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® External Interrupt 2 (INT2) &1t PB2
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12.4 Interrupt vectors in Atmel ATmegai68
Table 12-4. Reset and interrupt vectors in ATmegai68.
Program
Vector no. address'® Source Interrupt definition
1 oxoo00!" RESET External pin, power-on reset, brown-out reset and watchdog system reset
2 0x0002 INTO External interrupt request 0
3 0x0004 INT1 External interrupt request 1
4 0x0006 PCINTO Pin change interrupt request 0
5 0x0008 PCINTA Pin change interrupt request 1
6 0x000A PCINT2 Pin change interrupt request 2
7 0x000C WDT Watchdog time-out interrupt
8 0x000E TIMER2 COMPA Timer/Counter2 compare match A
9 0x0010 TIMER2 COMPB Timer/Counter2 compare match B
10 0x0012 TIMER2 OVF Timer/Counter2 overflow
11 0x0014 TIMER1 CAPT Timer/Counter1 capture event
12 0x0016 TIMER1 COMPA Timer/Counter1 compare match A
13 0x0018 TIMER1 COMPB Timer/Coutner1 compare match B
14 Ox001A TIMER1 OVF Timer/Counter1 overflow
15 0x001C TIMERO COMPA Timer/Counter0 compare match A
16 Ox001E TIMERO COMPB Timer/Counterd compare match B
17 0x0020 TIMERO OVF Timer/Counter0 overflow
18 ox0022 SPI, STC SPI serial transfer complete
19 0x0024 USART, RX USART Rx complete
20 0x0026 USART, UDRE USART, data register empty
21 ox0028 USART, TX USART, Tx complete
22 Ox002A ADC ADC conversion complete
23 0x002C EE READY EEPROM ready
24 0x002E ANALOG COMP Analog comparator
25 0x0030 TWI 2-wire serial interface
26 0x0032 SPM READY Store program memory ready

External Interrupt and Pin Change Interrupt

([PEINTAE /RESET) PC6 L]
(PCINT1I5/'RXD) PDO
(PEINT17/TXD) PD1 [

(pEmsIINTO) PD2 [
(i >’ OC2B/INT1) PD3 [

Ry
28
27
26
25

(IPCINT2 )/ XCK/TO) PD4
vce O

GND ]
(BCINTEIXTAL1/TOSC1) PB6 [
[PCINTI /XTAL2/TOSC2) PB7
(F@iN#21/0C0B/T1) PD5 O
(PEINT22/OCOA/AINO) PD6 [
(BCINT28/AINT) PD7 [
{PEINTO'CLKO/ICP1) PBO O]

W W~ | W N =

|1 PC5 (ADCSY/SCLiFGiimi3)
|1 PC4 (ADC4/SDAIPCINTI 2)
1 PC3 (ADC3/PCINTT )
1 PC2 (ADC2/F&smD)

24 [1 PC1 (ADC1/Eiiing

23 [ PCO (ADCO/PCINTS

22 [1GND

21 [1AREF

20 [J AvCC
10 19 [0 PB5 (SCK/EEINTS!
11 18 1 PB4 (MISCIFGINIR)
12 17 [0 PB3 (MOSI/OC2APEINTS)
13 16 [ PB2 (SS/0C1B/PEINT2)
14 15 [0 PB1 (OC1A/PEINTH
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Pin Change Interrupt Vector

Vector No Program Address Source Description

4 0x006 PCINTO (PBO to PB7) Pin Change Interrupt Request 0
5 0x008 PCINT1 (PCO to PC6) Pin Change Interrupt Request 1
6 0x00A PCINT2 (PDO to PD7)Pin Change Interrupt Request 2

detect a change on any pin. Because each interrupt is for a group of pin, you will also need to do extra
work to determine which pin changed and how it changed.

