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NOi dung:

Lap trinh I/O, xu ly bit
Tao tré bang phan mém va tinh toan
thoi gian tre.
Lap trinh Timer/Counter
-Timers
- Counters
Lap trinh ngat
Cong noi tiép




Lap trinh xtt ly bit I/O

Lat trang thai cac bit P1 co thé thuc hién bang 3 cach:
Cach 1: g@i di¥ liéu ra P1 bang ACC
BACK: MOV A#55H ;A=01010101B
MOV PLA
ACALL DELAY
MOV A#)AAH ;A=10101010B
MOV PLA
ACALL DELAY
SJMP BACK
Cach 2: Truy cap truc tiép P1’
BACK: MOV P1,#55H ;P1=01010101B
ACALL DELAY
MOV P1,#0AAH ;P1=10101010B
ACALL DELAY
SJMP BACK
Su dung dic tinh Read-modify-write:
MOV P1,#5H ;P1=01010101B
AGAIN: XRL P1,#FFH
ACALL DELAY
SJIMP AGAIN

— Lénh XRL P1,#0FFH thuc hién phép toan EX-OR P1 va FFH  lam lat trang thai P1.



Xu ly BIT

*  Doi khi can truy cap chi 1 hodc 2 bit cia mét cong 8 bit
*  Bang md ta tén cac chan cua cac cong.
*  Vidu:

Viét chuong trinh thyc hién cac cong viéc sau:.

(a) Giam sat ngo vao P1.2 cho dén khi gip muUc cao.
(b) Khi P1.2 mutc cao, ghi gia tri 45H tGi PO va

(c) Tao 1 xung (H-to-L) trén dudGng P2.3.

Giai:
SETB P1.2 ;khGi dong P1.2 1a ngo vao
MOV A #45H ;A=45H

AGAIN: JNB P1.2,AGAIN ;ngung 1ap khi P1.2=1
MOV P0,A ;801 A tGi PO
SETB P2.3 ;P23=1
CLR P2.3 ; P2.3=0

Chu y

1. JNB: nhay néu bit bang 0 nhay néu P1.2=0"
2. Trang thai xung H-to-L tao ra bang cac 1énh SETB va CLR.



° 2 ° 2 7 R
Dia chi bit cua cac cong

PO Pl P2 P3  Port Bit

P0.0 P1.0 P2.0 P3.0 DO

PO.1 P1.1 P2.1 P3.1 DI

P0.2 P1.2 P22 P3.2 D2

P0.3 P1.3 P23 P3.3 D3

P04 P14 P24 P34 D4

PO.5 Pl1.5 P25 P35 D5

P0.6 P1.6 P2.6 P3.6 D6

P0.7 P1.7 P2.7 P3.7 D7




Tao tre bang lénh va tinh toan thoi gian tre

Chu ky may (Machine cycle)

» Dé CPU thuc hién xong mot 1énh can ton mot so chu ky clock
nhat dinh (tuy theo tUng lenh) Trong cac hé théng ho 8051 12
chu ky clock thutc hién mot tac vu trong lénh dudc goi la mot
Chu ky may (machine cycles).

* Tan so thach anh dao dong cho ho 8051 co theé thay doi tu
4MHz t6i 30 MHz (tuy thugc va tu‘ng loai Chip cu the) Cac hé
thong 8051 thong dung thu‘dng st dug thach anh 11 0592 MHZ
de toc do cong noi tiep cua 8051 tuong thich vdi téc do cong
noi tiép cua may tinh PC.

* Trong 8051, mot machine cycle chiém 12 chu ky tan so0 dao
dong thach anh.



Example:
For an 8051 system of 11.0592 MHz. find how long 1t takes to
execute each of the followmg mstiuctions

a) MOV R3=55 d) DEC R3

by LINMP e) SIMP

¢) MUL AB 1) NOP

Solution

Instruction Machme cycles | Tune to execute
MOV R3 =55 1 1x1.085 ug=1.085us
LIMNMP 2 2x1.085us=2.17 us
MUL AB 4 4x1.085 us=1. 34 us
DEC R3 1 1x1.085 us=1.085us
STNE 2 2xl1.085us=2.17 us
NOP 1 1x1.085 us=1.085us




Vi du:

Tim thOi gian thuc hién chuong trinh con sau, gia sU hé thong chay vdJi
tan so thach anh 11.0592 MHz

DELAY: MOV  R3,#250 ; 1 MC
HERE: NOP ; 1 MC
NOP ; 1 MC
NOP ; 1 MC
NOP ; 1 MC
DIJNZ R3,HERE ; 2 MC
RET ; 1 MC
Giai:

[250x(1+1+1+1+2)+2]x1.085 us=1627.5 us



Lap trinh Timers /Counters

* 8051 co 2 timers/counters: timer/counter 0 va timer/
counter 1. Chung c6 thé sU’ dung nhu:
1. Mot timer dé tao ra mot khoang thoi gian tre.

— Nguon clock cung cap cho bé dem dudc lay tu bd dao

dong thach anh ben trong 8051.
2. Mot counter.

— Nguon clock dudc cap tu bén ngoai (External input)
dac trung cho so su kién va thanh ghi bén trong se chUa
két qua dém duQc.

—  Vidu: SO xung cung cap cho bo dém co thé tuong Ung vJi
sO ngu'oi di qua mot cong, hodc sd vong quay cu mot banh
xe, hodc mot su' kién nao do co thé tao thanh xung.
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Timer

to
LCD

Kh0i dong gia tri cho cac thanh ghi
Cho phep Timer bat dau dém lén.
Clock dudgc lay tu bén trong (bdng 1 machine cycle)
Khi thanh ghi dem dat gia tri cuc dai, thém 1 clock se
quay veé 0, 8051 Lap mot bit dé thong bao hét thoi
glan. — —

S— 22 ]

Timer 0 —— THO | |—

I TLO _/

8051



Counter

* Pém so su kién xay ra
— Gilr so su kién dém dugc trong thanh ghi dém.
— Chan TO (P3.4) su dung lam ngo vao cho Counter 0
— Chan T1 (P3.5) sU dung lam ngo vao cho Counter 1

8051
N\
THO S
P1 : to
TLO LCD
P34 [
MO0t cong tac TO —




Cac thanh ghi st dung cho Timer/Counter

THO, TLO, TH1, TL1
TMOD (Thanh ghi ché dd — Timer Mode)
TCON (Thanh ghi diéu khién — Timer Control)

Do 8052 co 3 timers/counters, nén cau tao cac thanh
ghi TMOD va TCON sé khéc.

