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MICROCHIP GETTING STARTED

Preface

INTRODUCTION

HIGHLIGHTS

The purpose of this document is to help you get up and running with Microchip’s
MPLAB C18 C compiler.

Items discussed in this chapter are:

 About this Guide

* Recommended Reading

» Warranty Registration

» Troubleshooting

* The Microchip Internet Web Site

» Development Systems Customer Notification Service
» Customer Support

ABOUT THIS GUIDE

Document Layout

This document describes how to install/uninstall MPLAB C18 and provides several
examples of writing C code for PICmicro® microcontroller applications. For a detailed
discussion about basic MPLAB IDE v6.xx functions, refer to the MPLAB IDE Help
on-line help file.

This document includes:

» Chapter 1: Overview — defines system requirements and provides a brief
description of the installed programs and directories created by the installation
process.

» Chapter 2: Installation — provides instructions on how to install the compiler onto
your system. Also provides uninstall instructions.

» Chapter 3: Examples of Use — uses a tutorial style to illustrate effective use of
the MPLAB C18 C compiler. All examples use MPLAB IDE v6.xx with PIC18F452
as the selected device and MPLAB SIM simulator as a debug tool. Some
examples use the additional tools MPLAB ICD 2 in-circuit debugger and
PICDEM™ 2 Plus demo board.

- Example 1 demonstrates how to set up and build a project; run, step and set
breakpoints in the example code; and debug the code.

- Example 2 demonstrates the use of the MPLAB C18 peripheral libraries and
the C standard library, as well as the allocation of variables into program
memory.

- Example 3 demonstrates the allocation of variables in access RAM.

- Example 4 demonstrates the use of interrupt service routines with MPLAB
C18 and provides an example of the use of the MPLAB C18 peripheral
libraries.

© 2002 Microchip Technology Inc. DS51295A-page 1
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» Glossary — A glossary of terms used in this guide.
* Index — Cross-reference listing of terms, features and sections of this document.

Conventions Used in this Guide

This manual uses the following documentation conventions:

Description Represents Examples

Code (Courier font):

Plain characters Sample code #define START
Filenames and paths c:\autoexec.bat

Square brackets: [ ] Optional arguments MPASMWIN [main.asm]

Curly brackets and Choice of mutually exclusive errorlevel {0|1}

pipe character: { | } arguments
An OR selection

Ellipses... Used to imply (but not show) list [list_option...,
additional text list_option]
Oxnnnn A hexadecimal number where n is | OxFFFF, 0x007A

a hexadecimal digit

Italic characters A variable argument char isascii (char ch);
Interface (Arial font):
Underlined, italic text | A menu selection from the menu | File > Save

with “arrow” bar
Bold characters A window or dialog button to click | OK, Cancel
Characters in angle | A key on the keyboard <Tab>, <Ctrl-C>

brackets: < >
Documents (Arial font):

Italic characters Referenced books MPLAB IDE User’s
Guide

Documentation Updates

All documentation becomes dated, and this guide is no exception. Since MPLAB IDE,
MPLAB C18 and other Microchip tools are constantly evolving to meet customer
needs, some actual dialogs and/or tool descriptions may differ from those in this
document. Please refer to our web site to obtain the latest documentation available.

Documentation Numbering Conventions

Documents are numbered with a “DS” number. The number is located on the bottom of
each page, in front of the page number. The numbering convention for the DS Number
is: DSXXXXXA,

where:

XXXXX
A

The document number.

The revision level of the document.

WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly.
Sending in your Warranty Registration Card entitles you to receive new product
updates. Interim software releases are available at the Microchip web site.

DS51295A-page 2 © 2002 Microchip Technology Inc.
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RECOMMENDED READING

For more information on included libraries and precompiled object files for the
compilers, the operation of MPLAB IDE and the use of other tools, the following are
recommended reading.

README.C18

For the latest information on using MPLAB C18 C compiler, read the README.C18 file
(ASCII text) included with the software. This README file contains update information
that may not be included in this document.

README.XXX
For the latest information on other Microchip tools (MPLAB IDE, MPLINK™ linker, etc.),

read the associated README files (ASCII text file) included with the MPLAB IDE
software.

MPLAB C18 C Compiler User’s Guide (DS51288)

Comprehensive guide that describes the operation and features of Microchip’s MPLAB
C18 C compiler for PIC18 devices.

MPLAB C18 C Compiler Libraries (DS51297)

Reference guide for MPLAB C18 libraries and precompiled object files. Lists all library
functions with a detailed description of their use.

MPLAB IDE User’s Guide (DS51025)

Comprehensive guide that describes installation and features of Microchip’s MPLAB
Integrated Development Environment (IDE), as well as the editor and simulator
functions in the MPLAB IDE environment.

MPASM™ User’s Guide with MPLINK™ and MPLIB™ (DS33014)

This user’s guide describes how to use the Microchip PICmicro MCU MPASM
assembler, the MPLINK object linker and the MPLIB object librarian.

PIC18 Device Data Sheets

These data sheets describe the operation and electrical specifications of PIC18
devices and may be found on the Technical CD-ROM or the Microchip web site.

Technical Library CD-ROM (DS00161)
This CD-ROM contains comprehensive application notes, data sheets and technical

briefs for all Microchip products. To obtain this CD-ROM, contact the nearest Microchip
Sales and Service location (see back page).

Microchip Web Site

The Microchip web site (www.microchip.com) contains a wealth of documentation.
Individual data sheets, application notes, tutorials and user’s guides are all available
for easy download. All documentation is in Adobe™ Acrobat (pdf) format.

Microsoft® Windows® Manuals

This manual assumes that users are familiar with the Microsoft Windows operating
system. Many excellent references exist for this software program, and should be
consulted for general operation of Windows.

TROUBLESHOOTING

If you encounter problems with any of the procedures or tutorial steps in this document,
please see the README files or other recommended reading documents for additional
information. If these are not helpful, check out the Technical Support section of our web
site or contact customer support.

© 2002 Microchip Technology Inc. DS51295A-page 3
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip web site at:
www.microchip.com

A file transfer site is also available by using an FTP service connecting to:
ftp://ftp.microchip.com

The web site and file transfer site provide a variety of services. Users may
download files for the latest development tools, data sheets, application notes,
user's guides, articles and sample programs. A variety of Microchip specific business
information is also available, including listings of Microchip sales offices and
distributors. Other information available on the web site includes:

+ Latest Microchip press releases

 Technical support section with FAQs

* Design tips

* Device errata

» Job postings

» Microchip consultant program member listing

* Links to other useful web sites related to
Microchip products

» Conferences for products, development systems, technical information and more
+ Listing of seminars and events

CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip started the customer notification service to help our customers keep current
on Microchip products with the least amount of effort. Once you subscribe, you will
receive email notification whenever we change, update, revise or have errata related
to your specified product family or development tool of interest.

Go to the Microchip web site (www.microchip.com) and click on Customer Change
Notification. Follow the instructions to register.

The Development Systems product group categories are:

» Compilers

* Emulators

* In-Circuit Debuggers

+ MPLAB

* Programmers

Here is a description of these categories:

COMPILERS - The latest information on Microchip C compilers and other language
tools. These include the MPLAB C17, MPLAB C18 and MPLAB C30 C Compilers;
MPASM and MPLAB ASM30 assemblers; MPLINK and MPLAB LINK30 linkers; and
MPLIB and MPLAB LIB30 librarians.

EMULATORS - The latest information on Microchip in-circuit emulators. This includes
the MPLAB ICE 2000.

IN-CIRCUIT DEBUGGERS - The latest information on Microchip in-circuit debuggers.
These include the MPLAB ICD and MPLAB ICD 2.

DS51295A-page 4
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MPLAB - The latest information on Microchip MPLAB IDE, the Windows Integrated
Development Environment for development systems tools. This list is focused on the
MPLAB IDE, MPLAB SIM simulator, MPLAB IDE Project Manager and general editing
and debugging features.

