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3.4 Timer
(Mach dinh thoi)
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Gi&i thiéu ve timer

+ Timer 1a mot chudi cac flip-flop chia déi tan sd mac néi tiép
v&i nhau, chiing nhan tin hiéu vao lam ngudn xung nhip.
Xung nhip dwgc dwa vao flip-flop thir nhat dé chia doi tan
sb xung nhip. Ngd ra cua flip-flop thir nhat lam xung nhip
cho flip-flop thir hai (cting lam viéc chia dbi tansd), va v.v...

+ Vi mbi tang ké tiép chia déi cho nén timer cé n tAng sé cho
xung ra c6 tan sé la tan sé xung nhip chia cho 2". Ngé ra
ctia tang cudi 1am xung nhip cho flip-flop bao tran cta timer
(con goi la c& timer TF [Timer Flag]).

+ Gia tri nhi phan trong cac flip-flop clia timer c6 thé xem
nhw s& dém s xung nhip (hodc cac sw kién) t khi timer
bat dau chay. Thi du timer 16 bit s& dém I&n tr 0000H dén
FFFFH. Co bao tran sé lén 1 khi s6 dém tran tv FFFFH
dén 0000H. 3

TD: Timer 3 bit
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Fla];i‘mjc dat 1én 1 khi timer tran (7 sang 0)\
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Timer trong 8051

8051/8031 c6 hai timer 16 bit (TO va T1), mdi timer c6 bdn ché do
hoat déng.
Nguwoi ta ste dung cac timer dé:

a) dinh khoang thoi gian,

b) dém su kién hodc

c) tao téc d6 baud cho cdng néi tiép c6 sén trong 8051/8031.

M®i timer 16 bit c6 16 tang hay tang cudi cung chia tAn sb xung
nhip cho 216=65536. Nguon xung nhip cho cac timer la xung
vudng cé tn sb bang 1/12 tan sb xung nhip cung cip cho 8051.

Trong cac trng dung dinh khoang th&i gian, nguo’l ta lap trinh
cho timer tran & mot khoang déu dan va dat co tran timer lén 1.
Co& dwoc dung dé déng bd héa hodc do thoi gian tréi qua gitra

hai sy kién (vi dy: do d6 réng xung).

Pém sw kién duoc dung dé xac dinh sb lan xay ra clia mot sw
klen hon la do khoang thoi gian troi qua glwa cac sw kién. Mot
“sw kién” la bat clr tac ddong bén ngoai ndo cé thé cung cap mot
chuyén tiép 1 sang 0 t chan TO, T1(& P3) ctia 8051/8031.

Cac timer ciing co. thé cung cap xung nhip tdéc dé baud cho 5
cbng nbi tiép co6 sén trong 8051/8031.

Cac thanh ghi timer

* Timer (TO/T1) ctia 8051 duwoc tao bdi 2 thanh
ghi 8 bit.
« Timer 0 (TO) dwoc tao boi
— TLO vaTHO (L=Low va H=High)
— Truy Cap chung nhuw cac thanh ghi khac, TD:
MOV TLO, #55H
MOV R1, THO
« Timer 1 (T1) dwoc tao boi
— TL1 and TH1
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Cac SFR cua timer

Timer SFR Muc dich Dia chi Dia chi bit
TCON biéu khién 88H Co
TMOD Ché dé (hoat dong) 80H Khéng
TLO Byte thap cia Timer 0 8AH Khong
TL1 Byte thap cia Timer 1 8BH Khong
THO Byte cao cia Timer 0 8CH Khong
TH1 Byte cao cia Timer 1 8DH Khong
T2CON" biéu khién Timer 2 C8H Cé
RCAP2L’ Bit byte thap cia Timer 2 CAH Khéng
RCAP2H' Bait byte cao cia Timer 2 CBH Khong
TL2® Byte thdp ctia Timer 2 CCH Khéng
TH2 Byte cao ciia Timer 2 CDH Khong
* V61 8032/80562.

