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INTO
- - T2EX
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control registers RAM I 8K_- 8052 TO
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Address/Data
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/O Serial Interrupt
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m Timer overview

INT1

Interrupt Tl
control TO

 Two 16-bit timers/counters
— Generate a time delay
— Count events happening outside the microcontroller
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@ Basic Registers

[ Registers of Timer }

N0C g Timer Contro Reqgister

OD TCON

Low byte High byte
TLO/TL1 THO/TH1
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Timer Register (Timer Counter)

e 16-bit register (byte-addressable only)
— Accessed as LOW byte (TLx) and HIGH byte (THx)
— Example: 10000,,=2710, === TLO = Ox10;
THO = 0Ox27;

THO TLO
A A

f A\ Y \

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

TH1 TL1
A A

f A\ Y \

D15| D14 | D13 | D12 | D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO
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 dce i} .
Timer Control Register (TCON)

o 8-bit register (bit-addressable access)
— ITO/IT1: used for timer interrupt
— |IEO/IE1: used for external interrupt

— TRO/TR1.: start/stop timer 0/1
« TRx =1 - start timer

— TFO/TF1: overflow flag of timer 0/1
e TFx =1 - overflow

Timer 1 Timer O Timer 1 Timer O
A A A A

TF1 TR1 TFO TRO IE1 IT1 IEO ITO

TCON.7 TCON.6 TCON.5 TCON.4 TCON.3 TCON.2 TCON.1 TCON.O
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 dce il .
Timer Mode Register (TMOD)

« TMOD is 8-bit register (byte-addressable only)
o Set the various timer operation modes

 Both Timer O and 1 use the same register
— The lower 4 bits: Timer O
— The upper 4 bits: Timer 1

(MSB) (LSB)

Timerl TimerO
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= Timer Mode Register (TMOD)

o C/T (Counter/Timer)
— C/T=0 - Timer Mode
— C/T =1 - Counter Mode

8051
XTAL i
oscillator i | C/T=0
\_) Timer
CLK
TO/T1 TC/T =1
P3.4/P3.5
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Timer Mode Register (TMOD)

 GATE: start/stop control

— GATE = 0: only software control
— GATE = 1: enable hardware control

INTO /INT1
P3.2/P3.3

o
¢

8051

TRX

Timer / N N

CLK

GATE —[>o—D|::>—
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Timer Mode Register (TMOD)

M1 MO Mode Operating Mode

0 0 0 13-bit timer mode
8-bit timer/counter THx with TLx as 5-bit
prescaler

0 1 1 16-bit timer mode

16-bit timer/counter THx and TLx are
cascaded; there 1s no prescaler

1 0 2 8-bit auto reload
8-bit auto reload timer/counter; THx holds a
value which is to be reloaded TLx each time
it overfolws

1 1 3 Split timer mode
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Timer Modes

« Mode 0: 13-bit Timer
— High byte (THO/TH1) + 5 bits of lower byte (TLO/TL1)

Timer clock

THX
(8 bits)

TLx
(5 bits)

« Mode 1: 16-bit Timer
— All 16 bits of timer are used (TLO/TL1 + THO/TH1)

> TFx

Overflow flag

Timer clock

o
¢

THX
(8 bits)

TLx
(8 bits)

—> TFX

Overflow flag
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 dce il
Timer Modes

e Mode 2: 8-hit Auto Reload

— Only the lower byte (TLx) is used for counting
— Upper byte (THx) holds the value to reload into TLx after

an overflow
_ TLX
Timer clock > _ > TFXx
(8 bits)
1‘_ Overflow flag
Reload
THX
(8 bits)
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dce
Example

e Indicate which mode and which timer are selected

a) TMOD = OxO1H
b) TMOD = Ox12H

e Solution
a) 0O1H - 0000 0001B

Mode 1 of timer O Is selected

b) 12H - 0001 0010B

Mode 1 of timer 1 and mode 2 of timer O are selected
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Timer Delay & Timer Loaded Value

e TimerDelay=Dx T

— D : Delay value - how many counts (clocks) before
overflow flag TFx is set

— T : Timer clock cycle duration

X_TAL 5> =19 5 Timer
oscillator clock

— XTAL = 11.0592MHz
— Timer clock frequency
f=11.0592 MHz / 12 = 921.6 kHz

—> Timer clock cycle: T = 1/f = 1/921.6kHz = 1.085us

o
¢
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1 Timer Delay & Timer Loaded Value

e How to calculate timer loaded value?

