subtract direct byte from Acc with 2 12
Borrow
SUBB A,@Ri Subtract indirect RAM from ACC with 1 12
Borrow
SUBB A #data Subtract immediate data from Acc 2 12
with borrow
INC A Increment Accumulator 1 12
INC Rn Increment register 1 12
INC direct Increment direct byte 2 12
INC @RI Increment direct RAM 1 12
DEC A Decrement Accumulator 1 12
DECRn Decrement Register 2 12
DEC direct Decrement direct byte 2 12
DEC @RI Decrement indirect RAM 1 12
INC DPTR Increment Data Pointer 1 24
MUL AB Multiply A & B 1 48
DIV AB Divide A by B 1 48
DA A Decimal Adjust Accumulator 1 12
LOGICAL OPERATIONS
ANL A Rn AND Register to Accumulator 1 12
ANL A direct AND direct byte to Accumulator 2 12
ANL A @RI AND indirect RAM to Accumulator 1 12
ANL A #data AND immediate data to Accumulator 2 12
ANL direct,A AND Accumulator to direct byte 2 12
ANL direct,#data AND immediate data to direct byte 3 24
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ORL ARn OR register to Accumulator 1 12
ORL A direct OR direct byte to Accumulator 2 12
ORL A,@Ri OR indirect RAM to Accumulator 1 12
ORL A #data OR immediate data to Accumulator 2 12
ORL direct,A OR Accumulator to direct byte 2 12
ORL direct,#data OR immediate data to direct byte 3 24
XRL A,Rn Exclusive-OR register to Accumulator 1 12
XRL A,direct Exclusive-OR direct byte to 2 12
Accumulator
XRL A,@RIi Exclusive-OR indirect RAM to 1 12
Accumulator
XRL A #data Exclusive-OR immediate data to 2 12
Accumulator
XRL direct,A Exclusive-OR Accumulator to direct 2 12
Byte
XRL direct,#data Exclusive-OR immediate data to 3 24
direct byte
CLRA Clear Accumulator 1 12
CPL A Complement Accumulator 1 12
RL A Rotate Accumulator Left 1 12
RLC A Rotate Accumulator Left through the 1 12
Carry
RR A Rotate Accumulator Right 1 12
RRC A Rotate Accumulator Right through the 1 12
Carry
SWAP A Swap nibbles within the Accumulator 1 12
DATA TRANSFER
MOV A,Rn Move register to Accumulator 1 12
MOV A direct Move direct byte to Accumulator 2 12
MOV A @RI Move indirect RAM to Accumulator 1 12
MOV A #data Move immediate data to Accumulator 2 12
MOV Rn,A Move Accumulator to register 1 12
MOV Rn,direct Move direct byte to register 2 24
MOV Rn #data Move immediate data to register 2 12
MOV direct,A Move Accumulator to direct byte 2 12
MOV direct,Rn Move register to direct byte 2 24
MOV direct,direct | Move direct byte to direct 3 24
MOV direct, @RI Move indirect RAM to direct byte 2 24
MOV direct,#data | Move immediate data to direct byte 3 24
MOV @Ri,A Move Accumulator to indirect RAM 1 12
MOV @Ri,direct Move direct byte to indirect RAM 2 24
MOV @RI #data Move immediate data to indirect RAM 2 12
MOV Load Data Pointer with a 16-bit Constant 3 24
DPTR,#datal6
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MOVC Move Code byte relative to DPTR to Acc 1 24
A @A+DPTR
MOVC A,@A+PC | Move Code byte relative to PC to Acc 1 24
MOVX A, @Ri Move External RAM (8-bit addr) to Acc 1 24
MOVX A,@DPTR | Move Exernal RAM (16-bit addr) to Acc 1 24
MOVX @Ri,A Move Acc to External RAM (8-bit address) |1 24
MOVX @DPTR,A | Move Acc to External RAM (16-bit 1 24
address)
PUSH direct Push direct byte onto stack 2 24
POP direct Pop direct byte from stack 2 24
XCH A,Rn Exchange register with Accumulator 1 12
XCH Adirect Exchange direct byte with Accumulator 2 12
XCH A,@Ri Exchange indirect RAM with Accumulator | 2 12
XCHD A,@Ri Exchange low-order Digit indirect RAM 1 12
with Acc
BOOLEAN VARIABLE MANIPULATION
CLRC Clear Carry 1 12
CLR bit Clear direct bit 2 12
SETBC Set Carry 1 12
SETB bit Set direct bit 2 12
CPLC Complement Carry 1 12
CPL bit Complement direct bit 2 12
ANL C,bit AND direct bit to Carry 2 24
ANL C,/bit AND complement of direct bit to Carry 2 24
ORL C,bit OR direct bit to Carry 2 24
ORL C,/bit OR complement of direct bit to Carry 2 24
MOV C,bit Move direct bit to Carry 2 12
MOV bit,C Move Carry to direct bit 2 24
JC rel Jump if Carry is set 2 24
JNC rel Jump if Carry not set 2 24
JB bit,rel Jump if direct Bit is set 3 24
JNB bit,rel Jump if direct Bit is Not set 3 24
JBC bit,rel Jump if direct Bit is set & clear bit 3 24
PROGRAM BRANCHING
ACALL addrll Absolute Subroutine Call 2 24
LCALL addrl6 Long Subroutine Call 3 24
RET Return from Subroutine 1 24
RETI Return from interrupt 1 24
AJMP addrll Absolute Jump 2 24
LIJMP addr16 Long Jump 3 24
SIMP rel Short Jump (relative address) 2 24
JMP @A+DPTR Jump indirect relative to the DPTR 1 24
JZ rel Jump if Accumulator is Zero 2 24
JNZ rel Jump if Accumulator is Not Zero 2 24
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CJNE A, direct,rel Compare direct byte to Acc and Jump if Not | 3 24
Equal

CJINE A #data,rel Compare immediate to Acc and Jump if Not | 3 24
Equal

CJNE Rn#data,rel | Compare immediate to register and Jump if | 3 24
Not Equal

CJINE @Ri,#data,rel | Compare immediate to indirect and Jump if |3 24
Not Equal

DJNZ Rn,rel Decrement register and Jump if Not Zero 2 24

DJNZ direct,rel Decrement direct byte and Jump if Not Zero | 3 24

NOP No Operation 1 12

Pham Hung Kim Khdanh Trang 194

Swu tam béi: www.daihoc.com.vn




Gido trinh Vi diéu khién Phu luc 4 — Mé td tdp lénh

Phu luc 4: MO TA TAP LENH

1. ACALL addrl1

Function: Absolute Call
Description: ACALL unconditionally calls a subroutine located at the indicated
address. The instruction increments the PC twice to obtain the address of the
following instruction, then pushes the 16-bit result onto the stack (low-order byte first)
and increments the Stack Pointer twice. The destination address is obtained by
successively concatenating the five high-order bits of the incremented PC, opcode bits
7 through 5, and the second byte of the instruction. The subroutine called must
therefore start within the same 2 K block of the program memory as the first byte of
the instruction following ACALL. No flags are affected.
Example: Initially SP equals 07H. The label SUBRTN is at program memory location
0345 H. After executing the following instruction,

ACALL SUBRTN
at location 0123H, SP contains 09H, internal RAM locations 08H and 09H will
contain 25H and 01H, respectively, and the PC contains 0345H.
Bytes: 2
Cycles: 2
Encoding:

|A10] A9 A8[1]0]0]0][1]|A7|A6|A5|A4|A3|A2]AL|A0]
Operation: ACALL
(PC) < (PC)+2
(SP) « (SP) + 1
((SP)) « (PC7-0)
(SP) < (SP) + 1
((SP)) « (PC15-8)
(PC10-0) « page address

2. ADD A,<src-byte>

Function: Add

Description: ADD adds the byte variable indicated to the Accumulator, leaving the
result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if
there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned
integers, the carry flag indicates an overflow occurred.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but
not bit 6; otherwise, OV is cleared. When adding signed integers, OV indicates a
negative number produced as the sum of two positive operands, or a positive sum
from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect,
or immediate.
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Example: The Accumulator holds 0C3H (11000011B), and register 0 holds 0AAH
(10101010B). The following instruction,

ADD A,RO
leaves 6DH (01101101B) in the Accumulator with the AC flag cleared and both the
carry flag and OV set to 1.

