Lab6. Interrupt

Photo Interrupter
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Interrupt Vectors in ATmegal28

Table 23. Reset and Interrupt Vectors

Vector Program
No. Address® | Source Interrupt Definition
External Pin, Power-on Reset, Brown-out Reset,

1 $0000'" RESET Watchdog Reset, and JTAG AVR Reset
2 $0002 INTO External Interrupt Request 0

3 $0004 INTH External Interrupt Request 1

4 $0006 INT2 External Interrupt Request 2

5 $0008 INT3 External Interrupt Request 3

6 $000A INT4 External Interrupt Request 4

7 $000C INTS External Interrupt Request 5

8 $000E INT6 External Interrupt Request 6

9 $0010 INT7 External Interrupt Request 7

10 $0012 TIMER2 COMP Timer/Counter2 Compare Match

11 $0014 TIMER2 OVF Timer/Counter2 Overflow

12 $0016 TIMER1 CAPT Timer/Counter1 Capture Event

13 $0018 TIMER1 COMPA | Timer/Countert Compare Match A

14 $001A TIMER1 COMPB | Timer/Counter1 Compare Match B

15 $001C TIMER1 OVF Timer/Counter1 Overflow

16 $001E TIMERO COMP Timer/Counter0 Compare Match

17 $0020 TIMERO OVF Timer/Counter0 Overflow




Interrupt Vectors in ATmegal28

18 $0022 SPI, STC SPI Serial Transfer Complete

19 $0024 USARTO, RX USARTO, Rx Complete

20 $0026 USARTO, UDRE | USARTO Data Register Empty

21 $0028 USARTO, TX USARTO, Tx Complete

22 $002A ADC ADC Conversion Complete

23 $002C EE READY EEPROM Ready

24 $002E ANALOG COMP | Analog Comparator

25 $0030® | TIMER1 COMPC | Timer/Countre1 Compare Match C
26 $0032® | TIMER3 CAPT Timer/Counter3 Capture Event

27 $0034® | TIMER3 COMPA | Timer/Counter3 Compare Match A
28 $0036® | TIMER3 COMPB | Timer/Counter3 Compare Match B
29 $0038¢) TIMER3 COMPC | Timer/Counter3 Compare Match C
30 $003A® | TIMER3 OVF Timer/Counter3 Overflow




Toggle Breakpoint in ISR

AVR Studio - C:'WworkWavrWinterruptWinterrupt.c

: Eile Project Build Edit ¥iew Tools Debug Window Help

NEBHAV LRI i A eI A EE i EYi)aFluassE=lt=yBRecs: a3 =

: [Trace Disabled S - AR R . 0 R B X e @ Toggle Breakpoint {F9)
= = — Toggle breakpoibt
B C:WworkWavrWinterruptWinterrupt.c ] -|Q|§] 2895.0(8a-R0
Program Cou,,, 0x000080 Hinclude <avr/io.h> '
Stack Pointer  Ox10FF #include <avr/interrupt.h> =
X pointer 0x0102 ) ) )
¥ pointer 0% 10FF volatile int req_INTO=1;
Z pointer 0x011E ISR INTO t
Cycle Counter 0 ( Lyezt)
Frequency .lr req_INTO = 0;;
Stop Watch
SREG WOEEMMEL int main({void)
+] Registers {

DDRA=1<<PA0;

EIMSK |=1<<INTO;
EICRA=3<<|SCO0;
PORTD |= 1<<PDO;

seil);
while(1)4{
o if (req_INTO == 0)4
PORTA ~= 1«<<P&D;
req_INTD = 1;
15




Open Disassembler Window

AVR Studio - C:'WworkWavrWinterruptWinterrupt.c

: Eile Project

NS H B 2 D

: [Trace Disabled

Program Cou,.,
Stack Pointer
X pointer

¥ pointer

Z pointer
Cycle Counter
Frequency
Stop Watch
SREG

+] Registers

Build Edit | Yiew iIooIs Debug Window Help
Toolbars "% % B = E @ @6
’I % Status Bar # \J[e \r_e Wi |
0<000080 | &1 watch Alt+1 T0.h>
gxé?gg =] Memory alt+a |ude <avr/interrupt.h>
%
0x10FF Memory 2 ile int rea_INTD=1;
0x011E Memory 3 NTO_vect )
0 5 Begister Al
.} eq_INTO = 0;;
|18 | int main(void)
DDRA=1<<PA0;
EIMSK |=1<<INTO;
EICRA=3<<|SCO0;
PORTD |= 1<<PDO;
seil);
while(1){
$ ==

if (reg_INTO H
PORTA ~= 1<<PAD;
req_INTO = 1;