— T2CON (Timer 2 control register), TH2 va TL2 chi st dung
cho 8052.



Cac thanh ghi dém cua Timer

* (Ca hai timer 0 va timer 1 déu co cac thanh ghi dém 16
bit.
— Cac thanh ghi nay chUa:
* Thai gian tré khi s dung Timer.
* SO su kién dem dudgc khi s dung Counter
— Timer 0: THO & TL0
* Timer 0 high byte, timer 0 low byte
— Timer 1: TH1 & TL1
* Timer 1 high byte, timer 1 low byte
— Cac thanh ghi 16-bit nay co the truy cap phan cao va thap
mot cach riéng re.



Cac thanh ghi Timer

| THO || TLO

D15“D14“D13“D12“D11“D10“ D9 “ D8 || D7 “ D6 “ D5 “ D4 “ D3 “ D2 “ D1 “ DO

Timer 0

| TH1 || TL1

D15“D14“D13“D12“D11“D10“ D9 “ D8 || D7 “ D6 “ D5 “ D4 “ D3 “ D2 “ D1 “ DO

Timer 1




Thanh ghi TMOD

* Thanh ghi ché do Timer: TMOD
MOV TMOD, #21H
— La thanh ghi 8-bit.

— SU dung dé khdi dong ché d6 lam viéc cho ca hai Timer
* 4 bits thap khdi dong Timer 0 (cho bang 0000 néu khong su

dung)
* 4 bits cao khdi dong Timer 1 (cho bing 0000 néu khong su
dung)
(MSBRhéng dudc dia chi hoa theo bit. (LSB)

GATEl T 1 M1 I Mo IGATEI o1 T M1 T MO

Timer 1 |‘ Timer O




Cac bit thanh ghi TMOD

GATE Khi bit nay = 1 Timer/counter chi duQc cho phep khi dong

thoi INTx va TRx bang 1. Khi bit nay dudc xoa Timer
duogc cho phep khi bit TRx duQc 1ap.

C/T  Khi bit nay bang 0, sU' dung Timer (lay clock tU bén

M1
M0

trong). Khi bit nay dudc 1ap = 1, sU dung counter (nguon
clock 1ay tU bén ngoai).

Bit ché do 1
Bit ché db 0

(MSB) (LSB)

GATE] o1 | M1 [ ™Mo J[GaTE] o1 [ M1 | ™Mo

Timer 1 || Timer O




C/T (Clock/Timer)

* Bit nay sU dung dé chon ché d6 tao thoi gian tré

(Timer) hodc ché do dem su kién (Counter)

* C/T=0:timer
* C/T =1 :counter

PDW

B0 tao dao dong noi

+12

A 4

Tx

e

C/T

SO do cung cap xung nhip cho timer

[
>

Timer
Clock



Gate

* Chon cho phep chay va dung Timer O trong hay
ngoai.

— GATE=0
* Pieu khien bén trong.
* Cho phép chay va dung Timer bang 1énh phan mém.
» Lap xoa bit TR dé cho phép chay/dung Timer.

— GATE=1
* Pieu khien tu bén ngoai
* Cho phép chay/dung Timer bang Iénh va tin hiéu phan cUng cung

cap tU bén ngoai.

* Timer/counter duQc cho phép chi khi TR = 1 va ngo vao INT = 1.



QSC —» =12
—lc IT=0 ,
L1 THI Ngat

° "“;_"'{ﬂhits] abts) > TF1 +quﬁng
jc IT=1
chan T1 Diéu khién
TR ——\
_J/

GATE

chan INT



M1, M0
* MO va M1 chon ché do hoat dong cho timers 0 & 1.

M1 MO C.do Hoat dong

0 O 0 Ché d6 dém 13-bit timer
8-bit THx + 5-bit TLx (x=0 or 1)

0 1 1 Ché do dém 16-bit timer
8-bit THx + 8-bit TLx

1 0 2 Cheé dd tu dong nap lai 8-bit (auto reload)
THx gi(t gia tri dé nap lai

TLx gi( gia tri dém.
1 1 3  Chédodém8bit



Timer
Clock

Timer
Clock

Timer
Clock

Timer
Clock

Timer
Clock

Timer
Clock

TLx
(5 bit)

THx
(8 bit)

TFx

a) Mode 0

TLx
(5 bit)

THx
(8 bit)

TFx

\ 4

TLx

A 4

(8 bit)

TFEx

f]

A 4

THx
(8 bit)

c) Mode 2

TLx
(5 bit)

THx
(8 bit)

Nap lai

TLO

A 4

(8 bit)

\4

TFO

A 4

THO

> (8 bit)

TF1

d) Mode 3

\ 4

Hinh 8.10: Cac ché dong hoat dong cua cac timer
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Vi du:

Tim gia tri cua TMOD dé Timer 0 lam viéc & ché do 2, sU' dung
clock bén trong, va sU dung 1énh dé cho phép chay va dung
Timer.

Giai:
timer 1 timer 0

TMOD= 0(}1)0 001{) Timer 1 khong sU' dung.

f Timer 0, mode 2,
C/T = 0 sU dung nguon clock ndi (timer)

gate = 0 cho phép bang 1énh (software)




Thanh ghi TCON (1/2)

* Thanh ghi diéu khién timer: TCON

— Bon bit cao sU’ dung cho timer/counter, Bon bit thap sU' dung
cho ngat.

— TR (bit diéu khién chay timer)

— TRO cho Timer/counter O; TR1 cho Timer/counter 1.

— TR dudc 1ap xoa bang lénh dé cho phép timer/counter

on/off.

* TR=0: off (stop)
(MSB) TR=1: on (start) (L SB)

TE1 | TR1 1 TFEQ | TRO || IE1 | IT1 | IEQ | ITO

Timer 1 ‘ TimerQ “ cho Interrupt




Thanh ghi TCON (2/2)

* TF (timer flag, control flag)

— TFO cho timer/counter 0; TF1 cho timer/counter 1.
— TF giong nhu cO nhd. Khdi dong, TF=0. Khi TH-TL =
FFFFH thém 1 clock trd vé 0000, TF se duoc 1ap 1én 1.
« TF=0 : chua hét gia tri can dém.
« TF=1: hét gia tri can dém
* Neéu cho phep ngat timer, TF=1 se cho chay chuoOng trinh ngat
ISR.

