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Introduction
This guide describes principles of PWM for Atmel AVR micro controllers. It is not 
complete documentation for PWM nor AVR timers but tries to lighten some practical 
aspects of PWM. Some of the PWM aspects are simplified, some are not mentioned 
at all. Usability was the main factor when writing this text. Full PWM description 
can be found in Atmel AVR documentation.

Although the article was written based on ATmega16 and ATmega32 
documentation, information is useful for any chip from AVR family.

Terminology
In the table below you have symbols used in the text. The meaning of symbols is 
the same in the entire guide.

S
y
m
b
ol

Description

F System clock frequency. Typically it is frequency of crystal resonator or 
internal RC oscillator. Maximum system clock for ATmega32 is 16 MHz 
(=16,000,000 Hz).

fcl
oc
k

The same as F.

P
W
M

Frequency of PWM wave. This frequency is always lower then system clock 
frequency.

fP
W
M

The same as PWM.

N Prescaler divider, possible values: 1, 8, 32, 64, 128, 256 or 1024.

T
O
P

Maximum counter value, often equal to ICRx (but it can be OCRx). 
Controls frequency of the PWM wave in specified PWM modes.

H
z

Hertz, basic unit of frequency. 1 Hz is equal to one cycle per second.

k
H
z

kilohertz, 1 kHz is equal to 1,000 Hz or 1 × 103 Hz.

M
H
z

megahertz, 1 MHz is equal to 1,000,000 Hz or 1 × 106 Hz.

m
s

millisecond, 1 ms = 0.001 s or 1 × 10-3 s. 1 ms = 1000 µs.

µ
s

microsecond, 1 µs = 0.000001 s or 1 × 10-6 s. 1 µs = 0.001 ms.

http://aquaticus.info/tags/avr
http://aquaticus.info/tags/pwm
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What is PWM
PWM (Pulse Width Modulation) is a method of generating signal shown above. For 
more detailed definition look at Wikipedia article.
In short, PWM allows easy control the amount of power provided to external device 
e.g. motor or LED. When frequency of the signal is changed in time it can be used 
to generate sound.

Basic definitions
Time of one period is equal to 1/frequency, e.g. for 100kHz you get 
1/100,000=0.00001s (=0.01ms=10µs), for 2kHz (2000Hz) period is 1/2000 = 
0.0005s or 0.5ms.

http://en.wikipedia.org/wiki/Pulse-width_modulation


There are 3 parameters that describes PWM signal:

• Amplitude
• Frequency
• Duty cycle

Amplitude is constant in time. For AVR controllers (without external components) it 
is equal to power supply voltage. For typical 5V power supply amplitude is of 
course 5V, for 1.8V it is 1.8V and so on (AVR operating voltage can vary from 1.8V 
to 5.5V depending on chip version).

Frequency typically is set once and is not changed during program execution, 
except cases when variable frequency signal is needed, e.g. when generating 
sound.
Frequency is equal to 1/period. Having period, frequency can be computed and vice 
versa.

Duty cycle controls amount of power provided to external component. This 
parameter is one that is changed many times during program execution. Changing 
duty cycle does not change frequency. It is often provided in percents, e.g. 60% 
duty cycle means output is high for 60% of the period. If the period is equal to 
10µs (=10kHz), output is high for 6µs.
Sometimes described as pulse width in seconds (or ms or µs).

Most common usage of PWM in amateur AVR applications:

• motor speed control,
• brightness control,
• servo control,
• simple digital to analog converter,
• generation of sound.
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From the beginning AVR has the ability to generate PWM signals using internal 
hardware. Number of PWM channels (independent PWM signals) vary depending on 
chip. Typically it is 4 or 6 in modern chips, but can be more or less.

Here is a list of popular chips with number of PWM channels:

Microcontroller PWM channels

ATmega8 3

ATmega48 6

ATmega88 6

ATmega168 6

ATmega328 6

ATmega16 4

ATmega32 4

ATmega128 8

ATtiny2313 4
PWM functions are controlled by the timers. PWM is just one of the timer modes. 
As you can guess, number of PWM channels depend on the number of timers in 
AVR chip. All the above microcontrollers have 3 timers. 16 bit timer1 controls 2 
PWM channels, timer0 and timer2 one PWM channel. One exception is for 
ATmega8, its timer0 has no ability to generate PWM (it is also true for some other 
AVR chips). If microcontroller has more PWM channels, that means it has more 
timers (e.g. ATmega128).

