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Advanced PIC Programming

This tutorial describes some of the more advanced techniques you can use when programming a PIC microcontroller, including timers, interrupts, AD conversion and non volatile data storage.

1 Introduction

Before you work through this tutorial, you should have done the ‘PIC Microcontrollers’ tutorial, and have a basic understanding of C programming.  In this tutorial, you will be introduced to more advanced IO methods, timers, non-volatile memory storage and other more advanced PIC techniques.
2 Digital Inputs

Any of the PIC’s IO ports can be configured as digital inputs simply by setting the appropriate bit to 1 in the TRIS register.  You can then read from the port as with any other memory location.  A voltage of 5V on the pin will cause a ‘1’ to be read, and a voltage of 0V will produce a ‘0’.

Often, you will wish to know when an input has changed.  There are two ways of doing this:  polling and interrupts. 

2.1 Polling

Polling is the simplest method.  The port is read continually in a loop, and the loop is exited when the port changes, eg “is it 1 yet?” “no” “is it 1 yet?” “no” …

This method is fine as long as the processor has no other work to do, however the CPU is constantly tied up in the loop.

2.2 Interrupts

If you wish the processor to do other work and be notified when a port changes, you can use interrupts.  In this way, when the port changes, the processor stops what it is doing and execution jumps to a special subroutine – an Interrupt Service Routine (ISR).  This is a small function that does whatever is needed to handle the change in input, and then allows the processor to resume whatever it was previously doing.  ISRs should be small so that the main code is not interrupted for too long, and so the ISR itself is not running when another interrupt occurs.

2.3 Creating ISRs

To write an interrupt handler in C, use the following function definition:

#int_XXX void InterruptHandler() {}

#int_XXX is one of the compiler interrupt constants, for example #int_ext tells the compiler that this is the interrupt handler for external interrupts on RB0, bit zero of port B.  Different interrupt pins have different constants – which are valid depends on the type of PIC.  To find out, look in the CCS compiler manual, and the PIC data sheet.
2.4 Enabling Interrupts

Before any interrupts are called, they have to be enabled.  This is done using:

enable_interrupts(GLOBAL);

You must also tell the compiler you have written a handler for a specific interrupt, using:

enable_interrupts(<INTERRUPT>);

where <INTERRUPT> is the name of the interrupt you wish to enable, for example INT_EXT.

If you wish to disable interrupts, there is a corresponding disable_interrupts() function.

2.5 Example

Below is a simple program with an ISR called when the value on Port B, bit zero changes.

#include <16F877.h>    //Depends on the PIC you’re using

int x;  //global variable

//Here is the ISR

#int_ext PortB_Interrupt()

{

  x = 1;

}

void main(void)

{

  x = 0; //Initialize x

  enable_interrupts(GLOBAL);  //Turn on interrupts
  enable_interrupts(INT_EXT); //Enable INT_EXT
  //Go into a loop until an interrupt occurs

  while(x == 0) {}

  //End of program 

}

3 Analogue Inputs

PIC microcontrollers have on-board analogue to digital converters.  To use them, they first have to be initialised with the function setup_adc(ADC_CLOCK_INTERNAL), which tells them to use the internal clock as for the sampling rate.  You then use setup_adc_ports(ALL_ANALOG), which defines port A as all analogue inputs.  set_adc_channel(0) tells the compiler to use channel zero on subsequent read calls, and read_adc() returns the digital value of the analogue voltage.

4 Timers

Timers on chip can be used to generate interrupts at set intervals using enable_interrupt(INT_TIMER0).  There are other timers (TIMER1, TIMER2), but these are not available on all devices.
If you wish to slow the rate at which the timer ticks, you can use  setup_counters(RTCC_INTERNAL, RTCC_DIV_X); where X is one of [2, 4, 8, 16, 32, 64, 128, 256].  This means the clock frequency is divided by X.  As well as using setup_counters(), you can also use set_timer_x().  See the CCS compiler manual for more information.
To get and set the timer value, use get_timer0() and set_timer0().  The timer counts upwards, and wraps back to zero when it reaches 255.  When this occurs, it also generates an interrupt.

