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ATmega128 Timer/Counter

Timer/

Counter

Number

of Bits
Timer Counter Compare Capture Waveform

0 8 O X O X O

1 16 O O O O O

2 8 O O O X O

3 16 O O O O O
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8-bit Timer/Counter Block Diagram
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Clock Sources
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Output Compare Unit
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Modes of Operation

 Normal Mode

 Clear Timer on Compare Match(CTC) 

Mode

 Fast PWM Mode

 Phase Correct PWM Mode
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Normal Mode

 The simplest mode of operation is the normal 

mode (WGM01:0 = 0). 

 In this mode the counting direction is always up 

(incrementing), and no counter clear is 

performed. The counter simply overruns when it 

passes its maximum 8-bit value (TOP = 0xFF) 

and then restarts from the bottom (0x00).

 In normal operation the Timer/Counter overflow 

flag (TOV0) will be set in the same timer clock 

cycle as the TCNT0 becomes zero.
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CTC Mode

 In Clear Timer on Compare or CTC mode 

(WGM01:0 = 2), the OCR0 Register is used to 

manipulate the counter resolution. 

 In CTC mode the counter is cleared to zero 

when the counter value (TCNT0) matches the 

OCR0. The OCR0 defines the top value for the 

counter, hence also its resolution.

 An interrupt can be generated each time the 

counter value reaches the TOP value by using 

the OCF0 flag. If the interrupt is enabled, the 

interrupt handler routine can be used for 

updating the TOP value.
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CTC Mode
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Fast PWM Mode

 The fast Pulse Width Modulation or fast PWM mode 

(WGM01:0 = 3) provides a high frequency PWM 

waveform generation option. 

 The fast PWM differs from the other PWM option by its 

single-slope operation. The counter counts from 

BOTTOM to MAX then restarts from BOTTOM. 

 In non-inverting Compare Output mode, the output 

compare (OC0) is cleared on the compare match 

between TCNT0 and OCR0, and set at BOTTOM. 

 In inverting Compare Output mode, the output is set on 

compare match and cleared at BOTTOM. Due to the 

single-slope operation, the operating frequency of the 

fast PWM mode can be twice as high as the phase 

correct PWM mode that uses dual-slope operation.
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Fast PWM Mode
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Phase Correct PWM Mode

 The phase correct PWM mode (WGM01:0 = 1) provides 

a high resolution phase correct PWM waveform 

generation option. 

 The phase correct PWM mode is based on a dual-slope 

operation. The counter counts repeatedly from BOTTOM 

to MAX and then from MAX to BOTTOM. 

 In noninverting Compare Output mode, the output 

compare (OC0) is cleared on the compare match 

between TCNT0 and OCR0 while counting up, and set 

on the compare match while down counting. 

 In inverting Output Compare mode, the operation is 

inverted. The dual-slope operation has lower maximum 

operation frequency than single slope operation. 
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Phase Correct PWM Mode
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TCCR0
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TCCR0
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TCCR0
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TCCR0
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TCNT0, OCR0
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TIMSK
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16-bit Timer/Counter Block Diagram

23



Definitions
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Clock Sources

25



Input Capture Unit
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Output Compare Unit
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Modes of Operation

 Normal Mode

 Clear Timer on Compare Match(CTC) 

Mode

 Fast PWM Mode

 Phase Correct PWM Mode

 Phase and Frequency Correct PWM Mode
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Normal Mode

 The simplest mode of operation is the normal 

mode (WGMn3:0 = 0). 

 In this mode the counting direction is always up 

(incrementing), and no counter clear is 

performed. The counter simply overruns when it 

passes its maximum 16-bit value (MAX = 

0xFFFF) and then restarts from the BOTTOM 

(0x0000). 

 In normal operation the Timer/Counter Overflow 

Flag (TOVn) will be set in the same timer clock 

cycle as the TCNTn becomes zero.
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CTC Mode

 In Clear Timer on Compare or CTC mode 

(WGMn3:0 = 4 or 12), the OCRnA or ICRn

Register are used to manipulate the counter 

resolution. 

 In CTC mode the counter is cleared to zero 

when the counter value (TCNTn) matches either 

the OCRnA (WGMn3:0 = 4) or the ICRn

(WGMn3:0 =12). 

 The OCRnA or ICRn define the top value for the 

counter, hence also its resolution.
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CTC Mode
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CTC Mode

 An interrupt can be generated at each time the 

counter value reaches the TOP value by either 

using the OCFnA or ICFn flag according to the 

register used to define the TOP value. If the 

interrupt is enabled, the interrupt handler routine 

can be used for updating the TOP value.
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Fast PWM Mode
 The fast Pulse Width Modulation or fast PWM mode 

(WGMn3:0 = 5,6,7,14, or 15) provides a high frequency 

PWM waveform generation option. 

 The fast PWM differs from the other PWM options by its 

single-slope operation. The counter counts from 

BOTTOM to TOP then restarts from BOTTOM. 

 In non-inverting Compare Output mode, the output 

compare (OCnx) is cleared on the compare match 

between TCNTn and OCRnx, and setat BOTTOM. 

 In inverting compare output mode output is set on 

compare match and cleared at BOTTOM. 
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Fast PWM Mode
 Due to the single-slope operation, the operating 

frequency of the fast PWM mode can be twice as high as 

the phase correct and phase and frequency correct 

PWM modes that use dual-slope operation.