7

Thanh ghi diéu khién timer (TCON)

Bang 3.19 Tém tit thanh ghi TCON.

Bit Ky  Diachi Mb ta

hiéu bit

TCON.7 TF1 8FH C& bdo tran timer 1. Pit lén 1 béi phan eing khi tran;
duge x6a vé 0 béi phan mém hodc phan ecing khi bé xd
1y chi dén chuong trinh phue vu ngit.

TCON.6 TR1 8EH Bit diéu khién Timer 1 chay. Pdt/xéa bang phan mém dé
cho timer chay/ngung.

TCON.5 TFO 8DH C¢ bao tran Timer 0.

TCON.4 TRO 8CH Bit diéu khién Timer 0 chay.

TCON.3 1E1 8BH C& canh ngat 1 bén ngoai. D4t béi phan eing khi phat
hién c6 canh xuéng ¢ INTI1; xéa bang phin mém hoic
bang phin eciing khi CPU chi dén chuong trinh phuc vu
ngat

TCON.2 IT1 8AH C& kifu ngit 1 bén ngoai. Dat/xéa bang phin mém dé
ngit ngoai tich eue canh xudng/mie thap.

TCON.1 1IEO 80H C& canh ngat 0 bén ngoai.

TCON.0O ITO 88H Cd kiéu ngit 0 bén ngoai.
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Thanh ghi ché dé timer (TMOD)

Bang 3.17 Tém tat thanh ghi TMOD.

Bit | Tén Timer | M ta
7 | GATE 1 Bit mé& cong. Khi bit nay 1, timer chi chay trong khi INTI &
muec cao.
6 | /T 1 Bit chon counter (b4 d&m) hay timer
1 = b6 dém su kién
0 = timer khoang thoi gian
5 | M1 1 Bit 1 cta chon ché dé (xem bang 3.)
4 | MO 1 Bit 0 cia chon ché do (xem bang 3.)
3 | GATE 0 Bit mé céng cho timer 0.
2 | o/T 0 Bit chon counter (bé dém) hay timer cia timer 0
1 | M1 0 Bit 1 cia chon ché dé cta timer 0
0 | MO 0 Bit 0 cta chon ché do cla timer 0

Céac ché do hoat déng cla timer

Bang 3.18 Cdc ché d6 hoat dong cia timer.

M1 MO Ché db

Mo ta

== o o

0

1
0
1

é
0
1
2
3

Ché do timer 13 bit (ché do 8048)

Ché d6 timer 16 bit

Ché do timer 8 bit tu nap lai gid tri dau

Ché d6 tach timer
Timer 0: TLO 14 timer 8 bit duge diéu khién bang cdc bit
ché d6 cia timer 0; THO la timer 8 bit duge diéu khién
bing cac bit ché d6 cia timer 1.
Timer 1: bi ding lai

10
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Cac ché do timer va co& bao tran

Bang 3.18 Cidc ché d6 hoat déng cia timer.

M1 MO Ché dd

Mo ta

0 0 0
0 1 1
1 0 2
1 1 3

Ché d6 timer 13 bit (ch& do 8048)

Ché& d6 timer 16 bit

Ché& d6 timer 8 bit tu nap lai gid tri dau

Ché& dé tach timer
Timer 0: TLO la timer 8 bit duge diéu khién bing cic bit
ché do cia timer 0; THO 14 timer 8 bit duge didu khién
bang cée bit ché do cta timer 1.
Timer 1: bi dung lai

1"

Ché dé timer 13 bit (Ché do 0)

Xung nhip
timer

Tl x THx TFx

(5 bit) (8 bit)

Cdi bdo tran
(a) Ch& d§ 0

Ché d6 0 la ché do timer 13 bit d& twong thich véi bo xa ly
trwdc 8051 1a 8048

Vi cac thiét ké méi nguoi ta it dung ché dd hoat dong nay
Byte cao cua timer (THx) néi tiép v&i 5 bit thap cla byte
thap cua timer (TLx) dé tao thanh timer 13 bit

Ba bit cao ctia TLx khéng dwoc str dung

12



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Ché dé timer 16 bit (ché dé 1)

Xung nhip TLx THx TFx
timer (8 bit) (8 bit

Cd bao tran

(b) Ché& dj 1

« Ché do 1 1a ché do timer 16 bit gibng nhw ché
dé 0, ngoai triv luc nay timer hoat dong nhw
timer 16 bit day du.

