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

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'ilng 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 diéu khién timer 0 va 4 bit cao diéu khién timer 1, mo ta nhu sau:
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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

THx TLx Overflo

TCON reg

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

THix TLx Qverflo
(8 bits) (8 bits) F >

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 ngit.

- 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, o 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

1. TIMER2
1 P2 |

(8-bit) (8-hit) INTERRUPT
: : )/'\‘—l v T2CONreg

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

TL2 TH2

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 foscx2X2
2(65536 _ 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 cac 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,hén 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 tri7 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 TF1,KtrTl

CLR TF1

CLR TRO

DJNZ R7,Lap ; Néu R7 # 0 thi ldp 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
SM0 | SM1 Mo ta Téc d) 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 do 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 | TBS |9Bh | Transmitter Bit — Bit truyén thr 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 99h | Transmit Interrupt flag — Co ngét phat
Puoc dit bang 1 khi két thuc qua trinh truyén va xoa bang
phan mém.
SCON.0 |RI | 99h | Receive Interrupt flag — C& ngat thu
Pugc dit bang 1 khi nhan xong dir liéu va xoa bang phan
mem.

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° x 2°

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 sir tan s6 thach anh 1a fogc = 12 MHz, gia tri nap khi tao toc do 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%

Pham Hung Kim Khdanh Trang 75



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

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’
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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,#’Z’+1,Truyen; Néu di 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.

Cic 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 hi¢u | 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 | PT1 | PX1 | 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 ctia 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 c6 kich thudc thap hon 9 byte thi c6 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.

Pham Hung Kim Khdanh Trang 85



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

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.

Qua trinh diéu khién hoat dong bang bd dinh thoi co 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

Pham Hung Kim Khdanh Trang 86



Gido trinh Vi diéu khién

Cic hoat djng ciia vi diéu khién MCS-51

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) ; 2 byte

MOV TL1, #LOW (-500) ; 2 byte

CPL P1.1 ; 2 byte

RETI ;1 byte
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

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 ; Pinh nghia trudc cac & nhd
Minute EQU 31h

Second EQU 32h

ORG 0000h

LJMP main
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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:
GATEI C/T1 MI11 | MI10 | 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

Pham Hung Kim Khdanh Trang 93



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

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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