PROGRAMMERS - The latest information on Microchip device programmers. These
include the PRO MATE® Il device programmer and PICSTART® Plus development
programmer.

CONTACT INFORMATION

Microchip product support is available through:

 Distributors
» Local Sales Offices — a list of sales office locations is available at the end of this
book.

+ Field Application Engineers (FAE)
» Corporate Applications Engineers (CAEs) may be contacted at (480) 792-7627.
* Hot Line

The Systems Information and Upgrade Line provides system users with a list of the
current versions of all Microchip development systems software products. This line also
provides information on how to receive available upgrade Kits.

The Hot Line Numbers are:
1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

© 2002 Microchip Technology Inc. DS51295A-page 5
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NOTES:
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Chapter 1. Overview

1.1 INTRODUCTION

Congratulations on your decision to use MPLAB C18, Microchip’s C compiler for its
PIC18 PICmicro microcontrollers. MPLAB C18 is designed for use with Microchip’s
MPLINK linker. Both MPLAB C18 and the MPLINK linker can be used with the MPLAB
IDE. This document is designed to get you started quickly using MPLAB C18 with the
MPLINK linker to develop PICmicro applications with ease. As you read this document,
please refer to the MPLAB C18 C Compiler User’s Guide (DS51288) for more details
on the features mentioned.

1.2  HIGHLIGHTS

Items discussed in this chapter include:

» System Requirements
* Quick Directory Tour
» About the Language Tools

1.3 SYSTEM REQUIREMENTS

The minimum system requirements for using MPLAB C18 and the MPLINK linker are:

» 25 MB hard disk space (50 MB recommended)
» Microsoft Windows operating system (95 or later)

© 2002 Microchip Technology Inc. DS51295A-page 7
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1.4 QUICK DIRECTORY TOUR

The MPLAB C18 installation directory contains the readme file for the compiler
(readme.c18)and the readme file for the linker (readme . 1kr). In addition, a number
of subdirectories are also present:

Directory

Description

bin

Contains the executables for the compiler and linker. These are
described in more detail in the following section.

cpp

Contains the source code for the MPLAB C18 C preprocessor.
This source code is provided for general interest.

doc

Contains the MPLAB C18 electronic documentation. Refer to
these documents for any questions you may have regarding
MPLAB C18.

example

Contains sample applications to help you get started using
MPLAB C18, including the examples contained in this
document.

Contains the header files for the standard C library and the
processor-specific libraries for the supported PICmicro
microcontrollers.

lib

Contains the standard C library (c1ib.1ib), the
processor-specific libraries (p18xxxx.1ib, where xxxx is the
specific device number) and the startup modules (c018. o,
c018i.0,c018iz.0).

Ikr

Contains the linker script files.

mpasm

Contains the command-line version of the MPASM assembiler,
the assembly header files for the devices supported by MPLAB
C18 (p18xxxx.inc) and the assembly header files used by the
libraries.

Src

Contains the source code, in the form of C and assembly files,
for the standard C library, the processor-specific libraries and
the startup modules.

DS51295A-page 8
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1.5 ABOUT THE LANGUAGE TOOLS

The bin and mpasm subdirectories of the MPLAB C18 installation directory contain the
executables which comprise the MPLAB C18, MPASM assembler and the MPLINK
linker. The following is a brief description of these programs.

Executable

Description

mcc18.exe
c18demo.exe

This is the C compiler. It takes as input a C source file (e.g.,
file.c), whichis passed to cpp18.exe for preprocessing.
For demo versions of MPLAB C18, this file is called
cl8demo.exe. mccl8.exe then compiles the
preprocessed output and generates a COFF file (e.g.,
file.o)to be passed to the linker.

cpp18.exe

This is the C preprocessor.

mplink.exe

This is the driver program for the linker. It takes as input a
linker script, object files and library files and passes these to
_mplink.exe. It then takes the output COFF file from
_mplink.exe and passes it to mp2cod. exe and
mp2hex.exe.

_mplink.exe

This is the linker. It takes as input a linker script (e.g.,
pl8£f452.1kr), object files and library files and outputs a
COFF executable (e.g., file.out or file.cof). This
COFF file is the result of resolving unassigned addresses of
data and code of the input object files and referenced object
files from the libraries. mplink.exe also optionally
produces a map file (e.g., £i 1le.map) that contains detailed
information on the allocation of data and code.

mp2cod.exe

This is the COFF to COD file converter. The COD file is a
symbolic debugging file format which is used by the MPLAB
IDE v5.xx. mp2cod. exe takes as input the COFF file
produced by mplink.exe and outputs a COD file (e.g.,
file.cod). It also creates a listing file (e.g., file.1lst)
that displays the correspondence between the original
source code and machine code.

mp2hex.exe

This is the COFF to HEX file converter. The HEX file is a file
format readable by a PICmicro programmer such as the
PICSTART Plus or the PROMATE Il. mp2hex . exe takes as
input the COFF file produced by mplink.exe and outputs
a HEX file (e.g., file.hex).

mplib.exe

This is the librarian. It allows for the creation and
management of a library file (e.g., file.11ib) that acts as
an archive for the object files. Library files are useful for
organizing object files into reusable code repositories.

mpasm.exe

This is the command-line assembler. It takes as input an
assembly source file (e.g., file.asm) and outputs either a
COFF file (e.g., file. o) or a HEX file and COD file (e.g.,
file.hexand file.cod). It also creates a listing file (e.g.,
file.lst)and an error file (e.g., file.err) which
contains any errors or warnings emitted during the assembly
process. Assembly source files may include assembly
header files (e.g, p18£452. inc), which also contain
assembly source code.

More detailed information on the language tools, including their command-line usage,
can be found in the MPLAB C18 C Compiler User’s Guide (DS51288) and the MPASM
User’s Guide with MPLINK and MPLIB (DS33014).

© 2002 Microchip Technology Inc.
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An example of the flow of execution of the language tools is illustrated by the following

diagram.
LEGEND
File
EI(ELEJSRCE Input.asm Input1.c Input2.c u
D Program
\V4 \V4
mpasm.exe mcc18.exe mcc18.exe
( cpp18.exe ) cpp18.exe
\V4 N/
OBJECT
FILES Input.o Input1.o Input3.o Input2.0
\V4
LIBRARY & lib1.lib script.lkr
LINKER SCRIPT

FILES < #
mplink.exe
_mpIink.exe) (mp2cod.exe> ( mp2hex.exe>

F 3 <

OUTPUT output.map| | output.out output.hex
FILES

output.lst | | output.cod

DS51295A-page 10 © 2002 Microchip Technology Inc.
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Chapter 2. Installation

2.1  INTRODUCTION

This chapter will discuss in detail how to install MPLAB C18 on your system. Should
you need to remove it, uninstall directions are provided as well.

2.2 HIGHLIGHTS

Items discussed in this chapter include:

* Installing MPLAB C18
* Uninstalling MPLAB C18

2.3 INSTALLING MPLAB C18

To install MPLAB C18, run the setup program from the CD-ROM. If you are upgrading
MPLAB C18, run the upgrade setup program downloaded from the Microchip web site.
A series of dialogs will guide you through the setup process.

2.3.1 Welcome

A welcome screen displays the version number of MPLAB C18 that the setup program
will install.

ielcome to the MPLAE C18 +2.10 setup program.
% This progrann will install MPLAB C18 »2.10 on pour
= computer. If at any time before the installation
beqins you wizh to exit the zetup program, press
‘Cancel. vour computer will not hawve been
affected.
IMPORTAMNT: If your computer is running any verzion of
MPLAB IDE at this time and you wizh to update it to use the
rienly inztalled MPLAER C18 or MPLIME, Linker, exit MPLAE IDE
niovs before continuing the zetup program,

WARMIMG: Thiz program is protected by copyright law and
international treaties.

|Unauthorized reproduction or distribution of thig program. or any
portion of it, may result in severe civil and criminal penalties, and
will be prozecuted to the maximurm extent possible under law.

