
AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

CHW 469 : Embedded Systems

Instructor:
Dr. Ahmed Shalaby

http://bu.edu.eg/staff/ahmedshalaby14#

http://bu.edu.eg/staff/ahmedshalaby14


AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

AVR Programming in C
Chapter 7

The AVR microcontroller

and embedded

systems
using assembly and c



AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

Topics

◼ Data Types

◼ Time Delays

◼ IO Programming in C

◼ Logic Operation in C

◼ Data serialization in C
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Data Types

◼ Use unsigned whenever you can

◼ unsigned char instead of unsigned int if you can
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Time Delays in C

◼ You can use for to make time delay
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Time Delays in C

◼ You can use for to make time delay

If you use for loop

◼ The clock frequency can change your delay duration !

◼ The compiler has direct effect on delay duration!

◼ You MUST set the optimization level to O0 !
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How to set optimization level to O0
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Time Delays in C

◼ You can use pre defined functions of compilers to 
make time delay

IN WinAVR : 

First you should include:
#include <util/delay.h>

and then you can use
delay_ms(1000);

delay_us(1000);

◼ It is compiler dependant not hardware dependant
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Time Delays in C

◼ To overcome the portability problem, you can use 
macro or wrapper function. So to change the 
compiler you need to change only a simple 
function.
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I/O programming in C

Byte size IO programming in C
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I/O programming in C

Different compilers have different syntax for bit 
manipulations!

Byte size IO programming in C
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I/O programming in C

Different compilers have different syntax for bit 
manipulations!

Byte size IO programming in C

Masking is the best way
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Logical Operations in C

1110 1111 && 0000 0001 = True AND True = True

1110 1111  ||  0000 0000 =  True OR False  = True

!(1110 1111)  = Not (True) = False
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Bit-Wise logical operators

1110 1111

& 0000 0001

--------------

0000 0001

1110 1111 

|  0000 0001

--------------

1110 1111

~ 1110 1011 

--------------

0001 0100
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Shift operations in C

◼ data >> number of bits to be shifted right

1110 0000 >> 3

--------------

0001 1100

◼ data << number of bits to be shifted left

0000 0001 <<2

--------------

0000 0100
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Setting a bit in a Byte to 1

◼ We can use | operator to set a bit of a byte to 1

xxxx xxxx

| 0001 0000

-------------
xxx1 xxxx

xxxx xxxx

| 1 << 4

-------------
xxx1 xxxx

OR
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Clearing a bit in a Byte to 0

◼ We can use & operator to clear a bit of a byte to 0

xxxx xxxx

&    1110 1111

-------------
xxx0 xxxx

xxxx xxxx

& ~(1 << 4)

-------------
xxx0 xxxx

OR

See Example 7-18
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Checking a bit in a Byte

◼ We can use & operator to see if a bit in a byte is 1 or 0

xxxx xxxx

&    0001 0000

-------------
000x 0000

xxxx xxxx

& (1 << 4)

-------------
000x 0000

OR
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Data Serialization in C

◼ Any of serial ports ( USART, SPI, I2C, JTAG,…)

◼ Do it yourself !
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Data Serialization in C

◼ Any of serial ports ( USART, SPI, I2C, GTAG,…)

◼ Do it yourself !
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Memory Types In AVR

◼ Flash Memory

◼ Not deleted when power is off

◼ Big in size

◼ Suitable for codes, tables and fixed data

◼ EEPROM

◼ Not deleted when power is off

◼ Not very big in size

◼ Suitable for small data that may be modified but should not 
be lost when power is off

◼ RAM

◼ deleted when power is off

◼ Suitable for storing the data we want to manipulate 
because we have fast access read or modify them.
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AVR Hardware Connections and 

Flash Loading

The AVR microcontroller

and embedded

systems
using assembly and c
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Topics

◼ AVR Pins

◼ AVR simplest connections

◼ Fuse bits and clock source

◼ Fuse bits and startup time

◼ What is inside a hex file?