(MSB) (LSB)

TE1 | TR1 1 TFEQ | TRO || IE1 | IT1 | IEQ | ITO

Timer 1 ‘ TimerQ “ cho Interrupt




Cac lénh tac dong cho thanh ghi diéu khien

timer
Cho Timer 0
SETB TR0 = SETB TCON.4
CLR TRO = CLR TCON.J4
SETB TFO0 = SETB TCON.5
CLR TFO0 = CLR TCON.5
Cho timer 1
SETB TR1 = SETB TCON.6
CLR TR1 = CLR TCON.6
SETB TF1 - SETB TCON.7
CLR TF1 - CLR TCON.7

TCON: Timer/Counter Control Register
TF1 TR1 TEOQ TRO IE1 IT1 IEQ ITO0



Timer che do 1

Dudi day chung ta sU dung timer O, timer 1 hoan
toan tuong tu.

16-bit timer (THO va TLO)

THO-TLO se bat dau tang lién tuc sau moi clock néu
TRO = 1. Va 8051 sé nglmg tang THO-TLO khi
TRO=0.

Timer lam viéc vOi nguon clock bén trong, hay noi
cach khac no se dem lén sau moi chu ky may.

Khi timer (THO-TLO) dat gia tri cuc dai FFFFH, no
se quay ve 0000, va TFO se bang 1.

Nguoi 1ap trinh co thé kiém tra TFO va ngung timer
0O



1.

3.

4,

Cac budc hoat dong Che do 1 (1/3)

Chon ché do6 1 cho timer 0

MOV TMOD, #01H

Khdi dong gia tri cho THO va TLO.

MOV THO, #FFH
MOV TLO, #FCH

Tot nhat nén xoa c0 giam sat: TF0=0.

CLR TFO

Cho timer chay.

SETB TRO



Cac budc hoat dong Che do 1 (2/3)

1. 8051 bat dau dém tang trén THO-TLO.
- THO-TLO= FFFCH, FFFDH, FFFEH, FFFFH, 0000H

L= TR0=0

Chay Time THO TLO

\o@ o

TE | Giam sat TF cho dén khi TF=1




Cac budc hoat dong Che do 1 (3/3)

Khi THO-TLO dat t0i gia tri FFFFH va quay vé

0000, 8051 1ap TFO=1.

- THO-TLO= FFFEH, FFFFH, ©000H (bay gio
TFO=1)

Giam sat cO timer (TF) co the thuc hién nhu sau:

— AGAIN: JNB TFO, AGAIN

Xoa TRO dé ngung qua trinh dém.

— CLR TRO

Xoa cO TF cho vong dém ke tiep.

- CLR TFO



Lap trinh cho phep Che doé 1

XTAL
: —> 12 +
oscillator
C/T=0
j— TL TH pP——>| TF
TF lgrY %rlf c“éao khi
TR ag

FFFF—> 0



Tinh toan th@i gian tré voi XTAL =

11.0592 MHz
(a) theo hex (b) theo decimal
(FFFF - YYXX + 1) X Doi gia tri Hex YYXX trong
1.085 ps v3i YYXX la gia tri khi thanh ghi TH, TL thanh gia trj
dong cho TH, TL thap phan NNNNN
Chil ¥ gia tri YYXX tinh theo hex. Tinh theo thap phén se la:
(65536 — NNNNN) x 1.085 s




Vi du 8-4 (1/3)

Chuong trinh sau tao song vudng vOi chu ky nhiém vu 50% (ban ky
cao bang ban ky thap) trén duOg P1.5, sU dung Timer 0 tao thoi

gian tre.
Phan tich chuong trinh:

;MOoi vong lap tao % chu ky xung vudng.
;Timer O,mode 1(16-bit)

MOV TMOD, #01
HERE: MOV TLO, #OF2H
MOV THO, #OFFH
CPL P1.5
ACALL DELAY
SJMP HERE

Timer value

P1.5

= FFF2H

— 50% —

— 50% —

«— whole clock —




Vi du 8-4 (2/3)

;Tao thoi gian tré su dung timer 0
DELAY:

SETB TRO ;cho timer 0 chay
AGAIN:JNB TFO, AGAIN

CLR TRO ;dung timer 0

CLR TFO ;Xxoa coO timer 0O

RET

(o)) o) o) <

TF0O=0 TFO =20 TFO =0 TFO=0 TFO =1




Vi du 8-4 (3/3)

Giai:

Trong chudng trinh trén chu y cac budc sau.

1. Nap TMOD = 0000 0001.

2. Nap THO — TLO = FFF2H.

3. P1.5 lat trang thai dé tao xung ngo ra.

4. Goi chuong trinh con tao tré sU dung timer (DELAY)

5. Trong chuong trinh DELAY, timer 0 bat dau chay bang lénh “SETB TRO” .
6. Timer 0 dém 1én sau moi chu ky clock tao bdi bd tao dao dong noi.

Timer dém 1én qua cac trang thai FFF3, FFF4, FFF5, FFF6, FFF7, FFF8, FFF9,
FFFA, FFFB, FFFC, FFFFD, FFFE, FFFFH. Thém mot clock bo dém quay ve
0 va cO timer dugc 1ap (TFO@ = 1). Tai thoi diém nay 1énh JNB se ngung
lap.

7. Timer 0 ngung chay bang 1énh “CLR TRO”. Chuong trinh con DELAY két
thuc va qua trinh dugc 1ap lai.

Chu y: khi qua trinh 13p lai can nap lai gia tri cho TH va TL trong chuong trinh
chinh.




Vi du 8-9 (1/2)

Chuong trinh dudi day tao ra mot xung vudng trén duong P1.5 sU
dung Timer 1 tao th0i gian tré. Tim tan sO song vudng néu
XTAL = 11.0592 MHz. (B0 qua cac 1énh trong vong 1ip)

MOV TMOD, #10H ;timer 1, ché do 1

AGAIN:MOV TL1,#34H ; gia tri timer=7634H

MOV TH1, #76H

SETB TR1 ;chay timer
BACK: JNB TF1,BACK
CLR TR1 ;dung timer
CPL P1.5 ;1/2 chu ky tiép theo
CLR TF1 ;xoa cO timer 1

SJMP AGAIN ;nap lai gia tri timeril




Vi du 8-9 (2/2)

Giai:

Trong ché d6 1, chuong trinh can phai nap lai thanh ghi TH1, TL1
sau moi lan tiép tuc tao song vudng.