Cancel |

Click Next to continue.

© 2002 Microchip Technology Inc. DS51295A-page 11
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2.3.2 Read Me File

The MPLAB C18 readme file is displayed. This file contains important information about
this release of MPLAB C18, such as known bugs.

Releaze Motes for MPLAB(r) C18, PICmicro 18Cxx C compiler ﬂ
w210
31 August 2002

Table of Contents

. Device Support List

. Installation

. Installation test

Wwhat's new in this releasze
MPLAB Configuration

. Supplied Librariez

. Linker zcripts

. Known Problems

. Contributors

10. How ta Contact Microchip
11. Cugtomer Change Motification - Development Systemns

0 00— O 71 = G o

[
Cancel |

< Back

After reviewing, click Next to continue.

DS51295A-page 12 © 2002 Microchip Technology Inc.
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2.3.3 Select Installation Directory

This step allows you to choose the directory where MPLAB C18 will be installed. If you
are installing MPLAB C18 for the first time, the default installation directory is
C:\mccl8.

If you are upgrading, the setup program attempts to set the default installation directory
to the directory of the previous installation. The installation directory for an upgrade
must be the directory of the previous installation or upgrade.

Note: Any files in the installation directory and its subdirectories may be either
overwritten or removed by the installation process. If you wish to save any
files, such as modified linker scripts or library source code from a previous
installation, copy those files to a directory outside the installation directory
before continuing.

MPLAE C18 w210 will be inztalled in the folloving folder,

WARMIMG: by file in thiz directon o one of ite subdirectonies
might be ovenwritten or remaoved by the zetup program. [F pou
wizh to keep any of these files, press 'Cancel' now and save
theze files to another directary. To chooze a different
installation directary, press Browse'. If you are upgrading, the
inztallation directary must be the directany of the previous
ingtallation or upgrade.

" Inztallation Directarny

chmocl 8 Browze. .. |

< Back

Cancel |

After specifying the directory, click Next.

© 2002 Microchip Technology Inc. DS51295A-page 13
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2.3.4 Select Components

You can choose which of these components to install by checking the appropriate box.

%]
In the list below, select the checkboxes for the components
that you would like ta have installed. The disk space fields
reflect the requirements of the compaonents you have zelected.
[+ Program files 5314 k
¥ Assembler files 1179k
[+ Linker scrpt files BBk
[# Standard headers 976 k
[ Standard libraries 12048 k
[+ Documentation 4632 k
[ E xamples 3k
[ Library source code 2212k
[~ Preprocessor source code 1834 |
Dizk. Space Required: 23894 |
Dizk Space Remaining: 4501111 k
< Back Cancel
Component Description
Program files These are the executables for the compiler and linker. Install this

component unless you are upgrading and wish to use the executables
from the previously installed version.

Assembler files These include the command-line version of the MPASM assembler
(mpasm.exe), the assembly header files for the devices supported by
MPLAB C18 (p18xxxx.1inc) and the assembly header files used by
the libraries.

Linker script files These files are used by the MPLINK linker. There is one file for each
supported PICmicro microcontroller. Each file provides a default
memory configuration for the processor and directs the linker in the
allocation of code and data in the processor’s memory.

These linker scripts differ from the linker scripts provided with the
MPLAB IDE in that these are specifically designed for use with MPLAB
C18. Since the MPLINK linker requires a linker script, install this
component unless you plan on creating your own linker scripts.

Standard headers | These are the header files for the standard C library and the

processor-specific libraries. If you choose to install the standard
libraries, these will also be installed.

Standard libraries This component contains the standard C library, the processor-specific
libraries, and the startup modules. See the MPLAB C18 C Compiler
Libraries (DS51297) and the MPLAB C18 C Compiler User’s
Guide (DS51288) for more information on the libraries and startup
modules. Since most typical programs use the libraries and a startup
module, it is recommended that you install this component.
Documentation This is the electronic documentation for MPLAB C18.

Examples These are sample applications to assist you in getting started with
MPLAB C18, including the examples described in this document.

DS51295A-page 14 © 2002 Microchip Technology Inc.
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Component

Description

Library source code | This is the source code for the standard C library, the processor-specific
libraries, and the startup modules. Install this component if you plan on
rebuilding the libraries or startup modules.

Preprocessor This is the source code for the preprocessor. It is provided for general
source code interest.

Check the components you want to install, then click Next.

23.5 Configuration Options

This dialog allows you to select a particular set of MPLAB C18 configuration options for

your system:

In the list below, select the checkboxes for the desired
configuration options,

[~ Add MPLAB C18 to PATH ervironment variable

[~ Add MPASHM to PATH environment variable

[~ Add header file path to MCC_INCLUDE ervironment vaniable
[~ Modify PATH and MCC_INCLUDE wvariables for all users

[~ Update MPLAB IDE +5.x% to use this MPLAE C18
[~ Update MPLAB IDE +5.xx to use this MPLIME Linker
[~ Make local default storage class ‘static’ in MPLAR IDE w5.xx

[~ Update MPLAE IDE +6.5x% to uze this MPLAB C18
[~ Update MPLAE IDE v£.x% ta use this MPLINK Linker

< Back

Cancel |

Configuration

Description

Add MPLAB C18 to PATH
environment variable

This adds the path of the MPLAB C18 executable
(mcc18.exe) and the MPLINK linker executable
(mplink.exe) to the front of the PATH environment
variable. Doing this allows you to launch the newly
installed version of MPLAB C18 and the MPLINK linker at
the command shell prompt from any directory.

variable

Add MPASM to PATH environment | This adds the path of the MPASM executable

(mpasm.exe) to the front of the PATH environment
variable. Doing this allows you to launch the newly
installed version of the MPASM assembler at the
command shell prompt from any directory.

Add header file path to
MCC_INCLUDE environment
variable

This adds the path of the MPLAB C18 header file
directory to the front of the MCC_INCLUDE environment
variable. If this variable does not exist, it is created.
MCC_INCLUDE is a list of semicolon-delimited directories
that MPLAB C18 will search for a header file if it cannot
find the file in directory list specified with the -1
command-line option. Selecting this configuration option
means you will not have to use the -I command-line
option when including a standard header file.

© 2002 Microchip Technology Inc.
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Configuration Description
Modify PATH and MCC_INCLUDE | This option appears only if you are logged into a Windows
variables for all users NT or Windows 2000 computer as an administrator.

Selecting this configuration will perform the modifications
to these variables as specified in the three previous
options for all users. Otherwise, only the current user’s
variables will be affected.

Update MPLAB IDE v5.xx to use | This option appears only if the MPLAB IDE v5.xx is

this MPLAB C18 installed on your system. Selecting this option configures
the MPLAB IDE v5.xx to use the newly installed MPLAB
C18.

Update MPLAB IDE v5.xx to use | This option appears only if the MPLAB IDE v5.xx is

this MPLINK linker installed on your system. Selecting this option configures
the MPLAB IDE v5.xx to use the newly installed MPLINK
linker.

Make local default storage class | This option appears only if the MPLAB IDE v5.xx is
‘static’ in MPLAB IDE v5.xx installed on your system. When this option is in effect, it is
as if the C language storage class specifier static were
used with all local and formal parameter variable
declarations. This allocates these variables in global
memory instead of on the stack. In general, statically
allocated variables require fewer instructions to access
than stack-allocated variables. However, keep in mind
that some functions may behave differently depending on
the allocation scheme used.

Update MPLAB IDE v6.xx to use | This option appears only if the MPLAB IDE v6.xx is

this MPLAB C18 installed on your system. Selecting this option configures
the MPLAB IDE v6.xx to use the newly installed MPLAB
C18.

Update MPLAB IDE v6.xx to use | This option appears only if the MPLAB IDE v6.xx is

this MPLINK linker installed on your system. Selecting this option configures
the MPLAB IDE v6.xx to use the newly installed MPLINK
linker.

