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Objectives 

• To be familiar with “AVR studio” IDE
• Understand and program the AVR peripherals as DIO, Timer, and 

Interrupt circuitry 
• Know how to download your program on the AVR controller
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Agenda

• DIO Module 
• How to work with the DIO module ?
• AVR Studio IDE & WinAVR
• Interrupts
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• Interrupts
• Timer Module
• How to work with the Timer module ?
• Download your program 
• Lab 
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Features



DIO Module

Copyright © 2009 Embedded 
Systems Committee

6

DIO Module



DIO

• ATmega32 have 3232 Programmable I/O Lines.
• These lines are divided into 4 Ports:

– PORT A (PA7..PA0)
– PORT B (PB7..PB0)
– PORT C (PC7..PC0)

Copyright © 2009 Embedded 
Systems Committee

7

– PORT D (PD7..PD0)
• Each port consist of 3 registers:

– DDRx (Data Direction Register)
– PORTx (Output Register)
– PINx (Input Register)

• Most port pins have alternate functions in addition to being general 
digital I/Os



ATmega32 Pin out

PORT BPORT C
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PORT C
PORT D

CLK



I/O Pin equivalent Diagram
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Register Description for I/O Port
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Programming DIO 

1. Decide number of input lines and output lines that will be used
2. Configure the ports direction in the register DDRx
3. Use register PORTx in case of writing (O) 
4. Use register PINx in case of reading (I)
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AVR Studio IDE
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AVR Studio IDE



AVR Studio

• AVR Studio is an Integrated Development Environment (IDE) for 
writing and debugging AVR applications in Windows environment.

• AVR Studio 4 includes an assembler and a simulator ONLY

T
M
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• AVR Studio is FREE IDE from atmel 

• AVR Studio does not contain C compiler 



AVR Studio
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AVR Studio
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AVR Studio
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AVR Studio
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Interrupt
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Interrupt



Status Register (SREG)

•• The status register contains:The status register contains:
–– Six bits status indicators ( Six bits status indicators ( Z,C,H,V,N,S Z,C,H,V,N,S ))
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–– Six bits status indicators ( Six bits status indicators ( Z,C,H,V,N,S Z,C,H,V,N,S ))
–– One bit for global interrupt enable ( One bit for global interrupt enable ( II ))
–– One bit for bit copy storage ( One bit for bit copy storage ( TT ) ) 

•• The status bits reflect the results of CPU operation as it executes The status bits reflect the results of CPU operation as it executes 
instructionsinstructions



Stack Pointer (SP)Stack Pointer (SP)

• The stack is used to save system context during 
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• The stack is used to save system context during 
subroutine calls and interrupts and can also be used for 
temporary data storage.

• The stack pointer (SP) holds the 16-bit address of the 
last stack location used.

• A Push to the Stack Automatically decrement SP.
• A Pull from the Stack Automatically increment SP.



ATmega32 Interrupt Vector
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Interrupt

Global Interrupt Module Interrupt Automatic Flag
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Interrupt



Interrupt Action

• What happens when an interrupt occurs?
– The current instruction finishes execution

– The address of the next instruction is calculated and 
pushed onto the stack
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– All the CPU registers are pushed onto the stack

– The program counter is loaded with the address 
pointed to by the interrupt vector and execution 
continues



Timer Module
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Timer Module



Timer ?

Clock Cycles Interrupt
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Clock Cycles Interrupt

Timer



AVR Timers

• ATmega32 have 33 Timer/counter
– Two 8-bit Timer/Counters with Separate Prescalers
– One 16-bit Timer/Counter with Separate Prescaler

• The 3 timers are divided as:
– 8-bit Timer/Counter0 with PWM
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– 8-bit Timer/Counter0 with PWM
– 16-bit Timer/Counter1
– 8-bit Timer/Counter2 with PWM and Asynchronous Operation



8-bit Timer
• 8-bit timer module contains 5 registers:

– Timer/Counter Register – TCNT0
– Timer/Counter Control Register – TCCR0
– Output Compare Register – OCR0
– Timer/Counter Interrupt Mask Register – TIMSK
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– Timer/Counter Interrupt Flag Register – TIFR

• 8-bit timer have 4 modes of operation:
– Normal Mode
– Clear Timer on Compare Match (CTC) Mode
– Fast PWM Mode
– Phase Correct PWM Mode



8-bit Timer/Counter Block Diagram
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8-bit Timer/Counter Registers

TCCR0

Mode Selection
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CLK SelectionComp Match Out Mode



Clock Selection
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Prescaler ? 
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8-bit Timer/Counter Registers

TCNT0
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8-bit Timer/Counter Registers

OCR0
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8-bit Timer/Counter Registers

TIMSK
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This register is shared between the three timers



8-bit Timer/Counter Registers

TIFR

Copyright © 2009 Embedded 
Systems Committee

35

This register is shared between the three timers



Timer Module 

• Initialize timer
• Enable global interrupt 
• Start counting  
• Define interrupt vector used 
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• Define interrupt vector used 
• Write the ISR 



How to download your program?
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How to download your program?



L A B 
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L A B 



References

•• www.atmel.comwww.atmel.com
•• www.avrbeginners.netwww.avrbeginners.net
• ATmega32 Datasheet

Copyright © 2009 Embedded 
Systems Committee

39



info@escommittee.com

education@escommittee.com