- Tran xay ra khi cé chuyén tiép tr FFFFH sang
0000H trong s6 dém va n6 dat co bao tran
timer Ién 1. Timer tiép tuc dém tiép.

« Co bao tran la bit TFx trong TCON ma nguwoi
ta c6 thé doc ra hoac ghi vao bang phan mém 13

Ché dé timer 8 bit tw nap lai tri dau (ché do 2)

Xung nhip TLx TFx
timer (8 bit)
L ] Co bdo tran
Nap lai
THx
(8 bit)
{c) Ché& do 2

« Ché dd 2 1a ché do tw dong nap gia tri dau. Byte thap cla timer TLx
lam viéc nhw timer 8 bit trong khi dé byte cao cua timer THx git gia tri
can nap lai.

« Khi bd dém tran t» FFH sang 00H thi khéng nhirng co timer dwoc dat
Ién 1 ma gia tri trong THx con dwoc nap vao TLx, viéc dém tiép tuc tw
gia tri nay dén chuyén tiép tr FFH sang O0H ké, va cw tiép tuc nhw
vay.

+ Ché d6 nay tién lgi vi tran timer xay ra theo nhirng khoang thai gian

¢6 chu ky mét khi TMOD va THx da dwoc khéi tao tri 14



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Ché do tach timer (ché do 3)

Xung nhip

) TL1 TH1 B
Limer
Xung nhip TLO TFO
timer
Cd bao tran
1712 Fase THO TF1

Cd bao tran
« Ché do 3 1a ché do tach timer thi khac nhau véi
moi timer. Timer 0 & ché do 3 dwoc tach thanh 2
timer 8 bit.

« TLO va THO lam viéc nhw 2 timer doc lap v&i cac

bao tran dat cac co TFO va TF1 twong trng s

Pic diém cua ché do 3

« Timer 1 bj dirng & ché dd 3, nhwng c6 thé cho né chay
bang cach chuyén sang 1 trong cac ché dd khac.

« Gi&i han duy nhét 1a c& bao tran théng thwdng cla
Timer 1 (TF1) khéng bi anh huwdng bdi sy bao tran
trong Timer1 vi TF1 da dwoc ndi vao THO.

« Ché d6 3 chii yéu cho thém 1 timer 8 bit (8051 giéng
nhw cé thém timer thir ba). Khi Timer 0 & ché do 3, ta
c6 thé bat hay tat Timer 1 bang cach chuyén né ra khdi
hay di vao chinh ché do 3 clia nd. N6 van cé thé dwoc
cbng ndi tiép st dung lam bd tao tbc d6 baud hodc co
thé dwoc st dung theo bat ci» cach nao ma khéng can

ngat (vi né khéng con tac dong duwoc véi TF1)
16
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Céac nguon tao xung nhip

B6 dao dong
l:l_[ trong chip o =12 -~

Thach anh Xung nhip
timer

Chan
TO hoac T1

0 : (lén) dinh khodng thai gian

1 (xudng) dém suf kién

aT

« C62 nguon xung nhip, ma ta c6 thé chon bang
cach ghi vao bit chon bd dém/timer trong TMOD
khi tao cac tri kh&i dong timer.

« Mt ngudn xung nh|p dwoc dung de dinh thi

khodng th&i gian, con nguén kia dé dém sw kién.
17

Dinh thi khoang théi gian

+ Néu C/T =0, hoat dong timer lién tuc dwoc chon va timer
duwoc cap xung nhip tr mach dao déng trén chip. Mét tAng
chia 12 dwoc thém vao dé gidm tan s xung nhip xubng
gia tri thich hop cho phan 1&n cac (rng dung trong diéu
khién.