2.1. ADD A,Rn

Bytes: 1
Cycles: 1
Encoding:

ofoftfoft]r[r[r]

Operation: ADD
(A) < (A)+ (Rn)

2.2. ADD A.direct

Bytes: 2
Cycles: 1
Encoding:

loloj1]0]o]1]0]1]direct address |

Operation: ADD
(A) < (A) + (direct)

2.3. ADD A,@Ri

Bytes: 1
Cyecles: 1
Encoding:

lofol1jofoft[1]i]

Operation: ADD
(A) < (A) + ((RD))

24. ADD A#data

Bytes: 2
Cycles: 1
Encoding:

0/o]1]0]0]1]0]0]immediate data |

Operation: ADD
(A) « (A) + #data

3. ADDC A, <src-byte>

Function: Add with Carry

Description: ADDC simultaneously adds the byte variable indicated, the carry flag
and the Accumulator contents, leaving the result in the Accumulator. The carry and
auxiliary-carry flags are set respectively, if there is a carry-out from bit 7 or bit 3, and
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cleared otherwise. When adding unsigned integers, the carry flag indicates an
overflow occurred.
OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but
not out of bit 6; otherwise OV is cleared. When adding signed integers, OV indicates a
negative number produced as the sum of two positive operands or a positive sum from
two negative operands.
Four source operand addressing modes are allowed: register, direct, register-indirect,
or immediate.
Example: The Accumulator holds 0C3H (11000011B) and register 0 holds 0AAH
(10101010B) with the carry flag set. The following instruction,

ADDC A,RO
leaves 6EH (01101110B) in the Accumulator with AC cleared and both the Carry flag
and OV setto 1.

3.1. ADDC A,Rn

Bytes: 1
Cycles: 1
Encoding:

ofoftfrlt]rfr|r]

Operation: ADDC
(A) < (A)+(C) + (Rn)

3.2. ADDC A.direct

Bytes: 2
Cycles: 1
Encoding:

‘0‘0‘1‘1‘0‘1‘0‘1|directaddress‘
Operation: ADDC
(A) < (A) + (C) + (direct)

3.3. ADDC A,@Ri

Bytes: 1
Cycles: 1
Encoding:

lofolt]tfoft[1]i]

Operation: ADDC
(A) < (A) +(O) + ((R1))

3.4. ADDC A #data

Bytes: 2
Cycles: 1
Encoding:

\0\0\1‘1|0‘I‘O‘O‘immediatedata‘
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Operation: ADDC
(A) <« (A)+ (C) + #data

4. AJMP addrl11

Function: Absolute Jump
Description: AJMP transfers program execution to the indicated address, which is
formed at run-time by concatenating the high-order five bits of the PC (after
incrementing the PC twice), opcode bits 7 through 5, and the second byte of the
instruction. The destination must therfore be within the same 2 K block of program
memory as the first byte of the instruction following AJMP.
Example: The label JMPADR is at program memory location 0123H. The following
instruction,

AJMP JMPADR
is at location 0345H and loads the PC with 0123H.
Bytes: 2
Cycles: 2
Encoding:

|A10| A9 A8[0]0]0]0|1]A7|A6]AS|[A4]A3|A2][ALI[A0]
Operation: AJMP
(PC) « (PC)+2
(PC10-0) « page address

5. ANL<dest-byte>,<src-byte>

Function: Logical-AND for byte variables
Description: ANL performs the bitwise logical-AND operation between the variables
indicated and stores the results in the destination variable. No flags are affected.
The two operands allow six addressing mode combinations. When the destination is
the Accumulator, the source can use register, direct, register-indirect, or immediate
addressing; when the destination is a direct address, the source can be the
Accumulator or immediate data.
Note: When this instruction is used to modify an output port, the value used as the
original port data will be read from the output data latch, not the input pins.
Example: If the Accumulator holds 0C3H (11000011B), and register 0 holds 55H
(01010101B), then the following instruction,

ANL A,RO
leaves 41H (01000001B) in the Accumulator.
When the destination is a directly addressed byte, this instruction clears combinations
of bits in any RAM location or hardware register. The mask byte determining the
pattern of bits to be cleared would either be a constant contained in the instruction or a
value computed in the Accumulator at run-time. The following instruction,

ANL P1,#01110011B
clears bits 7, 3, and 2 of output port 1.

5.1. ANL A,Rn
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Bytes: 1
Cycles: 1
Encoding:

oftfoftft]r[r[r]

Operation: ANL
(A) <~ (A) A (Rn)

5.2. ANL A,direct

Bytes: 2
Cycles: 1
Encoding:

lo/1]o]1]0[1]0]1]directaddress |

Operation: ANL
(A) < (A) A (direct)

53. ANL A,@Ri

Bytes: 1
Cyecles: 1
Encoding:

loftfojtfoft[1]i]

Operation: ANL
(A) < (A) A ((RY))

S5.4. ANL A,#data

Bytes: 2
Cycles: 1
Encoding:

lo/1]o]1]0][1]0]0]immediate data |

Operation: ANL
(A) < (A) A #data

5.5. ANL direct,A

Bytes: 2
Cycles: 1
Encoding:

lol1]o]1]0]0]1]0] direct address |

Operation: ANL
(direct) «— (direct) A (A)

5.6. ANL direct,#data

Bytes: 3
Cycles: 2
Encoding:
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‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 | 0 ‘ 1 ‘ 1 ‘ direct address ‘ immediate data ‘
Operation: ANL
(direct) «— (direct) A #data

6. ANL C,<src-bit>

Function: Logical-AND for bit variables

Description: If the Boolean value of the source bit is a logical 0, then ANL C clears
the carry flag; otherwise, this instruction leaves the carry flag in its current state. A
slash ( /) preceding the operand in the assembly language indicates that the logical
complement of the addressed bit is used as the source value, but the source bit itself is
not affected. No other flags are affected.

Only direct addressing is allowed for the source operand.

Example: Set the carry flag if, and only if, P1.0 =1, ACC.7 =1, and OV = 0:

MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN STATE

ANL C,ACC.7 ;AND CARRY WITH ACCUM. BIT 7

ANL C,/OV ;AND WITH INVERSE OF OVERFLOW FLAG

6.1. ANL C,bit

Bytes: 2
Cycles: 2
Encoding:

[1]o]o]ofo]o]1]o0]bitaddress |

Operation: ANL
(C) « (C) A (bit)

6.2. ANL C,/bit

Bytes: 2
Cycles: 2
Encoding:

[1/o]1]1]0]0][0]0]bitaddress |

Operation: ANL
(C) « (C) ANOT (bit)

7. CIJNE <destbyte>,<src-byte>, rel

Function: Compare and Jump if Not Equal.

Description: CINE compares the magnitudes of the first two operands and branches if
their values are not equal. The branch destination is computed by adding the signed
relative-displacement in the last instruction byte to the PC, after incrementing the PC
to the start of the next instruction. The carry flag is set if the unsigned integer value of
<dest-byte> is less than the unsigned integer value of <src-byte>; otherwise, the carry
is cleared. Neither operand is affected.
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The first two operands allow four addressing mode combinations: the Accumulator
may be compared with any directly addressed byte or immediate data, and any indirect
RAM location or working register can be compared with an immediate constant.
Example: The Accumulator contains 34H. Register 7 contains 56H. The first
instruction in the sequence,

CINE R7, # 60H, NOT_EQ

e ;R7 = 60H.

NOT_EQ:JC REQ _LOW ;IF R7 < 60H.

e ;R7 > 60H.
sets the carry flag and branches to the instruction at label NOT EQ. By testing the
carry flag, this instruction determines whether R7 is greater or less than 60H.
If the data being presented to Port 1 is also 34H, then the following instruction,

WAIT: CINE A, P1,WAIT
clears the carry flag and continues with the next instruction in sequence, since the
Accumulator does equal the data read from P1. (If some other value was being input
on P1, the program loops at this point until the P1 data changes to 34H.)