Disassembler Window

AVR Studio - Disassembler
: FEile Project Build Edit ¥iew Tools Debug Window Help
Rl - N N Rk B O W,
 [Tracs Dissbled =] % %, L T 5 O M o

R eI I TR e e |

Program Cou,,, 0x000080
Stack Pointer 0x10FF

clude <avr >
#include <avr/interrupt.h>

X pointer 0x0102 ) ) i

¥ pointer 0% 10FF volatile int req_INTO=1;

Z pointer 0x011E ISRCINTO t

Cycle Counter 0 e Lvgiek)

Frequency

Stop Watch e i +888888§8 )EC+E>I<DDDE gelat ivedjump i
+ i+, tore indirect and postincrement

SREG UOAEEOEU int main(void) | +000OO0SE: Rk, 0x02 Compare with inmediate

=+ Registers { +0000005F Compare with carry
+00000060: Branch if not equal
DDRA=1<<PAD;§ +00000061:  940C0073 000000073 Jump

+00000063:  S40C0000 000000000 Junp

EIMSK |=1<<I @00000065: __vector_1
E|CRA=3<<|SC -——— interrupt.c
PORTD |= 1<<| 7: {
seil); +00000065:  921F PUSH R1 Push register on stack
+00000066:  920F PUSH RO Push register on stack
while{1)4{ +00000067:  BBOF IN RO, Ox3F In from /0 location
= if (reqi] +00000068: 920F PUSH RO Push register on stack
PORT| +00000063: 2411 CLR Ri Clear Register
req_| 8: req_INTO = 0;;
i @ 00000064 92100101 STS 0x0101,R1 Store direct to data space
i +0000006C: 92100100 STS 0x0100, R1 Store direct to data space
+0000006E:  900F POP RO Pop register from stack
l +0000006F:  BEOF out 0x3F, RO Out to |/0 location
+00000070:  S00F POP RO Pop register from stack
+00000071:  901F POP Ri Pop register from stack
+00000072: : Interrupt return

@800000073:
12: i

+00000073:  EO81 LDI R24, 0x01 Load immediate

+00000074:  EBSA ouT Ox14,R24 Out to 1/0 location

16: EIMSK |=1<<INTOD;

+00000075: B89 IN R24,0x39 In from 1/0 location
+00000076: 6081 ORI R24, 0x01 Logical OR with inmediate

+00000077:  BF89 ouT 0x39, R24 Out to 1/0 location
17: EICR&=3<<|SC00;
+00000075:  EO83 LD| R24, 0x03 Load immediate

+00000073: 93800064 STS 0x0064 , R24 Store direct to data space




Interrupt Vector Table

AVR Studio - Disassembler
: FEile Project Build Edit ¥iew Tools Debug Window Help
PN ESHM Y LRGeS EE
: [Trace Disabled 7% % B S T G f e D oam G
Processor ,

