LESSON 9: WRITING PROGRAM4: 8051’s INTERRUPTS

Objectives:

1. Study interrupts process, interrupt vector, how to use interrupt with 8051SBC.
2. Write a program that uses interrupt.

The 8051 compatible microcontroller provides interrupt sources generated by internal
timer, the UART and external input pins. The interrupt vectors of these sources are
predefined locations. These locations are located at low address space. Table below
shows the interrupt vectors.

Interrupt Source Vector Address
IEQ (External interrupt 0, INTO pin) 0003H
TFO (Timer0 interrupt) 000BH
IE1 (External interrupt 1, INT1 pin) 0013H
TF1 (Timerl interrupt) 001BH
R1 or T1 (Receiver or Transmit interrupt) 0023H
TF2 or EXF2 (Timer2 or EXF2 interrupt) 002BH

All of above interrupts are maskable. The associated enable bits can be set to enable or
cleared to disable. When RESET all of them is disabled.

Since our 8051SBC has ROM monitor located from 0000H to 7FFFH. To provide user
defined interrupt service routine, these interrupt vectors are relocated to RAM space
started from 8000H. Here is the new vector address.

Interrupt Source Vector Address
IEQ (External interrupt 0, INTO pin) 8003H
TFO (Timer0 interrupt) 800BH
IE1 (External interrupt 1, INT1 pin) 8013H
TF1 (Timerl interrupt) 801BH
R1 or T1 (Receiver or Transmit interrupt) 8023H
TF2 or EXF2 (Timer2 or EXF2 interrupt) 802BH

If we look the monitor code at reset address, we will see jump instructions of these
vectors to the new location in RAM! We can say the OFFSET address for interrupt vector
is 8000H. Let us try disassemble the code from address 0000H.
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Interrupt Enable Register

The interrupt enable register IE is bit addressable register that used to enable the

interrupt source.

(MSB)

(LSB)

EA

ET2

ES

| ETI

EX1

ETO

EXO0

EA (IE.7) is global enable bit. We must set it with any of enable bits to enable interrupt.

For example to enable EX0, external interrupt, we must set EA and EXO.

ET2 (IE.5) is Timer2 interrupt enable bit.

ES (IE.4) is Serial port interrupt enable bit.

ET1 (IE.3) is Timerl interrupt enable bit.

EX1 (IE.2) is External Interruptl enable bit.

ETO (IE.1) is TimerO0 interrupt enable bit.

EXO (IE.O) is External InterruptO enable bit.

Interrupt Flag Bits

Table below shows associated interrupts flag. The flag is set when the CPU hardware

meets appropriate condition. For example TFO is set when timer0 is overflow.

The CPU polls these flags every machine cycle at state 5 Phase 2. If ETO is set (timer0

interrupt was enabled), CPU will save current Program Counter to STACK memory and

jump to address 000BH. After finished executing interrupt service routine, the RETI,



return from interrupt will retrieve top of STACK and load to Program Counter, so the
CPU will return to main program. Thus we can say that the interrupt service routine is
subroutine that was called when specific hardware condition was met.

Interrupt Flag SFR and Bit position

External 0 1EO TCON.1

External 1 IE1 TCON.3

Timer 1 TF1 TCON.7

Timer 0 TFO TCON.5

Serial Port TI SCON.1

Serial Port RI SCON.0

Timer 2 TF2 T2CON.7

Timer 2 EXF2 T2CON.6

TIMER MODE control register

(MSB) (LSB)
GATE | C/T* | M1 | Mo GATE | CoT* | ML | Mo

Timerl Timer(

GATE Gating control bit. When set, Timer is enabled only INTx is high and TRx

is set.

C/T* When cleared, Timer operation (input from internal clock, XTAL/12) is

enabled. Set for counter operation (input clock from TO or T1 pin).

MO and M1 are operating MODE bits setting.
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Mode
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13 bit timer/counter
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TIMER CONTROL register
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(LSB)

TFI | TRI | TFO

TRO

IEl |

ITL | IEO | ITO

TF1  TCON.7

TR1 TCON.6

Timerl overflow flag. Set by hardware on overflow. Cleared by
hardware when CPU jumps to service routine.

Timerl run control bit. Set/cleared by software to start/stop timer.



TFO TCON.5 Timer( overflow flag. Set by hardware on overflow. Cleared by
hardware when CPU jumps to service routine.

TRO TCON.4 TimerO run control bit. Set/cleared by software to start/stop timer.
IE1  TCON.3 Interrupt 1 edge flag. Set by hardware when edge signal detected.

Cleared by hardware when interrupt was processed.

ITT  TCON.2 Interrupt 1 signal type control bit. Set for falling edge, cleared for
low level triggered.

IE0  TCON.1 Interrupt 0 edge flag. Set by hardware when edge signal detected.
Cleared by hardware when interrupt was processed.

ITO  TCON.O Interrupt 0 signal type control bit. Set for falling edge, cleared for
low level triggered.

