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Level- and Edge-Triggered Interrupts

Example: Signal of an idealized button (active low)

GND

Vcc

pressed released

Edge-triggered interrupt
interrupt is triggered by a change of voltage (edge)

configurable which edge (rising/falling/both) triggers an interrupt

Level-triggered interrupt
interrupt is triggered as long as a specific voltage level is present
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Interrupt Control for AVR ATmega

IRQ sources for the ATmega328PB (IRQ 7→ Interrupt ReQuest)
45 IRQ sources [1, S. 78]

individual (de)activation

16. INT- Interrupts
This section describes the specifics of the interrupt handling of the device. For a general explanation of
the AVR interrupt handling, refer to the description of Reset and Interrupt Handling.

In general:

• Each Interrupt Vector occupies two instruction words
• The Reset Vector is affected by the BOOTRST fuse, and the Interrupt Vector start address is

affected by the IVSEL bit in MCUCR

Related Links
Reset and Interrupt Handling on page 25

16.1. Interrupt Vectors in ATmega328PB
Table 16-1 Reset and Interrupt Vectors in ATmega328PB

Vector No Program Address Source Interrupts definition

1 0x0000 RESET External Pin, Power-on Reset, Brown-out Reset and Watchdog System
Reset

2 0x0002 INT0 External Interrupt Request 0

3 0x0004 INT1 External Interrupt Request 0

4 0x0006 PCINT0 Pin Change Interrupt Request 0

5 0x0008 PCINT1 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/Coutner2 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 0x001A TIMER1_OVF Timer/Counter1 Overflow

15 0x001C TIMER0_COMPA Timer/Counter0 Compare Match A

16 0x001E TIMER0_COMPB Timer/Coutner0 Compare Match B

17 0x0020 TIMER0_OVF Timer/Counter0 Overflow

18 0x0022 SPI0 STC SPI1 Serial Transfer Complete

19 0x0024 USART0_RX USART0 Rx Complete

20 0x0026 USART0_UDRE USART0, Data Register Empty

21 0x0028 USART0_TX USART0, Tx Complete

22 0x002A ADC ADC Conversion Complete

Atmel ATmega328PB [DATASHEET]
Atmel-42397C-8-bit AVR-ATmega328PB_Datasheet_Complete-10/2015
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IRQ ; jump to
vector address

Wiring SPiCboard
( ↪→ 17–13 ↪→ 2–7 )

INT0 7→ PD2 7→ Button0
(debounced by hardware)

INT1 7→ PD3 7→ Button1
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External Interrupts: Registers

Control registers for INT0 and INT1

EIMSK External Interrupt Mask Register: Determines whether the sources INTi
IRQs trigger (bit INTi=1) or are deactivated (bit INTi=0) [1, S. 84]

17.2.2. External Interrupt Mask Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.

Name:  EIMSK
Offset:  0x3D
Reset:  0x00
Property:
 

When addressing as I/O Register: address offset is 0x1D

Bit 7 6 5 4 3 2 1 0  
       INT1 INT0  

Access R/W R/W  
Reset 0 0  

Bit 1 – INT1: External Interrupt Request 1 Enable
When the INT1 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and ISC10) in the External Interrupt Control
Register A (EICRA) 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 Interrupt
Vector.

Bit 0 – INT0: External Interrupt Request 0 Enable
When the INT0 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and ISC00) in the External Interrupt Control
Register A (EICRA) define whether the external interrupt is activated on rising and/or falling edge of the
INT0 pin or level sensed. Activity on the pin will cause an interrupt request even if INT0 is configured as
an output. The corresponding interrupt of External Interrupt Request 0 is executed from the INT0 Interrupt
Vector.

Atmel ATmega328PB [DATASHEET]
Atmel-42397C-8-bit AVR-ATmega328PB_Datasheet_Complete-10/2015
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EICRA External Interrupt Control Register A: Determines for external inter-
rupts INT0 and INT1 the cause for activation (edge-/level-triggered) [1,
S. 83]

17.2.1. External Interrupt Control Register A
The External Interrupt Control Register A contains control bits for interrupt sense control.

Name:  EICRA
Offset:  0x69
Reset:  0x00
Property:
 

-

Bit 7 6 5 4 3 2 1 0  
     ISC11 ISC10 ISC01 ISC00  

Access R/W R/W R/W R/W  
Reset 0 0 0 0  

Bits 3:2 – ISC1n: Interrupt Sense Control 1 [n = 1:0]
The External Interrupt 1 is activated by the external pin INT1 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT1 pin that activate the interrupt are defined
in the table below. 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. If low level interrupt is selected, the low level must be
held until the completion of the currently executing instruction to generate an interrupt.