Reset and Interrupt Vectors Placement

BOOTRST!! IVSEL | Reset Address Interrupt Vectors Start Address
1 0 0x000 0x001
1 1 0x000 Boot Reset Address + 0x001
0 0 Boot Reset Address 0x001
0 1 Boot Reset Address Boot Reset Address + 0x001

‘V?iﬁﬁ 2 ﬁ@]ﬂgjﬂlu MCUCR — MCU control register

Bit 0 — IVCE: Interrupt vector change enable

Bit 1 — IVSEL: Interrupt vector select

0 -> the interrupt vectors are placed at the start of the flash memory
1 -> the interrupt vectors are moved to the beginning of the boot

loader section of the flash.

MIMHUATO UM TOUINDI TN

[

9 o = a 4

o o @ I '
Lﬁmsmmmimﬂm @ﬁmzaﬂimmﬁﬂmzms@umaiiwmmmﬂﬁﬂjigwmtﬂu Disable ﬁf’]vlﬂJﬁ'liJ'lﬁﬂ

U Y q g

D-

o o A A Yy o g‘a Yy 9 Y o v v [ A A Y
UA qmzmsmqmmmcﬁwg% ﬂ\‘luuﬂ"m@ﬂﬂTi‘lﬁﬁﬂJﬂﬂm‘lﬂﬁ"ﬁJ"ﬁﬂﬁUﬂﬁNWTJSﬂ"ﬁ‘V]NTHﬁUi’NG}fWQqﬂ

g o

o a LAY I o ?:}/ I o
ﬁ'mmwuﬂﬁmuzﬂ13aumasswmmmﬁigﬂpmuﬂﬁ}mu Enable LlagﬁlﬂﬂﬂTWu@ﬁﬂ']ugﬂ'ﬁ

v

A s o 3 1 o PN s
B3 swi Iaesm il Enable a28 aoruziiartimvualansdaaes IE (Interrupt Enable

. A Aa Jd o A
Register) 1130 J9QADIAWNUIN AGH

Aaa d
39019195 SREG (Status Register)

Interrupt Page 4



Bit

7 5 5 4 3 2 1 0

I T H s v N z C | sres
Read/Writz RIW RIW R RIW RIW R RIW RIW
Initial Valus 0 0 0 0 0 0 0 0

+ Bit 7 — I: Global Interrupt Enable

The Glebal Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Reqgister is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by
the application with the SEl and CLI instructions, as described in the Instruction Set Reference.

di%’sﬂﬂﬂ% MCUCR (MCU Control Register)

Bit 7 B 5 4 3 2 1 a

I s | sm2 | sm1 [ smo ISC11 ISC10 ISC01 iscoo | mcucr
ReadiWrite RAV RIW RIW RAW RIW RIW RIW RAW
Initial Value 0 D 0 0 0 0 0 0

« Bit 3, 2-15C11, ISC10: Interrupt Sense Control 1 Bit 1 and Bit 0

The External Interrupt 1 is activated by the external pin INT1 if the SREG I|-bit and the corre-
sponding interrupt mask in the GICR are set. The level and edges on the external INT1 pin that
activate the interrupt are defined in Table 13-1. The value on the INT1 pin is sampled before
detecting edges. If edge or toggle interrupt is selected, pulses that last longer than one clock
period will generate an interrupt. Shorter pulses are not guaranteed to generate an interrupt. Iif

low level interrupt is selected, the low level must be held until the completion of the currently
executing instruction to generate an interrupt.

Interrupt Sense Control

Table 13-1.  Interrupt 1 Sense Control

ISC11 ISC10 Deseription
0 0 The low level of INT1 generates an interrupt request.
0 1 Any logical change on INT1 generates an interrupt request.
1 0 The falling edge of INT1 generates an interrupt requeast.
1 1 The rising edge of INT1 generates an interrupt request.

« Bit1, 0-1SC01, ISCO0: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is activated by the external pin INTO if the SREG |-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INTO pin that activate the
interrupt are defined in Table 13-2. The value on the INTO pin is sampled before detecting
edges, If edge or toggle interrupt is selected, pulses that last longer than one clock period will
generate an interrupt. Shorter pulses are not guaranteed to generate an interrupt. If low level

interrupt is selected, the low level must be held until the completion of the currently executing
instruction to generate an interrupt.
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Table 13-2.  Interrupt 0 Sense Control

ISCo1 1SC00 Description
0 0 The low level of INTO generates an interupt request.
0 1 Any logical change on INT0 generates an interrupt request,
1 0 The falling edge of INTO generates an interrupt requeast.
1 1 The rising edge of INTO generates an interrupt request.