PWM signal is generated on fixed pins, you can not use pin of your choice. The 
name of the pin is OCx (from Output Compare), x is the number of associated 
timer. As timer1 is responsible for 2 PWM channels, letters A and B were added. 
Below is the PDIP version of ATmega32 with PWM pins marked red.



Every microcontroller, not only AVR series can use what is called software PWM. It 
is a method of PWM signal generation by the software routine. It means control 
program changes state of the output pin from 0 to 1 in time. This method is not as 
robust as hardware PWM, special care must be taken when writing a program. It is 
strongly recommended to not use software PWM if possible. One advantage is that 
you can create as many PWM signals as you have free output pins (and you can 
use any pin for that purpose).

PWM setup
To start using PWM you must:

1. Setup OCx pin as output
2. Select PWM mode of timer
3. Set appropriate prescaler divider
4. Set Compare Output Mode to Clear or Set on compare match
5. Write duty cycle value to OCRx

Setting a pin as output is not a problem. Appropriate bit must be set for DDRx 
register. Here’s an example in C (assuming only one output which is PD4=OC1B):

DDRD |= _BV(DDD4);

Timer configuration is much more complicated. This is because timer has a lot of 
features and it is hard to figure out what should be set to get what you need.

To configure timer, appropriate bits must be set in Timer/Counter Control 
Register, is short TCCRx, where x is the timer number. Timer1 (16 bit) has two 
control registers TCCR1A and TCCR1B which are used to control behavior of the 
timer.



Configuration of the timer can be divided in tree steps:

1. Select timer mode
2. Select prescaler
3. Set duty cycle to start generating wave

Mode of the timer is selected by setting WMGxx bits in TCCRx register. Bits for 
prescaler are CSxx. Note that timer is not running if prescaler is not configured. To 
run timer and start generating PWM wave you must set at least CS10 bit 
(Prescaler=1). To stop PWM, clear all CSxx bits.

The other very important register is OCRx, it controls duty cycle. For 16 bit timer1 
it is 16 bit, for 8 bit timers it is 8 bit.

For modes where frequency is regulated, ICRx register controls frequency of the 
signal.

In Timer/Counter Control Register bits CSxx (Clock Select) controls frequency, 
bits WMGxx (Waveform Generation Mode) controls PWM mode.

Worth to mention is COMx register — it controls whether PWM wave is inverted or 
not. Typically only COMx1 (COMx2=0) is set (non-inverting mode). For most 
applications it really does not matter in which mode PWM wave is generated. Look 
at the picture below to see the difference.

Note that WMGxx and CSx bits are located in 2 registers for timer1, TCC1A has 
different bits than TCC1B.

Typical operations
Here you have the table with typical operations for 3 timers of ATmega16/32 
microcontrollers. Note that for timer1 only 3 modes (8 bit) of 15 are shown and not 
all features are described. Operations for timer1A and timer1B are the same except 
the first and the last one.

Operation timer0 timer1A timer1B timer2

OCx pin as 
output

DDRB |= 
_BV(DDB3);

DDRD |= 
_BV(DDD5
);

DDRD |= 
_BV(DDD4
);

DDRD |= _BV(DDD7);

Phase 
correct PWM 
mode

TCCR0 |= 
_BV(WGM00);

TCCR1A |= 
_BV(WGM10);

TCCR2 |= 
_BV(WGM20);

CTC PWM 
mode

TCCR0 |= 
_BV(WGM01);

TCCR1A |= 
_BV(WGM12);

TCCR2 |= 
_BV(WGM21);

Fast PWM 
mode

TCCR0 |= 
_BV(WGM00) | 
_BV(WGM01);

TCCR1A |= 
_BV(WGM10) | 
_BV(WGM12);

TCCR2 = _BV(WGM20) 
| _BV(WGM21);

Prescaler 
divider 1

TCCR0 |= 
_BV(CS00);

TCCR1B |= 
_BV(CS10)

TCCR2 |= 
_BV(CS20);

Prescaler 
divider 8

TCCR0 |= 
_BV(CS01);

TCCR1B |= 
_BV(CS11)

TCCR2 |= 
_BV(CS21);

Prescaler 
divider 1024

TCCR0 |= 
_BV(CS02) | 
_BV(CS00);