Choose configuration options and click Next.
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2.3.6 Start Installation

This dialog launches the installation. Once the Next button is pressed, all files in the
installation directory and its subdirectories will be overwritten or removed.

You are now ready to install MPLAR C18 w210,

Presz 'Wext' ta begin the installation or 'Back' to change the
installation information.

Wi RMING: Once the ingtallation beginz, any file in the
inztallation directary or one of its subdirectaries might be
owvenaritten of removed. To et the setup program now without
avenaniting or remaving these files, press 'Cancel’

Cancel |

2.3.7 Complete Installation

Congratulations! You have successfully installed MPLAB C18 on your computer. In the
"Installation Complete" dialog, click Finish.

For MPLAB C18 to operate properly, you may need to restart your computer. If the
"Restart Computer" dialog appears, select Yes to restart immediately, or No to restart
your computer at a later time.

2.4 UNINSTALLING MPLAB C18

To uninstall MPLAB C18, open the Windows control panel and launch "Add/Remove
Programs". Select the MPLAB C18 installation in the list of programs and follow the

directions to remove the program. This will remove the MPLAB C18 directory and its
contents from your computer.

Note: If you are uninstalling an upgraded version of MPLAB C18, the entire
installation will be removed; MPLAB C18 cannot be "downgraded".

© 2002 Microchip Technology Inc. DS51295A-page 17
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NOTES:
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MPLAB® C18 C COMPILER
MICROCHIP GETTING STARTED

Chapter 3. Examples of Use

3.1  INTRODUCTION

The following examples are intended to illustrate the effective use of MPLAB C18,
including how to create and build projects and how to step through programs.

These examples assume that MPLAB C18 and MPLAB IDE v6.xx are installed. Some
examples assume MPLAB ICD 2 is installed and connected to a PICDEM 2 Plus demo
board with a PIC18F452 device. Please refer to the PIC18FXX2 Data Sheet (DS39564)
for information regarding processor-specific items such as the special function
registers, instruction set and interrupt logic.

3.2 HIGHLIGHTS

Examples presented in this chapter for using MPLAB C18 include:
+ Example 1 demonstrates how to set up and build a project; run, step and set
breakpoints in the example code; and debug the code.

+ Example 2 demonstrates the use of the MPLAB C18 peripheral libraries and the
C standard library, as well as the allocation of variables into program memory.

+ Example 3 demonstrates the allocation of variables in access RAM.

+ Example 4 demonstrates the use of interrupt service routines with MPLAB C18
and provides an example of the use of the MPLAB C18 peripheral libraries.

© 2002 Microchip Technology Inc. DS51295A-page 19
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3.3 EXAMPLE 1

This example is designed for use with the MPLAB IDE v6.xx, the MPLAB SIM simulator
and the PIC18F452 device.lt shows how to set up an MPLAB C18 project in the MPLAB
IDE, build the project and step through the source code using the MPLAB SIM
simulator. Additionally, running the program using the MPLAB ICD 2 with the
PICDEM 2 Plus demo board is demonstrated. The example assumes that the directory
c:\mcc18 is the MPLAB C18 installation directory.

Here is the source code for the example.

#include <pl8cxxx.h> /* for TRISB and PORTB
declarations */

int counter;
void main (void)

{

counter = 1;
TRISB = 0; /* configure PORTB for output */
while (counter <= 15)

{

PORTB = counter; /* display value of 'counter'
on the LEDs */
counter++;

}
}
TRISB and PORTB are special function registers on the PIC18F452 device. The
PORTB pins are connected to the LEDs on the PICDEM 2 demo board; the TRISB pins
configure the PORTB pins for input (1) or output (0).

3.31 Setting Up the Project

Select Project>New to create a new project. Then enter the name and directory of the
project in the dialog that displays and click OK.

If you installed the examples with MPLAB C18, then the example\
getting started\examplel subdirectory of the MPLAB C18 installation will
already contain the source file for this example.

Mew Project x|

r— Project

Mame;

Ier:ample1

Directony:

IC:\mcnﬂ8'\eHample'\getling_slarled\example'l| Browse... |
ok I Cancel |

Note: The project name does not have to be the same as the directory name. I
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You should now see the project tree with a branch for each type of project file.

W Cmce mpletgetting_statediexamp ;
= [Chmecd Bexampletgetting_started\exarnpl el exarmpled mop)
Source Files

.. Header Files

- Object Files

- Library Files

Lo Limker Scripts

=101 x|

3.3.2 Select Target Processor

The target processor must be selected before anything else is done with the project.
This is accomplished by choosing Configure>Select Device.

W MPLAB IDE

File Edit Wiew Project Debugger Programmer | Configure Window Help

J D= | & ' & | = J &gk u Configuration Bits..t!

I Untitled Work External Mematy...

ID Memary. ..

Settings...

For this example, the PIC18F452 device will be used. Select the device and press OK.

Device:

PIC18F 452 |

PIC18F452

PIC18F 453
PIC18FEE20
P11 BFET 20 CSTART Plus
PIC18F2E20 RO MATE Il
PIC18FE720 —b| 2B ICE 2000
dsPIC30F2010 *b| AQ |CE 4000

Ifyou don't see the device you need, or ifthe
device is not supported by the desired toal,

please check the Microchip web site for any
updates.

LRL : hitpeifsanase microchip.com

Ok I Cancel Help

© 2002 Microchip Technology Inc. DS51295A-page 21
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3.3.3 Select Project Settings

The MPLAB IDE needs to know which compiler and linker to use. To select MPLAB C18
and the MPLINK linker, first choose Project>Select Language Toolsuite.

W MPLAE IDE

=18l x|

File Edit ‘iew | Project Debugger Programmer Configure Window Help

Open...

JDD’“E|% MNew...

.~ Close e
(=) mcctBiexsmpleh  Set Artive Project 4
.. Source Files
- Header Files Quickbuild (o .asrm file) Alt+F10
... Object Files
o libraryFiles oo

.. Linker Scripts

Build All Ctrl+F10
Make F10
Build Options... 4

Find in Project Files...

Save Project
Add Files to Project...
Remave File From Project

Set Language Tool Locat

[ REEE [ [

e

A dialog appears to select the language toolsuite. To use the language tools that
include MPLAB C18 and the MPLINK linker, select "Microchip C18 Toolsuite" as the

active toolsuite. Then click Set Tool Locations.

ct Language Toolsuite

Active Toolsuite: Microchip C18 Toolzuite

HI-TECH PICC Taolsuite

HI-TECH PICC-18 Toolsuite
Microchip C18 T aaolsuite
icrochip C20 Toolsuite
MPASM Assembler [m Mictochip MPASH Toolsuite

 Toolsuite Contents

MPLIME. Object Linker [mplink. exe)
MPLAE C18 C Compiler [moc 8.exe]

Set Tool Locations... | QK. I Cancel

Apply

DS51295A-page 22
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Select "MPLAB C18 C Compiler" and "MPLINK Object Linker", and make sure that the
paths are to the newly installed versions of the executables, mcc18.exe and

mplink.exe, respectively. Press OK.

Set Languags Tool Lacations:

- Registered Tool

HI-TECH C Compiler [pice. exe] =]
HI-TECH Linker [picc. exe)
HI-TECH PICC-18 Toolsuite
HI-TECH18 Assembler (pice1 8 exe)
HI-TECH18 € Compiler (picc13 exe)
HI-TECH18 Linker [pice18.exe)
Microchip C18 Toolsuite
- MPASM Assembler [mpastwinsxe]

-MPLIMK Object Linker [mplink. exe] LI

Set Language Tool Locations

- Registered T ool

HI-TECH C Compiler [picc. exe]
HI-TECH Linker (pice.exe]
HI-TECH PICC-18 Toolsuite
HI-TECH18 Assembler [pice18.exe)
HI-TECH1& C Compiler (pice8.exe)
HI-TECH1& Linker [picc3.exe]
Microchip C18 Toolsuite
MPASM Assembler [mpasmwin.exe]
MPLAE C18 C Compiler (mecl3.exe]
MPLINK. Object Linker [mplink. exe]

Bl

- Location of Selected Tool

C:hnce B4bintmcc 18 exe

Browse..

r~Location of Selected Tool

C:hmiccT8%hinkmplink exe

Erowse.