 The PWM resolution for fast PWM can be fixed to 8-, 9-, 

or 10-bit, or defined by either ICRn or OCRnA. The 

minimum resolution allowed is 2-bit (ICRn or OCRnA set 

to 0x0003), and the maximum resolution is 16-bit (ICRn

or OCRnA set to MAX). The PWM resolution in bits can 

be calculated by using the following equation:
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Fast PWM Mode

 In fast PWM mode the counter is incremented until the 

counter value matches either one of the fixed values 

0x00FF, 0x01FF, or 0x03FF (WGMn3:0 = 5, 6, or 7), the 

value in ICRn (WGMn3:0 =14), or the value in OCRnA

(WGMn3:0 = 15). The counter is then cleared at the 

following timer clock cycle.
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Fast PWM Mode
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Phase Correct PWM Mode

 The phase correct Pulse Width Modulation or phase 

correct PWM mode (WGMn3:0 = 1, 2, 3,10, or 11) 

provides a high resolution phase correct PWM waveform 

generation option. 

 The phase correct PWM mode is, like the phase and 

frequency correct PWM mode, based on a dual slope 

operation. The counter counts repeatedly from BOTTOM 

(0x0000) to TOP and then from TOP to BOTTOM. 

 In non-inverting compare output mode, the output 

compare (OCnx) is cleared on the compare match 

between TCNTn and OCRnx while counting up, and set 

on the compare match while down counting.
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Phase Correct PWM Mode

 In inverting Output Compare mode, the operation is 

inverted. The dual-slope operation has lower maximum 

operation frequency than single slope operation. 

However, due to the symmetric feature of the dual-slope 

PWM modes, these modes are preferred for motor 

control applications.

 The PWM resolution for the phase correct PWM mode 

can be fixed to 8-, 9-, or 10-bit, or defined by either ICRn

or OCRnA. The minimum resolution allowed is 2 bit 

(ICRn or OCRnA set to 0x0003), and the maximum 

resolution is 16 bit (ICRn or OCRnA set to MAX). The 

PWM resolution in bits can be calculated by using the 

following equation:
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Phase Correct PWM Mode
 In phase correct PWM mode the counter is incremented until the 

counter value matches either one of the fixed values 0x00FF, 

0x01FF, or 0x03FF (WGMn3:0 = 1, 2, or 3), the value in ICRn

(WGMn3:0 = 10), or the value in OCRnA (WGMn3:0 = 11). The 

counter has then reached the TOP and changes the count direction.
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Phase Correct PWM Mode
 The PWM frequency for the output when using phase correct PWM 

can be calculated by the following equation:

 The N variable represents the prescaler divider (1, 8, 64, 256, or 

1024).
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Phase Correct PWM Mode

 Frequency Distortion

TA TA TA TB TBTA TBT?

OCRnA(TOP 값 수정)

OCRnB
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Phase and Frequency Correct PWM Mode

 The phase and frequency correct Pulse Width 

Modulation, or phase and frequency correct 

PWM mode (WGMn3:0 = 8 or 9) provides a high 

resolution phase and frequency correct PWM 

waveform generation option. 

 The phase and frequency correct PWM mode is, 

like the phase correct PWM mode, based on a 

dual-slope operation. The counter counts 

repeatedly from BOTTOM (0x0000) to TOP and 

then from TOP to BOTTOM.
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Phase and Frequency Correct PWM Mode

 In non-inverting Compare Output mode, the 

output compare (OCnx) is cleared on the 

compare match between TCNTn and OCRnx

while counting up, and set on the compare 

match while down counting. In inverting 

Compare Output mode, the operation is 

inverted. 

 The dual-slope operation gives a lower 

maximum operation frequency compared to the 

single-slope operation. However, due to the 

symmetric feature of the dual-slope PWM 

modes, these modes are preferred for motor 

control applications. 43



Phase and Frequency Correct PWM Mode

 The main difference between the phase correct, and the 

phase and frequency correct PWM mode is the time the 

OCRnx Register is updated by the OCRnx buffer 

Register.
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Phase and Frequency Correct PWM Mode

 The PWM resolution for the phase and frequency correct 

PWM mode can be defined by either ICRn or OCRnA. 

The minimum resolution allowed is 2-bit (ICRn or 

OCRnA set to 0x0003), and the maximum resolution is 

16-bit (ICRn or OCRnA set to MAX). The PWM 

resolution in bits can be calculated using the following 

equation:

 In phase and frequency correct PWM mode the counter 

is incremented until the counter value matches either the 

value in ICRn (WGMn3:0 = 8), or the value in OCRnA

(WGMn3:0 = 9). The counter has then reached the TOP 

and changes the count direction.
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Phase and Frequency Correct PWM Mode

 The PWM frequency for the output when using phase and frequency 

correct PWM can be calculated by the following equation:

 The N variable represents the prescaler divider (1, 8, 64, 256, or 

1024).
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16-bit Timer/Counter1,3

Control Register A (TCCR1A, TCCR3A)
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16-bit Timer/Counter1,3

Control Register A (TCCR1A, TCCR3A)
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16-bit Timer/Counter1,3

Control Register A (TCCR1A, TCCR3A)
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16-bit Timer/Counter1,3

Control Register A (TCCR1A, TCCR3A)
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Timer/Counter1,3

Control Register A (TCCR1A, TCCR3A)
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Timer/Counter1,3

Control Register B (TCCR1B, TCCR3B)
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Timer/Counter1,3

Control Register B (TCCR1B, TCCR3B)
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Timer/Counter Interrupt Mask Register 

(TIMSK)
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Extended Timer/Counter Interrupt Mask Register 

(ETIMSK)
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Extended Timer/Counter Interrupt Mask Register 

(ETIMSK)
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