◼ Loading a hex file into flash

◼ Start with MDE AVR 32 Trainer board
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ATmega 32 pins
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ATmega 32 pins

Clears all the 
registers and 
restart the 

execution of 
program
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ATmega 32 pins

Provides supply 
voltage to the 

chip. It should be 
connected to +5
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ATmega 32 pins

These pins are 
used to connect 
external crystal 
or RC oscillator  
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ATmega 32 pins

Reference voltage 
for ADC



AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

ATmega 32 pins

Supply voltage for 
ADC and portA.  

Connect it to VCC
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AVR simplest connection
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Fuse bytes of ATmega 32

Values of fuses is needed before system starts

They control some features of hardware

There are Fuse bytes in Atmega32 
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Fuse bytes of ATmega 32

Values of fuses is needed before system starts

They control some features of hardware

There are Fuse bytes in Atmega32 
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Fuse bytes of ATmega 32

Values of fuses is needed before system starts

They control some features of hardware

There are Fuse bytes in Atmega32 
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Clock source in ATmega 32
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Clock source in ATmega 32
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Clock source in ATmega 32
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Clock source in ATmega 32
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Power on Reset and Burn on Detection

◼ Burn on Detection (BOD): Monitors the level of 
VCC and reset the system if (VCC<BOD level)

◼ The most difficult time for a system is during 
power up. To pass this time, In AVR when RESET 
pin becomes high, program  does not starts 
running. It starts running after a specified time 
has elapsed. SUT0 and SUT1 define this time.
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Power on Reset and Burn on Detection

◼ Burn on Detection (BOD): Monitors the level of 
VCC and reset the system if (VCC<BOD level)

◼ The most difficult time for a system is during 
power up. To pass this time, In AVR when RESET 
pin becomes high, program  does not starts 
running. It starts running after a specified time 
has elapsed. SUT0 and SUT1 define this time.



AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

Golden Rule of Fuse bits

If you are using an external crystal with a 
frequency more 1MH you can set all of the 
CKSEL3, CKSEL2, CKSEL1, SUT1 and SUT0 to 1 
and clear CKOPT to 0.
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Inside an HEX file
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Inside an HEX file

Each line starts 
with a colon.
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Inside an HEX file

how many bytes 
are in the line.



AVR Microcontroller and Embedded System Using Assembly and C

Mazidi, Naimi, and Naimi

© 2011   Pearson Higher Education,

Upper Saddle River, NJ 07458. • All Rights Reserved.

Inside an HEX file

This is a 16-bit address; The 
loader places the first byte of 
data into this memory address.
It can address 64k locations
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Inside an HEX file

Type of line:
00: there are more lines to come after This line.
01: this is the last line
02: Segment address
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Inside an HEX file

Real Data
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Inside an HEX file

Checksum 
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AVR Programming

◼ Parallel programming

◼ ISP 

◼ SPI

◼ JTAG

◼ Boot loader 
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Timer/counter
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A counter register

Counter Register
COUT

UP Load
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A simple design (counting people)
First design 

Counter Register
COUT

UP

Comparator

4

=

LoadSensor
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A generic timer/counter

◼ Delay generating

◼ Counting

◼ Wave-form generating

◼ Capturing

Counter register

External 

source

Oscillator

Counter/Timer

COUT

0

1

Flag
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Timers in AVR

◼ 1 to 6 timers

◼ 3 timers in ATmega32

◼ 8-bit and 16-bit timers

◼ two 8-bit timers and one 16-bit timer in ATmega32
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Timer in AVR

TCNTn

Flag

Counter register

External 

source

Oscillator

Counter/Timer

TOVn

◼ TCNTn (Timer/Counter register)

◼ TOVn (Timer Overflow flag)

◼ TCCRn (Timer Counter control register)

◼ OCRn (output compare register)

◼ OCFn (output compare match flag)
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Timer in AVR

TCNTn

Flag

Counter register

External 

source

Oscillator

Counter/Timer

TCCRn

TOVn

OCRn

= OCFn

◼ TCNTn (Timer/Counter register)

◼ TOVn (Timer Overflow flag)

◼ TCCRn (Timer Counter control register)

◼ OCRn (output compare register)

◼ OCFn (output compare match flag)

Comment: 

All of the timer registers are 
byte-addressable I/O registers

Comment: 

