AVR131: Using the AVR’s High-speed PWM

• Analog Waveform Generation using PWM
• High-speed Prescalable PWM Clock
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This application note is an introduction to the use of the high-speed Pulse Width Modulator (PWM) available in some AVR microcontrollers. The assembly code example
provided shows how to use the fast PWM in the ATtiny26. The ATtiny15 also features
a high-speed PWM timer.
The fast PWM is used to generate a pulse train with varying duty-cycle on the OC1A
output pin (PB1). An analog filter can be used to shape the digital PWM output to
obtain an analog signal such as a sine wave.
The advantage of high-speed PWM is the increased bandwidth of the analog output
signal and that the high frequency allows for smaller and less expensive filter components used to shape the signal.

Theory of Operation
PWM combined with an analog filter can be used to generate analog output signals,
i.e. a digital to analog converter (DAC). A digital pulse train with a constant period
(fixed base frequency) is used as a basis. To generate different analog levels, the duty
cycle and thereby the pulse width of the digital signal is changed. If a high analog level
is needed, the pulse width is increased and vice versa.
Averaging the digital signal over one period (using an analog low-pass filter) generates the analog signal. A duty cycle of 50% gives an analog signal with half the supply
voltage, while 75% duty cycle gives an analog signal with 75% supply voltage. Examples on filtered output signals are shown at the end of this document.
The analog low-pass filter could be a simple passive RC-filter for instance. The filter
removes the high PWM base frequency and lets through the analog signal. The filter
crossover frequency must be chosen high enough to not alter the analog signal of
interest. At the same time it must be as low as possible to minimize the ripple from the
PWM base frequency.
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Figure 1. Low-pass RC-filter
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If the analog signal is fed to a low-impedance input, a buffer amplifier should be connected between the filter output and the load. This will prevent the load from discharging
the capacitor and creating ripple voltages.
A real-life example of varying duty cycle – Pulse Width Modulation – is shown in figure
2.

Figure 2. PWM Output with Varying Duty Cycle

In the AVR, the timer/counters are used to generate PWM signals. To change the PWM
base frequency, the timer clock frequency and top counter value is changed. Faster
clock and/or lower top value will increase the PWM base frequency, or timer overflow
frequency. With full resolution (top value 255) the maximum PWM base frequency is
250 kHz. Increasing the base frequency beyond this frequency will be at the expense of
reduced resolution, since fewer step are then available from 0% to 100% duty cycle.
Altering the value of the Output Compare Registers (OCR) changes the duty cycle.
Increasing the OCR value increases the duty cycle. The PWM output is high until the
OCR value is reached, and low until the timer reaches the top value and wraps back to
0. This is called Fast-PWM mode.
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Figure 3. Counter Values and PWM Output
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If using the high-speed PWM to generate analog signals, the step-size between the analog levels is depending on the resolution of the PWM. The higher base frequency the
more easily is it to attenuate the base frequency and thereby minimize the signal ripple.
The selection of resolution versus base frequency is thus an application dependent
trade-off.

Alternative Usage

The high-speed timer can also be used to generate high frequency digital signals, which
can be used to clock other digital parts in the application. Setting the counter top value
to a small value, very high base frequencies are available.
The highest possible timer clock frequency for the ATtiny26 high-speed timer is 64 MHz
(no prescaling). At 16 MHz PWM base frequency (top value 3) the OCR value can be
set to 0, 1 (25% duty cycle), 2 (50% duty cycle, A in Figure 4) or 3 (100% duty cycle).
This shows that lowering the top value to increase the PWM base frequency reduces
the resolution.
To achieve the maximum output frequency from the timer, it must be run in non-PWM
mode. Both the OCR value and the top value must be set to 0. The counter is then stuck
at 0. Setting the Output Compare Match action to “toggle output” makes the timer toggle
the output on every timer clock tick. The result is a 32 MHz signal (B in Figure 4).
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Figure 4. High Frequency Digital Output
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Application Example

Figure 5 illustrates how to generate a sine wave from the high-speed PWM output.
The code consists of 3 parts: Initialization, Timer1 overflow interrupt service routine and
a sleep loop. The implementation assumes that the device system clock is 8 MHz.