0K | Caeel Aoy |

o 1]

Apply |

MPLAB C18 setup program.

Note: These paths should already be set up correctly if you chose to update the
MPLAB IDE 6.xx to use the newly installed compiler and linker in the

The next step is to set the command-line options for the compiler and linker. Choose

Project>Build Options>Project.

W MPLAB IDE

=lalx]|

File Edit ‘“iew | Project Debugger Programmer Configure Window Help

Mew...

Open...

Close

Set Active Project

i Source Files
- Header Files Quickbuild (no . asm file] Alt+HE10
i Object Files
\-. Library Files
. Linker Scripts Clgan
Build All Ct+F10

Make
Build Op

F10

Find in Project Files...

Save Project
Add Files to Project...
Rernove File From Project

Select Language Toolsuite...
Set Language Tool Locations. ..

[Prcisras2

© 2002 Microchip Technology Inc.
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Enter the paths of the header file and library subdirectories of the MPLAB C18
installation directory on the "General" tab. MPLAB C18 will search for included . h files
in the specified header file directory. The MPLINK linker will search for object and
library files, including those specified in the linker script, in the library directory. "Output
Directory" is the final destination for files that result only from a complete build of the
project —the . cod, .cof and .hex files. Leave "Output Directory" blank; as a result,
the output file (examplel . cof) will be placed in the project directory.

"Intermediates Directory" is where the object files produced by the compiler will be
placed. Leave this entry blank as well; as a result, the object file (examplel . o) will be
placed in the same directory as the source file.

The MPLINK linker will search the directory specified in "Linker-Script Path" for linker
scripts. Since we will specify the location of the linker script when we add it to the
project tree, this entry can also be left blank for this example.

Build Options

General | MPASM Assembler | MPLINK Linker | MPLAE 13 |

E

x|

Output Directary, $BINDIR):

|| Browse...

Intermediates Directory, $TMPDIR]:

I Browse...

Azzembler Include Path, ${AINDIR]:

I Browse...

Include Path, $IMCDIRY:

I Browse...

Library Path, $[LIBDIR):

I Browse...

Linker-Script Path, $ILKRDIR]):

9NN

I Browse...

Help... |
QK I Cancel Apply
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3.3.4

Select Compiler and Linker Settings

The various command-line options which are passed to the compiler and linker can be
set on the "MPLAB C18" and "MPLINK Linker" tabs, respectively, in the Build Options
window. For this example, we will accept the default command-line options for MPLAB

C18.

Build Options .
General | MPASM Assembler | MPLINK Linker MPLAE C18 |
i~ Generate Command Line
™ Treat 'char' as unsigned ™ Enable integer promations
Diagnostics level: Default storage class:
IElrors and warnings 3 IAuto ZI

Macro Definition:

Add... |

Remove I

Remove Al |
I Inberit alobal settings Restore Defaults

I-Dt- -Ob-

I Use Altermate Settings

Ir'.«C -ms -0t -Ob-

21|

0k I Cancel | Apply

By default, when the MPLINK linker is run from the MPLAB IDE, it will not generate a
map (examplel .map) file. To change this, select "Generate map file" on the "MPLINK
Linker" tab. Press OK. We will use the default settings for the remainder of the

command-line options.

Build Options 4 2x

General | MPASM Assembler MPLINK Linker | MPLAE C18 |

| i Dptins) |

i~ Generate Command Line

Hex-File Format

&+ INHx32

 INHX8S

€ INHXEM

"Dulput Filename Foot [no leading directories, no extension]

™ Inherit alobal settings Restore Defaults

[rm${TARGETBASE]map /o"${TARGETBASE ) cof

I Use Alternate Settings

Is‘o%[TAHEETBA‘E‘ E.cof

oK I Cancel Apply

© 2002 Microchip Technology Inc.
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3.3.5 Add Files to Project

We must add the C source file to the project. Click the right mouse button on "Source

Files" in the project window. Select "Add Files".

ncclBexampletgetting_starte

=101x]

=] [E:mectSexampl e'\getting_startediexampletiexamplel.mep?]

Add Files. ..

Header File
Object Files
i Library File
.. Linker Soripfs

Filter

If you chose c:\mccl8\example\getting started\examplel as the project

directory, you will see that the source file examplel.c

already exists there. Browse to

this directory and select the file examplel . c. Press Open to add the file to the project.

Insert Files Into Praject

Laak in: I 5] examplel

= [E £f -

2|

File name: |e:-<amp|e'| G

Open I

Files af tppe: IAII Source Files [*.azm;.c)

¥ Inzert files with relative paths

j Cancel |

Note:

remain the same.

With "Insert files with relative paths" checked, the file’s location will be
stored as a path relative to the project directory. This allows the project to
be built if it is moved to another directory, so long as all relative file paths

The source file should appear in the project tree.

m Chmcel

ampleigetting_statediexam

=101x]

[=] [Cmec18exampletgetting_started\exarmpletexamplel . mop®]
[=J- $ource Files

L. exampled o
Header Files
Object Files
Library Files
i Linker Scripts

DS51295A-page 26

© 2002 Microchip Technology Inc.



Examples of Use

The header file is specified in the C source file; therefore no file needs to be added to
"Header Files" in the project tree. You may add a header file to "Header Files" for
convenient viewing of the file, but it is only required that the header file be included in
the C source code to build the project. The required startup module, standard library
and processor library are specified in the linker script, and so no file needs to be added
to "Object Files" or "Library Files" in the project tree. If there were other object files or
library files to link in the project, we would add them under these branches.

The MPLINK linker requires a linker script to be specified. Click the right mouse button
on "Linker Scripts" in the project window, and select Add Files.

campleigetting_startedies 10| =]
=] [Cmec18hexampletgetting_started\exarmpletexamplel.mop®]
[=]- $ource Files

i lexamplel o
Header Files
i Object Files
Library Files

Add Files. ..

Filter

Use the linker script 18£452. 1kr in the 1kr subdirectory of the MPLAB C18
installation directory. This script is for the PIC18F452 device.

Press Open to add the file to the project tree.

Insert Files Into Project 2 x|
Look, jh: IEJ lker El L] cF Ed~
=| 1sf2dz Ikr EIRE, T R
=| 1sf242i lhr Z] 1sressi ur [Z] 1sraszi tkr =] 1567201 1kr
=] 1sfez ke E] 1statz lr [Z] 1sfase.tkr Z] 1sts620.1kr
=| 15t248i Ihr E] 18fagzi 1kr [Z] 1erassi thr E] 18fa820i 1kr
=] 1stesz.kr Z] 1sraaz ir [] 1ereezoner  [E] 1stsre0inr
terzsaidke (2] 1stassiee (2] vemeeziaer (2] 1sterznidue

>
File name:  [18f452.Ikr Open |

Files of type: | Linker Seripts (* ki) =] Cancel

IV Inzert files with relative paths
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3.3.6 Build the Project

Select Project>Build All to compile and link the project. If there are any error or warning
messages, they will appear in the output window.

File Edit “iew | Project Debugger Programmer Configure  Window He

J O&E | | % Mleswy. .. i
Open...
LR EIRERE  Close v (O %]
=) [Crmeot®example’  Sot Artive Project b
E| Sgurce Files
¢ eexamplel.o gy el bnild) (o astn file) AftHETD
i Header Files
i Object Files
Library Files Clan . - =
E| Linker Scripts Build All Ctrl+F10
b ABRASEIRE o F10
Build Options. . 4

Find in Project Files. ..

Save Project

Add Files to Project...