All of the timer registers are 
byte-addressable I/O registers
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Timer 0 (an 8-bit timer)
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Timer 0 

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

TCNT0

TCCR0

TOV0

OCR0

= OCF0
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COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

CS02 CS01 CS00 Comment
0      0       0  No clock source (Timer/Counter stopped)
0      0       1   clk (No Prescaling)
0      1       0 clk / 8
0      1       1  clk / 64
1      0       0  clk / 256
1      0       1  clk / 1024
1      1       0 External clock source on T0 pin. Clock on falling edge
1      1       1 External clock source on T0 pin. Clock on rising edge

Clock Selector (CS)
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COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

CS02 CS01 CS00 Comment
0      0       0  No clock source (Timer/Counter stopped)
0      0       1   clk (No Prescaling)
0      1       0 clk / 8
0      1       1  clk / 64
1      0       0  clk / 256
1      0       1  clk / 1024
1      1       0 External clock source on T0 pin. Clock on falling edge
1      1       1 External clock source on T0 pin. Clock on rising edge

Clock Selector (CS)

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source

c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8

0   1 2 3 4 5 6 7
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COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

WGM00  WGM01 Comment
0  0   Normal
0  1   CTC (Clear Timer on Compare Match)
1  0   PWM, phase correct
1  1   Fast PWM

Timer Mode (WGM)
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Normal mode

0xFF

TCNT0

0
TOVTOV TOV

time

0TOV0:

FE

FF

TOV0 = 
1

2

1

0
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Normal mode

0xFF

TCNT0

0
TOVTOV TOV

time

0TOV0: 1

FE

FF

TOV0 = 
1

2

1

0
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Example 1: Write a program that waits 14 machine 
cycles in Normal mode.

Counter Register
COUT

UP Load

8$100

-$0E

$F2

14 = $0E

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

$F2
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Example 1: Write a program that waits 14 machine 
cycles in Normal mode.

Counter Register
COUT

UP Load

8$100

-$0E

$F2

14 = $0E

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

0        0        1

$F2

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source

c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8

0   1 2 3 4 5 6 7
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Example 1: Write a program that waits 14 machine 
cycles in Normal mode.

Counter Register
COUT

UP Load

8$100

-$0E

$F2

14 = $0E

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

0        0        1

WGM00  WGM01 Comment
0  0   Normal
0  1          CTC 
1  0   PWM, phase correct
1  1   Fast PWM

$F2

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source

c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8

0   1 2 3 4 5 6 7
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.INCLUDE "M32DEF.INC"

LDI R16,0x20

SBI DDRB,5 ;PB5 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,0xF2

OUT TCNT0,R20 ;load timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,0 ;if TOV0 is set skip next inst.

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,(1<<TOV0) ;R20 = 0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D5 of R17

OUT PORTB,R17 ;toggle PB5

RJMP BEGIN

DDRB = 1<<5;

PORTB &= ~(1<<5);  //PB5=0

while (1)

{

TCNT0 = 0xF2;

TCCR0 = 0x01;

while((TIFR&(1<<TOV0))==0);

TCCR0 = 0;

TIFR = (1<<TOV0);

PORTB = PORTB^(1<<5);

}

Example 1: write a program that waits 14 machine 
cycles in Normal mode.

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

$100

-$0E

$F2
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.INCLUDE "M32DEF.INC"

LDI R16,0x20

SBI DDRB,5 ;PB5 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,0xF2

OUT TCNT0,R20 ;load timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,0 ;if TOV0 is set skip next inst.

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,(1<<TOV0) ;R20 = 0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D5 of R17

OUT PORTB,R17 ;toggle PB5

RJMP BEGIN

DDRB = 1<<5;

PORTB &= ~(1<<5);  //PB5=0

while (1)

{

TCNT0 = 0xF2;

TCCR0 = 0x01;

while((TIFR&(1<<TOV0))==0);

TCCR0 = 0;

TIFR = (1<<TOV0);

PORTB = PORTB^(1<<5);

}

Question: How to calculate the delay generated 
by the timer?