7.1. CJNE A.,direct,rel

Bytes: 3
Cycles: 2
Encoding:

[1]of1]1]0][1]0]1]directaddress | relative address |

Operation: (PC) < (PC) +3
IF (A) <> (direct) THEN

(PC) « (PC) + relative offset
IF (A) < (direct) THEN

(OC)«1
ELSE

(C)«0

7.2. CJNE A #data,rel

Bytes: 3
Cycles: 2
Encoding:

[1/0]1]1]0][1]0]0]immediate data | relative address |

Operation: (PC) < (PC) +3
IF (A) <> data THEN

(PC) « (PC) + relative offset
IF (A) < data THEN

(C) «1
ELSE

(C)«0

7.3. CJNE Rn,j#data,rel
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Bytes: 3
Cycles: 2
Encoding:

‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ r ‘ r ‘ r ‘ immediate data ‘ relative address ‘
Operation: (PC) < (PC) +3
IF (Rn) <> data THEN
(PC) < (PC) + relative offset
IF (Rn) < data THEN
O)«1

ELSE
(C)«0

7.4. CJNE @Ri,data,rel

Bytes: 3
Cycles: 2
Encoding:

‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 | 1 ‘ 1 ‘ i ‘ immediate data ‘ relative address ‘
Operation: (PC) < (PC) +3
IF ((Ri)) <> data THEN
(PC) < (PC) + relative offset
IF ((Ri)) < data THEN
(C)«1

ELSE
(C)«0

8. CLRA

Function: Clear Accumulator

Description: CLR A clears the Accumulator (all bits set to 0). No flags are affected

Example: The Accumulator contains SCH (01011100B). The following instruction,
CLR A

leaves the Accumulator set to 00H (00000000B).

Bytes: 1

Cycles: 1

Encoding:

[t[1]1]ofo]1][o]0]

Operation: CLR
(A)«0

9. CLR bit

Function: Clear bit
Description: CLR bit clears the indicated bit (reset to 0). No other flags are affected.
CLR can operate on the carry flag or any directly addressable bit.
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Example: Port 1 has previously been written with SDH (01011101B). The following
instruction,

CLR P1.2
leaves the port set to S9H (01011001B).

9.1. CLRC

Bytes: 1
Cycles: 1
Encoding:

[t[1]ojolo]o[1]1]

Operation: CLR
(C)«0

9.2. CLR bit

Bytes: 2
Cycles: 1
Encoding:

[1[1]0o]ofo]o]1]0]bitaddress ]

Operation: CLR
(bit) «- 0

10. CPL A

Function: Complement Accumulator

Description: CPLA logically complements each bit of the Accumulator (one’s

complement). Bits which previously contained a 1 are changed to a 0 and vice-versa.

No flags are affected.

Example: The Accumulator contains SCH (01011100B). The following instruction,
CPL A

leaves the Accumulator set to 0A3H (10100011B).

Bytes: 1

Cycles: 1

Encoding:

(tfrj1j1folt[ofo]

Operation: CPL
(A) <« NOT (A)

11. CPL bit

Function: Complement bit

Description: CPL bit complements the bit variable specified. A bit that had been a 1
is changed to 0 and vice-versa. No other flags are affected. CLR can operate on the
carry or any directly addressable bit.

Note: When this instruction is used to modify an output pin, the value used as the
original data is read from the output data latch, not the input pin.
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Example: Port 1 has previously been written with SBH (01011101B). The following
instruction sequence,

CPL P1.1

CPL P1.2
leaves the port set to SBH (01011011B).

11.1. CPLC

Bytes: 1
Cycles: 1
Encoding:

[ t{oftt]ofoft]1]

10110011
Operation: CPL
(C) « NOT (C)

11.2. CPL bit

Bytes: 2
Cycles: 1
Encoding:

(1/o]1]1]o]o]1]0]bitaddress ]

Operation: CPL
(bit) «— NOT (bit)

12. DA A

Function: Decimal-adjust Accumulator for Addition

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the
earlier addition of two variables (each in packed-BCD format), producing two four-bit
digits. Any ADD or ADDC instruction may have been used to perform the addition.

If Accumulator bits 3 through 0 are greater than nine (xxxx1010-xxxx1111), or if the
AC flag is one, six is added to the Accumulator producing the proper BCD digit in the
low-order nibble. This internal addition sets the carry flag if a carry-out of the low-
order four-bit field propagates through all high-order bits, but it does not clear the
carry flag otherwise.

If the carry flag is now set, or if the four high-order bits now exceed nine (1010xxxx-
1111xxxx), these high-order bits are incremented by six, producing the proper BCD
digit in the high-order nibble. Again, this sets the carry flag if there is a carry-out of
the high-order bits, but does not clear the carry. The carry flag thus indicates if the
sum of the original two BCD variables is greater than 100, allowing multiple precision
decimal addition. OV is not affected.

All of this occurs during the one instruction cycle. Essentially, this instruction
performs the decimal conversion by adding OOH, 06H, 60H, or 66H to the
Accumulator, depending on initial Accumulator and PSW conditions.

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD
notation, nor does DA A apply to decimal subtraction.
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Example: The Accumulator holds the value 56H (01010110B), representing the
packed BCD digits of the decimal number 56. Register 3 contains the value 67H
(01100111B), representing the packed BCD digits of the decimal number 67. The
carry flag is set. The following instruction sequence

ADDC A,R3

DA A
first performs a standard two’s-complement binary addition, resulting in the value
OBEH (10111110) in the Accumulator. The carry and auxiliary carry flags are cleared.
The Decimal Adjust instruction then alters the Accumulator to the value 24H
(00100100B), indicating the packed BCD digits of the decimal number 24, the low-
order two digits of the decimal sum of 56, 67, and the carry-in. The carry flag is set by
the Decimal Adjust instruction, indicating that a decimal overflow occurred. The true
sum of 56, 67, and 1 1s 124.
BCD variables can be incremented or decremented by adding 01H or 99H. If the
Accumulator initially holds 30H (representing the digits of 30 decimal), then the
following instruction sequence,

ADD A, # 99H

DA A
leaves the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order
byte of the sum can be interpreted to mean 30 - 1 =29.
Bytes: 1
Cycles: 1
Encoding:

[t[tfoft]oft]ofo0]

Operation: DA

-contents of Accumulator are BCD

IF [[(A3-0) > 9] v [(AC) = 1]] THEN (A3-0) « (A3-0)+ 6
AND

IF [[(A7-4)>9] v [(C)=1]] THEN (A7-4) « (A7-4)+ 6

13. DEC byte

Function: Decrement
Description: DEC byte decrements the variable indicated by 1. An original value of
00OH underflows to OFFH. No flags are affected. Four operand addressing modes are
allowed: accumulator, register, direct, or register-indirect.
Note: When this instruction is used to modify an output port, the value used as the
original port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7FH (01111111B). Internal RAM locations 7EH and
7FH contain 00H and 40H, respectively.
The following instruction sequence,

DEC @RO

DEC RO

DEC @RO
leaves register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH
and 3FH.
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13.1. DECA

Bytes: 1
Cyecles: 1
Encoding:

lofofoft]oft]of0]

Operation: DEC
(A) < (A)-1

13.2. DEC Rn

Bytes: 1
Cycles: 1
Encoding:

ofofoft[t]r[r[r]

Operation: DEC
(Rn) <= (Rn) - 1

13.3. DEC direct

Bytes: 2
Cyecles: 1
Encoding:

lolofo]1]o]1]0]1]direct address |

Operation: DEC
(direct) <« (direct) - 1

13.4. DEC @Ri

Bytes: 1
Cycles: 1
Encoding:

ofofoft[of1[1]i]

Operation: DEC
(R1)) <= (RD)) - 1

14. DIV AB

Function: Divide

Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by
the unsigned eight-bit integer in register B.

The Accumulator receives the integer part of the quotient; register B receives the
integer remainder. The carry and OV flags are cleared.

Exception: if B had originally contained 00H, the values returned in the Accumulator
and B-register are undefined and the overflow flag are set. The carry flag is cleared in
any case.