TCCR1B |= 
_BV(CS12) | 
_BV(CS10);

TCCR2 |= 
_BV(CS22)|
_BV(CS21)|
_BV(CS20);

Clear OCx 
on compare 
match

TCCR0 |= 
_BV(COM01);

TCCR1A |= 
_BV(COM1B1);

TCCR2 |= 
_BV(COM21);

Set duty 
cycle

OC0=100; OC1A=100
;

OC1B=100
;

OC2=100;
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TCCR0 |= 
_BV(WGM00) | 
_BV(WGM01);

TCCR1A |= 
_BV(WGM10) | 
_BV(WGM12);
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TCCR0 |= 
_BV(CS00);

TCCR1B |= 
_BV(CS10)

TCCR2 |= 
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divider 8

TCCR0 |= 
_BV(CS01);

TCCR1B |= 
_BV(CS11)

TCCR2 |= 
_BV(CS21);

Prescaler 
divider 1024

TCCR0 |= 
_BV(CS02) | 
_BV(CS00);

TCCR1B |= 
_BV(CS12) | 
_BV(CS10);

TCCR2 |= 
_BV(CS22)|
_BV(CS21)|
_BV(CS20);

Clear OCx 
on compare 
match

TCCR0 |= 
_BV(COM01);

TCCR1A |= 
_BV(COM1B1);

TCCR2 |= 
_BV(COM21);

Set duty 
cycle

OC0=100; OC1A=100
;

OC1B=100
;

OC2=100;
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General rule for choosing frequency for PWM signal: higher is better. Use as high 
frequency as you can. This rule is not valid only if you need low frequency wave 
e.g. for blinking LED.

Maximum frequency is often limited by the external components, basically for 
elements like MOSFETs number of switches in 1 second is limited.

For example, if you use popular L298 to control motor speed, you can use up to 
40kHz. For Infineon BTN7960 maximum frequency is 25kHz.

Prescaler
Timers can be clocked directly by the system clock or by the prescaler. Prescaler is 
internal module of the microcontroller that can divide system clock frequency 
which is later used to clock the timer.

For ATmega16/32 timer0 and timer1 share the same prescaler module and can 
divide frequency to: F/1, F/8, F/64, F/256 or F/1024, where F is system clock 
frequency. Timer2 has its own separate prescaler module that gives frequencies: 
F/8, F/32, F/64, F/128, F/256 and F/1024.

If prescaler divider is 1, timer is clocked directly by the system clock. If none of 
prescaler settings is chosen, timer do not run and thus PWM wave is not 
generated. You must set prescaler in order to use PWM.

Phase correct PWM mode
Frequency in this mode can be calculated by the following equation:

f PWM – resulting frequency of PWM,
f clock – system clock, this is frequency of the crystal oscillator or internal RC 
oscillator, e.g. 1MHz, 4Mhz, 16MHz,
N – prescaler divider, 1, 8, 64, 256, 1024 for timer0 and timer1 or 1, 8, 32, 64, 
128, 256, and f/1024 for timer2,
TOP – maximum OCRx value (controls duty cycle). For 8 bit timers it is always 255, 
for 16 timer it depends on resolution, 8bit it is 255, for 9bit 511, for 10bits 1023.

Here is the table of PWM frequency for 1MHz, 8MHz and 16Mhz (timer1 prescaler 
values shown). All frequencies in Hz.