Answer:
1) Calculate how much a machine clock lasts.
T= 1/f

2) Calculate how many machine clocks it waits.
3) Delay = T * number of machine cycles

Question: How to calculate the delay generated 
by the timer?

Answer:
1) Calculate how much a machine clock lasts.
T= 1/f

2) Calculate how many machine clocks it waits.
3) Delay = T * number of machine cycles

Example 1: write a program that waits 14 machine 
cycles in Normal mode.

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

$100

-$0E

$F2
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.INCLUDE "M32DEF.INC"

LDI R16,0x20

SBI DDRB,5 ;PB5 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,0xF2

OUT TCNT0,R20 ;load timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,0 ;if TOV0 is set skip next inst.

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D5 of R17

OUT PORTB,R17 ;toggle PB5

RJMP BEGIN

Solution 1 (inaccurate):

1) Calculating T: 

T = 1/f = 1/10M = 0.1µs

2) Calculating num of 

machine cycles:

$100

-$F2

$0E = 14

3) Calculating delay

14 * 0.1µs  = 1.4 0µs

In example 1 calculate the delay. Imagine XTAL = 10 MHz.
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Accurate calculating

LDI R16,0x20

SBI DDRB,5
LDI R17,0
OUT PORTB,R17

BEGIN: LDI R20,0xF2 1
OUT TCNT0,R20 1
LDI R20,0x01 1
OUT TCCR0,R20 1

AGAIN: IN R20,TIFR 1
SBRS R20,0 1 / 2
RJMP AGAIN 2
LDI R20,0x0 1
OUT TCCR0,R20 1
LDI R20,0x01 1
OUT TIFR,R20 1
EOR R17,R16 1
OUT PORTB,R17 1
RJMP BEGIN 2

18

Delay caused by timer = 14 * 0.1µs = 1.4 µs
Delay caused by instructions = 18 * 0.1µs = 1.8
Total delay = 3.2 µs  ➔ wave period = 2*3.2 µs = 6.4 µs ➔ wave frequency = 156.25 KHz

Other than timer, executing the instructions consumes time; so if we want to 
calculate the accurate delay a program causes we should add the delay caused by 
instructions to the delay caused by the timer
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Finding values to be loaded into the timer

1. Calculate the period of clock source.

◼ Period = 1 / Frequency 

◼ E.g. For XTAL = 8 MHz ➔ T = 1/8MHz

2. Divide the desired time delay by period of 
clock.

3. Perform 256 - n, where n is the decimal value 
we got in Step 2.

4. Set TCNT0 = 256 - n
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Example 2: Assuming that XTAL = 10 MHz, write a program to generate a 

square wave with a period of 10 ms on pin PORTB.3.

◼ For a square wave with T = 10 µs we must have a time delay of 5 µs. Because 
XTAL = 10 MHz, the counter counts up every 0.1 µs. This means that we need 5 
µs / 0.1 µs = 50 clocks. 256 - 50 = 206.

.INCLUDE "M32DEF.INC"

LDI R16,0x08

SBI DDRB,3 ;PB3 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,206

OUT TCNT0,R20 ;load timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,TOV0 ;if TOV0 is set skip next

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D3 of R17

OUT PORTB,R17 ;toggle PB3

RJMP BEGIN

DDRB = 1<<3;

PORTB &= ~ (1<<3);

while (1)

{

TCNT0 = 206;

TCCR0 = 0x01;

while((TIFR&0x01) == 0);

TCCR0 = 0;

TIFR = 1<<TOV0;

PORTB = PORTB ^ (1<<3);

}
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Example 3: Modify TCNT0 in Example 2 to get the largest time delay possible with no prescaler. 

Find the delay in µs. In your calculation, do not include the overhead due to instructions.

◼ To get the largest delay we make TCNT0 zero. This will 
count up from 00 to 0xFF and then roll over to zero.