39ames MCUCSR (MCU Control and status Register)

Bit 7 E 5 4 3 2 1 0

l JTD | ISC2 | - | JTRF | WDRF | BORF EXTRF PORF | MCUCSR
ReadWrite RV RV R R R RIW RW RAW
Initial “/alue i} ] ] Sees Bit Description

s Bit 6 -15C2: Interrupt Sense Control 2

The Asynchronous External Interrupt 2 is activated by the external pin INT2 if the SREG
I-bit and the corresponding interrupt mask in GICR are set. If ISC2 is written to zero, a
falling edge on INT2 activates the interrupt. If ISC2 is written to one, a rising edge on
INT2 activates the interrupt. Edges on INT2 are registered asynchronously. Pulses on
INT2 wider than the minimum pulse width given in Table 36 will generate an interrupt.
Shorter pulses are not guaranteed to generate an interrupt. When changing the ISC2
bit, an interrupt can occur. Therefore, it is recommended to first disable INT2 by clearing
its Interrupt Enable bit in the GICR Register. Then, the ISC2 bit can be changed. Finally,
the INT2 Interrupt Flag should be cleared by writing a logical one to its Interrupt Flag bit
(INTF2) in the GIFR Register before the interrupt is re-enabled.

33ames GICR (General Interrupt Control)

Bit 7 3 5 4 3 2 1 0

I INT1 | INTO | INT2 | - | - - IVSEL IVCE I GICR
Read/Write R R R R R R R R
Initial Yalue i} 0 0 0 1} 0 i} 0

* Bit 7 - INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and
ISC10) in the MCU General Control Register (MCUCR) define whether the External
Interrupt is activated on rising and/or falling edge of the INT1 pin or level sensed. Activity
on the pin will cause an interrupt request even if INT1 is configured as an output. The
corresponding interrupt of External Interrupt Request 1 is executed from the INT1 inter-
rupt Vector.

+ Bit 6 — INTO: External Interrupt Request 0 Enable

When the INTO bit is set (one) and the I-bit in the Status Register (SREG) is set {(one),
the external pin interrupt is enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and
[SCO0) in the MCU General Control Register (MCUCR) define whether the External
Interrupt is activated on rising and/or falling edge of the INTO pin or level sensed. Activity
on the pin will cause an interrupt request even if INTO is configured as an output. The

corresponding interrupt of External Interrupt Request 0 is executed from the INTO inter-
rupt vector.
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+ Bit 5 - INT2: External Interrupt Request 2 Enable

When the INTZ2 bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control2 bit (ISC2) in the MCU
Control and Status Register (MCUCSR) defines whether the External Interrupt is acti-
vated on rising or falling edge of the INTZ2 pin. Activity on the pin will cause an interrupt
request even If INTZ is configured as an output. The corresponding interrupt of External
Interrupt Request 2 is executed from the INTZ Interrupt Vector.

39ame35 GIFR (General Interrupt Flag)

Bit 7 3] 5 4 3 2 1 0

I INTF1 | INTFD | INTF2 | - - - - - I GIFR
ReadiWrite R R RW R R R R R
Initial Valug 0 0 o 0 0 0 0 0

+ Bit 7 - INTF1: External Interrupt Flag 1

When an edge or logic change on the INT1 pin triggers an interrupt request, INTF1
becomes set (one). If the I-bit in SREG and the INT1 bit in GICR are set {one), the MCU
will jump to the corresponding Interrupt Vector. The flag is cleared when the interrupt
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it.
This flag is always cleared when INT1 is configured as a level interrupt.