System 
clock

Presca
ler

PWM freqency 
8bit

PWM frequency 
9bit

PWM frequency 
10bit

16,000,00
0

1 31,372.55 15,655.58 7,820.14

16,000,00
0

8 3,921.57 1,956.95 977.52

16,000,00
0

64 490.20 244.62 122.19

16,000,00
0

256 122.55 61.15 30.55

16,000,00
0

1024 30.64 15.29 7.64

8,000,000 1 15,686.27 7,827.79 3,910.07

8,000,000 8 1,960.78 978.47 488.76

8,000,000 64 245.10 122.31 61.09

8,000,000 256 61.27 30.58 15.27

8,000,000 1024 15.32 7.64 3.82

1,000,000 1 1,960.78 978.47 488.76

1,000,000 8 245.10 122.31 61.09

1,000,000 64 30.64 15.29 7.64

1,000,000 256 7.66 3.82 1.91

1,000,000 1024 1.91 0.96 0.48

http://www.st.com/stonline/books/pdf/docs/1773.pdf


System 
clock

Presca
ler

PWM freqency 
8bit

PWM frequency 
9bit

PWM frequency 
10bit

16,000,00
0

1 31,372.55 15,655.58 7,820.14

16,000,00
0

8 3,921.57 1,956.95 977.52

16,000,00
0

64 490.20 244.62 122.19

16,000,00
0

256 122.55 61.15 30.55

16,000,00
0

1024 30.64 15.29 7.64

8,000,000 1 15,686.27 7,827.79 3,910.07

8,000,000 8 1,960.78 978.47 488.76

8,000,000 64 245.10 122.31 61.09

8,000,000 256 61.27 30.58 15.27

8,000,000 1024 15.32 7.64 3.82

1,000,000 1 1,960.78 978.47 488.76

1,000,000 8 245.10 122.31 61.09

1,000,000 64 30.64 15.29 7.64

1,000,000 256 7.66 3.82 1.91

1,000,000 1024 1.91 0.96 0.48
As you can see from the table, maximum ever possible PWM wave frequency in this 
mode for ATmega16/32 is 31.4 kHz (absolute maximum system clock for 
ATmega16/32 is 16MHz). The other interesting thing is that for higher duty cycle 
resolution (10bits) maximum frequency is lower than for low 8bit resolution. That 
means if you need highest frequency possible use 8bit modes.

Fast PWM mode
Frequency in this mode can be calculated by the following equation:

f PWM – resulting frequency of PWM,
f clock – system clock, this is frequency of the crystal oscillator or internal RC 
oscillator, e.g. 1MHz, 4Mhz, 16MHz,
N – prescaler divider, 1, 8, 64, 256, 1024 for timer0 and timer1 or 1, 8, 32, 64, 
128, 256, and f/1024 for timer2,
TOP – maximum OCRx value (controls duty cycle). For 8 bit timers it is always 255, 
for 16 timer it depends on resolution, 8bit it is 255, for 9bit 511, for 10bits 1023.



Here are the table of PWM frequency for 1MHz, 8MHz and 16MHz (timer1 prescaler 
values shown).

System 
clock

Presca
ler

PWM frequency 
8bit

PWM frequency 
9bit

PWM frequency 
10bit

16,000,00
0

1 62,500.00 31,250.00 15,625.00

16,000,00
0

8 7,812.50 3,906.25 1,953.13

16,000,00
0

64 976.56 488.28 244.14

16,000,00
0

256 244.14 122.07 61.04

16,000,00
0

1024 61.04 30.52 15.26

8,000,000 1 31,250.00 15,625.00 7,812.50

8,000,000 8 3,906.25 1,953.13 976.56

8,000,000 64 488.28 244.14 122.07

8,000,000 256 122.07 61.04 30.52

8,000,000 1024 30.52 15.26 7.63

1,000,000 1 3,906.25 1,953.13 976.56

1,000,000 8 488.28 244.14 122.07

1,000,000 64 61.04 30.52 15.26

1,000,000 256 15.26 7.63 3.81

1,000,000 1024 3.81 1.91 0.95
Maximum ever possible PWM wave frequency in all modes for ATmega16/32 is 
62.5kHz (Fast PWM is the fastest mode). Comparing to Phase Correct mode, 
frequency is 2 times higher.

Phase and Frequency Correct PWM mode
The most interesting thing in this mode is you can change frequency of the signal 
to almost any value you need. In that case we can not say about “PWM wave 
frequency” but rather maximum and minimum possible PWM frequency.

Maximum frequency can be calculated using the same equation as for phase 
correct mode.



f PWM – resulting frequency of PWM,
f clock – system clock, this is frequency of the crystal oscillator or internal RC 
oscillator, e.g. 1MHz, 4Mhz, 16MHz,
N – prescaler divider, 1, 8, 64, 256, 1024 for timer0 and timer1 or 1, 8, 32, 64, 
128, 256, and 1024 for timer2,
TOP – maximum ICRx or OCRx value. For 8 bit timers it is always 255, for 16 timer 
it depends on resolution, 8bit it is 255, for 9bit 511, for 10bits 1023.