Example: The Accumulator contains 251 (OFBH or 11111011B) and B contains 18
(12H or 00010010B). The following instruction,
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DIV AB
leaves 13 in the Accumulator (ODH or 00001101B) and the value 17 (11H or
00010001B) in B, since 251 = (13 x 18) + 17. Carry and OV are both cleared.
Bytes: 1
Cycles: 4
Encoding:

[1[ofofofoft]of0]

Operation: DIV
(A)1ss < (A)/(B)
(B)7-0

15. DJNZ <byte>,<rel addr>

Function: Decrement and Jump if Not Zero
Description: DINZ decrements the location indicated by 1, and branches to the
address indicated by the second operand if the resulting value is not zero. An original
value of O0H underflows to OFFH. No flags are affected. The branch destination is
computed by adding the signed relative-displacement value in the last instruction byte
to the PC, after incrementing the PC to the first byte of the following instruction. The
location decremented may be a register or directly addressed byte.
Note: When this instruction is used to modify an output port, the value used as the
original port data will be read from the output data latch, not the input pins.
Example: Internal RAM locations 40H, 50H, and 60H contain the values 01H, 70H,
and 15H, respectively. The following instruction sequence,

DJNZ 40H,LABEL 1

DJNZ 50H,LABEL 2

DJNZ 60H,LABEL 3
causes a jump to the instruction at label LABEL 2 with the values 00H, 6FH, and
15H in the three RAM locations. The first jump was not taken because the result was
zero.
This instruction provides a simple way to execute a program loop a given number of
times or for adding a moderate time delay (from 2 to 512 machine cycles) with a
single instruction. The following instruction sequence,

MOV R2, # 8

TOGGLE: CPL P1.7

DINZ R2,TOGGLE
toggles P1.7 eight times, causing four output pulses to appear at bit 7 of output Port 1.
Each pulse lasts three machine cycles; two for DJINZ and one to alter the pin.

15.1. DJNZ Rn,rel

Bytes: 2
Cycles: 2
Encoding:

[1]1]of1[1]r]r][r]relative address |

Operation: DINZ
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(PC) « (PC)+2

(Rn) « (Rn) - 1

IF (Rn) > 0 or (Rn) <0 THEN
(PC) « (PC) +rel

15.2. DJNZ direct,rel

Bytes: 3
Cycles: 2
Encoding:
| 1 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ direct address ‘ relative address ‘

Operation: DINZ
(PC) « (PC)+2
(direct) <« (direct) - 1
IF (direct) > 0 or (direct) <0 THEN

(PC) « (PC) +rel

16.  INC <byte>

Function: Increment
Description: INC increments the indicated variable by 1. An original value of OFFH
overflows to 00H. No flags are affected.
Three addressing modes are allowed: register, direct, or register-indirect.
Note: When this instruction is used to modify an output port, the value used as the
original port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7EH (011111110B). Internal RAM locations 7EH and
7FH contain OFFH and 40H, respectively. The following instruction sequence,

INC @RO

INC RO

INC @RO
leaves register 0 set to 7FH and internal RAM locations 7EH and 7FH holding 00H
and 41H, respectively.

16.1. INC A

Bytes: 1
Cycles: 1
Encoding:

lofolojofo[1[0]0]

Operation: INC
(A)«—(A)+1

16.2. INC Rn

Bytes: 1
Cycles: 1
Encoding:
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ofofofoft]r[r[r]

Operation: INC
(Rn) < (Rn) + 1

16.3. INC direct

Bytes: 2
Cycles: 1
Encoding:

lolo]o]o]o]1]0]1]direct address |

Operation: INC
(direct) «— (direct) + 1

16.4. INC @Ri

Bytes: 1
Cycles: 1
Encoding:

ofofofofo[1[1]i]

Operation: INC
(RD)) < (Ri)) + 1

17. INC DPTR

Function: Increment Data Pointer
Description: INC DPTR increments the 16-bit data pointer by 1. A 16-bit increment
(modulo 216) is performed, and an overflow of the low-order byte of the data pointer
(DPL) from OFFH to OOH increments the high-order byte (DPH). No flags are
affected. This is the only 16-bit register which can be incremented.
Example: Registers DPH and DPL contain 12H and OFEH, respectively. The
following instruction sequence,

INC DPTR

INC DPTR

INC DPTR
changes DPH and DPL to 13H and O1H.
Bytes: 1
Cycles: 2
Encoding:

[t{oft]ofofof1]1]

Operation: INC
(DPTR) « (DPTR) + 1

18. JB bit,rel

Function: Jump if Bit set
Description: If the indicated bit is a one, JB jump to the address indicated; otherwise,
it proceeds with the next instruction. The branch destination is computed by adding
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the signed relative-displacement in the third instruction byte to the PC, after
incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.
Example: The data present at input port 1 is 11001010B. The Accumulator holds 56
(01010110B). The following instruction sequence,

JB P1.2,LABELI1

JB ACC. 2,LABEL2
causes program execution to branch to the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding:

| 0 | 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ bit address ‘ relative address ‘
Operation: JB
(PC) « (PC)+3
IF (bit) =1 THEN
(PC) « (PC) +rel

19. JBC bit,rel

Function: Jump if Bit is set and Clear bit
Description: If the indicated bit is one, JBC branches to the address indicated;
otherwise, it proceeds with the next instruction. The bit will not be cleared if it is
already a zero. The branch destination is computed by adding the signed relative-
displacement in the third instruction byte to the PC, after incrementing the PC to the
first byte of the next instruction. No flags are affected.
Note: When this instruction is used to test an output pin, the value used as the original
data will be read from the output data latch, not the input pin.
Example: The Accumulator holds 56H (01010110B). The following instruction
sequence,

JBC ACC.3,LABELI

JBC ACC.2,LABEL2
causes program execution to continue at the instruction identified by the label
LABEL2, with the Accumulator modified to 52H (01010010B).
Bytes: 3
Cycles: 2
Encoding:

| 0 | 0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 0 \ bit address \ relative address \
Operation: JBC
(PC) « (PC)+3
IF (bit) = 1 THEN
(bit) <« 0
(PC) < (PC) +rel

20. JC rel

Function: Jump if Carry is set
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Description: If the carry flag is set, JC branches to the address indicated; otherwise, it
proceeds with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice. No flags are affected.
Example: The carry flag is cleared. The following instruction sequence,

JC LABEL1

CPLC

JC LABEL 2
sets the carry and causes program execution to continue at the instruction identified by
the label LABEL2.
Bytes: 2
Cycles: 2
Encoding:

|0‘1‘O‘O‘O‘O‘O‘O‘relativeaddress‘

Operation: JC
(PC) « (PC)+2
IF (C) =1 THEN
(PC) « (PC) +rel

21. JMP @A+DPTR

Function: Jump indirect
Description: JMP @A+DPTR adds the eight-bit unsigned contents of the
Accumulator with the 16-bit data pointer and loads the resulting sum to the program
counter. This is the address for subsequent instruction fetches. Sixteen-bit addition is
performed (modulo 216): a carry-out from the low-order eight bits propagates through
the higher-order bits. Neither the Accumulator nor the Data Pointer is altered. No
flags are affected.
Example: An even number from 0 to 6 is in the Accumulator. The following
sequence of instructions branches to one of four AJMP instructions in a jump table
starting at JMP_TBL.