FFFFH — 7634H + 1 = 89CCH = 35276 clock

Nufa chu ky = 35276 x 1.085 s = 38.274 ms

Toan chu ky = 2 x 38.274 ms = 76.548 ms

Tan so = 1/ 76.548 ms = 13.064 Hz.

Chu y rang xung vuong co phan cao va phan thap bang nhau.
ThOi gian tinh toan trén thOi gian cac 1énh trong vong lip dudc bo
qua.




Tim cac gia tri cua Timer

* Giai sU biét tong thoi gian tré va XTAL = 11.0592 MHz .
 Tim gia tri can thiét nap cho TH, TL?
— Chia thdi gian tré mudn tao cho 1.085 pLs duoc n.

— Lay 65536 —n, vOi n la gia tri thap phan tim dudgc trong
budc 1.

— Poi gia tri tim dudc trong budc 2 ra hex, ¢ day yyxx la gia
tri hex se khdi dong cho cac thanh ghi cua timer.

— Nap TH = yy va TL = xx.
Vidu 8-4
Co the viet: MOV TL, LOW(-100)
MOV TH, HIGH(-100)



Vi du 8-12 (1/2)

Gia s XTAL = 11.0592 MHz, viét chuong trinh tao song vudng
50 Hz trén chan P2.3.

Giai:
Chuong trinh o theé thuc hién theo cac budc sau.
(a) Mot chu ky song vudng =1/ 50 Hz = 20 ms.
(b) Phan cao = phan thap = 10 ms.
(c) 10 ms /1.085 s = 9216

65536 — 9216 = 56320D = DCOOH.
(d) TL1 = 00H va TH1 = DCH.




Vi du 9-12 (2/2)

AGAIN:

BACK:

MOV
MOV

MOV
SETB
JNB
CLR
CPL
CLR
SJMP

TMOD, #10H
TL1, #00

TH1, #ODCH
TR1

TF1, BACK
TR1

P2.3

TF1

AGAIN

rtimer 1, mode 1
;Gia tri = DCOOH

;start
;Sstop

;xoa TF1

;nap lai gia tri
timer vi mode 1
;khong tu dong nap
;lal




Tao thoi gian tre 10n

* Thai gian tré phu thudc vao 2 yéu to:
— Tan so thanh anh
— Gia tri nap cho thanh ghi timer 16-bit, TH & TL
 Thoi gian tré 10n nhat dudc thuc hién bang cach nap
TH=TL=0. Lam thé nao néu thoi gian nay khéng du?
* Vidu 8 - 13 trinh bay cach tao ra mot thoi gian tré
16n hon.



Vi du 8-13

Tim thOi gian tré trong chuong trinh dudi day (bo qua cac 1énh
trong vong 1ap).

MOV
MOV

TMOD, #10H
R3, #200

IAGAIN: MOV
MOV
SETB

BACK: JNB
CLR
CLR
DJNZ

TL1, #08H
TH1, #01H
TR1
TF1, BACK
TR1
TF1
R3, AGAIN

Giai:

TH — TL = 0108H = 264 Decimal

65536 — 264 = 65272.

Thaoi gian mot 1an tré = 65272 x 1.085 ps = 70.820 ms
Tong thoi gian tré = 200 x 70.820 ms = 14.164024 seconds




Timer Che dé 0

Ché do 0 cua timer hoan toan giong ché do 1 ngoai
trr viec ché do 0 dém 13-bit ché do 1 dém 16-bit.
— 8-bit THO + 5-bit TLO

Gia tri gitf trong bo dém tu 0000 tdi 1FFF trong
THO-TLO.

— 213-1=2000H-1=1FFFH

THO-TLO se dém lén tu gia tri khdi dong.

Khi timer dat tOi gia tri cUc dai 1FFFH, no se quay
vé 0000 O clock tiep theo, va TFO dudc 1ap 1én 1.



Cau truc hoat dong cua timer trong ché do 0

QsSC —» =12
—lc: IT=0 ,
Y ot TL1  THI | Ngat
_"" (5bits) (8bits) —* 1T +qu§ﬂg
—TI:: IT=1
chan T1 Diéu khién
TR1

}

GATE
chan W

44



Timer Che do 2

Pém 8-bit.
— Chi cho pheép nap gia tri tu 00 ti FFH vao THO.
Tu dong nap lai (Auto-reloading)
TLO tang lién tuc sau moi clock va khi tran vé 0 thi
TEFO=1.

Trong vi du sau se tao ra thoi gian tré bang 200 chu
ky may (machine cycle) bang timer 0.

Xem v1 du 8-14 deén 8-16



Cau truc hoat dong cua timer ché do 2

OSC —» =12
|cs?:n ,
L1 Ngat

; (8 bits) quang
—Tf: /T=1
chan T1
TR1 _j
TH1

Diéukhién | gy

GATE
chan W

46



Cac budc chay Mode 2 (1/2)

1. Chon timer 0 lam viéc & ché do 2.
- MOV TMOD, #02H

2. Kh0i dong gia tri cho THO.
~ MOV THO, #38H

3. Xoa cO bao tran TF0=0.
— CLR TFO

4. Sau khi THO dudc nap mot gia tri 8-bit, 8051 se
chep qua TLO.
— TLO=THO=38H

5. Cho chay Timer.
— SETB TRO



Cac budc chay Mode 2 (2/2)

1. 8051 bat dau tang gia tri trong TLO.
— TLO= 38H, 39H, 3AH, ....

2. Khi TLO tran tu FFH ve 00, 8051 l1ap TF0=1. Do do,
TLO dudc tu dongnap lai bang gia tri trong THO.
- TLO= FEH, FFH, 00H (TF0=1)
— 8051 tu' dong nap lai TLO=THO=38H.
— Quay lai budc 6 (nghia la., TLO tiép tuc tang).

* Chuy can xoa TFO khi TLO tran vé 0. Vi can phai
giam sat TFO trong chu ky tiép theo.