t 2 NEo N0 i G

B C:'WworkWavrWinterruptWinterrupt. e "..Ig[_ﬁ
ngram CIJU... (0000080 #include <avr/io.h> =
Stack Pointer  Ox10FF #include <avr/interrupt.h> 3“
X pointer 0x0102 . )
¥ pointer 0% 10FF volatile int req_INTO=1;
Z DUinter 0x011E |SR( INTO_vect
Cycle Counter 0 ( ) Di bl
Frequency ® G ERs 8 Disassembler
: T A
i +00 : ; 06 0 5 ump
e UOAEMME0 int main(void) || +00000004: G40CO0E3 Ui 000000063 Junp
+| Registers { +00000006:  940C0063 JM 0x00000063 Jump
+00000008:  940C0063 000000063 Jump
DDR&=1<<PAD; +00000004 - 940C0063 000000063 Jump
+0000000C:  940C0063 000000063 Jump
EIMSK [=1<<I +0000000E:  940C0063 0x00000063 Jump
EICRA=3<<|SC +00000010:  940C0DE3 ! 0x000000E3 Jump
PORTD |= 1<< +00000012: 940C0063 000000063 Jump
sei(); +00000014: 940C0063 000000063 Jump
+00000016: 940C0063 JHP 000000063 Jump
while(1)4 +00000018:  940C0063 JHP 0x00000063 Jump
=5 it (req_ +00000014-  940C0063 JHP 0x00000063 Jump
PORT +0000001C:  940C0063 JHP 000000063 Jump
req- +0000001E: 940C0063 JHP 000000063 Jump
¥ +00000020-  940C00683 JHP 000000063 Jump
¥ +00000022:  940C0063 JHP 0x00000063 Jump
+00000024:  940C0063 JHP 000000063 Jump
3 +00000026: 940C0063 JHP 000000063 Jump
+00000028:  940C0063 JHP 0x00000063 Jump
+00000024 - 940C0063 JHP 0x000000E3 Jump
+0000002C:  940C0063 JHP 000000063 Jump
+0000002E: 940C0063 JHP 000000063 Jump
+00000030:  940C00683 JHP 000000063 Jump
+00000032: 940C0063 JHP 000000063 Jump
+00000034:  940C0063 JHP 0x00000063 Jump
+00000036: 940C0063 JHP 000000063 Jump
+00000038:  940C0063 JHP 0Ox 00000063 Jump
+00000034:  940C0063 JHP 0000000683 Jump
+0000003C:  940C0063 JHP 0x00000063 Jump
+0000003E:  940C0063 JHP 0x 00000063 Jump
+00000040: 940C0063 JHP Ox00000063 Jump
+00000042: 940C0063 000000063




Stopped at the Breakpoint

AVR Studio - Disassembler

: File Project Build Edit ¥iew Tools Debug Window Help
NEBHA Y LR DM
: [Trace Disabled I R R R TR

Yy aBliassEEENEBRe S gad[
8 X i

[T CHworWavmterpinernie R =TE
Program Cou,,, 0x000064 m
Stack Pointer 0= 10FA #include <avr/interrupt.h> =
X pointer 0x0102 . .
¥ pointer 0% 10FF volatile int req_INTO=1;

Z pointer 0x011E

Cycle Counter ISR INTO_vect)
Frequency (=] req_INTO = 0;;
Stop Watch s

SREG OOEEMDEC

Rogi int main{void)
+ Registers {

DDRA&=1<<PA0;

El L el @ S
=3<< 3
< : - ; B b hue
EOHID.1=5 <0 +0000005F: 7B CPC R2T.RI7
’ +000000B0  F7ET BRNE  PC-0x03
while(1) +000000B1:  940C0073  JMP Ox0OO0DO73
1 (rea_INTO == 0)¢ +00000063:  940C0000  JMP 0x0000000O
= 1<<P40; @00000065: __vector_|
rea_INTO = 1; L
' +00000085:  921F PUSH R
+000000B6:  920F PUSH RO
' +00000067:  BEOF IN RO, Ox3F
+00000088:  920F PUSH RO
+00000063: 2411 CLR A

req_INTO = 0;;
®+DDDDDDbﬁ : 92100101 STS 0x0101,R1
+0000006C: 92100100 STS 0x0100, R1
+0000006E:  S00F POP RO
+0000006F:  BEOF ouT Ox3F, RO
+00000070:  900F POP RO

901F POP R
9518 RETI
Tomain
: ED8I LDI R24, 0x01
""" BEBA ouT Ox14,R24
: EIMSK |= l<<|NTD,
B789 R24,0x%39
BDB1 OH | R24, 0x01
BFE9 0x39, R24
7 EICRA=3<<I SCDD 5
+00000078:  EOB3 LDI R24, 0x03

+00000073: 93800064 STS 0x0064 , R24




Exercise

= =& Ol KMl 2% interrupt_double.c= rising
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