MOV DPTR, # JMP_TBL

JMP @A + DPTR

JMP_TBL: AIMP LABELO

AJMP LABELI

AJMP LABEL2

AJMP LABEL3
If the Accumulator equals 04H when starting this sequence, execution jumps to label
LABEL2. Because AJMP is a 2-byte instruction, the jump instructions start at every
other address.
Bytes: 1
Cycles: 2
Encoding:

oftftfrfofofr]1]

Operation: J]MP
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(PC) < (A) + (DPTR)
22. JNB bit,rel

Function: Jump if Bit Not set
Description: If the indicated bit is a 0, JNB branches to the indicated address;
otherwise, it proceeds with the next instruction. The branch destination is computed
by adding the signed relative-displacement in the third instruction byte to the PC, after
incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.
Example: The data present at input port 1 is 11001010B. The Accumulator holds 56H
(01010110B). The following instruction sequence,

JNB P1.3,LABELI

JNB ACC.3,LABEL2
causes program execution to continue at the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding:

| 0 | 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ bit address ‘ relative address ‘
Operation: INB
(PC)« (PC)+3
IF (bit) = 0 THEN
(PC) « (PC) +rel

23. JNC rel

Function: Jump if Carry not set
Description: If the carry flag is a 0, JNC branches to the address indicated; otherwise,
it proceeds with the next instruction. The branch destination is computed by adding
the signal relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice to point to the next instruction. The carry flag is not
modified.
Example: The carry flag is set. The following instruction sequence,

JNC LABELI

CPLC

JNC LABEL2
clears the carry and causes program execution to continue at the instruction identified
by the label LABEL?2.
Bytes: 2
Cycles: 2
Encoding:

|0‘1‘0‘1‘O‘O‘O‘O‘relativeaddress‘

Operation: INC
(PC) « (PC)+2
IF (C) =0 THEN (PC) « (PC) + rel
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24. JNZ rel

Function: Jump if Accumulator Not Zero
Description: If any bit of the Accumulator is a one, JNZ branches to the indicated
address; otherwise, it proceeds with the next instruction. The branch destination is
computed by adding the signed relative-displacement in the second instruction byte to
the PC, after incrementing the PC twice. The Accumulator is not modified. No flags
are affected.
Example: The Accumulator originally holds O00H. The following instruction
sequence,

JNZ LABEL1

INC A

JNZ LABEL2
sets the Accumulator to 01H and continues at label LABEL?2.
Bytes: 2
Cycles: 2
Encoding:

|0‘1‘1‘1‘O‘O‘O‘O‘relativeaddress‘

Operation: INZ
(PC) « (PC)+2
IF (A) # 0 THEN (PC) « (PC) + rel

25. JZ rel

Function: Jump if Accumulator Zero
Description: If all bits of the Accumulator are 0, JZ branches to the address indicated;
otherwise, it proceeds with the next instruction. The branch destination is computed
by adding the signed relative-displacement in the second instruction byte to the PC,
after incrementing the PC twice. The Accumulator is not modified. No flags are
affected.
Example: The Accumulator originally contains OIH. The following instruction
sequence,

JZ LABELI1

DEC A

JZ LABEL2
changes the Accumulator to 00H and causes program execution to continue at the
instruction identified by the label LABEL2.
Bytes: 2
Cycles: 2
Encoding:

|0‘1‘1‘O‘O‘O‘O‘O‘relativeaddress‘

Operation: JZ
(PC) « (PC)+2
IF (A) =0 THEN (PC) <« (PC) + rel

26. LCALL addr16
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Function: Long call
Description: LCALL calls a subroutine located at the indicated address. The
instruction adds three to the program counter to generate the address of the next
instruction and then pushes the 16-bit result onto the stack (low byte first),
incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC
are then loaded, respectively, with the second and third bytes of the LCALL
instruction. Program execution continues with the instruction at this address. The
subroutine may therefore begin anywhere in the full 64K byte program memory
address space. No flags are affected.
Example: Initially the Stack Pointer equals 07H. The label SUBRTN is assigned to
program memory location 1234H. After executing the instruction,

LCALL SUBRTN
at location 0123H, the Stack Pointer will contain 09H, internal RAM locations 08H
and 09H will contain 26H and 01H, and the PC will contain 1234H.
Bytes: 3
Cycles: 2
Encoding:

lolofo[1]o]0]1]o0]addr15-addr8 | addr7-addrO |
Operation: LCALL
(PC) « (PC) + 3
(SP) «— (SP) + 1
((SP)) « (PC7-0)
(SP) < (SP) + 1
((SP)) « (PC15-8)
(PC) « addr15-0

27. LJMP addr16

Function: Long Jump
Description: LJMP causes an unconditional branch to the indicated address, by
loading the high-order and low-order bytes of the PC (respectively) with the second
and third instruction bytes. The destination may therefore be anywhere in the full 64K
program memory address space. No flags are affected.
Example: The label JMPADR is assigned to the instruction at program memory
location 1234H. The instruction,

LIJMP JMPADR
at location 0123H will load the program counter with 1234H.
Bytes: 3
Cycles: 2
Encoding:

l0]loJo]o]o[o]1]0]addri5-addr8 | addr7-addrO |
Operation: LIMP
(PC) < addr15-0

28. MOV <destbyte>, <src-byte>
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Function: Move byte variable
Description: The byte variable indicated by the second operand is copied into the
location specified by the first operand. The source byte is not affected. No other
register or flag is affected.
This 1s by far the most flexible operation. Fifteen combinations of source and
destination addressing modes are allowed.
Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is
10H. The data present at input port 1 is 11001010B (0CAH).

MOV R0,#30H ;R0 «-30H

MOV A,@RO0 ;A «<40H

MOV R1,A ;R1 «-40H

MOV B,@R1 ;B < 10H

MOV @R1,P1 ;RAM (40H) <~ 0CAH

MOV P2,P1 ;P2 < 0CAH
leaves the value 30H in register 0, 40H in both the Accumulator and register 1, 10H in
register B, and 0CAH (11001010B) both in RAM location 40H and output on port 2.

28.1. MOV A,Rn

Bytes: 1
Cyecles: 1
Encoding:

Ltfrftjoftfr]r|r]

Operation: MOV
(A) < (Rn)

28.2. *MOV A,direct

Bytes: 2
Cycles: 1
Encoding:

‘1‘1‘1‘0‘0‘1‘0‘1|directaddress‘

Operation: MOV
(A) « (direct)
* MOV A,ACC is not a valid Instruction.

28.3. MOV A,@Ri

Bytes: 1
Cycles: 1
Encoding:

tffrfolofrfr]il

Operation: MOV
(A) < ((R))

28.4. MOV A, #data
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Bytes: 2
Cycles: 1
Encoding:

lo/1]1]1]0][1]0]0]immediate data |

Operation: MOV
(A) « #data

28.5. MOV Rn,A

Bytes: 1
Cycles: 1
Encoding:

Ltfrfaftftfrfr|r]

Operation: MOV
(Rn) < (A)

28.6. MOV Rn.direct

Bytes: 2
Cycles: 2
Encoding:

[1]o]1]o]1]r]r]r]directaddress |

Operation: MOV
(Rn) « (direct)

28.7. MOYV Rn#data

Bytes: 2
Cycles: 1
Encoding:

‘0‘1|1|1‘1‘r|r‘r‘immediatedata‘

Operation: MOV
(Rn) « #data

28.8. MOV direct,A

Bytes: 2
Cyecles: 1
Encoding:

[1/1]1]1]o][1]0]1]directaddress |

Operation: MOV
(direct) < (A)

28.9. MOV direct,Rn

Bytes: 2
Cycles: 2
Encoding:
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‘1‘0‘0‘0‘1|r‘r‘r‘directaddress‘

Operation: MOV
(direct) «<— (Rn)

28.10. MOV direct,direct

Bytes: 3
Cycles: 2
Encoding:
\ 1 \ 0]0 \ 0 \ 0 \ 1 \ 0 \ 1 \ direct address (source) \ direct address (destination) \
Operation: MOV
(direct) «— (direct)

28.11. MOV direct,@Ri

Bytes: 2
Cycles: 2
Encoding:

|1‘O‘O‘O‘OH‘l‘i‘directaddress‘

Operation: MOV
(direct) < ((Ri))

28.12. MOV direct,#data

Bytes: 3
Cycles: 2
Encoding:

lol1]1]1]0[1]0]1]directaddress | immediate data |
Operation: MOV
(direct) < #data

28.13. MOV @Ri,A

Bytes: 1
Cycles: 1
Encoding:

Ltfrfrjrfofr[t]i]

Operation: MOV
((Ri)) < (A)

28.14. MOV @Ri,direct

Bytes: 2
Cycles: 2
Encoding:

|1‘O‘1‘O‘O|l‘l‘i‘directaddress‘

Operation: MOV
((Ri1)) «— (direct)
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28.15. MOV @Ri,#data

Bytes: 2
Cycles: 1
Encoding:

\O\1|1|1\O\1\1\i‘immediatedata|

Operation: MOV
((R1)) « #data

29. MOV <destbit>, <src-bit>

Function: Move bit data
Description: MOV <dest-bit>,<src-bit> copies the Boolean variable indicated by the
second operand into the location specified by the first operand. One of the operands
must be the carry flag; the other may be any directly addressable bit. No other register
or flag is affected.
Example: The carry flag is originally set. The data present at input Port 3 is
11000101B. The data previously written to output Port 1 is 35H (00110101B).