» Khi chon hoat dong timer lién tuc thi timer dwoc st dung
dé dinh thi khoang thoi gian (interval timing). Cac thanh
ghi timer (TLx/THXx) tang ndi dung thém 1 ctr theo tan sb 14
1/12 tan sb dao déng trén chip; nhw vay véi thach anh 12
MHz thi xung nhip cuta timer la 1 MHz.

+ Tran timer xay ra c&r sau mét s6 cac xung nhip ¢6 dinh ma
tuy theo gia tri ddu dwoc nap vao cac thanh ghi TLx/THx

18
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Pbem sw kién

+ NéuC/T = 1, timer dwoc cap xung nhip tir nguén bén ngoai. Trong phan
I&n cac trng dung, ngudn bén ngoai nay cung cap timer mét xung khi xay
ra sw kién—timer duwoc str dung dé dém sw kién (event counting). Sé sw
kién dwoc xac dinh trong phan mém bang cach doc cac thanh ghi
TLx/THXx, t& d6 gia tri 16 bit trong cac thanh ghi nay tdng thém 1 cho méi
s kién.

+ Ngudn xung nhip bén ngoai dwoc cung cap bang cach dwa vao cac chan
c6 chirc nang thay thé & Port 3:ngd vao xung nhip cho Timer 0 la TO
(chan P3.4). hay cho timer la T1 (chan P3.5)

+ Trong céac wng dung bd dém, cac thanh ghi timer dwoc tang thém 1 khi
co chuyen tlep 1sang 0 & ngo vao bén ngoai Tx. Ngd vao bén ngoai nay
dwoc ldy mau trong S5P2 clia moi chu ky may; nhw vay khi ngd vao &
murc 1 trong 1 chu ky va mirc 0 trong chu ky ké thi s dém duwoc tang
thém 1. Gia tri m&i xuét hién trong cac thanh ghi timer trong S3P1 cla
chu ky theo sau chu ky ma chuyén tiép dwoc phat hién. Tl d6 nd méat 2
chu ky may (2 ps) d& ghi nhan chuyén tiép 1 sang 0, do d6 tan sb bén

ngoai téi da 1a 500 KHz (gia st hoat dong 12 MHz) .

Khei tao tri va truy cap cac
thanh ghi timer

Cac tac vu:
— Dat ché do lam viéc
— Cho timer chay
— Duwrng timer
— Kiém tra co tran
— Xoba c& bao tran
— Doc va cap nhat cac thanh ghi timer

20
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bat ché d6 lam viéc — Cho timer chay —
Dwng timer
TD:
— Dat ché doé lam viéc
MOV TMOD, #00010000B
timer 1: Gate=0, C/T=0, M1M0=01 (mode 1)
timer 0: Gate=0, C/T=0, M1TM0=00 (mode 0)
— Cho timer chay
SETB TR1 Xungnhip ~
timer Cac thanh ghi
— Drng timer 0= Ién : timer diing
CLR TR1 TRx

1 = xudng : timer chay

Chu y khi c6 xai ngat ngoai (TD: ché do 1)

12MHz N
L B dao ding -
|_,:|_ trong chip +12 [ — \"“‘-a._—-l TL1 ‘ THI I_" TF |
Tl r
(P3.5) 0:(lén)
{J = 1 : (xuéng)

0 (lén)
1 : (xudng)

22
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Kiém tra c® va truy cap cac
thanh ghi timer
TD:
« Kiém tra c®& va xé6a c&
WAIT: JNB TF1, WAIT

CLR TR1 ;dirng timer T1
CLR TF1 ;xda c® bao tran
« Cap nhat cac thanh ghi timer
MOV TL1, #9CH
MOV TH1, #0FFH