« Xoa TRO dé dung qua trinh dém.



Timer 1 Che dé 2 vOi nguon clock trong

XTAL
oscillator

C/T=0

TR1

| reload

TF goes high
when FF =>0

TF1

overflow flag



Vi du 8-15

Tim tan sO song vudng tao ra trén chan P1.0.

Giai:

AGAIN:

DELAY:
BACK:

MOV TMOD, #2H
MOV THO, #6
MOV R5,#256
ACALL DELAY
CPL P1.0
SIJMP AGAIN
SETB TRO

JNB TFO, BACK
CLR TRO

CLR TFO

DJNZ R5, DELAY
RET

sTimer O,mode 2

rdém 250 lan

;start

;stop
rxoa TF
;timer 2: auto-reload

T =2 (256 x 250 x 1.085 ps) = 138.88 ms, f = 72 Hz.




Vi du 8-16

Gia sU cac timer dugc 1ap trinh ché do 2, tim gia tri (theo hex) can
nap vao cho TH trong moi truong hop sau:

(a) MOV TH1,#-200 (b)MOV THO,#-60 (c) MOV TH1,#-3

(d)MOV TH1,#-12 (e)MOV THO,#-48

Giai:

M0t so trinh hdp dich 8051 cho phep tinh gia tri theo cach.

-200 = -C8H [ bu 2 cua—200 = 100H — C8H = 38 H

Decimal Ldy bu 2 (gia tri TH)
-200 = - C8H 38H
-60 =-3CH C4H
-3 FDH
-12 F4H
- 48 DOH




Vi du 9-17 (1/2)

Tim (a) tan sO song vudng tao ra trong doan chuong trinh (trang
sau), va (b) chu ky nhiém vu cua song vudng nay.

Giai:
“MOV  THO, #-150” dém 150 clocks.
Chuong trinh DELAY co th0i gian tré = 150 x 1.085 ps = 162 ys.
Phan cao cua xung vudng gap 2 phan thap (chu ky nhiém vu
=66%).
Chu ky xung vudng = phan cao + phan thap
= 325.5 s + 162.25 s = 488.25 s
Tan so = 2.048 kHz.




Vi du 8-17 (2/2)

MOV TMOD,#2H ;Timer 0O,mode 2
MOV THO, #-150 ;Count=150

AGAIN:SETB P1.3 high
ACALL DELAY Site
ACALL DELAY
CLR P1.3 low
ACALL DEALY period
SJMP AGAIN

DELAY:SETB TRO ‘start

BACK: JNB TFO, BACK
CLR TRO ;stop
CLR TFO :Xoa TF

RET




Cau truc hoat dong timer che do 3

( Dém ché dé 3 : dém 8 bit 2 ché do )

OSC —» =12 —
C/T=0 .
\d
Y o o M0, Noat
A (8 bits) quang
C/T =1
chan TO =—
TRO
Piéu khién
GATE
chan INTO

THO
1112 foqe —po-"‘  —_— @bisy > TF1 +qu.§ng

TR1 Piéu khién
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Counter

* Cac timer caa 8051 co thé sU dung lam b6 dém su
kién (counting events) xay ra bén ngoai 8051.
e Khi timer dudc sU dung lam b6 dém, xung cung cap
tlr bén ngoai 8051 se ting gia tri trong TH, TL.
« Khi C/T=1, bé dém timer se dém lén sau moi chu ky
Xung cung cap vao:
— TO: ngo vao timer 0 (chan 14, P3.4)
— T1: ngo vao timer 1 (chan 15, P3.5)



Cac chan P3 su dung cho Timers 0 and 1

Chan cong Chuc nang Mo ta

14 P3.4 TO Timer/Counter 0 external input

15 P3.5 T1 Timer/Counter 1 external input
(MSB) (LSB)

GATE C/T=1 M1 MO GATE C/T=1 M1 MO
Timer 1 Timer O



Counter Che dé 1

Bo dém 16-bit (THO va TLO)

THO-TLO tdng khi TRO = 1 va co mot xung trén ngo
vao (TO0).

Sau khi bo dem (THO-TLO) dat gia tri cuc dai
FFFFH, no se tran vé 0000, va TFO se 1én muc 1.
Nguoi 1ap trinh co thé giam sat TFO dé ngung
counter 0.

Ngu0i 1ap trinh co thé khdi dong gia tri cho THO-
TLO va khi TF0=1 se chi thi mot su kién dac biét. (vi
du: co 100 nguoi di qua).




Hoat dong Timer 0 vOi nguon xung bén ngoai

(Mode 1)
B L CO bao
tran
Timer 0 TLO || THO > TFO
chan 3.4
TEFO =1
C/T=1 khi FFFF —0

TRO




Bé dém Ché db 2

* 8-bit counter.
— Chi cho pheép nap gia tri tu 00 ti FFH vao THO.
* TU dong nap lai (Auto-reloading)
TLO tdng néu TRO=1 va co xung cap tU ngoai.
e Xem cac vi du 8-18, 8-19



Vi du 8-18 (1/2)

Gia sU rang xung clock dudc cap tdi chan T1. Viét chuong trinh cho
bo dém 1 lam viéc & ché do 2. gui gia tri dém duQc trong TL1 tdi
P2.

Giai:
MOV TMOD, #01100000B ;mode 2, counter 1
MOV TH1, #0
SETB P3.5 ;khoi dong T1 l1la in
AGAIN:SETB TR1 ;start
BACK: MOV A,TL1
MOV P2,A ;gui ra P2
JNB TF1,Back ;giam sat tran
;overflow
CLR TR1 rstop
CLR TF1 ; TF=0

SJMP AGAIN :13ap lai




Vi du 8-18 (2/2)

SU dung timer 1 lam bd dém so xung dua cap chan P3.5.

Chu y vai tro 1énh “SETB P3.5”. Vi cac cong dudc
khQi dong la out sau khi cap nguon cho 8051, nén can
phai khdi dong P3.5 thanh ngo vao.

8051

P2 dudc noi tdi
8 LED va cap P2
xung vao T1.

Tdi cac
LED

— P3.5
11




Vi du 8-19 (1/3)

Gia sU rang co xung tan so 1-Hz cap tdi ngo P3.4.
Viét chuong trinh hién thi gia tri counter 0 1én LCD. Khdi dong
THO = -60.