MOV P1.3,C

MOV C,P3.3

MOV P1.2,C
leaves the carry cleared and changes Port 1 to 39H (00111001B).

29.1. MOV C,bit

Bytes: 2
Cycles: 1
Encoding:

[1/o]1]o]o]o]1]0]bitaddress]

Operation: MOV
(C) « (bit)

29.2. MOV bit,C

Bytes: 2
Cycles: 2
Encoding:

[1[o]o[1]o]0][1]0]bitaddress ]

Operation: MOV
(bit) <« (C)

30. MOYV DPTR,#datal6

Function: Load Data Pointer with a 16-bit constant

Description: MOV DPTR,#datal6 loads the Data Pointer with the 16-bit constant
indicated. The 16-bit constant is loaded into the second and third bytes of the
instruction. The second byte (DPH) is the high-order byte, while the third byte
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(DPL) holds the lower-order byte. No flags are affected. This is the only instruction
which moves 16 bits of data at once.
Example: The instruction,

MOV DPTR, # 1234H
loads the value 1234H into the Data Pointer: DPH holds 12H, and DPL holds 34H.
Bytes: 3
Cycles: 2
Encoding:

‘ 1 ‘ 0 | 0 | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ immed. data;s.g ‘ immed. data;.g |
Operation: MOV
(DPTR) « #data,s.
DPH <—#data15_g
DPL <« #data;

31. MOVC A,@A+<base-reg>

Function: Move Code byte
Description: The MOVC instructions load the Accumulator with a code byte or
constant from program memory. The address of the byte fetched is the sum of the
original unsigned 8-bit Accumulator contents and the contents of a 16-bit base
register, which may be either the Data Pointer or the PC. In the latter case, the PC is
incremented to the address of the following instruction before being added with the
Accumulator; otherwise the base register is not altered. Sixteen-bit addition is
performed so a carry-out from the low-order eight bits may propagate through higher-
order bits. No flags are affected.
Example: A value between 0 and 3 is in the Accumulator. The following instructions
will translate the value in the Accumulator to one of four values defined by the DB
(define byte) directive.

REL PC:INC A

MOVC A,@A+PC

RET

DB 66H

DB 77H

DB 88H

DB 99H
If the subroutine is called with the Accumulator equal to 01H, it returns with 77H in
the Accumulator. The INC A before the MOVC instruction is needed to “get around”
the RET instruction above the table. If several bytes of code separate the MOVC from
the table, the corresponding number is added to the Accumulator instead.

31.1. MOVC A,@A+DPTR

Bytes: 1
Cycles: 2
Encoding:

[ t{ofoft]ofoft]1]
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Operation: MOVC
(A) < ((A) + (DPTR))

31.2. MOVC A,@A+PC

Bytes: 1
Cycles: 2
Encoding:

[t[ofofofofoft]1]

Operation: MOVC
(PC) « (PC)+ 1
(A) < ((A) + (PC))

32. MOVX <destbyte>,<src-byte>

Function: Move External
Description: The MOVX instructions transfer data between the Accumulator and a
byte of external data memory, which is why “X” is appended to MOV. There are two
types of instructions, differing in whether they provide an 8-bit or 16-bit indirect
address to the external data RAM.
In the first type, the contents of RO or R1 in the current register bank provide an 8-bit
address multiplexed with data on P0O. Eight bits are sufficient for external I/O
expansion decoding or for a relatively small RAM array. For somewhat larger arrays,
any output port pins can be used to output higher-order address bits. These pins are
controlled by an output instruction preceding the MOVX.
In the second type of MOVX instruction, the Data Pointer generates a 16-bit address.
P2 outputs the high-order eight address bits (the contents of DPH), while PO
multiplexes the low-order eight bits (DPL) with data. The P2 Special Function
Register retains its previous contents, while the P2 output buffers emit the contents of
DPH. This form of MOVX is faster and more efficient when accessing very large data
arrays (up to 64K bytes), since no additional instructions are needed to set up the
output ports.
It is possible to use both MOVX types in some situations. A large RAM array with its
high-order address lines driven by P2 can be addressed via the Data Pointer, or with
code to output high-order address bits to P2, followed by a MOVX instruction using
RO or R1.
Example: An external 256 byte RAM using multiplexed address/data lines is
connected to the 8051 Port 0. Port 3 provides control lines for the external RAM.
Ports 1 and 2 are used for normal I/O. Registers 0 and 1 contain 12H and 34H.
Location 34H of the external RAM holds the value 56H. The instruction sequence,
MOVX A,@R1
MOVX @RO0,A
copies the value 56H into both the Accumulator and external RAM location 12H.

32.1. MOVX A,@Ri
Bytes: 1
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Cycles: 2
Encoding:

(tftf1jofofof1]i]

Operation: MOVX
(A) < ((R))

32.2. MOVX A,@DPTR

Bytes: 1
Cycles: 2
Encoding:

[t[t[t]ofofofof0]

Operation: MOVX
(A) <~ (DPTR))

32.3. MOVX @Ri,A

Bytes: 1
Cycles: 2
Encoding:

(t[t[tfrofof1[i]

Operation: MOVX
(RD)) < (A)

32.4. MOVX @DPTR,A

Bytes: 1
Cycles: 2
Encoding:

(tf1j1j1]olofofo0]

Operation: MOVX
(DPTR) « (A)

33. MUL AB

Function: Multiply
Description: MUL AB multiplies the unsigned 8-bit integers in the Accumulator and
register B. The low-order byte of the 16-bit product is left in the Accumulator, and the
high-order byte in B. If the product is greater than 255 (OFFH), the overflow flag is
set; otherwise it is cleared. The carry flag is always cleared.
Example: Originally the Accumulator holds the value 80 (50H). Register B holds the
value 160 (OAOH). The instruction,

MUL AB
will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and the
Accumulator is cleared. The overflow flag is set, carry is cleared.
Bytes: 1
Cycles: 4
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Encoding:

[t[of[t]ofoft]of0]

Operation: MUL
(A)7.0 < (A) X (B)
(B)iss

34. NOP

Function: No Operation
Description: Execution continues at the following instruction. Other than the PC, no
registers or flags are affected.
Example: A low-going output pulse on bit 7 of Port 2 must last exactly 5 cycles. A
simple SETB/CLR sequence generates a one-cycle pulse, so four additional cycles
must be inserted. This may be done (assuming no interrupts are enabled) with the
following instruction sequence,

CLR P2.7

NOP

NOP

NOP

NOP

SETB P2.7
Bytes: 1
Cycles: 1
Encoding:

lofojojolo]o[o]0]

Operation: NOP
(PC) « (PC)+1

35. ORL<dest-byte>,<src-byte>

Function: Logical-OR for byte variables
Description: ORL performs the bitwise logical-OR operation between the indicated
variables, storing the results in the destination byte. No flags are affected.
The two operands allow six addressing mode combinations. When the destination is
the Accumulator, the source can use register, direct, register-indirect, or immediate
addressing; when the destination is a direct address, the source can be the
Accumulator or immediate data.
Note: When this instruction is used to modify an output port, the value used as the
original port data is read from the output data latch, not the input pins.
Example: If the Accumulator holds OC3H (11000011B) and RO holds 55H
(01010101B) then the following instruction,

ORL A,RO
leaves the Accumulator holding the value 0D7H (11010111B).When the destination is
a directly addressed byte, the instruction can set combinations of bits in any RAM
location or hardware register. The pattern of bits to be set is determined by a mask
byte, which may be either a constant data value in the instruction or a variable
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computed in the Accumulator at run-time. The instruction,

ORL P1,#00110010B
sets bits 5, 4, and 1 of output Port 1.