.INCLUDE "M32DEF.INC"

LDI R16,1<<3

SBI DDRB,3 ;PB3 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,0x0

OUT TCNT0,R20 ;load Timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,TOV0  ;if TOV0 is set skip next 

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D3 of R17

OUT PORTB,R17 ;toggle PB3

RJMP BEGIN

DDRB = 1 << 3;

PORTB &= ~(1<<3);

while (1)

{

TCNT0 = 0x0;

TCCR0 = 0x01;

while((TIFR&(1<<TOV0))==0);

TCCR0 = 0;

TIFR = 0x01;

PORTB = PORTB^(1<<3);

}
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Example 3: Modify TCNT0 in Example 2 to get the largest time delay possible with no prescaler. 

Find the delay in µs. In your calculation, do not include the overhead due to instructions.

◼ To get the largest delay we make TCNT0 zero. This will 
count up from 00 to 0xFF and then roll over to zero.

.INCLUDE "M32DEF.INC"

LDI R16,1<<3

SBI DDRB,3 ;PB3 as an output

LDI R17,0

OUT PORTB,R17

BEGIN: LDI R20,0x0

OUT TCNT0,R20 ;load Timer0

LDI R20,0x01

OUT TCCR0,R20 ;Timer0,Normal mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,TOV0  ;if TOV0 is set skip next 

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,0x01

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D3 of R17

OUT PORTB,R17 ;toggle PB3

RJMP BEGIN

DDRB = 1 << 3;

PORTB &= ~(1<<3);

while (1)

{

TCNT0 = 0x0;

TCCR0 = 0x01;

while((TIFR&(1<<TOV0))==0);

TCCR0 = 0;

TIFR = 0x01;

PORTB = PORTB^(1<<3);

}

Solution

1) Calculating T: 

T = 1/f = 1/10MHz = 0.1µs

2) Calculating delay

256 * 0.1µs  = 25.6µs
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Generating Large Delays

◼ Using loop

◼ Prescaler

◼ Bigger counters
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Prescaler and generating a large time delay

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source

c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8

0   1 2 3 4 5 6 7
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CTC (Clear Timer on Compare match) mode

TCNT0

0
OCF0OCF0 OCF0

time

0TOV0:

0

1

2

xx

TOV0 = no change

OCF0 = 1

OCR0

OCR0

0OCF0: 1

0xFF
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◼ For a square wave with T = 10 µs we must have a time delay of 5 µs. Because 
XTAL = 10 MHz, the counter counts up every 0.1 µs. This means that we need 5 
µs / 0.1 µs =  50 clocks. Therefore, we have OCR0= 49.

.INCLUDE "M32DEF.INC"

LDI R16,0x08

SBI DDRB,3 ;PB3 as an output

LDI R17,0

OUT PORTB,R17

LDI R20,49

OUT OCR0,R20 ;load timer0

BEGIN: LDI R20,0x09

OUT TCCR0,R20 ;Timer0,CTC mode,int clk

AGAIN: IN R20,TIFR ;read TIFR

SBRS R20,OCF0 ;if OCF0 is set skip next

RJMP AGAIN

LDI R20,0x0

OUT TCCR0,R20 ;stop Timer0

LDI R20,0x02

OUT TIFR,R20 ;clear TOV0 flag 

EOR R17,R16 ;toggle D3 of R17

OUT PORTB,R17 ;toggle PB3

RJMP BEGIN

DDRB |= 1<<3;

PORTB &= ~(1<<3);

while (1)

{

OCR0 = 49;

TCCR0 = 0x09;

while((TIFR&(1<<OCF0))==0);

TCCR0 = 0; //stop timer0

TIFR = 0x02;

PORTB.3 = ~PORTB.3;

}

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

Example 4: Rewrite example 2 using CTCRewrite example 2 using CTC
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Timer2

◼ Timer0 ◼ Timer2

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

TCNT2

TCCR2

TOV2

OCR2

= OCF2

TCNT0

TCCR0

TOV0

OCR0

= OCF0
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The difference between Timer0 and Timer2

◼ Timer0 ◼ Timer2

CS02 CS01 CS00 Comment

0      0       0  Timer/Counter stopped

0      0       1   clk (No Prescaling)

0      1       0 clk / 8

0      1       1  clk / 64

1      0       0  clk / 256

1      0       1  clk / 1024

1      1       0 External clock (falling edge)

1      1       1 External clock (rising edge)