23

DPoc gia tri dém cua timer dang chay

« R7 € TH1, R6 &« TL1
« Trwée hét doc byte cao
« Van dé cé thé xay ra:
khi tran byte thap > doc lai lan nira

AGAIN: MOV A, TH1
MOV R6, TL1
CJNE A, TH1, AGAIN
MOV R7,A

24
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Céc bwéc dé 1ap trinh Timer mode 0 hay 1

Nap tri cho TMOD

Nap tri s6 cho cac thanh ghi TL va TH

Cho timer chay (SETB TRO hay SETB TR1)
Kiém tra/theo ddi co bao tran timer (TF) >
doi dén khico TF =1

Dung timer (CLR TRO hay CLR TR1)

Xba co TF

7. Quay vé bwéc 2

A\

o o

25

Cac buwdc dé 1ap trinh Timer mode 2

Nap tri cho TMOD

Nap tri s6 cho cac thanh ghi TH

Cho timer chay (SETB TRO hay SETB TR1)
K[ém tra/theo dbi co bao tran timer (TF) - doi
dén khico TF =1

Dung timer (CLR TRO hay CLR TR1)

Xo6a co TF

7. Quay vé bwéc 3

b=

o o

26
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Dinh thi khoang th&i gian ngan
va khoang th&i gian dai

Bang 3.20 Cdc ki thuat lap trinh khodng thé1 gian (hoat dong 12 MHz)

Khoang thoi gian Ky thuat
toi da (theo ps)
= 10 Diéu chinh phin mém
256 Timer 8 bit vé1 ty dong nap lai tn1 dau
65536 Timer 16 bt
Khéng @61 han Timer 16 bit cong vé1 cde vong lip phan mém

27

Thi du: Tao dang xung trén chan P1.0

Viét mot chwong trinh tao ra dang song co chu ky trén P1.0 v6i tan s6 cao nhat
c6 thé dwoc. Tan s6 va chu ky nhiém vu clda dang séng nay la bao nhiéu?
(gid st ta dung XTAL = 12MHz > 1 MC = 1us)
= V6i dang séng rat ngén: khong can timer
ORG 8000H
LOOP: SETB P1.0 ;1MC
CLR P1.0 ;1MC
SJMP LOOP ; 2 MC

' SETB | CLR | SIMP | SETB

N

PIO

1%%
1us
o (1 MC)

Tan s6 = 250 Khz (1/ 4 us)
Ton=1Us, Tope=3us 2 duty cycle = Toy/(Ton+Tore)= 25% (1/4) 2
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Thi du: Tao séong vuéng trén chan P1.0

ORG  8000H

LOOP: SETB P1.0 ;1MC
NOP ;1TMC
NOP ;1TMC

CLR P1.0 ;1MC
SJMP LOOP; 2MC

' SETB { NOP| NOP | CLR {  SjMP  |SETB |

PO

1%1
1us
(One machine cycle)

Tan s6 = 166.7 Khz (1/6 us)
Ton =3 US, Tore= 3us D duty cycle = To/(Tox*Tore)= 50% (3/6)
29

Tao séng vuéng 10 KHz & chan P1.0

Tao séng vudng 10 KHz
Tan s6 = 10KHz > chu ky T =1/10000 = 100 us
Ton = 50 us, Toee= 50us
Dung mode 2 ( 8 bit mode ), vi khoang th&i gian < 256 us.

ORG 8000H

MOV TMOD, #02H ; ché dd tw nap lai 8 bit

MOV  THO, #-50 ; 256 — 50 = 206

SETB TRO ; cho timer TO chay
LOOP: JNB TFO, LOOP ; doi timer TO tran

CLR TFO ; X6a c& bao tran

CPL P10 ; dao bit cdng

SJMP LOOP ; 1ap lai

END %0
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Tao song vuong 1 KHz trén chan P1.0

Tao séng vudng 1 KHz

Tén s6 = 1KHz > chu ky T =1/1000 = 1000 us

TON = 500 us, TOFF= 500us

Dung mode 1 ( 16 bit mode ), vi khodng th&i gian > 256 us.