Frequency is changed by writing a value to ICRx register. You can also use mode 
when OCx do the same thing, but using ICRx is more handy.
The frequency can be controlled from F/(2*N*1) to F/(2*N*TOP), that gives us for 
10bit resolution:

System clock Prescaler Max frequency Min frequency

16000000 1 4,000,000.00 7,820.14

16000000 8 500,000.00 977.52

16000000 64 62,500.00 122.19

16000000 256 15,625.00 30.55

16000000 1024 3,906.25 7.64

8000000 1 2,000,000.00 3,910.07

8000000 8 250,000.00 488.76

8000000 64 31,250.00 61.09

8000000 256 7,812.50 15.27

8000000 1024 1,953.13 3.82

1000000 1 250,000.00 488.76

1000000 8 31,250.00 61.09

1000000 64 3,906.25 7.64

1000000 256 976.56 1.91

1000000 1024 244.14 0.48
For 8 bit and 9 bit resolution maximum frequency is the same but minimum 
frequency is higher, so the frequency range is tighter. For example, for 16MHz 
prescaler 1 minimum frequency is 31372Hz, while for 10 bit resolution it is 
7820Hz.



Human factor
Most people can hear sounds of frequency up to 20kHz. When PWM signal controls 
a device (e.g. H-bridge) using frequency less than 20kHz, humans may hear 
annoying sound thanks to low quality capacitors or coils. Recall all those broken 
fluorescent lamps that generate low frequency noise.

It is better (when possible) to use frequency greater than 20kHz, people would not 
hear anything even if capacitor became sound generator.

If the source of light blinks more then 50 times a second, human eye can not 
detect the change. This effect is utilized in computer monitors and TVs. If you want 
to control brightness of the light source you must use frequency higher than 50Hz.

Crystal resonator
You can guess what all those funny, hard to remember crystals frequencies are for, 
e.g. 8.192 MHz. One group of crystals give 0% error for serial communication. e.g. 
14.7456 MHz. The other group of values which is more suitable for PWM, gives you 
nice looking integer values when divided by prescaler numbers. Below you have a 
table with the popular values.

System 
clock

Prescal
er 8

Prescal
er 32

Prescale
r 64

Prescale
r 128

Prescale
r 256

Prescaler 
1024

1,024,00
0

128,00
0

32,000 16,000 8,000 4,000 1,000

3,072,00
0

384,00
0

96,000 48,000 24,000 12,000 3,000

4,096,00
0

512,00
0

128,000 64,000 32,000 16,000 4,000

6,400,00
0

800,00
0

200,000 100,000 50,000 25,000 6,250

8,192,00
0

1,024,0
00

256,000 128,000 64,000 32,000 8,000

10,240,0
00

1,280,0
00

320,000 160,000 80,000 40,000 10,000

For example, 8.192 MHz crystal with 32 prescaler in Fast PWM mode where wave 
frequency for 8 bit gives you:

Using crystal with integer frequency value never gives you PWM wave with integer 
frequency. In most cases it does not matter whether frequency is 1 kHz or 1.1 kHz, 
so you can use any crystal resonator, but if you need something like 1kHz, 2kHz 



you have to use one of those strange crystals.
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AVR timers offers more than one operation mode for PWM. Number of modes 
depend on timer. Timer1 is the most function rich timer, it offers 13 PWM modes, 
timer0 and timer1 offer only 3 modes.

General modes:

Phase correct PWM
Use it to control motor speed controllers and servos. If you do not know which 
mode to use, choose this one. As name says its phase is always correct (see 
drawings to guess what phase correct means).

Fast PWM
You can guess it is fast. To be more precise its frequency is twice that of the Phase 
Correct mode but it is not phase correct. Used for digital to analog converters and 
where phase does not matter but higher frequency is needed.

Phase and Frequency Correct
Unlike the above modes, frequency of the signal can be easily changed. In the fast 
and phase correct PWM modes frequency is determined by the prescaler value 
which limits number of possible frequencies to 5. This mode is used to generate 
sound or to interface any device that is controlled by the variable frequency. Best 
suited to generate sound. Use when the phase of the signals should not change.

CTC
Similar to Phase and Frequency Correct mode, frequency can be smoothly 
controlled. The only way to generate variable frequency PWM for timer0 and 
timer2.

Phase correctness
When duty cycle is changed, phase of the signal may be changed. There are some 
applications when phase of the signal should not change even when duty cycle is 
changed (e.g. servo control). Fortunately AVR offers phase correct modes. These 
modes are:

• Phase and Frequency Correct
• Phase Correct

Because of the way phase correct modes generate PWM wave, maximum frequency 
of the signal is lower (2 times) then in phase incorrect mode.