Figure 5. Main Loop of Sine Wave Generator Example Code
Main( )

Init()
Timer1 OVF interrupt

Sleep
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Initialization

To be able to generate an output from the PWM, the Output Compare Pin of Timer1
(OC1A) is set up as output.
Next the Timer1 is set up: The clock source for the timer is prepared – the PLL is started
and locked to the system clock (required). The PLL takes approximately 100 ms to lock
onto the system clock and it is therefore necessary to wait for the PLL lock flag before
proceeding. Once the PLL is locked it is selected as clock source for the timer.
The PWM mode is then selected so that the OC1A pin toggles on compare match and
the Top value of the timer is set to 0xFF. The Top value affects the resolution and the
base frequency of the PWM – the higher the Top value is the higher resolution and the
lower base frequency.
The Timer is now ready to be started: The prescaler is set, which also starts the timer.
Finally, the Overflow interrupt is enabled.

Figure 6. Init Routine, Initializes Pin and Timer1 to Operate in Fast PWM Mode
Init()

Set PB1 as output

Set PWM mode: toggle
OC1A on compare

Enable and lock PLL

Set PWM Top value:
OCR1C = 0xFF

Wait for PLL to lock
(app. 100 ms)

Enable Timer/ Set PWM
clock prescaler to PCK/2
(32 MHz PWM clock)

Set PLL as PWM clock
source

Enable Timer1 OVF
interrupt

Return

Interrupt Service Routine When the Timer1 value reaches the OCR1C value (0xFF), the Timer Overflow interrupt
service routine (ISR) is executed. This happens at a constant interval, since OCR1C is
constant. This interval is the base frequency of the fast PWM output signal.
In the Timer1 Overflow ISR, a look up in a sine table is made. On each look-up the index
to the look-up table is incremented so that new values can be loaded. The value from
the sine table is written to OCR1A. In this way the pulse width is modulated to the sine
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wave. Note that the OCR1A register is buffered and that the latching of the buffer into
the actual OCR1A register takes place on the timer overflow.
The interrupt routine takes 13 clock cycles to execute. The call and return to and from
the interrupt comes in addition – in total 21 system clock cycles. Since Timer1 is an 8-bit
timer the interrupt occurs every 256/(PWM_clock/system_clock) cycle. The example is
based on that the device is clocked from the internal RC oscillator, which is 8 MHz. If the
maximum PWM clock, 64 MHz, is used this would mean a Timer1 Overflow interrupt
every 32 cycles.
Though it is possible to clock the PWM with the maximum frequency of 64 MHz, the
PWM clock is in this application note prescaled by 4 to 16 MHz to illustrate the use of
the prescaler.
Figure 7. Timer1 Overflow Interrupt Service Routine
Timer1 OVF ISR

Look-up new pulse width in
sine table

Increment sine table pointer

Copy sine value (pulse
width) to OCR1A

Return from interrupt

Idle

The sleep mode “Idle” is used to put the device into power reduction state while waiting
for the Interrupt to occur. When the interrupt is serviced, it goes back to sleep.

Scope Pictures

The following scope pictures are examples of sine wave signals generated by the
ATtiny26 PWM. The scope snap-shots show the output on the OC1A pin, which is the
digital pulse modulated signal, and the filtered/shaped PWM signal. A simple RC filter is
used to shape the PWM signal to a sine wave – an analog signal where the amplitude is
given by the duty cycle of the PWM output. The RC filter used has an R = 10 kΩ and a
C = 100 nF, resulting in a filter crossover frequency of 1 kHz, which will let the low frequency sine wave pass while filtering out the high frequency PWM base.
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Figure 8. OC1A Output – Filtered and Not Filtered

Figure 9. OC1A Output – Filtered and Not Filtered, Details
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