N
Timer loaded
value L 0000

Delay value (D= Maximum Count — Timer loaded value 1

Timer loaded valuee Maximum Count — Delay value 1
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‘ Example

« Assume XTAL = 12 MHz. If we want to have a time
delay of 5ms, what value do we need to load into the
timer register TH and TL?

e Solution
— T=12/12MHz = 1 (us)
— Delay value = 5ms /1 us = 5000 (clocks)
— Timer loaded value =65535-5000 + 1
=60 536,, = EC784

—->TH = OXEC, TL = 0Ox78
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Programming Timer — Mode 1

« Mode 1: 16-bit timer
— Timer value: 0000 to FFFFh (THX & TLX)
— Set bit TRx to start the timer
— Timer starts to count up after bit TRx =1
— TFx (timer flag) is set when FFFF = 0 in timer register

— THx and TLx must be reloaded with original value and TFx
must be cleared with O to repeat the process

xrar BN —}-E-
oscillator

TF goes high Overflow
cr=0 IR when FFFF >0  flag
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Example — Timer Mode 1

« Write an 8051 C program to toggle only bit P1.5
continuously every 50 ms using Timer 0, mode 1

(16-bit) to create the delay. Assume XTAL =11.0592
MHZz

— T =12/11.0592MHz = 1.085 (us)

— Delay value = 50ms / 1.085 us ~ 46083 (clocks)

— Timer loaded value =65 535-46083 + 1
=19453,, = 4BFD

- THO = 0x4B, TLO = OxFD
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Example — Timer Mode 1

| ncl ude <reg51. h> voi d nmai n(voi d)
shit nybit = P175; {
while (1) {
void TOMLDel ay(v0| d) { nybit = ~nybit;
TMOD = ; TOMLDel ay() ;
THO = ; }
TLO = ; }
TRO
whi |
TRO
TFO

I @D
~~

- . H - .
TI
[
[
~—r
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m Issue

« Maximum Timer Delay using Timer Mode 17
o If Time delay> Maximum Timer Delay
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Programming Timer — Mode 2

e Mode 2: 8-bit auto reload

— Timer value: 00 to FFh - THXx
« 8051 gives a copy of THx to TLx

— Set bit TRx to start the timer

— Timer starts to count up by TLx register after bit TRx = 1

— TFx (timer flag) is set when FF = 0 in TLX register

— TLx is reloaded automatically with the value in THx register
— Clear bit TFx to repeat the process

Overflow
XTAL ——
; — Sl flag
oscillator
C/T=0 TR Reload  TF goes high
when FF — 0
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Example — Timer Mode 2

« Write an 8051 C program to create a frequency of
2500 Hz on pin P2.7 using Timer 1, mode 2 to create

delay. Assume XTAL =11.0592 MHz

T/2
P2.7 s

< >
' T '

— T =1/2500Hz = 400 (us) = T/2 =400/2 = 200 (us)
— Delay value = 200 us / 1.085 us ~ 184 (clocks)

— Timer loaded value =255-184 +1
=72,,=48

Ox48
-184

> THI

S o THI
-\
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Example — Timer Mode 2

#i ncl ude <reg51. h> voi d nai n(voi d)
shit nybit = P27, {
TMOD =
voi d T1IM2Del ay(voi d) TH1L =
{
TR1 = 1; while (1) {
while (TF1 == 0); nybit = ~nybit;
TR1 = 0; TiM2Del ay();
TF1 = }
} }
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