For this example, the output window should display no errors and a message stating
the output file was successfully built. If there were any errors, check to see that the
content of the source file matches the program text displayed at the beginning of
3.3 “Example 1”.

W Output - ]
Buid | Find in Fles |

MP2COD 3.10.03, COFF to COD File Conwerter :J
Copyright (o) 2002 Microchip Technology Inc.

Errors= - n

MPZ2HEX 3.10.03, COFF to HEX File Conwerter
Copyright (o) 2002 Microchip Technology Inc.
Errors= - n

Loaded C:~mccl8~example~getting_started~examplelezanplel  cof
BUILD SUCCEEDED

1 | 3
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3.3.7 Debugging with the MPLAB SIM Simulator

With the MPLAB SIM Simulator, you can set breakpoints in the source code and
observe the value of variables with a watch window. First, make sure that the MPLAB
SIM Simulator is selected as the debugging tool by selecting Debugger>Select
Tool>MPLAB SIM.

File Edit “iew Project | Debugger Programmer Configure Window Help
0= | Y a6 | Select Toal MNone
Clear All Memory MPLAE ICD 2

- R Fg MMELASCE 4000
=] [Cmecd Bhexampletgetting_star 4 v MPLAE S

£} Souree Files Halt 5

MPLAE ICE 2000

Header Files STEFI inta i dsPIC S
5

‘... Object Files Step Over FE
Library Files Reszet L
E| Li.nker Scripts

o 18RS A Breakpoints... F2

Stopwatch
Stimulus
Refresh Phd

Settings...

Open the source file by double-clicking on it in the project tree. In the source file, place
the cursor over the line on that you wish to set the breakpoint, and click the right mouse
button. Select "Set Breakpoint".

File Edit ‘“iew Project Debugger Programmer Configure  Window Help
DEH |28 872 csEBe (e (v IneR
Pt N i -IDIZI

- [C-imec18%exampl e'getting_startedtexampl et examplet.mep]
[=]- Source Files

evarnplete L] ting_startediexampleliex

. Header Files

H *
i Object Files !

i Library Files * This is example 1 frow "Getting Started with MPLAE C13™.
(- Linker Scripts =
e 157452 I kr

Set Breakpoint

#include <plBcxxx.h- P l.rat,iuns *f

Breakpoints 4

int counter:
void wmain (void)
i

Run to Cursar
Set PC at Cursar

counter = 1; Undo Cirl+£L
TRISE = 0O /' Redn Chrley, tput */
while (counter <= 15)
Cut Crl+2
PORTE = counter; Copy Ctrl+C \ter' on the LEDs
. COUnter++; Paste Ctri+y
N Delete Del
|11 | Select All Ctrl+A
Find... Ctrl+F
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The red dot in the gutter along the side of the source window indicates that the
breakpoint has been set and is enabled.

~=1oOl x|
I =
* This is example 1 from "Getting Started with MPLAE C15™. I—
wf
finclude <plScHux. h> /% for TRISE and PORTE declarations +/
int counter:
roid main (void)
{ —
counter = 1:
TRISE = O: /% configure PORTE for output */
while (counter <= 15)
i
(3 PORTE = counter:; /% display walue of 'counter' on the LEDs g
COUNter++;
H
i
-
T o

To open a watch window on the variable counter, select View>Watch.

File Edit | “iew Project Debugger Programmer Configure  Window  Help
‘DD'NEVF'rDjECt JD“?’}ﬁl

L Qutput

=] [Cmec1s
B soure  Program hMemory
H E...e

Hardware Stack

File Registers
EEFROM

atch

example 1 from "Getting Starte

Special Function Registers

Simulatar Trace 18cxxx.h> /7 for TRIZE and P

int counter:
void main (void)
{
counter = 1;
TRISE = 0O: /% configure PC
while (counter <= 15)
{
(3 FPORTE = counter: % display walu
counter++;

Select counter from the menu next to Add Symbol, and press Add Symbol.

] | i =] S
£dd SFR ”ADCDND v[ Add S_l,lmbol"counter |
Addres=s I Syrdool HNeatne | Valus I
o034 counter oooo

Waich1 Watch 2| Watch 3] Watch4]
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L

Press Run on the toolbar to run the program.

The program should halt just before the statement at the breakpoint is executed. The
green arrow in the gutter of the source window points to the next statement to be
executed. The watch window should show counter with a value of 1.

tch =10l x|
Add SFR I ADCOMD 'l Add Syrnbul"cuunlel 'l

Lddress I Synbol Name I Value |

00ga counter

* This is exawmple 1 from "Getting Started with MPLAER C15".

watch1  ‘Watch2 | ||

i

#include <plBcxxx.h> /* for TRISE and PORTE declarations +/

int counter:
void main (void)

counter = 1:

TRISE = 0O: /% configure PORTE for output */

while [(counter <= 15]

i

o PCRTE = counter: /% display walue of 'counter' on the LEDs *,
Counter++:

Press Run again to continue the program. Execution should halt again at the
breakpoint. The watch window should show counter with a value of 2.

K B [=1p|
Add SFR ”ADEDND VI Add Symbol "counler -
Address I Symbol Name | Value I
Oo0sh counter oooz

g Started with MPLAB C18".

]

If the program is running, it can be halted by pressing Halt on the toolbar

watch 1 Watch 2| Watch 3| Watch 4

#include <plBoxxx.h> /* for TRISE and PORTE declarations #/

int counter:
void main (void)
i
counter = 1;
TRIIE = 0O; /* configure PORTE for cutput */
while [counter <= 15)
i
0 FORTE = cOuncer: £% display walue of 'counter' on the LEDs ¥,
counter++;

To step through the source code one statement at a time, use Step Into on
the toolbar . As each statement executes, the green arrow in the gutter of
the source window moves to the next statement to be executed. 00

© 2002 Microchip Technology Inc.
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3.3.8 Map and Listing Files

The map file (examplel .map) and listing file (examplel.lst) are present in the
project directory and may be opened by selecting File>Open, and then browsing to the
project directory. These files provide additional information which may be useful in
debugging, such as details of allocation of variables and the correspondence between
machine code and source code. For example, the map file shows that the variable
counter has been allocated to address 0x80 in data memory, and it was defined in
examplel.c as a non-static global variable, thus giving it external linkage (visibility to
other modules).

EXAMPLE 3-1: MAP FILE
Symbols - Sorted by Address
Name Address Location Storage File
counter 0x00008a data extern c:\mcc18\getting_started\examplel\examplel.c
The listing file shows the machine code generated for each statement the main
function. For each instruction, its address, raw value and disassembly is displayed.
EXAMPLE 3-2: LISTING FILE
Address Value Disassembly Source
#include <pl8cxxx.h> /* for TRISB and PORTB declarations */

int counter;

void main (void)

{
0000e2 0el01 MOVLW 0x1 counter = 1;
0000e4 0100 MOVLB 0x0
0000e6 6f8a MOVWF 0x8a, 0x1
0000e8 6b8b CLRF 0x8b, 0x1
0000ea 6a93 CLRF 0x93, 0x0 TRISB = 0; /* configure PORTB for output */
0000ec 518b MOVF 0x8b, 0x0, 0x1 while (counter <= 15)
0000ee 0a00 XORLW 0x0
0000f0 aee8 BTFSS 0xe8,0x7,0x0
0000f2 doo2 BRA 0xf8
0000f4 358b RLCF 0x8b, 0x0, 0x1
0000fe6 doos BRA 0x102
0000£f8 0eOf MOVLW 0xf
0000fa 80ds8 BSF 0xd8, 0x0, 0x0
0000fc 558a SUBFWB 0x8a, 0x0, 0x1
0000fe 0e00 MOVLW 0x0
000100 558b SUBFWB 0x8Db, 0x0, 0x1
000102 e306 BNC 0x110
00010e d7ee BRA Oxec

{
000104 c08a MOVFF 0x8a,0xf81 PORTB = counter; /* display 'counter' on the LEDs */
000106 ff81
000108 2b8a INCF 0x8a,0x1,0x1 counter++;
00010a 0e00 MOVLW 0x0
00010c 238b ADDWFC 0x8b, 0x1,0x1
1

000110 0012 RETURN 0x0 }

Debugging with the MPLAB ICD 2
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The MPLAB ICD 2 can be used to actually program the device and step through the

application. To do this, the project must be rebuilt with a linker script designed for use
with the MPLAB ICD 2. In the project window, click the right mouse button on the file

18f452.1kr under "Linker Scripts", and press Remove.