Giai:

Chu y rang & vong dém dau tién, bd dém se bat dau tu 0 tdi 256 su'
kién, vi sau khi RESET TL0=0. Peé tranh van dé nay co thé nap
gia tri -60 cho bd dém khi bat dau chuong trinh.

8051

/

P1
LCD

P3.4

1 Hz clock TO

AN




Vi du 8-19 (2/3)

AGAIN:
BACK:

ACALL LCD_SET UP  ;gioi chuong trinh
;khdi doéng LCD

MOV TMOD, #00000110B ;Counter 0, mode2

MOV THO,#-60

SETB P3.4 ;khdi dong TO in
SETB TRO ;cho phép chay

MOV A,TLO rchuyén ra A sau 60 xung
ACALL CONV ;doi ra R2,R3,R4

JNB TFO, BACK ;1ap khi TFo=0

CLR TRO ;ding dém

CLR TFO

SJMP AGAIN




Vi du 8-19 (3/3)

;doi 8-bit nhi phan ra ASCII

CONV: MOV B, #10 :chia cho 10
DIV AB
MOV R2,B luu so du
MOV B, #10 ;chia 10 mot lan nua
DIV AB

ORL A, #30H :doi thanh ASCII
MOV R4,A
MOV A,B

ORL A, #30H R4 R3 R2

MOV R3,A
MOV A, R2

ORL A, #30H

MOV R2,A :ACALL LCD_DISPLAY
RET




Mot dong ho so

* Vidu 8-19 su dung cho méot dong ho so.
— Néu cung cap xung vudng co tan so 60Hz cho timer/counter
se tao duQc cac gia tri gidy, phut, gio va hién thi 1én LCD.
* Can chuy lénh “JNB TFO, target” de giam sat
TFO cung lam mat thGi gian cua vi diéu khién.
— Pe giai quyét can sU dung ngat. Xem phan sau.
— Khi sU dung ngat 8051 co thé thu'c hién thém cac cong viéc
khac.
— Khi TF =1 chuong trinh ngat se dugc thuc hién.



Khi GATE=1

* Trong tat ca phan trén déu cho GATE=0.

AN

— Timer bat dau dém bang 1énh “SETB TRO” va “SETB

TR1” tuong Ung cho timers 0 va 1.
e Khi GATE=1, chung ta se su dung phan cung dé diéu
khién chay va ngung timer.

— INTO (P3.2, chan 12) starts va stops timer 0

— INT1 (P3.3, chan 13) starts va stops timer 1

— Khi do co thé cho phep chay hodc dung timer bang mot
cong tac bén ngoai.



Vi du cho GATE=1

8051 sU dung tao ra &m thanh canh bao sau moi giady
bang timer 0.

* Timer 0 bat dau chay bang lénh “SETB TRO” va
dudi su diéu khién cua ngu0i sU dung hé thong.

« MOt cong tac noi vao chan P3.2 co the st dung de bat
hodc tat tin hiéu canh bao.



Timer/Counter 0

XTAL >

oscillator 12~ -
C/T=

0

G
Tcﬁ=
TO Pin

1 I

Pin 3.4 TRO

INTO Pin
Pin 3.2

-




PROJECT' 1

 Thuc hién hé thong vi diéu khién do do rong xung.

B0 tao xung
A
chuan

TO

111 HIs

» AND

B0 dém

1L

Nguyén tac do do rong xung.

Hien thi két

qua.
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SO PO KET NOT PHAN CUNG HE THONG
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‘ Start |

A 4
KhGi dong Timer
P3.2 = input

Luu so dém dugc trong
Xoa bo dem vé 0

A 4
Call HEX to DEC

y
Call DEC to LED7 code

[

Call Display
|

Giai thuat chuong trinh chinh hé thong do do rong xung.



DPung

Start

X=10000 ?
?

X/10000= ChucNgan
Du=D1

bung

D1=1000 ?
?

D1/1000= Ngan
Du = D2

Dung

Sai

D2/100= Tram
Du=D3

s

D2/10= Chuc
Du = DonVi

Ret

Hinh 7.4. Giai thudt chuong trinh d6i HEX ra DEC.
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Lap trinh ngat

« MO0t ngdt la mot su kién cua mot thiét bi tUf ngoai hodc bén trong ngat vi
diéu khién, thong bao no can vi diéu khién phuc vu.

Ngat (Interrupt) va Quet vong (Polling)

« MOt b vi diéu khién co thé diéu khién mot so thiét bi. Co hai
phuong phap deé dieu khién cac thiét bi nay: interrupts hodc
polling.

 Chuong trinh diéu khien thiét bi theo cO ché ngat dudc goi la
Chuong trinh con phuc vu ngat ( interrupt service routine -
ISR) hodc chuong trinh xU' 1y ngat ( interrupt handler ).




Cac budc thuc hién mét ngat

Két thuc lenh dang thurc hien va cat dia chi cua lénh ké tiép
(PC) vao ngan xép.

Cat cac trang thal hiéen tai cua cac ngat vao thanh ghi bén
trong (khong cat vao ngan xep)

Nhay tOi mot vi tr1 dinh trudc trong bo nhd dudc goi la
bang vector ngat, noi gi(f dia chi chuong trinh con phuc
vu ngat.

B0 vi dleu khién se 1ay dia ch1 chuong trinh con phuc vu
ngat va chuyén dieu khién tdi chuong trinh nay ISR se
bat dau dugc thuc hién cho deén khi gap lénh cudi cung
cta ISR la RETI (return from interrupt)

Sau khi thuc hien lenh RETI, bo vi diéu khién se quay Ve
vi tri da bi ngét. Trudc tién no lay gia tri dinh ngan xép
nap trQ 1a1 thanh ghi PC. Sau do no b4t dau thuc hién
chuong trinh tai dia chi nay.