+ Bit 6 — INTFO: External Interrupt Flag 0

When an edge or logic change on the INTO pin triggers an interrupt request, INTFO
becomes set (one). If the I-bit in SREG and the INTO bit in GICR are set (one), the MCU
will jump to the corresponding interrupt vector. The flag is cleared when the interrupt
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it.
This flag is always cleared when INTO is configured as a level interrupt.

+ Bit 5-INTF2: External Interrupt Flag 2

When an event on the INTZ2 pin triggers an interrupt request, INTF2 becomes set (one).
If the |-bit in SREG and the INTZ2 bit in GICR are set (one), the MCU will jump to the cor-
responding Interrupt Vector. The flag is cleared when the interrupt routine is executed.
Alternatively, the flag can be cleared by writing a logical one to it. Note that when enter-
ing some sleep modes with the INT2 interrupt disabled, the input buffer on this pin will
be disabled. This may cause a logic change in internal signals which will set the INTF2
Flag. See “Digital Input Enable and Sleep Modes” on page 54 for more information.

e MFINNTUIVI GCC MUY UAIDEN A1 **5
PORTD |=(1<<1)|(1<<3)|(1<<5)|(1<<7);
o q Ya A < a A 4 Y o v 3 A
mldden 1,3,5,7 1l 1 Gedwilu 0 vua udue1ll) OR AU PORTD WadWsnuN PORTD
PORTD &=(1<<2)|(1<<5)|(1<<7);
o q Ya A < a A 2 v o v 3 A
Mvtan 2,57 @Wu 1 dedwihe 0 vua udne1lll AND /1 PORTD HadWsnUAPORTD
PORTD = (1<<PD0)|(1<<PD1)|(1<<PD2);

A A 3 A A g
PORTD Ua%1 0, 1,2 111 1 Uaduiluo
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/-~ Includes -------- //

#include <avr/io.h> // AVR device-specific IO definitions
#include <avr/interrupt.h> // Interrupt Service routine

#include <compat/deprecated.h> // Use sbi(), cbi() function

#define F_CPU 8000000UL // 8 MHz

#include <util/delay.h> // header file implement simple delay loops

unsigned char i=0;

[]-------- delay_ms //
void delay_ms(unsigned int i)
{

for (; i>0; i--)

_delay_ms(1);

b
/[ Main Functions ------------ //
int main(void)
{

// The rising edge of INTO generates an interrupt request
MCUCR = (1<<ISC01)|(1<<ISC00);

GICR = (1<<INTO); // Enable INTO interrupt
SREG = 0x80; // Set I-bit Global interrupt
DDRA = (1<<DDAO0); // PORT AQ Output
PORTA = (0<<PAQ); // Clear port
while (1) { // Loop nothing
b
return 0;
b
/] - External Interrupt Request 0 ------ //

// Interrupt INTO (Port PD2)
ISR (INTO_vect)

{
if (i)
sbi(PORTA,0); // Set bit
else
cbi(PORTA,0); // Clear bit
i =1l // Toggle bit
delay_ms(200); // Delay debound
b
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int main(void)

{
MCUCR |= (1<<ISC11)|(0<<ISC10); // The falling edge of INT1
GICR = (1<<INT1); // Enable INT1 interrupt
sei(); // Set I-bit Global interrupt
DDRA = (1<<DDA7)|(1<<DDA1)|(1<<DDAO0); // PORT A0,A1,A7 Output
PORTA = (0<<PA7)|(0<<PA1)|(0<<PA0); // Clear port
while (1) { // Loop Forever
sbi(PORTA,7); // Set bit PA7
delay_ms(500); // Delay 0.5s
cbi(PORTA,7); // Clear bit PA7
delay_ms(500); // Delay 0.5s
b
return 0;
b
/[ External Interrupt Request 1 ---------- //

// Interrupt INT1 (PD3)
ISR (INT1_vect)

{
if (bitl) {
sbi(PORTA,1); // Set bit PA1
}else {
cbi(PORTA,1); // Clear bit PA1
b
bitl = bit1; // Toggle bit
delay_ms(200); // delay debound
b

a Jdo 4
M3Bo UMD STNNMeUBNIU Arduino
® attachInterrupt()

® detachInterrupt()

attachInterrupt()
Specifies a function to call when an external interrupt occurs. Replaces any previous function that was
attached to the interrupt. Most Arduino boards have two external interrupts: numbers 0 (on digital pin 2)

and 1 (on digital pin 3). The table below shows the available interrupt pins on various boards.