35.1. ORL A,Rn

Bytes: 1
Cyecles: 1
Encoding:

loftlojoft]r|r|r]

Operation: ORL
(A) < (A) v (Rn)

35.2. ORL A,direct

Bytes: 2
Cycles: 1
Encoding:

‘0‘1‘0‘0‘0‘1‘0‘1|directaddress‘

Operation: ORL
(A) < (A) v (direct)

35.3. ORL A,@Ri

Bytes: 1
Cycles: 1
Encoding:

lof1]ojofof1[1]i]

Operation: ORL
(A) < (A) v ((R1))

35.4. ORL A #data

Bytes: 2
Cycles: 1
Encoding:

lo/1]o]o]o][1]0]0]immediate data |

Operation: ORL
(A) « (A) v #data

35.5. ORL direct,A

Bytes: 2
Cycles: 1
Encoding:

10/1]/0]0]0[0]1]0]direct address |

Operation: ORL
(direct) <« (direct) v (A)
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35.6. ORL direct,#data

Bytes: 3
Cycles: 2
Encoding:

‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 1 ‘ 1 ‘ direct address ‘ immediate data ‘
Operation: ORL
(direct) «— (direct) v #data

36. ORL C,<src-bit>

Function: Logical-OR for bit variables
Description: Set the carry flag if the Boolean value is a logical 1; leave the carry in its
current state otherwise. A slash ( /) preceding the operand in the assembly language
indicates that the logical complement of the addressed bit is used as the source value,
but the source bit itself is not affected. No other flags are affected.
Example: Set the carry flag if and only if P1.0=1, ACC. 7=1,0or OV =0:

MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN P10

ORL C,ACC.7 ;OR CARRY WITH THE ACC. BIT 7

ORL C,/OV ;OR CARRY WITH THE INVERSE OF OV.

36.1. ORL C,bit

Bytes: 2
Cycles: 2
Encoding:

lol1]1]1]0]0]1]0]bitaddress |

Operation: ORL
(C) « (C) v (bit)

36.2. ORL C,/bit

Bytes: 2
Cycles: 2
Encoding:

[1/o]1]o]o]o]0]0]bitaddress |

Operation: ORL
(C) « (C) v (bit)

37. POP direct

Function: Pop from stack.

Description: The contents of the internal RAM location addressed by the Stack
Pointer is read, and the Stack Pointer is decremented by one. The value read is then
transferred to the directly addressed byte indicated. No flags are affected.
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Example: The Stack Pointer originally contains the value 32H, and internal RAM
locations 30H through 32H contain the values 20H, 23H, and 01H, respectively. The
following instruction sequence,

POP DPH

POP DPL
leaves the Stack Pointer equal to the value 30H and sets the Data Pointer to 0123H. At
this point, the following instruction,
POP SP
leaves the Stack Pointer set to 20H. In this special case, the Stack Pointer was
decremented to 2FH before being loaded with the value popped (20H).
Bytes: 2
Cycles: 2
Encoding:

‘1‘1‘0‘1‘0‘0‘0‘0|directaddress‘

Operation: POP
(direct) < ((SP))
(SP) « (SP) -1

38. PUSH direct

Function: Push onto stack
Description: The Stack Pointer is incremented by one. The contents of the indicated
variable is then copied into the internal RAM location addressed by the Stack Pointer.
Otherwise no flags are affected.
Example: On entering an interrupt routine, the Stack Pointer contains 09H. The Data
Pointer holds the value 0123H. The following instruction sequence,

PUSH DPL

PUSH DPH
leaves the Stack Pointer set to 0BH and stores 23H and OIH in internal RAM
locations 0OAH and OBH, respectively.
Bytes: 2
Cycles: 2
Encoding:

[1[1]o]o]o[0]0]o0]direct address |

Operation: PUSH
(SP) «~ (SP)+1
((SP)) <« (direct)

39. RET

Function: Return from subroutine

Description: RET pops the high- and low-order bytes of the PC successively from the
stack, decrementing the Stack Pointer by two. Program execution continues at the
resulting address, generally the instruction immediately following an ACALL or
LCALL. No flags are affected.
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Example: The Stack Pointer originally contains the value OBH. Internal RAM
locations 0AH and OBH contain the values 23H and 01H, respectively. The following
instruction,

RET
leaves the Stack Pointer equal to the value 09H. Program execution continues at
location 0123H.
Bytes: 1
Cycles: 2
Encoding:

lofol1]ofo]o[1]0]

Operation: RET
(PCis) < ((SP))
(SP) <« (SP) -1
(PCr.0) < ((SP))
(SP) <~ (SP) -1

40. RETI

Function: Return from interrupt
Description: RETI pops the high- and low-order bytes of the PC successively from
the stack and restores the interrupt logic to accept additional interrupts at the same
priority level as the one just processed. The Stack Pointer is left decremented by two.
No other registers are affected; the PSW is not automatically restored to its pre-
interrupt status. Program execution continues at the resulting address, which is
generally the instruction immediately after the point at which the interrupt request was
detected. If a lower- or same-level interrupt was pending when the RETT instruction is
executed, that one instruction is executed before the pending interrupt is processed.
Example: The Stack Pointer originally contains the value 0BH. An interrupt was
detected during the instruction ending at location 0122H. Internal RAM locations
0AH and OBH contain the values 23H and OIH, respectively. The following
instruction,

RETI
leaves the Stack Pointer equal to 09H and returns program execution to location
0123H.
Bytes: 1
Cycles: 2
Encoding:

lofof[t[t]ofof1]0]

Operation: RETI
(PCis.8) < ((SP))
(SP) « (SP) -1
(PCr0) < ((SP))
(SP) <~ (SP) -1

41. RL A
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Function: Rotate Accumulator Left
Description: The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is
rotated into the bit O position. No flags are affected.
Example: The Accumulator holds the value OC5H (11000101B). The following
instruction,
RL A
leaves the Accumulator holding the value 8BH (10001011B) with the carry
unaffected.
Bytes: 1
Cycles: 1
Encoding:

lofof[tfofofoft1]1]

Operation: RL
(Ap+1) < (Ay)n=0-6
(Ag) < (A7)

42. RLC A

Function: Rotate Accumulator Left through the Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated
one bit to the left. Bit 7 moves into the carry flag; the original state of the carry flag
moves into the bit 0 position. No other flags are affected.
Example: The Accumulator holds the value 0C5H(11000101B), and the carry is zero.
The following instruction,
RLC A
leaves the Accumulator holding the value 8BH (10001010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding:

lofol1j1]ofof[1]t1]

Operation: RLC
(Aps1) < (A)n=0-6
(Ag) < (C)

(C) < (Ay)

43. RR A

Function: Rotate Accumulator Right
Description: The eight bits in the Accumulator are rotated one bit to the right. Bit 0 is
rotated into the bit 7 position. No flags are affected.
Example: The Accumulator holds the value OC5H (11000101B). The following
instruction,

RR A
leaves the Accumulator holding the value OE2H (11100010B) with the carry
unaffected.
Bytes: 1
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Cycles: 1
Encoding:

lofolojolo]o[1]1]

Operation: RR
(Ap) < (Ap+1)n=0-6
(A7) < (Ao)

44. RRC A

Function: Rotate Accumulator Right through Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated
one bit to the right. Bit 0 moves into the carry flag; the original value of the carry flag
moves into the bit 7 position. No other flags are affected.
Example: The Accumulator holds the value OC5H (11000101B), the carry is zero.
The following instruction,

RRC A
leaves the Accumulator holding the value 62 (01100010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding:

lofofoft]ofoft]1]

Operation: RRC

(Ap) <~ (Ay+1)n=0-6
(A7) < (O)

(©) « (Ao)

45. SETB <bit>

Function: Set Bit
Description: SETB sets the indicated bit to one. SETB can operate on the carry flag
or any directly addressable bit. No other flags are affected.
Example: The carry flag is cleared. Output Port 1 has been written with the value 34H
(00110100B). The following instructions,

SETB C

SETB P1.0
sets the carry flag to 1 and changes the data output on Port 1 to 35H (00110101B).