Program execution without intrrupts :

Time

=

Main Program

Program execution with intrrupts :

ISR

Main

Time
b

ISR

ISR

Main

Main

ISR : Intrrupt Service Routin
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ORG 0

SIMP FIRST

ORG
MOV

ACALL MUL39

MOV
FCAL
MOV
FCAL
MOV
FCAL
SETB
CLR
SETB
RETI
ORG
FIRST:

13H
A,P1

A,R3
PUTH
A,R2
PUTH
AR1
PUTH
P3.0
P3.1
P3.1

30H

END

Sau nguon ngat cua 8051

;ISR cho INT1

;doc dU liéu ve_ e . -

'R3R2R1=A*39 Six interrupts in 8051
Interrupt ROM location Pin
Reset 0000H 9
Tumer 0 000BH

;hién thi dién ap theo mV Timer 1 001BH
;RD=1 cho cky ké tiép INT 0 (EX1) 0003H P3.2
sWR=0 INT 1 (EX2) 0013H P3.3

;WR=1 ,bat dau ADC Serial communication 0023H



Cho phep va cam mot ngat:

D7 DO

E& -- ETZ Es ET1 EX1 ETO EX0
EA IE.7 Dizables all interrupts
- IE.6 No mplemented, reserved for future uze
ET2 IE.5 Enables or disables timer 2 overflow interrupt
ES IE.4 Enables or disables the serial port interrupt
ET1 IE.3 Enables or disables timer 2 overflow interrupt
EX1 IE.2 Enables or dizables external mtermupt 1
ET0 IE.1 Enables or dizables tuner 0 overflow interrupt
EX0 IE.O Enables or dizables external mterrupt
Bit | Kyhiéu | BDia chi Chuc nang (1: cho phép; 0: cam)
IE7 | EA AFH Cho phép/cam toan bd cac ngét.
IE6 | - AEH Khong dinh nghia.
IE5 |- ADH Du phong cho thé hé ké tiép.
IE4 | ES ACH Cho phép ngit cong noi tiép.
IE3 | ET1 ABH Cho phép ngat timer 1.
IE2 | EX1 AAH Cho phép ngat ngoai cap tu INT1.
IE1 | ETO A9H Cho phép ngat timer 0
IE0 [ EXO A8H Cho phép ngat ngoai INTO

Vi du:
Viét chuong trinh sU' dung ngat tao ra dong thoi 2 xung vudng
7 kHz va 500 Hz trén P1.7 va P1.6.



Giai:

ORG 0

LIMP MAIN

ORG 000BH

LIMP TOISR

ORG 001BH 8051 . l3ps

LIMP T1ISR s

ORG 0030H 5 > D
MAIN: MOV TMOD,#12H

MOV THO,#-71

SETB TRO

SETB TR1

MOV |E #8AH « 2ms R

MOV |E,#8AH P1.6 — . 1ms R

SIMP $ B < >
TOISR:  CPL P1.7

RETI
T1ISR: CLR TF1

CLR TR1

MOV TH1,#HIGH(-1000)

MOV TL1,#LOW(-1000)

SETB TR1

CPL P1.6

RETI

END



Interrupt Enable

Global Enable

Cau truc co ché ngat cua 8051.

\A High Priorit)-/ |
NTO " _ . . X Low Priority
o Mo o oo 0 .
' s
t
TFO - i ° > =
INTL _® |{v IE1 %
: @ > Q
2 i
s . . .
: — T
o oo ¢ = > !
Ti 2 : "




Thanh ghi Uu tién ngat IP.

Bit | Ky hiéu | Dia chi Chuc nang (1: mUc Uu tién cao; 0: mUc Uu tién
thap)

IP7 |- - Khoéng dinh nghia.

IP6 |- - Khoéng dinh nghia.

IP5 - BDH Du phong.

IP4 | PS BCH U'u tién cho ngat cong noi tiép.

IP3 | PT1 BBH Uu tién cho ngat timer 1.

IP2 | PX1 BAH Uu tién cho ngat ngoai INT1.

IP1 | PTO B9H U'u tién cho ngat timer 0.

IPO | PXO B8H U'u tién cho ngat ngoai INTO.
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Cac cO tac dong ngat

Ngat Co Pia chi vector ngat
Reset RST 0000H
INTO IEQ 0003H
Timer O TFO 000BH
INT1 IE1 0013H
Timer 1 TF1 001BH
Serial port RI hoac TI 0023H
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Cau truc chuong trinh st dung ngat

main:

ORG
JMP
ORG
JMP
ORG
JMP
ORG
JMP
ORG
JMP
ORG
JMP
ORG
JMP
ORG

0

main

03h
ext_int0
OBh
timer_int0
13h

ext _int1
1Bh
timer_int1
23h
serial_int
2Bh
timer_int2
030h
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Bai tap

 Giai sU mot dong co dién gdi tOi hé thong vi dieu
khién so0 xung tuong Ung v4i sO vong quay / phut
cua no (r.p.m). Viét mot chuong trinh giam sat:

- Néu so0 xung trong 10 gidy nho hon 100 1ap PO0.1

lén 1. Néu so xung nhiéu hon 200 14p P1.1 1én 1.

» Thiét ké phan cUng két noi ban phim ma tran 4x4 tGi
vi diéu khién. Viét chuong trinh xac dinh phim nhén
trén ban phim.




CONG NOI TIEP 8051



Basics of serial communication

*Baud Rate

Serial Transfer

Sender

Receiver

1
1
1

Parallel Transfer

Sender

Receiver

Figure 10-1. Serial versus Parallel Data Transfer




Simplex

Half Duplex

Full Duplex

Transmitter

»| Receiver

Transmitter [

Receiver /

Receiver
R

- \] Transmitter

Transmitter I——» Receiver

Receiver

g

Transmitter

Figure 10-2. Simplex, Half-, and Full-Duplex Transfers




Thanh ghi SCON

SCONT| SMO | 9FH
SCON5| SM2 | 9DH
SCON4| REN | 9CH

SCON3| TB8 | 9BH
SCONA| T [ 98H
SCONO| RI | 98H

Bit 0 clia ché do port ndi tiép

Bit 1 clia ché do port nbi tiép

Cho phép ché do nhiéu vi x Iy.

Cho phép nhan. Lip/x6a mém.

Bit thir 9 trong mode 2 va 3. Lip/xéa mém.
Bit thir 9 nhan vao (tuy mode).

C& ngat truyén.

