
Michelle Bloom, WB1ENT
 
Jodi Morin, KA1JPA
 
Maty Weinberg, KB1EIB
 
Sue Fagan, KB1OKW,  
Cover Design
 
David Pingree, N1NAS, 
Technical Illustrations

Production Staff 

Editor 
Nancy G. Hallas, W1NCY

Author 
Mark Spencer, WA8SME



Copyright © 2010 by 
The American Radio Relay League, Inc.

Copyright secured under the 
Pan-American Convention

All rights reserved. No part of this work may 
be reproduced in any form except by written 
permission of the publisher. All rights of 
translation are reserved.

Printed in Canada

Quedan reservados todos los derechos

ISBN: 978-0-97259-0-0892
Order number: 0892

First Printing

The MPLab® software contained on the included 
CD-ROM is reprinted with permission of the copyright 
holder, Microchip Technology Incorporated. All rights 
reserved. No further reprints or reproductions may be made 
without Microchip Technology Inc’s prior written consent.

PIC® is a registered trademark of Microchip Technology Inc in the 
US and other countries.  PICDEM® is a trademark of Microchip 
Technology Inc in the US and other countries.



Table of Contents

1. Introduction

2. Inside the PIC16F676

3. Software and Hardware Setup

4. Program Architecture

5. Program Development

6. Working With Registers —  
The Most Important Chapter

7. Instruction Set Overview

8. Device Setup

9. Delay Subroutines

10. Basic Input/Output

11. Analog to Digital Converters

12. Comparators

13. Interrupts

14. Timer 0 and Timer 1 Resources

15. Asynchronous Serial Communications

16. Serial Peripheral Interface 
Communications

17. Working With Data

18. Putting It All Together

Appendix 1 Glossary

Appendix 2 Answers to Chapter 
Questions

Appendix 3 Keyer Construction Manual

Appendix 4 PIC16F676 Include File 
Contents

Index

CD-ROM Contents

1.MPLAB IDE Software

2. Device Documentation

3. Parts List and Specification

4. Video Files

5. Chapter Exercise Program Files



Foreword

Amateur Radio has a long tradition of what we affectionately call “homebrewing.” 
Homebrewing simply means the act of building a piece of equipment with your bare hands, 
often in the comfort of your own home. In the earliest days of Amateur Radio, homebrewing 
was mandatory; there were no commercial products available. But even in this modern era of 
click-and-purchase Internet shopping, many hams still prefer to build their own equipment 
whenever possible.

One thing that has changed in recent years is the nature of what we build. Hams are 
increasingly attracted to the extraordinary potential of microcontrollers as tools in everything 
from station accessories to transceivers. As a result, they’re eager to learn how to program 
these devices and put them to work.

In ARRL’s PIC® Programming for Beginners, Mark Spencer, WA8SME, shows you how to 
“speak” the language of microcontrollers. You’ll find that working with PICs is surprisingly 
easy, educational and, most of all, fun.

David Sumner, K1ZZ
ARRL Executive Vice President
Newington, Connecticut
March 2010
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1-2  Chapter 1

If you look around the room, you will probably see a number of items within the 
room that are controlled by microcontrollers. These small, inexpensive yet powerful, 
dedicated computers are in virtually everything that we use in our daily lives from 
microwave ovens, TV and other appliance remote controls, heating thermostats, 
entertainment systems, clocks, to even home pregnancy tests and electronic tooth brushes. 
Microcontrollers have a lot of utility for the casual electronic enthusiasts as well as 
the professional engineer. The purpose of this book, ARRL’s PIC® Programming for 
Beginners, is to get you started on a journey to explore and use the potential of these 
devices. 