45.1. SETBC

Bytes: 1
Cycles: 1
Encoding:

[t[tfoft]ofoft]1]

Operation: SETB
(C) «1

45.2. SETB bit
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Bytes: 2
Cycles: 1
Encoding:

(1]1]o]1]o]o]1]0]bitaddress]

Operation: SETB
(bit) «— 1

46. SJMP rel

Function: Short Jump
Description: Program control branches unconditionally to the address indicated. The
branch destination is computed by adding the signed displacement in the second
instruction byte to the PC, after incrementing the PC twice. Therefore, the range of
destinations allowed is from 128 bytes preceding this instruction 127 bytes following
it.
Example: The label RELADR is assigned to an instruction at program memory
location 0123H. The following instruction,

SIMP RELADR
assembles into location 0100H. After the instruction is executed, the PC contains the
value 0123H.
Note: Under the above conditions the instruction following SIMP is at 102H.
Therefore, the displacement byte of the instruction is the relative offset (0123H-
0102H) = 21H. Put another way, an SIMP with a displacement of OFEH is a one-
instruction infinite loop.
Bytes: 2
Cycles: 2
Encoding:

[1/0]/0]0]0][0]0]0] relative address |

Operation: SJIMP
(PC) « (PC)+2
(PC) « (PC) +rel

47. SUBB A,<src-byte>

Function: Subtract with borrow

Description: SUBB subtracts the indicated variable and the carry flag together from
the Accumulator, leaving the result in the Accumulator. SUBB sets the carry (borrow)
flag if a borrow is needed for bit 7 and clears C otherwise. (If C was set before
executing a SUBB instruction, this indicates that a borrow was needed for the
previous step in a multiple-precision subtraction, so the carry is subtracted from the
Accumulator along with the source operand.) AC is set if a borrow is needed for bit 3
and cleared otherwise. OV is set if a borrow is needed into bit 6, but not into bit 7, or
into bit 7, but not bit 6. When subtracting signed integers, OV indicates a negative
number produced when a negative value is subtracted from a positive value, or a
positive result when a positive number is subtracted from a negative number. The
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source operand allows four addressing modes: register, direct, register-indirect, or
immediate.
Example: The Accumulator holds O0C9H (11001001B), register 2 holds 54H
(01010100B), and the carry flag is set. The instruction,

SUBB A,R2
will leave the value 74H (01110100B) in the accumulator, with the carry flag and AC
cleared but OV set.
Notice that 0C9H minus 54H is 75H. The difference between this and the above result
is due to the carry (borrow) flag being set before the operation. If the state of the carry
is not known before starting a single or multiple-precision subtraction, it should be
explicitly cleared by CLR C instruction.

47.1. SUBB A,Rn

Bytes: 1
Cycles: 1
Encoding:

rlofoluftfrfr|r]

Operation: SUBB
(A) < (A)-(C) - (Rn)

47.2. SUBB A.direct

Bytes: 2
Cycles: 1
Encoding:

‘1‘0‘0‘1‘0‘1‘0‘1|directaddress‘

Operation: SUBB
(A) < (A) - (C) - (direct)

47.3. SUBB A,@Ri

Bytes: 1
Cycles: 1
Encoding:

Lt{ofojtfoft[1]i]

Operation: SUBB
(A) < (A) - (O) - ((RD))

47.4. SUBB A #data

Bytes: 2
Cycles: 1
Encoding:

'1]/o]o]1]0][1]0]0]immediate data |

Operation: SUBB
(A) < (A) - (C) - #data
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48. SWAP A

Function: Swap nibbles within the Accumulator

Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields)

of the Accumulator (bits 3 through 0 and bits 7 through 4). The operation can also be

thought of as a 4-bit rotate instruction. No flags are affected.

Example: The Accumulator holds the value 0C5H (11000101B). The instruction,
SWAP A

leaves the Accumulator holding the value SCH (01011100B).

Bytes: 1

Cycles: 1

Encoding:

[t[t[ofofoft]o]0]

Operation: SWAP
(Az.0) > (A74)

49.  XCH A,<byte>

Function: Exchange Accumulator with byte variable
Description: XCH loads the Accumulator with the contents of the indicated variable,
at the same time writing the original Accumulator contents to the indicated variable.
The source/destination operand can use register, direct, or register-indirect addressing.
Example: RO contains the address 20H. The Accumulator holds the value 3FH
(00111111B). Internal RAM location 20H holds the value 75H (01110101B). The
following instruction,

XCH A,@R0
leaves RAM location 20H holding the values 3FH (00111111B) and 75H
(01110101B) in the accumulator.

49.1. XCH A,Rn

Bytes: 1
Cycles: 1
Encoding:

tlrjofoftfrjr|r]

Operation: XCH
(A) <> ((Rn)

49.2. XCH A.direct

Bytes: 2
Cyecles: 1
Encoding:

[1]1]ofofo[1][0]1]directaddress |

Operation: XCH
(A) © (direct)
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49.3. XCH A,@Ri

Bytes: 1
Cyecles: 1
Encoding:

(tfrfofofofrfr]il

Operation: XCH
(A) < ((Ri))

50.  XCHD A,@Ri

Function: Exchange Digit
Description: XCHD exchanges the low-order nibble of the Accumulator (bits 3
through 0), generally representing a hexadecimal or BCD digit, with that of the
internal RAM location indirectly addressed by the specified register. The high-order
nibbles (bits 7-4) of each register are not affected. No flags are affected.
Example: RO contains the address 20H. The Accumulator holds the value 36H
(00110110B). Internal RAM location 20H holds the value 75H (01110101B). The
following instruction,

XCHD A,@R0
leaves RAM location 20H holding the value 76H (01110110B) and 35H (00110101B)
in the Accumulator.
Bytes: 1
Cycles: 1
Encoding:

tffofrfofrfu]il

Operation: XCHD
(Azo) © ((Rizy))

51. XRL <destbyte>,<src-byte>

Function: Logical Exclusive-OR for byte variables
Description: XRL performs the bitwise logical Exclusive-OR operation between the
indicated variables, storing the results in the destination. No flags are affected.
The two operands allow six addressing mode combinations. When the destination is
the Accumulator, the source can use register, direct, register-indirect, or immediate
addressing; when the destination is a direct address, the source can be the
Accumulator or immediate data.
Note: When this instruction is used to modify an output port, the value used as the
original port data is read from the output data latch, not the input pins.
Example: If the Accumulator holds 0C3H (11000011B) and register 0 holds 0OAAH
(10101010B) then the instruction,

XRL A,RO
leaves the Accumulator holding the value 69H (01101001B).
When the destination is a directly addressed byte, this instruction can complement
combinations of bits in any RAM location or hardware register. The pattern of bits to
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be complemented is then determined by a mask byte, either a constant contained in the
instruction or a variable computed in the Accumulator at run-time. The following

instruction,
XRL P1,#00110001B
complements bits 5, 4, and 0 of output Port 1.

51.1. XRL A,Rn

Bytes: 1
Cycles: 1
Encoding:

oft[tfoft]r[r[r]

Operation: XRL
(A) ~ (A) XOR (Rn)

51.2. XRL A,direct

Bytes: 2
Cycles: 1
Encoding:

\0\1\1\O\O\1\0\1|directaddress\

Operation: XRL
(A) = (A) XOR (direct)

51.3. XRL A,@Ri

Bytes: 1
Cycles: 1
Encoding:

oft[tfofof1[1]i]

Operation: XRL
(A) —(A) XOR (Ri)

51.4. XRL A,@#data

Bytes: 2
Cyecles: 1
Encoding:

lol1]1]0]0]1]0]0]immediate data |

Operation: XRL
(A) 7 (A) XOR #data

51.5. XRL direct,A

Bytes: 2
Cycles: 1
Encoding:

‘0‘1‘1‘0‘0‘0‘1‘0|directaddress‘
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Operation: XRL
(direct) — (direct) XOR (A)

51.6. XRL direct,#data

Bytes: 3
Cycles: 2
Encoding:

‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 | 0 ‘ 1 ‘ 1 ‘ direct address ‘ immediate data ‘
Operation: XRL
(direct) — (direct) XOR #data
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