C& ngat nhan.
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Cac ché dé hoat dong cua cong noi tiép

 SMO [ sM1 | Mode |  mota |  Técdo
o [ o [ o [revorew | i
I N I T

“ UART 9 bit fosc /64 hoac /32
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Ché do 0 cua cong noi tiép

le Mot chu ky may

s1
P1 | P2

S2
P1 | P2

S3
P1 | P2

S4
P1 | P2

S5
P1 | P2

S6
P1 | P2

Data ol N Do X b1 X b2 X b3 X b4 X b5 X b6 X b1 X

RXD i i

swees———| f | | f | fF L f 1L f 1L f | f

a) Binh thGi phat ndi tiép trong ché do 0
e J I iqere eI e e e e el

Shift clock | 4 | | 4 | 4 | | 4 | y | A
TXD

b) Pinh thdi nhan ndi tiép trong ché do 0

Hinh 8.13: Dinh thdi thu phat d(t liéu trén cong ndi tiép & ché do 0
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8051

RXD

TXD

A 4

A 4

Tang thém cong vao ra song song sU dung cong ndi tiép & ché do 0

DATA

Clock

Thanh ghi dich

90



Khung truyén noi tiép can dong bo

space

stop |
bit §

goes out Iést

-

LA R

b1 {0 0 :0 :0 10 |1 }start

[ ] k
———ﬂ
L]

mark:

{ bit

q7

[ - - L] L L * L [
L * L * L L) L L L]

d0  goes out first

Figure 10-3. Framing ASCII “A” (41H)




Cac chan RxD va TxD cua 8051

* TxD chéan 11 caa 8051 (P3.1)
« RxD chén 10 cua 8051 (P3.0)

Thanh ghi SBUF

MOV SBUF,#D’ ;nap SBUF=44H, ASCII cua ‘D’
MOV SBUF,A ;chuyén d( liéu tu thanh ch'ta t6i SBUF
MOV A,SBUF ;chep gia tri SBUF vao thanh chUa



Truyen thong tin noi tiép hé thong da xut ly

3051 chu
T

- Truyén 9 bit.

- Bit th&r 9 vao RBS.

- Ngat quéng chi xay ra khi RB8 =1 (cho bit SM2 =1-).

- Théng tin chia ra byte dia chi c6 RB8 = 1 va byte d{ liéu cé RB8 = 0.

- Master g&i byte dia chi trwéc, slave nao dung dia chi thi xéa bit SM2 dé

nhan dir liéu.
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Chon toc dé truyen cho cong noi tiép

osC ——
_
(Ché d5 0)

P ey —]smop =0
Bo dem 1 A o
' — —e&— Xung truyén nhan

ché dé 2
J—)- L, 1B _TSWD:1

(Ché @6 1 va 3)

e [ % —psmop=0
OSC — -E--o—r Xung truyén nhan
S <32 ———ISMOD=1

(Ché a6 2)




Cong thuc tinh toc do cong noi tiép

] tdn s6 dao déng 2SMOD
téc do Baud = X
12 32 X (256 - TH1)

(‘cong thirc tinh s6 dém bo dém 1)

2SMOD tan so dao déng
TH1 = 256 - - X ———
32 x té¢c doé Baud 12
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Bang chon toc do truyen cong noi tiep

téc d6 Baud th;acnhsa‘:’nh SMOD  TH1  técdothucté saisé
9600 12000MHz 1 -7 (F9H) 8923 7%
2400 12000MHz 0  -13 (F3H) 2404 0.16%
1200 12000MHz 0  -26 (E6H) 1202 0.16%
19200 11.059MHz 1 -3 (FDH) 19200 0
9600 11.059MHz 0 -3 (FDH) 9600 0
2400 11.059MHz 0 -12 (F4H) 2400 0
1200 11059 MHz 0  -24 (E8H) 1200 0
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MAX232

L3
o
(o3 {3 MAX232 8051
v La E3Z MAX232
23 T1¢ i paq 11 1 (5)
ouT . Ny
1 TN D‘ 14 DI 14 2 :E?_
Riout R1in 13 3
12 T2 34 T2 13 p3.ol 10 12
out
R2out R2IN DB-8
9 <] 8

TTLside 1 _L  RS232side

Figure 10.7: (a) Inside MAX232 and (b) its Connection to the 8051 (Null Modem)
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Example 10-1

With XTAL = 11.0592 MHz, find the TH1 value needed to have the following baud
ratcs. (a) 9600 (b) 2400 (c) 1200

Solution:
With XTAL = 11.0592 MHz, we have:

The machine cycle frequency of the 8051 = 11.0592 MHz / 12 = 921.6 kHz, and
921.6 kHz/ 32 = 28,800 Hz is the frequency provided by UART to timer 1 to set baud
rate.

(a) 28,800 /3 = 9600 where =3 = FD (hex) is loaded into THI
(b) 28,800/ 12 = 2400 where —12 = F4 (hex) is loaded into THI
(c) 28,800 / 24 = 1200 where -24 = E8 (hex) is loaded into TH1

Notice that dividing 1/12th of the crystal frequency by 32 is the default value upon acti-
vation of the 8051 RESET pin. We can change this default setting. This is explained at
the end of this chapter.

11.0592 MHz
Machine cycle freq. 28800 Hz
XTAL | —— =12 - + 32 D
oscillator 921.6 kHz by UART To timer 1
1o set the

baud rate




Thuc hién dong ho dién tu trén 8051

Timer 0 ché d6 2 dém 250 xung (1uSec): TMODE= #02;
THO=-250

Cho phép ngat Timer 0: IE=10000010B.
Cau trac chuong trinh trang 78/100 slide 2

Chuong trinh ngat TO:
— Tang RO, RO = 4 xoa RO ting R1,
— R1=100 xo0a R1 ting R2 (0,1 sec),
— R2=10 x04 R2 ting R3,
— R3=10 xoa R3 tang R4. R4=6 xoa R4 tang R5,
— R5 =10 xo0a R5 tdng R6. R6 = 6 xo0a R6 tang R7.
— R7= 10 x04 R7 ting (08H).
— (08H) =2, R7 = 4 xoa R7 va (08H)
— RETI
100



Thuc hién dong ho dién tu trén 8051

* Chuong trinh chinh:
— Kh0i dong Timer, kh@i dong cac 6 nhd cac RO — R7, 08H

— Poi BCD ra LED7: 06 gia tri ghi vao cac 6 nhé 30H-35H.
(st dung 1énh MOVC A,@A+DPTR).

— Hieén len LED 7 doan.
— Chinh gi0: Nhan phim.
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	Ví dụ 8-18 (1/2)
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