4.1 Example

#include <16F877.h>

#use delay(clock=8000000)  //8Mhz

#BIT LED=5.0  //LED on port A bit 0

#int_timer0 OnTimer()

{

  //Toggle the LED connected to port A bit zero

  LED = !LED;

}

void main(void)

{

  //Enable interrupts

  enable_interrupts(GLOBAL);

  enable_interrupts(INT_TIMER0);

  setup_counters(RTCC_INTERNAL, RTCC_DIV_256);

   //Enter an infinite loop

  while(1) {}

}
5 EEPROM

Variables in a PIC are stored in Random Access Memory (RAM), while code is stored in Read Only Memory (ROM).  This has the problem that when the device is switched off, all variable values are lost.  The cannot be stored in the ROM because this may only be altered when the device is being programmed.  The PIC contains a third form of memory, however: Eletrically Erasable Programmable Read Only Memory – EEPROM.  This may be used to store variables even when the device has no power.  It is, however, much slower than RAM, and so should not be used as general storage.  It may take several milliseconds to write a variable to EEPROM.  Data is written using write_eeprom(address, value), and read using read_eeprom(address).  Address is a number in the range 0..255, which specifies where in the EEPROM to store the data.  It is up to you to keep track of which variable is stored where.  Note that there are only 256 bytes of EEPROM available, so storage is limited.  One easy way to store which variable is stored where is to use pre-processor definitions, for example #define SAVED_VARIABLE 6 , then use SAVED_VARIABLE as the address for write_eeprom() and read_eeprom() calls.

5.1 Example

#include <16F877.h>

#define FIRSTRUN 0

void main(void)

{

  if (!eeprom_read(FIRSTRUN))

  {

    //This is the first time the PIC has been switched on 
    //since programming

    eeprom_write(FIRSTRUN, 1);

   }

  else

  {

    //This is not the first time the PIC has been switched on

  }

}

This program relies on the EEPROM being erased when you reprogram the device.  (This is an option in the compiler.)  It checks the first byte of EEPROM, and if it is zero, it means the program is being run for the first time.  It then writes a 1 to that byte of EEPROM, so the next time the device is switched on, it knows it is not for the first time since programming.
6 Pulse Width Modulation

Some PIC microcontrollers come with one or two PWM outputs.  As you saw earlier, PWM is useful for driving motors, among other things. (Don’t forget to buffer the output though!)  You first have to enable the PWM output using setup_ccp1(CCP_PWM).  The duty cycle of the PWM output is set using setup_pwm1_duty(value), where value is a 16 bit (long) integer, of which only the lower 10 bits are actually used.  (ie the number is in the range 0..1023).  This number is used to determine the amount of time the signal is high for each cycle, using the formula:  time = value * (1/clock frequency) * Timer2div, where Timer2div is the timer 2 prescaler, set in a call to setup_timer_2().  (see Timers, above.)
6.1 Example

#include <16F877.h>

#use delay(clock=8000000)

void main(void)

{

  //Enable PWM

  setup_ccp1(CCP_PWM);

  setup_timer_2(T2_DIV_BY_16);

  long d;  //Remember, the duty cycle is 16 bits

  for (d = 0; d < 1024; d++)  //Go into a loop

  {

    setup_pwm1_duty(d);  //Change the duty cycle
    delay_ms(10);  //Wait 10 ms

  }

}
7 Task

Write a program that samples a potentiometer every 10ms for 2 seconds, then plays back the stored values in decimal on the 7-segment displays.  Recall that only one display can be active at a time, so you will have to multiplex them.  Have the program store the number of times it has been run in the EEPROM, and make the program make a siren noise after the 5th time – you can now make time limited shareware on a microcontroller!  Make the siren by connecting the PWM output to the piezo sounder, and altering the duty cycle.
This tutorial was written by MrZebra of 1337 Robotics

MrZebra@1337Robotics.com
If you find any mistakes, please send me an email and I’ll correct them.
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