Learning RVK-Basic, Part 8

By Bob Vun Kannon

RVK-Basic is a free Basic compiler for the Atmel AVR line of micro-controllers. You can download a copy of this compiler from the Nuts & Volts web site. With this compiler you can write and compile very fast, efficient programs for most of the AVR micro-controllers. 

In today’s article we will investigate the question of how to generate Pulse-Width Modulation (PWM) from your AVR micro-controller using RVK-Basic.

What is PWM?

I have drawn a picture showing how PWM can be generated from a free-running timer.

If an 8-bit counter runs freely, its states in time will be 0,1,2 …254,255,0,1,… This is shown in the picture as a ramp function or saw-tooth waveform at the top of the picture. In reality, there is no smooth, continuous ramp inside the micro-controller, just a series of well-defined states of the counter. It is very useful, however, to think of the counter state as being a ramp function.

Superimposed on the drawing of the Timer Counts are horizontal lines representing two different specific counter states. The two I have chosen for purposes of this example are 95 and 190. 
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I have constructed two possible output waveforms, which correspond to the two different horizontal lines. Both output waveforms are constructed such that the output is low whenever the Timer Counts are greater than state chosen to produce the PWM. For example, the 95 OUTPUT is low whenever the Timer Counts are greater than 95. 

It is obvious that the 95 output produces less time high than low, while the 190 output is high more than it is low. Clearly then, the choice of where we place the horizontal line allows us to change the output waveform. It should be obvious then, that by controlling horizontal line position (or PWM Command), we could make the output vary from low all the time to high almost all the time or anywhere in between. 

If we were using a micro-controller running on 5 volts, this would allow us to control the average output voltage from 0 to essentially 5 volts, just by controlling the PWM command. 

Why Would We Want PWM?

DC motors turn when you apply voltage to them. In general, the speed of the motor is proportional to the voltage you apply. That is, if you get X RPM at 2 volts you should get 2X RPM at 4 volts. 

When we consider the average voltage of a PWM signal, we will quickly realize that the average voltage is the percentage of the time the PWM spends high times the peak value of the signal. For example, if your are using a 5V AVR and the PWM Command can range between 0 and 255, the average voltage at the output of the PWM can be expressed by,


Average Voltage = (PWM_Command / 256) * 5 volts

It is not generally practical to drive a motor from the raw output of the micro-controller. But it is very practical to buffer the raw output with a transistor that connects to the motor and the motor is connected to a higher voltage rail. In this situation the PWM command will vary the voltage to the motor between 0 and almost the voltage rail, whatever it may be. A possible way to do this is shown in the following partial schematic. For the MOSFET, the choice will depend on the voltage and current it must handle, but you will generally want to choose a logic-level FET, perhaps an IRLR3410 might be considered. You might also want to put a small resistor, like 10 ohms, in series with the gate of the FET to damp ringing at the PWM output. A diode could also be placed on the output  with its anode to ground to clamp ringing below ground.
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Another use for PWM driving a motor is to control the torque from a Torque Motor (a type of DC motor). This is commonly done in automobiles to implement a Cruise Control. With a Torque Motor, the more voltage you supply to it the more torque it produces and thus pulls harder on the throttle. So by controlling the PWM output of a micro-controller you could control the speed of your car.

In general, any gadget that can be controlled by voltage can possibly be controlled by PWM. So if we can easily produce PWM from an AVR chip, we can control lots of things like cars, robotic arms and fingers, battlebots, aircraft and even spaceships. With PWM, even the sky is not the limit.

How to generate PWM

RVK-Basic has two PWM commands. One statement, PWM, uses the TIMER1 which is available in all AVR chips to produce PWM. TIMER1 is actually a 16-bit timer but the INIT mode of the statement allows you to set up the timer to be 8, 9, or 10 bits. There is also a PWM2 statement, which uses TIMER2, an 8-bit timer. TIMER2 is not generally available on all chips. 

Let’s suppose that we want to generate a PWM output of about 400 Hz from a 4 MHz processor, and we want it to be an 8-bit timer. The command to set this up is


PWM INIT 400,8

Now to set the PWM to, let’s say 50%, we would write


PWM THRESHOLD 127

We could also use an integer variable to do the same thing.


p% = 127


PWM THRESHOLD p%

That’s how easy it is to control PWM.

It should be fairly noted that the PWM command cannot generate just any old frequency. The possible frequencies are limited by the prescaler for the counter timer and the clock frequency of the micro-controller. The following table is a simple example of what frequencies can be obtained when using a 4 MHz clock for the processor.

Prescale Value
8-bit counter
9-bit counter
10-bit counter

1
15.6 KHz
7.81 KHz
3.91 KHz

8
1.95 KHz
977 Hz
488 Hz

64
244 Hz
122 Hz
61.0 Hz

256
61.0 Hz
30.5 Hz
15.25 Hz

1024
15.25 Hz
7.6 Hz
3.81 Hz

The RVK-Basic compiler will choose the prescale value for you that gives the frequency closest to and above the frequency you specify in the PWM INIT statement. To avoid surprises, check the ASM file produced after you compile your program. There the actual output frequency will appear as a comment next to your PWM INIT statement.

The pin for PWM output will vary from processor to processor. RVK-Basic always uses OC1 or OC1A for the PWM output.

A LIGHT-DIMMER

As an example of PWM control, I will write a program to control one LED on a development board. This will work on either the STK200 or STK500 boards. 

What the program does is to gradually vary the brightness of the LED from off to on every 1.5 seconds. I have chosen a 2313 processor for this demonstration because it seems to be the smallest available, which has TIMER1.

  DEVICE 2313

        MHZ     3.68

        REVISION RB8.BAS 011202.0-rvk

        EQU "B,3","PWMOUT"

        MAKEOUT "PWMOUT"

        PWM INIT 200,8  '..8 bit counter at 200 Hz...

        DO

          INCR pwmcmd

          PWM THRESHOLD pwmcmd

          PAUSE 6      '...0.006 * 256 = 1.5 second repitition period..

        
  LOOP

The student is encouraged to change the INCR statement to a DECR statement and predict what the observable result will be before he actually runs the code on the development board.

The student is also encouraged to look in the ASM file to see that the PWM INIT statement produces an output frequency of about 244 Hz. Then actually look at the PWM output from the AVR on an oscilloscope and verify its frequency.

The student could change this program to run on a larger processor, perhaps an 8535, if he has one lying around. If so, don’t forget to include an “XMEM OFF” statement for this processor. See RB.TXT for details. Also remember that OC1A comes out on pin D,5 of the 8535.

It is also very possible to produce PWM in software for situations where you might need multiple PWM outputs. Just set up a timer to free-run at as slow a repetition rate as your application can handle. Then in software write a routine to read the timer and compare it to your PWM command value and either set or reset the appropriate output bit based on the comparison. If you call this routine at least as often as the timer changes state you will have PWM. So it is perfectly possible to turn a lowly AT90S1200 into a PWM engine with multiple outputs.

With PWM control in hand, the student is now considered armed and dangerous and able to control large motors with a tiny chip.

Happy computing!

