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Russell Pinnington

PIC Microcontrollers
This tutorial gives an introduction to the PIC microcontroller, and shows how they may be used in conjunction with the Millennium Boards.  It also describes how to set up MPLAB.
1 Introduction to Microcontrollers
As you probably already know, a computer consists of a Central Processing Unit (CPU), Read Only Memory (ROM), Random Access Memory (RAM) and Input/Output (IO) ports.  The CPU takes instructions from the ROM and executes them.  Temporary data is stored in RAM, and IO ports are used for external communications.  A microcontroller is different to a microprocessor in that it has all these things on a single chip.  While internally these chips are very complex, the external interface can actually be very simple – a fully functional microcontroller may be contained in a chip that has as few as 8 pins.

There are many sorts of microcontroller available, but the ones most used in the Cybernetics department are PIC chips, manufactured by Microchip.  The chip requires only an external clock source, generated from a crystal, to operate.
PICs generally have a few Kb of ROM, 256 or less bytes of RAM, 256 bytes of EEPROM and several analogue and digital IO lines.  The program you write is stored in ROM, which comes in two types.  One Time Programmable (OTP) chips can, as the name suggests, only be programmed once – there is no way to modify or erase the program once this is done.  These are much cheaper than their counterparts with FLASH memory, and are used in production runs.  Chips with FLASH memory are more expensive, but can be erased and reprogrammed many times and hence are useful for developing programs on.

Considering that it is not unusual for a PC to have 1Gb of RAM, a few bytes may seem very restrictive, however it is adequate for most applications.  Data stored in RAM is lost when the device is turned off, so EEPROM is available for non-volatile data storage.  It is not used for all memory because it is much slower than RAM, and also has a limited life of about a million write cycles.

1.1 Processor Architecture

The PIC computer follows the Harvard architecture.  This means that instructions are held in different memory to data, unlike on a normal PC where instructions and data share the same memory.  (This is Von Neumann architecture.)  In the PIC, the instruction memory is 14 bits wide, and the data memory is 8 bits.  This doesn’t really make any difference to you, the programmer, unless you want to write self modifying code, which is beyond the scope of this tutorial!

1.2 Programming Procedure
For a PIC to do anything useful, you have to write a program giving it instructions.  A program may be written in either C or assembly language.  In this tutorial, we’ll be using C because it’s much easier.
Once the program is written, it is compiled into a .hex file.  This is then sent via the PC’s serial port to the programmer, which programs the PIC chip.
2 Millennium Boards

There are several Millennium Boards available in the department.  These are development boards that offer you a PIC chip and a range of IO devices for you to experiment with, including a keypad, LCD, 7-segment displays, thermistor, RS-232 port and speaker.  These boards make program development much easier as you can simply plug in the required devices without worrying about possible hardware problems.

3 Setting Up

Both the hardware and software can be very temperamental, and setting them up can be a time consuming and frustrating experience.  Hopefully this guide help you get it all working successfully…

1. Log on to one of the older computers facing outwards from the edge of the bench.
2. Take the serial cable and plug it into COM1 at the back of the computer.  (It should only fit in one place…)

3. Plug the other end of the serial cable into the ICD.

4. If the Millennium Board does not have a PIC chip in (the large socket is empty), you will need to insert one.  Use the PIC16F877 that comes on a separate small circuit board.  You must check that there is an EXTRA CHIP SOCKET between this board and the Millennium board, otherwise you’ll bend the set of inner pins under the PIC board.

5. Plug the PIC board into the ICD using the phone-style wire.

6. Plug in the Millennium board’s power supply, and switch it on both at the socket and on the Millennium board.

7. Double-click on the MPLAB icon on the desktop.  The light on the ICD should be on solidly after the application loads.  If the light flashes at any point, it means communication between the computer and the ICD has failed.  To correct this, go to the connection window in MPLAB and press ‘Reconnect’.  If you can’t find the connection window, restart MPLAB.

8. To start a new project, go to Project | New.  Give your project a name.  In the drop-down list, choose ‘CCS’.  This instructs MPLAB to use the CCS C compiler.  

9. Press the ‘Node Properties’ button, and press Cancel.  (You have to do this because of a bug in MPLAB.)

10. Press the ‘Add Node’ button, and create a .c file.  OK the dialog.
11. Create a new document, and save it as the .c file you added.  You are now ready to start programming.

4 Programming

You’ll be programming in C.  Write your program in MPLAB, then press F10 to compile and send it to the PIC.  If any errors occur during compilation, double click on the error message and you will be taken to the line containing the error.
4.1 Debugging

If in circuit debugging is enabled, you can choose Run from the main menu, and your program will be run on the chip.  MPLAB offers you all the features you’d normally expect in a debugger, so for example you can step through programs while the are executed on the chip.  If in circuit debugging isn’t enabled (click Advanced on the connection windows), you must unplug the ICD from the PIC chip for the program to run.  This is because the ICD keeps the reset line of the PIC asserted while it is plugged in, so the microcontroller is constantly being reset.  Once it is unplugged, the reset line is no longer asserted and so your program can be run.  When you modify the program, simply plug it in and press the ‘Reconnect’ button before you compile.

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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