[=] [Cmect8exampleigetting_startediexampletiexample1.mep]

[=]- $ource Files

i example] .o
Header Files
‘... Object Files
Library Files
E| Linker Scripts

=101.x]

Compile
Assemble

Edit

Build Dptions. ..

Remove

Add the linker script file 18£4521i . 1kr from the 1kr subdirectory of the MPLAB C18
installation directory under "Linker Scripts" in the project tree. This linker script
allocates memory for resources used by the MPLAB ICD 2. The ‘i’ in the file’s name
indicates this linker script is for use with the MPLAB ICD 2.

Rebuild the project by selecting Project>Build All.
To use the MPLAB ICD 2, select Debugger>Select Tool>MPLAB ICD 2.

File Edit “iew Project | Debugger Programmer Canfigure ‘Window Help

D E | & A

- [Chmec2example'getting_star

Select Tool
Clear All Memory v MFLAB ICD 2
Run Fg MELABEE 4000
Halt F5 MPLAE Sk
Step Into = MPLAR [CE 2000
Step Over F dsPIC Sl
m Reset »

Builc
Breakpoints. . Fa

MRS L.:ﬂ.:m

© 2002 Microchip Technology Inc.

DS51295A-page 33



MPLAB® C18 C Compiler Getting Started

To connect the MPLAB ICD 2, choose Debugger>Connect. See the MPLAB ICD 2

documentation for information on how to configure the MPLAB ICD 2 connection

settings.

File Edit “iew Project | Debugger Programmer Configure Window Help

Select Tool

|DE@|sma|
Clear All Memory

| T

=] [Cmecd Bhexampletgetting_star R =
E| §ource Files Halt F&
o oexamplele Step Inta F7
i Header Files
... Object Files step Oyer Fa
Library Files m Reset »
E| Linker Seripts Buile

- 10H452H Ik ——  Breakpaints... F2

Connect

Err  Download ICD2 Operating System

Jul s werter
Cor Proyrar, hgw Inc.
Er Settings

BUILD SUCCEEDED

Loaded C ~moclf~exanple~getting started-examnple

The output window should show that the MPLAB ICD 2 passed its self-test and is ready
to be programmed. If any errors occur, refer to documentation for the MPLAB ICD 2.

Buid | Findin Files MPLABICD 2 |

=101 %]

Connecting to MPLAB ICD 2

.. Connected

Setting Vdd =source to target
Target Device PIC13F45¢ found.
.. .Reading ICD Product ID
Funning ICD Self Test

.. .Pas=ed

. Doynload Operating Systen Succeseded
Funning ICD Self Te=st

.. .Pas=ed

HPLAE ICD 2 Ready

1 |

revizion = 0=x&
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To program the device, select Debugger>Program.

File Edit ‘“iew Project | Dehugger Programmer Configure  Window  Help

‘DD’HH| é{].a| Select Tool 4
Clear All Mernary

o

LG

=- [C:ch18\example{geﬂing_star Run F3
E| Sn_:\urce Files Halt F5
E....exam_ple‘1 A=) Step Inta F7
- Header Files
.. Object Files Step Owver F3
Library Files m Rezet b

E| Li_nker Scripts Builc
L 1BF432 dkr Elreakpoints... F2

Cor

Set  Connect
Taxr  Download ICD2 Operating System

Program

Settings

non = 0=6

Rur,

... Pa==ed
I | et am 7en 9 Readw

ICD 2 Warning dialogs concerning any of these issue
proceed.

Note: Programming the device requires reducing the program memory space
available to allow for MPLAB ICD 2 resources, disabling low voltage
programming and disabling the Watchdog Timer. If you receive MPLAB

s, simply click OK to

The output window should show that the programming operation succeeded.

W Output ]
Buld | Find in Files MPLABICD 2
.. .Programming Debug Vector ;I

.. .Programming RESEUG
.. .Programming Configuration Bit=
Verifving. ..
.. .Program Hemory
...Debug Executive
.. .Debug Vector
.. Verify Succesded
. Config Memory
.. .Programming succeesded
MFLAE ICD 2 Ready

| |
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A breakpoint may be set in the source file as demonstrated for the MPLAB SIM
Simulator. When Run on the toolbar is pressed, the program halts immediately after the
statement at the breakpoint has been executed.

Note: This is different than the MPLAB SIM Simulator, which halts before the
statement at the breakpoint is executed. The green arrow points to the
next statement to be executed.

W Cimcol@exampletgetting_startediexampleliexamplel.c : = ol
* This is example 1 from "Getting 3tarted with MPLAE C15". j
*
#include <plB8cHxx.h> /% for TRIZE and PORTE declarations *f
int counter:;
roid main (void)
i
counter = 1;
TRIZE = 0O; f% ponfigure PORTE for output
while [(counter <= 15)
{
@ PORTE = counter) #% display walus of 'counter' on the LEDs #,
= Counter++;
H
i
| _>|_I

The PORTB register has been assigned the value of 1. The LEDs on the PICDEM 2 Plus
demo board, which are multiplexed with the PORTB pins, should display the binary
representation of 1.

Note: The J6 connection on the demo board must be jumpered in order to
connect the PORTB pins with the LEDs.

Each time Run on the toolbar is pressed, execution halts after the assignment to
PORTB and the value on the LEDs should reflect the incriminated value of counter.
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3.4 EXAMPLE 2

This example is designed for use with the MPLAB IDE v6.xx, the MPLAB ICD 2, the
PICDEM 2 Plus demo board and the PIC18F452 device. It demonstrates the use of the
MPLAB C18 peripheral libraries and the C standard library. It also demonstrates the
allocation of variables into program memory. The program cycles through a list of
strings, each representing a number from 0 to 15. Each string is converted into its
integer representation for display on the LEDs. The program pauses after displaying
each number to give the user an opportunity to observe the LEDs. For this program,
the J6 connection on the PICDEM 2 Plus demo board must be jumpered.

* MPLAB C18 places string literals in program memory; therefore, the rom keyword
is required in the declaration of the array string table. The const keyword
alone will not place the data in program memory; the rom keyword is required.
Since program memory in general cannot be modified without additional
specialized code, the const keyword is appropriate.

* The standard C library function atoi, which converts the string to an integer
representation, expects a character pointer located in data memory. However, as
the string literals are in program memory, they must be copied to data memory
first. The function strcpypgm2ram, which is an MPLAB C18 variant of strcpy,
does just that.

» The PORTB register, which is connected to the LEDs on the PICDEM 2 demo
board, and the TRISB register, which configures the PORTB pins for input or
output, are declared in the processor-specific header file p18£452 . h.

+ MPLAB C18 provides several functions which provide delays of various lengths,
such as Delayl0ORTCYx used below. See the header file delays.h for more
details.
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This example can be built and linked in the MPLAB IDE v6.xx and used with the MPLAB
ICD 2 by following the steps in Example 1.

Note:

When compiling with the small code model, MPLAB C18 may emit a
warning about a type qualifier mismatch in an assignment with respect to
the call of st rcpypgm2ram. This happens because the second argument
passed to the function is a pointer to near program memory while the
parameter’s type in the function prototype is a far program memory
pointer. Since the conversion from a near pointer to a far pointer is always
safe, this warning can be ignored. Alternatively, the warning may be
eliminated by compiling with the large code model (at the expense of
possibly a larger code image). To do this, choose "Build Options" and then
"Project" from the "Project" menu. Select "MPLAB C18" and choose
"Memory Model" from the drop-down menu. Finally, select the large code
model.