If you are an old hand at basic electronics, you probably have spent hours putting 
together some electronic device to accomplish some task using discrete components in 
an analog circuit, for instance an oscillator, or timer, or some sort of driver for a visual 
display. There is a lot that you can do with analog circuits using the many (and sometimes 
expensive and hard to come by) individual components needed to create the circuit. In 
the end, the circuit probably worked with some fine tuning and adjustment, and if your 
design was quality, the circuit may have stayed in “tune” for quite a while. 

The digital revolution has changed the electronics paradigm, and now you can 
do many of the things you used to do with analog circuits with digital technology 
better, faster, cheaper and more flexibly. You can’t do everything with digital, but you 
sure can do some incredible things that analog circuits just couldn’t do. The addition 
of microcontrollers into the equation has made your access to the capabilities of 
digital technology even easier. It just takes some effort and study to get started using 
microcontrollers, but once you do over-come that first hurdle, not only your creative 
juices start flowing, but you will be able to do something about it, digitally. 

I have had to make some assumptions about you, the reader of this book. 
1) I assume that you know the basics of electronics, i.e, how to identify different 

components, know how to determine component values, know the basic function of 
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the various components, can interpret a circuit diagram, and can build circuits on a 
prototyping board based on those circuit diagrams. 

2) I assume that you know some basic electronic vocabulary, i.e., current, voltage, 
frequency, period, cycle, comparator, analog and digital. 

3) I also assume that you have some basic knowledge of computer programming 
and some of the vocabulary associated with computer programming, i.e, understand the 
meaning of variable, constant, label, instruction, command, opcode, oprand, program, 
program code, goto and loop. I do not assume that you are a proficient computer 
programmer. 

4) Finally, I assume that you have a working knowledge of number systems, i.e., 
decimal, hexadecimal, and binary. You won’t be doing extensive mathematics using these 
different numbering systems, perhaps just some simple addition and subtraction. There 
are two algebra level formulas presented in one of the chapters — that will be the extent 
of the mathematics content of the book. 

Text Conventions
Here are a few text conventions that I am using in the body of the book:
•The mnemonics that refer to the registers and individual bits within registers will 

be in UPPER CASE LETTERS (with the exception of the working accumulator register 
which will be referred to in  lower case letters — w-register).

•The mnemonics that make up the instruction set (opcodes) that are used in programs 
will be in all  lower case letters.

•An instruction refers to a line of program code that includes an opcode, the 
programming instruction, and oprand, the register location or memory location that is 
being sensed, modified or supplying a value (if the oprand is required).

•Decimal numbers in the program listings will be immediately preceded with a 
decimal point (.), i.e., the number 123 will be noted as .123 to identify the number as the 
decimal form.

•Hexadecimal numbers will be listed with 0x preceding the number, i.e., 0x1a.
•Binary numbers will be listed with the letter b preceding the binary digits between 

apostrophes, i.e, “b01001001”. The binary number may be truncated to represent a 
portion of an 8-bit number, i.e., “b1111” for the lower nibble of a byte.

•When the words set or clear, and variations of those words, are used in the context 
of the state of a register bit or the voltage state on an input/output pin, the words will be 
in all capitals. The SET state of an I/O pin would be logic high or +5 V, the CLEAR state 
of an I/O pin would be logic low or 0 V (ground).

Book Structure 
The structure of this book is based on a building block approach. The material presented 

in each chapter builds on the material in preceding chapters. So if you are going to skip 
around the book to focus on those topics that interest you most and you find something 
missing, go back and check in preceding chapters and you may find the background you 
need. It is important to understanding how to use microcontrollers that you have a firm grasp 
of the hardware inside these little computers, therefore the opening chapters of the book 
will explore the hardware architecture. Your interface between the hardware of the device 
and the programs that you will be authoring to exploit the capabilities of that hardware is a 
set of memory locations called special function registers. The next section of the book will 
focus on these registers and how to manipulate them. Chapter 6 is titled with the caveat of 
being the most important chapter, this was not a trivial use of that caveat. Spend some time 
on Chapter 6, it will be time well spent. Once you have an understanding of the hardware 
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