Here are the two animations showing the difference between phase correct mode 
and the other mode as duty cycle changes. In the example Fast PWM mode is 
shown but it is the same for any other phase incorrect mode.

Phase correct mode. Duty cycle does not affect phase.



Phase incorrect PWM wave. Phase is not correct while duty cycle is changed.

Summary
Simplifying things we can say that in Phase Correct and Fast PWM modes ability to 
change duty cycle is useful. In Phase and Frequency Correct and CTC modes the 
possibility to change the frequency is the most useful thing.

In addition 16 bit timer1 allows to select 8, 9 or 10 bits accuracy. 8 bits timers 
(timer0 and timer2) provide always 8 bit PWM.

For full list of modes see Waveform Generation Mode Bit Description table in Atmel 
documentation (e.g. for ATmega32A timer1 it’s on page 114).

In Atmel documentation one of the timer modes is called Normal. It has nothing to 
do with PWM (it is not normal PWM mode). In this mode timer operates as an 
ordinary timer/counter without generating PWM signal. Although normal mode of 
timer can be used to generate software PWM.
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Not all the timers have the same features. ATmega16/32 has 3 timers with the 
possibility to generate 4 PWM signals, ATmega8 only 2 timers with PWM which 
gives us 3 PWM and ATmega 48/88/168 6 PWM channels. Here we concentrate on 
ATmega16/32 chips.

ATmega16 and ATmega32 have 3 timers, one 16 bit and two 8 bits. Timer1 is 16 
bit and has two PWM channels. That means it is not possible to set different 
frequency for both channels (A and B). 16 bits of timer0 gives you better 
resolution, but note OCRx and ICRx registers are 10 bit max, so duty cycle or 
frequency can be adjusted with 10 bits resolution not 16 bits.

In addition prescaler module is shared between timer1 and 8 bit timer0. This limits 
freedom of choice.
8 bit timer0 and timer2 has much less PWM modes than timer1 – only 3 modes: 
Fast PWM, Phase Correct PWM and CTC. Timer2 has its own prescaler module but 
with different dividers: 1, 8, 32, 64, 128, 256, 1024, while for timer0 and timer1 
dividers are: 1, 8, 64, 256, 1024.

If you want to use all 4 PWM channels to control 4 motors it is recommended to 
use the same PWM modes for all channels. First look at the mode tables gives the 
answer. Common parameters for all the timers are: 8 bit Phase Correct PWM mode 
and prescaler 1, 8, 64, 256 or 1024. Other common modes are: CTC and Fast PWM 
but they are less suitable for motor control.

Here are the most important things about PWM for AVR micro controllers you 
should remember:

• PWM signal is visible on OCRx pin.
• OCRx pin must be configured as output, e.g. DDRD |= _BV( DDD5 );
• Write value different from 0 and 255 for 8bit mode (or 511 for 9bit or 1023 

for 10bit) to start generating PWM
• OCRx = 0 gives you constant 0V level on output
• OCRx = 255 for 8bit (or 511 for 9bit or 1023 for 10bit) gives you constant 

VCC (e.g. 5V for 5V VCC) level on output
• ICRx register controls frequency for Phase and Frequency correct/CTC modes.
• Using higher resolution gives you lower maximum frequency.
• Timer1 is 16 bit, has 2 PWM channels and a lot of modes.
• Timer0 and Timer2 are 8 bits and have only 2 PWM modes.
• Prescaler is common for Timer0 and Timer1
• Software PWM can generate many PWM waves but is not as robust as 

hardware generated PWM
• There are AVR microcontrollers with more than 4 PWM channels.

Which mode to use
Task Mode

Blinking LED Any mode, use low frequency like 3-4Hz

Control 
brightness of 
light

Any mode, use frequency greater then 50Hz

Servo Phase Correct

Motor speed Phase Correct, higher frequency better, limited by external 
components.

Generate 
sounds

Phase and Frequency Correct or CTC (for timer0/2), 
change frequency to generate different notes.

Digital to 
Analog 
converters

Fast PWM, higher frequency better.
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Simulators sometimes do not properly simulate all PWM modes. Wave is not 
generated in simulator, but in real AVR device works perfectly.
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