CS22 CS21 CS20 Comment

0      0       0  Timer/Counter stopped

0      0       1   clk (No Prescaling)

0      1       0 clk / 8

0      1       1  clk / 32

1      0       0  clk / 64

1      0       1  clk / 128

1      1       0 clk / 256

1      1       1 clk / 1024
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Timer 1

OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOV0 TIFR

TCNT1H   TCNT1LTCCR1B

TOV1

OCR1AH         OCR1AL

= OCF1A

= OCF1B

OCR1BH         OCR1BL

TCCR1A
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WGM13 CS12 CS11 CS10WGM12ICNC1 ICES1 - TCCR1B

CS12 CS11 CS10 Comment
0      0       0  No clock source (Timer/Counter stopped)
0      0       1   clk (No Prescaling)
0      1       0 clk / 8
0      1       1  clk / 64
1      0       0  clk / 256
1      0       1  clk / 1024
1      1       0 External clock source on T0 pin. Clock on falling edge
1      1       1 External clock source on T0 pin. Clock on rising edge

Clock Selector (CS)

COM1B1 WGM11FOC1BCOM1B0 WGM10FOC1ACOM1A0COM1A1 TCCR1A
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WGM13 CS12 CS11 CS10WGM12ICNC1 ICES1 - TCCR1B

CS12 CS11 CS10 Comment
0      0       0  No clock source (Timer/Counter stopped)
0      0       1   clk (No Prescaling)
0      1       0 clk / 8
0      1       1  clk / 64
1      0       0  clk / 256
1      0       1  clk / 1024
1      1       0 External clock source on T0 pin. Clock on falling edge
1      1       1 External clock source on T0 pin. Clock on rising edge

Clock Selector (CS)

COM1B1 WGM11FOC1BCOM1B0 WGM10FOC1ACOM1A0COM1A1 TCCR1A

10-bit T/C Prescaler
Clear

0

CS10

CS11

CS12

T1

clkIO

PSR10

Timer/Counter1 clock 

source

c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8

0   1 2 3 4 5 6 7
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WGM13 CS12 CS11 CS10WGM12ICNC1 ICES1 - TCCR1B

CS12 CS11 CS10 Comment
0      0       0  No clock source (Timer/Counter stopped)
0      0       1   clk (No Prescaling)
0      1       0 clk / 8
0      1       1  clk / 64
1      0       0  clk / 256
1      0       1  clk / 1024
1      1       0 External clock source on T0 pin. Clock on falling edge
1      1       1 External clock source on T0 pin. Clock on rising edge

Clock Selector (CS)

COM1B1 WGM11FOC1BCOM1B0 WGM10FOC1ACOM1A0COM1A1 TCCR1A
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WGM13 CS12 CS11 CS10WGM12ICNC1 ICES1 - TCCR1B

COM1B1 WGM11FOC1BCOM1B0 WGM10FOC1ACOM1A0COM1A1 TCCR1A
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TCNT1H TCNT1L

Assuming XTAL = 10 MHz write a program that toggles 

PB5 once per millisecond, using Normal mode.

XTAL = 10 MHz ➔ 1/10 MHz = 0.1 µs 

Num. of machine cycles = 1 ms / 0.1 µs =  10,000
TCNT1 = 65,536 – 10,000 = 55,536 = $D8F0
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TCNT1H TCNT1L

Assuming XTAL = 10 MHz write a program that toggles 

PB5 once per millisecond, using Normal mode.

XTAL = 10 MHz ➔ 1/10 MHz = 0.1 µs 

Num. of machine cycles = 1 ms / 0.1 µs =  10,000
TCNT1 = 65,536 – 10,000 = 55,536 = $D8F0

.INCLUDE "M32DEF.INC"

LDI R16,HIGH(RAMEND) ;init stack pointer

OUT SPH,R16

LDI R16,LOW(RAMEND)

OUT SPL,R16

SBI DDRB,5 ;PB5 as an output

BEGIN:SBI PORTB,5 ;PB5 = 1 

RCALL DELAY_1ms

CBI PORTB,5 ;PB5 = 0

RCALL DELAY_1ms

RJMP BEGIN

DELAY_1ms:

LDI R20,0xD8

OUT TCNT1H,R20 ;TEMP = 0xD8

LDI R20,0xF0

OUT TCNT1L,R20 ;TCNT1L = 0xF0, TCNT1H = TEMP

LDI R20,0x0

OUT TCCR1A,R20 ;WGM11:10=00

LDI R20,0x1

OUT TCCR1B,R20 ;WGM13:12=00,CS=CLK

AGAIN:IN R20,TIFR ;read TIFR

SBRS R20,TOV1 ;if OCF1A is set skip next instruction

RJMP AGAIN

LDI R20,1<<TOV1

OUT TIFR,R20 ;clear TOV1 flag 

LDI R19,0

OUT TCCR1B,R19 ;stop timer

OUT TCCR1A,R19 ;

RET
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TCNT1H TCNT1L

Assuming XTAL = 10 MHz write a program that toggles 

PB5 once per millisecond, using Normal mode.

XTAL = 10 MHz ➔ 1/10 MHz = 0.1 µs 

Num. of machine cycles = 1 ms / 0.1 µs =  10,000
TCNT1 = 65,536 – 10,000 = 55,536 = $D8F0

.INCLUDE "M32DEF.INC"

LDI R16,HIGH(RAMEND) ;init stack pointer

OUT SPH,R16

LDI R16,LOW(RAMEND)

OUT SPL,R16

SBI DDRB,5 ;PB5 as an output

BEGIN:SBI PORTB,5 ;PB5 = 1 

RCALL DELAY_1ms

CBI PORTB,5 ;PB5 = 0

RCALL DELAY_1ms

RJMP BEGIN

DELAY_1ms:

LDI R20,0xD8

OUT TCNT1H,R20 ;TEMP = 0xD8

LDI R20,0xF0

OUT TCNT1L,R20 ;TCNT1L = 0xF0, TCNT1H = TEMP

LDI R20,0x0

OUT TCCR1A,R20 ;WGM11:10=00

LDI R20,0x1

OUT TCCR1B,R20 ;WGM13:12=00,CS=CLK

AGAIN:IN R20,TIFR ;read TIFR

SBRS R20,TOV1 ;if OCF1A is set skip next instruction

RJMP AGAIN

LDI R20,1<<TOV1

OUT TIFR,R20 ;clear TOV1 flag 

LDI R19,0

OUT TCCR1B,R19 ;stop timer

OUT TCCR1A,R19 ;

RET

LDI   R20,HIGH(-10000)

OUT   TCNT1H,R20

LDI   R20, ,LOW(-10000)

OUT   TCNT1L,R20 ;Timer1 overflows after 10000 machine cycles
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TEMP (8-bit)

OCR1xH (8-bit) TCNT1H (8-bit) TCNT1L (8-bit)OCR1xL (8-bit)

TCNT1 (16-bit Counter)OCR1x (16-bit Register)

OCR1xH  buf. OCR1xL buf.

OCR1x buffer (16-bit Register)

Data bus (8-bit)

Note: OCR1x is OCR1A or OCR1B

TEMP register

LDI  R20,0xF3

OUT  TCNT1H,R20

LDI  R20,0x53

OUT  TCNT1L,R20

TCNT1H = 0xF3;

TCNT1L = 0x53;
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TEMP (8-bit)

OCR1xH (8-bit) TCNT1H (8-bit) TCNT1L (8-bit)OCR1xL (8-bit)

TCNT1 (16-bit Counter)OCR1x (16-bit Register)

OCR1xH  buf. OCR1xL buf.