Value Description
00 The low level of INT1 generates an interrupt request.

01 Any logical change on INT1 generates an interrupt request.

10 The falling edge of INT1 generates an interrupt request.

11 The rising edge of INT1 generates an interrupt request.

Bits 1:0 – ISC0n: Interrupt Sense Control 0 [n = 1:0]
The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT0 pin that activate the interrupt are defined
in table below. The value on the INT0 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.

Value Description
00 The low level of INT0 generates an interrupt request.

01 Any logical change on INT0 generates an interrupt request.

10 The falling edge of INT0 generates an interrupt request.

11 The rising edge of INT0 generates an interrupt request.

Atmel ATmega328PB [DATASHEET]
Atmel-42397C-8-bit AVR-ATmega328PB_Datasheet_Complete-10/2015
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Thereby, two Interrupt-Sense-Control bits (ISCi0 and ISCi1) control the
exact trigger (table for INT1, INT0 has analogous table):

70
8155B–AVR–07/09

ATmega32A

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

• Bit 1, 0 – ISC01, ISC00: Interrupt Sense Control 0 Bit 1 and Bit 0
The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INT0 pin that activate the
interrupt are defined in Table 13-2. The value on the INT0 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.

13.1.2 MCUCSR – MCU Control and Status Register

• Bit 6 – ISC2: 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 inter-
rupt. Edges on INT2 are registered asynchronously. Pulses on INT2 wider than the minimum
pulse width given in Table 13-3 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 rec-
ommended to first disable INT2 by clearing its Interrupt Enable bit in the GICR Register. Then,

Table 13-1. Interrupt 1 Sense Control

ISC11 ISC10 Description

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 request.

1 1 The rising edge of INT1 generates an interrupt request.

Table 13-2. Interrupt 0 Sense Control

ISC01 ISC00 Description

0 0 The low level of INT0 generates an interrupt request.

0 1 Any logical change on INT0 generates an interrupt request.

1 0 The falling edge of INT0 generates an interrupt request.

1 1 The rising edge of INT0 generates an interrupt request.

Bit 7 6 5 4 3 2 1 0

JTD ISC2 – JTRF WDRF BORF EXTRF PORF MCUCSR

Read/Write R/W R/W R R/W R/W R/W R/W R/W

Initial Value 0 0 0 See Bit Description
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External Interrupts: Usage

Step 1: Installation of interrupt-service routine
ISR in high level language ; store and restore contents of registers

Support by avrlibc: Macro ISR(SOURCE_vect)
(module avr/interrupt.h)

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

ISR(INT1_vect) { // invoked for every INT1 IRQ
static uint8_t counter = 0;
sb_7seg_showNumber(counter++);
if (counter == 100) counter = 0;

}

void main(void) {
· · · // setup

}

© klsw System-Level Programming (ST 25) 19 Interrupts – Example – Interrupts: Example ATmega
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External Interrupts: Usage (continued)

Step 2: Configuration of interrupt control
Initialize control registers as required

Support by avrlibc: macros for bit indices
(module avr/interrupt.h and avr/io.h)

· · ·
void main(void) {
DDRD &= ~(1<<PD3); // PD3: input ...
PORTD |= (1<<PD3); // ... with pull-up
EICRA &= ~(1<<ISC10 | 1<<ISC11); // INT1: IRQ on level=low
EIMSK |= (1<<INT1); // INT1: enable
· · ·
sei(); // global IRQ enable
· · ·

}

Step 3:Globally enable interrupts
After finishing the device initialization

Support by avrlibc: Instruction sei()
(module avr/interrupt.h)

© klsw System-Level Programming (ST 25) 19 Interrupts – Example – Interrupts: Example ATmega
19–5

19
-I
R

Q
-B

ei
sp

ie
l_

en



External Interrupts: Usage (continued)

Step 4: If there is nothing left to do, enter power-saving mode
The sleep instruction halts the CPU until an IRQ occurs

This state only has a comparably low power demand

Support by avrlibc (module avr/sleep.h):
sleep_enable() / sleep_disable(): sleep mode is activated/deactivated
sleep_cpu(): sleep mode entered

#include <avr/sleep.h>
· · ·
void main(void) {
· · ·
sei(); // global IRQ enable
while(1) {

sleep_enable();
sleep_cpu(); // wait for IRQ
sleep_disable();

}
}

Atmel recommends the use of sleep_enable() and
sleep_disable() in this way to minimize the risk of an “acciden-
tal” activation of the sleep mode (e. g., by programming errors or
switched bits in hardware).
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