Note:

Falling Edge trigger signal

R

Low level trigger signal

T\ v v vy

EXERCISE 9-1:

1. Test below program with LCD onboard.

$nod51
| ed equ P1.7
cr equ 13

gpi ol equ 100h
gpi 02 equ 200h

dseg at 20h
flagl: ds 1
dseg at 50h

tick: ds 1
secl00: ds 1




sec: ds 1
m n: ds 1
hour : ds 1

cseg at 8000h
jnmp start

org 800Bh
jmp service_tinmerO_interrupt

;---- dinitialization code ----------------
start: orl tnod,#1 ; set timerO to npdel

nov flagl, #0
nmov sec, #0

nmov m n, #59h
nmov hour, #17h

call initlcd

setb ea ; set bit global interrupt
setb et0O ; enable tinerO intterupt

setb tr0 ;run tinmerO

fem-m---- main loop running --------------
mai n: jmp $ ; wait here until tinmerO overfl ow

service timerO_interrupt:
push acc
push b
push psw

orl thO,#0dch ; reload tinerO wth DCOOH
call update_cl ock
call print_tinme_Ilcd

pop psw
pop b
pop acc
reti

updat e_cl ock:

inc secl00

nov a, secl100

cj ne a, #100, exi t2
nmov secl00, #0

setb flagl.0
nov a, sec

add a, #1
da a




nov sec, a
cj ne a, #60h, exit2
nmov sec, #0

nov a, mn

add a, #1

da a

nov mn, a

cj ne a, #60h, exi t 2
nov m n, #0

nov a, hour

add a, #1

da a

nov hour, a

cj ne a, #24h, exit2

nov hour , #0
exit2:

ret

print_tinme_|cd:

jnb flagl.0,exit_print_tine

clr flagl.0
print_tinel:
nmov a, #0
nmov b, #0

call goto_xy ; set position (0,0)
nmov a, hour

call print_A lcd
nov a, # '

call putch_lcd
nov a, mn

call print_A lcd
nov a, # '

call putch_lcd
nov a, sec

call print_A lcd

exit_print_tinme:
ret

; print content of accumul ator on LCD
; entry: BCD digit

print_A |cd:
push acc
anl a, #0f Oh

swap a




add a,# 0

call putch_lcd
pop acc

anl a, #0f h

add a, # 0

call putch_lcd
ret

$i ncl ude(l cddrv. asm

end

2. Modity the code to print DATE-MONTH-YEAR.
3. Print text “Timer0 Interrupt” on second line of the LCD.

Above example is called interrupt driven tasks. The foreground task is running in the
main loop. The background task is timer interrupt running. We see that background task

is executing every 10ms with timerO overflow.

Now suppose we want to use onboard keypad for time adjusting. We can place it in
foreground task with less priority. The highest priority still is timer0Q interrupt.

EXERCISE 9-2:

1. Edit and assemble below program.
$nod51

| ed equ P1.7

cr equ 13

gpi ol equ 100h
gpi 02 equ 200h

dseg at 20h
flagl: ds 1

dseg at 50h
tick: ds 1
secl00: ds 1
sec: ds 1
mn: ds 1
hour : ds 1

cseg at 8000h




jnmp start

org 800Bh
jmp service_tinmerO_interrupt

;---- dinitialization code ----------------
start: orl tnod,#1 ; set timerO to npdel

nov flagl, #0
nov sec, #0

nov m n, #59h
nmov hour, #17h

call initlcd

setb ea ; set bit global interrupt
setb et0O ; enable tiner0O intterupt

setb tr0 ;run tinmerO

fem-m---- main loop running --------------
mai n: call scan_key

jmp main

service_tinerO_interrupt:
push acc
push b
push psw

orl thO,#0dch ; reload tinmer0O wi th DCOOH
call update_cl ock
call print_tinme_Ilcd

pop psw
pop b
pop acc
reti

updat e_cl ock:

inc secl00

nmov a, secl100

cjne a, #100,exit2
nov secl00, #0

setb flagl.0
nov a, sec

add a, #1
da a




nov sec, a
cj ne a, #60h, exi t 2
nmov sec, #0

nov a, mn

add a, #1

da a

nov mn, a

cj ne a, #60h, exi t2
nov m n, #0

nov a, hour

add a, #1

da a

nov hour, a

cj ne a, #24h, exit2

nov hour , #0
exit2:

ret

print_tinme_|cd:

jnb flagl.0,exit_print_tine
clr flagl.0

print_tinel:
mov a, #0
nov b, #0
call goto_xy ; set position (0,0)
nov a, hour
call print_A lcd
nmov a, # '
call putch_lcd
nov a, mn
call print_A lcd
mov a, #' '
call putch_lcd
nov a, sec
call print_A lcd

exit_print_tinmne:
ret

; print content of accumulator on LCD
; entry: BCD digit




print_A |cd:
push acc
anl a, #0f Oh
swap a
add a, # 0O
call putch_lcd
pop acc
anl a, #0f h
add a, #' 0O
call putch_lcd
ret

adjust_mn: nov a,mn
add a, #1
da a
nov mn, a
cj ne a, #60h, adj ust 1
nmov m n, #0

adjustl: call print_tinel
ret

debounce: nov r7, #0
dinz r7,%
ret

; foreground task

scan_key: call check_key
jnc scan_key ; still pressed?
cal |l debounce ; debounce

until _press:
call check_key
jc until _press
call debounce
call check_key

cj ne a, #0ef h, keyl ; S3 key?
call adjust_mn

ret
keyl:

ret
: read GPIO2

; exit: C=0 key pressed, A=key val ue
; C=1 no key pressed




check_key: nov dptr, #gpi 02
novx a, @ptr

orl a,#0fh ; maskout low niblle
cj ne a, #0ff h, key_pressed
setb ¢
ret ; no key pressed
key pressed: clr c ; return key and c=0
ret

$i ncl ude(l cddrv. asm

end

3. Add more keys to adjust HOUR, says S4 for HOUR adjusting.

S a—

S6 INTO RESET

OO0 0 0 O

3. The 8051SBC has onboard INTO key, next to RESET key. Add the service
routine that responses external interrupt 0 with falling-edge trigger. The service routine
will clear LCD. See above table for external interrupt enable bit.
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