ORG  8000H

MOV  TMOD, #01H ; ché d6 1 (16 bit)
LOOP: MOV  THO, #0OFEH

MOV  TLO, #0CH ; -500 (-01F4H)

SETB TRO ; cho timer TO chay
WAIT: JNB TFO, WAIT ; doi timer tran

CLR TRO ; deng timer O

CLR TFO ; X6a co b?o tran

CPL P1.0 ; dao bit cong

SJMP LOOP ; lap lai

END

Chuy: MOV THO, #OFEH
MOV TLO, #0CH

MOV THO, #HIGH(-500)

MOV TLO, #LOW(-500) 3

TD: Giao tiép buzzer (1/2)

M6t buzzer dwoc ndi vao chan P1.7 va mét cong tac
khéng ndy (debounce switch) dwoc ndi vao chan
P1.6 (xem hinh 3.28). Viét chwong trinh doc mdrc
logic do cdng tac cip va tao ra am thanh & buzzer
trong 1 gidy sau mbi 1an phat hién chuyén trang thai
ter 1 xubng O.
10k

+5V

74HC00
u

SPDT
switch

P1.6
P1.7

Buzzer
0="222..."

Lol 1=im lang

32

10k
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TD: Giao tiep buzzer (2/2)

Brua chi Ma mdy Dong Nhan Lénh Chii thich
lénh

6 HUNDRED EQU 100 - 100 x

7 COUNT EQU 10000 ; 10000us = 1s
8100 8 ORG  8100H
8100 758901 7 MOV  TMOD, #01H cch& do 1
§103 3096FD 9 LOOP: JNB P1.6, LOOP ; do1 muc 1
8106 758A0C 10 WAIT: JB P1.6, WAIT ; do1 muc 0
8109 D297 11 SETB P1.7 ; bat buzzer ON
8§10B 128112 12 CALL DELAY s do1 1 g4y
810E C297 14 CLR P1.7 : tit buzzer
8110 80F1 15 SJMP LOOP

16 :
8112 7F64 17 DELAY: MOV  R7, #HUNDRED
8114 758C27 18 AGAIN: MOV  THO#HIGH(-COUNT)
8117 7H8A10 19 MOV  TLO#LOW(-COUNT)
811A D28C 20 SETB TRO
811C 308DFD 21 WAIT2: JNB TFO0, WAIT2
811F C28D 22 CLR TFO
8121 C28C 23 CLR TRO
8123 DFEF 24 DINZ R7, AGAIN
8125 22 25 RET

26 END

Lap trinh counter

O ché do counter: TMOD, TH, TL giéng nhw v&i timer
Céc ché do timer ciing gidng
Tuy nhién thay vi dung tan sé thach anh, counter dém
xung tr bén ngoai dwa vao 8051.
Bit C/T trong TMOD quyét dinh ngudn xung nhip.

Khi C/T = 1, counter dém &n khi c6 xung dwa vao céac
chan T1 va TO (& P3)

Pin Port Pin | Function |Description
14 P3.4 T0 Timer/Counter 0 external input
15 P3.5 T1 Timer/Counter 1 external input
(MSB) (LSB)
GATE| CcT | M1 | M0 | GATE | T | M1 | MO
Timer 1 Timer 0

34
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TD: 1ap trinh counter & ché dd 2

Gia sl c6 xung nhip dwa vao chan T1, viét chuong trinh dung
counter 1 & ché d6 2 va xuat s6 xung dém duwoc ra P2.
Bai giai
MOV TMOD, #01100000B ; counter 1 ché dd 2
MOV TH1, #0
MOV TL1, #0

SETB P3.5 ; lam cho T1 Ia chan nhap
AGAIN: SETB TR1 ; cho counter 1 chay
BACK: MOV A, TL1 14y sb xung dém dwoc

MOV P2,A ;xuatraP2

JNB TF1, BACK

CLR TRA1

CLR TFA1 35

S INMDP ACGAIN
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