Board int.0 | int.1 | int.2 | int.3 | int.4 | int.5
Uno, Nano 2 3
Mega2560 2 3 18 19 20 21

4 s . A o & , s & < o
HUBTA Lﬁf]\‘l‘iﬂﬂ UDTA Arduino ﬁﬁWﬁﬂﬂﬁWﬂl%’] muumi@ﬂﬁammmmuuqLﬂuﬁaﬂ
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Syntax
attachInterrupt(interrupt, function, mode)
d15Y Arduino Due 1%;

attachlnterrupt(pin, function, mode)

interrupt: the number of the interrupt (int)
pin: the pin number (Arduino Due only)
function: the function to call when the interrupt occurs; this function must take no parameters and

return nothing. This function is sometimes referred to as an interrupt service
routine.mode:  defines when the interrupt should be triggered. Four contstants are

predefined as valid values:

mode:

® [OW to trigger the interrupt whenever the pin is low,

® CHANGE to trigger the interrupt whenever the pin changes value

® RISING to trigger when the pin goes from low to high,

® FALLING for when the pin goes from high to low.

® HIGH to trigger the interrupt whenever the pin is high. (Arduino Due only)
detachInterrupt()

Description Turns off the given interrupt.

Syntax
detachInterrupt(interrupt)

detachInterrupt(pin) (Arduino Due only)

Parameters
interrupt: the number of the interrupt to disable

pin: the pin number of the interrupt to disable (Arduino Due only)
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7398197 1

int pin = 13;
volatile int state = LOW;
void setup()

pinMode(pin, OUTPUT);
attachInterrupt(0, blink, CHANGE);
b

void loop()

digitalWrite(pin, state);

void blink()
{

state = Istate;
bs

o 1A
713981310 2

int pbIn =0; // Interrupt 0 is on DIGITAL PIN 2!
int ledOut = 4; // The output LED pin
volatile int state = LOW; // The input state toggle
void setup()

// Set up the digital pin 2 to an Interrupt and Pin 4 to an Output
pinMode(ledOut, OUTPUT);

//Attach the interrupt to the input pin and monitor for ANY Change
attachlInterrupt(pblIn, stateChange, CHANGE);

b
void loop()
{

//Simulate a long running process or complex task

for (inti =0; i< 100; i++){
delay(10); // do nothing but waste some time

b
b

void stateChange()
{

state = !state;
digital Write(ledOut, state);
}

o 1 A
MI9819N 3
- ]
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#include < avr/io.h > // Definition of interrupt names
#include < avr/interrupt.h >  // ISR interrupt service routine
int ledPin = 13; // LED connected to digital pin 13
int sensePin = 2; // This is the INTO Pin of the ATMega8. We need to declare the data
//exchange variable to be volatile - the value is read from memory.
volatile int value = 0;
// Install the interrupt routine.
ISR(INTO_vect) {
// check the value again - since it takes some time to
// activate the interrupt routine, we get a clear signal.
value = digitalRead(sensePin);

}

void setup() {
Serial.begin(9600);
Serial.printin("Initializing ihandler");
pinMode(ledPin, OUTPUT); // sets the digital pin as output
pinMode(sensePin, INPUT); // read from the sense pin
Serial.println("Processing initialization");
GICR |= (1 < < INTO); // Global Enable INTO interrupt
MCUCR |= ( 1 << ISC00); // Signal change triggers interrupt
MCUCR |= ( 0 << ISC01);
Serial.printin("Finished initialization");
b
void loop() {
if (value) {
Serial.printin("Value high!");
digitalWrite(ledPin, HIGH);
Yelse{
Serial.printin("Value low!");
digitalWrite(ledPin, LOW);
b
delay(100);

s
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