OCR1x buffer (16-bit Register)

Data bus (8-bit)

Note: OCR1x is OCR1A or OCR1B

TEMP register

IN  R20,TCNT1L

IN  R21,TCNT1H
a = TCNT1L;

b = TCNT1H;
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Assuming XTAL = 10 MHz write a program that toggles 

PB5 once per millisecond, using CTC mode.
.INCLUDE "M32DEF.INC"

LDI R16,HIGH(RAMEND)

OUT SPH,R16

LDI R16,LOW(RAMEND)

OUT SPL,R16

SBI DDRB,5 ;PB5 as an output

BEGIN:SBI PORTB,5 ;PB5 = 1 

RCALL DELAY_1ms

CBI PORTB,5 ;PB5 = 0

RCALL DELAY_1ms

RJMP BEGIN

DELAY_1ms:

LDI R20,0x00

OUT TCNT1H,R20 ;TEMP = 0

OUT TCNT1L,R20 ;TCNT1L = 0, TCNT1H = TEMP

LDI R20,0x27

OUT OCR1AH,R20 ;TEMP = 0x27

LDI R20,0x0F

OUT OCR1AL,R20 ;OCR1AL = 0x0F, OCR1AH = TEMP

LDI R20,0x3

OUT TCCR1A,R20 ;WGM11:10=11

LDI R20,0x19

OUT TCCR1B,R20 ;WGM13:12=11,CS=CLK

AGAIN:

IN R20,TIFR ;read TIFR

SBRS R20,OCF1A ;if OCF1A is set skip next instruction

RJMP AGAIN

LDI R20,1<<OCF1A

OUT TIFR,R20 ;clear OCF1A flag 

LDI R19,0

OUT TCCR1B,R19 ;stop timer

OUT TCCR1A,R19 ;

RET
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Counting
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Counting

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source
c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk
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Counting

10-bit T/C Prescaler
Clear

0

CS00

CS01

CS02

T0

clkIO

PSR10

Timer/Counter0 clock 

source
c
lk

/1
0

2
4

c
lk

/2
5

6

c
lk

/6
4

c
lk

/8
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6
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T0
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Example Assuming that clock pulses are fed into pin T0, write a program for counter 0 in 

normal mode to count the pulses on falling edge and display the state of the TCNT0 

count on PORTC.

.INCLUDE "M32DEF.INC"

CBI DDRB,0 ;make T0 (PB0) input

LDI R20,0xFF

OUT DDRC,R20 ;make PORTC output

LDI R20,0x06

OUT TCCR0,R20 ;counter, falling edge

AGAIN:

IN R20,TCNT0

OUT PORTC,R20 ;PORTC = TCNT0

IN R16,TIFR

SBRS R16,TOV0

RJMP AGAIN ;keep doing it

LDI R16,1<<TOV0

OUT TIFR, R16

RJMP AGAIN ;keep doing it

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01
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Example Assuming that clock pulses are fed into pin T0, write a program for counter 0 in 

normal mode to count the pulses on falling edge and display the state of the TCNT0 

count on PORTC.

.INCLUDE "M32DEF.INC"

CBI DDRB,0 ;make T0 (PB0) input

LDI R20,0xFF

OUT DDRC,R20 ;make PORTC output

LDI R20,0x06

OUT TCCR0,R20 ;counter, falling edge

AGAIN:

IN R20,TCNT0

OUT PORTC,R20 ;PORTC = TCNT0

IN R16,TIFR

SBRS R16,TOV0

RJMP AGAIN ;keep doing it

LDI R16,1<<TOV0

OUT TIFR, R16

RJMP AGAIN ;keep doing it

COM01WGM00FOC0 COM00 CS02 CS01 CS00 TCCR0WGM01
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Assuming that clock pulses are fed into pin T1. Write a program for counter 1 in CTC 

mode to make PORTC.0 high every 100 pulses.

.INCLUDE "M32DEF.INC"

CBI DDRB,1 ;make T1 (PB1) input

SBI DDRC,0 ;PC0 as an output

LDI R20,0x0

OUT TCCR1A,R20

LDI R20,0x0E

OUT TCCR1B,R20 ;CTC, counter, falling edge

AGAIN:

LDI R20,0

OUT OCR1AH,R20 ;TEMP = 0

LDI R20,99

OUT OCR1AL,R20 ;ORC1L = R20, OCR1H = TEMP

L1:IN R20,TIFR

SBRS R20,OCF1A

RJMP L1 ;keep doing it

LDI R20,1<<OCF1A ;clear OCF1A flag

OUT TIFR, R20

SBI PORTC,0 ;PC0 = 1

CBI PORTC,0 ;PC0 = 0

RJMP AGAIN ;keep doing it
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