Build Options 2=l

General | MPASM Assembler | MPLINK Linker  MPLAB C18 |

Categories: IMemory Model LI
General
— Generate Command L Memory Model

Optimization
— Code Maodel
" Small code model [<= 4K bytes)

" Large code model [» B4K. bytes)

—Data Model

' Large data model (all BéM banks)
" Small data model [access Ra only]

— Stack Model

' Single-bank madel
€ Multi-bank madel

= Inhert global settings Restare Defaults |

I-w2 -mz -0t -0b-

I Use Altemate Setting:
I-o- i i -ms -0l -Oa-

Ok I Cancel Apply
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Gieneral | MPASM Assembler | MPLINK Linksr  MPLAE C18 |

Catego

™ | Inherit alobal settings

ries: IME"“U'}' Madsl j

2] x|

— Generate Command Line

— Code Model

" Small code model [<= 64K bytes)
i+ Large code model [> B4K bytes)

— Drata Model

i+ Large data model (all Bih barks]
" Small data model [access FAM anly]

— Stack Model

7+ Single-bank madel
= Multi-bank model

Restore Defaults |

I-mL -0t -Oh-

I Usze Alemate Settings

I-o- w2 -Oi- -mz -OF -Da-

#include <string.h> /*
#include <stdlib.h> /*
#include <delays.h> /*
#include <pl8f452.h> /*

ak I Cancel | Apply I
for 'strcpypgm2ram' *x/
for 'atoi' */
for 'DelaylOKTCYx' */
for 'PORTB' and 'TRISB' */

/* MPLAB C18 places string literals in program memory */
#define STRING TABLE SIZE 16
const rom char *string table[STRING TABLE SIZE] =

{ mow, wiw, w2n,  nw3w,
ngn, mgw, wgn wgw,
mgm, mwon, wigm, "11v,
migw, wi3zw, migw, wise

}i

void main (void)

configure all PORTB pins for output */

index < STRING TABLE SIZE; index++)

/* copy the string from program memory to data memory for 'atoi'

strcpypgm2ram (string, string table[index])

/* get the number’s integer representation from its

string representation */

(255) ;

{
int index;
int integer;
char stringl[3];
PORTB = 0;
TRISB = 0; /*
for (index = 0;
{
*/
integer = atoi
PORTB = integer;
DelaylOKTCYx
cycles) */
}
}

(string) ;

7

/* output the value to the LEDs */
(255 * 10,000

/* pause for a moment

© 2002 Microchip Technology Inc.
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3.5 EXAMPLE 3

This example is designed for use with the MPLAB IDE v6.xx, the MPLAB SIM simulator
and the PIC18F452 device. It demonstrates the allocation of variables in access RAM.
For each value from 0 to 99, the program finds the square root of the value with the
fractional part truncated. It then squares this root to obtain the greatest perfect square
less than or equal to the original value.

» The square root function is implemented as a table in program memory. This has
several advantages. If the table were in data memory, it would need to be copied
from program memory to data memory at program initialization. Locating the table
in program memory also saves data memory space. Finally, the code associated
with calculating the square root at runtime may occupy more program memory
than a table when the domain of the function is small.

» Data located in access RAM does not require the BSR register to be loaded, thus
resulting in fewer instructions. The variables root and square are located in an
access RAM section named MY ACS DATA. The type qualifier near must be
used to ensure that MPLAB C18 knows bank selection is not required for these
objects.

This example can be built and linked in the MPLAB IDE v6.xx and used with the MPLAB
SIM simulator by following the steps in Example 1.

MPLAB C18, by default, assumes all statically allocated data objects, unless explicitly
specified with the nea r type qualifier, reside in banked (non-access) RAM. This default
behavior can be changed with the command-line option

—-0Oa+. To make this change, choose Project>Build Options>Project.

New...

Open...

Close

Set Active Project

Quickbuild (ho . asm file) AltHE10

Clean
Build All Ctrl+F10
Make F10

Find in Project Files...

Save Project
Add Files to Project...
Remove File From Project

Select Language Toolsuite...
Set Language Tool Locations...

hovzocc [oxaq2t I

[MPLAB ICC|PIC1GF452  [poioxe2  [whn
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Select the tab labeled "MPLAB C18" and choose "Memory Model" from the drop-down
menu.

General | MPASM Assembler | MPLINK Linker MPLAB C18 |

General [~

ne e

— Generate Command Li x

5 de
Optimization
ed

[~ Treat ‘char' as unsin Tianle nteger promotions

Default storage class:

IAuto

Diagnostics level:

=l =l

IEm:rrs and warnings

Macro Definition:

Remove |
Remave Al I

= Inherit olobal settings Riestore Defaults |

l-l:lt» -Ob-

I Use Altenate Settings
I-w2 -ms -0t- -0b-

o ]

Cancel | ASpply |

MPLAB ICC PIC18F452  [pci0xB2  [WhD [novzocc Oxa42t ||

Finally, select the small data model to tell MPLAB C18 that statically allocated data
objects without an explicit near or far qualifier are located in access RAM. See the
MPLAB C18 C Compiler User’s Guide (DS51288) for details on access and banked
(non-access) RAM. Press OK.

Build Options 2x|

General | MPASM Assembler | MPLINK Linker  MPLAB C18 |

Memary Model hd

i~ Generate Command Lin

i~ Code Model
% Small code mode! <= 64K bytes]
1 Large code model [> 54K bytes]

i~ Data Model
" Large data model (all RAM banks]

- Stack Model
¢ Single-bank model
" Multibank model

I Inherit global settings Restore Defaults |

I-Da -0t -Ob-

I Use Alterate Settings
w2 -ms -0t--Ob-

OK I Cancel Apply
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#include <pl8f452.h> /* for 'PRODL' declaration and 'ACCESS' macro */

/*
* Locate the read-only table in program memory at address 0x1000.
* 'romdata' is used for data, and 'code' is used for instructions.
*/

#pragma romdata ROOT_ TABLE = 0x1000
#define TABLE SIZE 100
const rom unsigned char roots|[TABLE SIZE] =

{o, 1, 1,1, 2, 2,2, 2, 2, 3,
3, 3, 3, 3, 3, 3, 4, 4, 4, 4,
4, 4, 4, 4, 4, 5, 5, 5, 5, 5,
5, 5, 5,5, 5,5, 6, 6, 6, 6,
6 ,6, 6, 6, 6, 6, 6, 6, 6, 17,
7, 7, 7, 7, 7, 7, 7, 1., 71, 7,
7, 7, 7, 7, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 9, 9, 9, 9, 9, 9, 9, 9, 9,
9, 9, 9,9, 9,9, 9,9, 9, 9};

/*

* Data in access ram does not require banking.
*  When compiled with ‘'-0Oa’, these pragmas and the ‘near’ qualifier
* may be removed.
*/
#pragma udata access MY ACS DATA
near unsigned char root, square;
#pragma udata /* continue allocating static data in non-access ram */

/*
* Returns the truncated root of the value.
*/

unsigned char get root (int val)

{
}

return roots[vall;

void main (void)

{

static int wval;

for (val = 0; val < TABLE SIZE; val++)

{
/* 'square' holds the greatest perfect square less than or
equal to 'val' */
square = get root (val);

}

Note: When compiling this example with static data in access RAM by default,
the udata pragmas surrounding the declarations of root and square may
be removed, as well as the near type qualifier.
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3.6 EXAMPLE 4

This example is designed for use with the MPLAB ICD 2, the PICDEM 2 Plus demo
board, the MPLAB IDE v6.xx and the PIC18F452 device. It demonstrates the use of
interrupt service routines with MPLAB C18. It also provides an example of the use of
the MPLAB C18 peripheral libraries. For this program, the J6 jumper on the demo
board must be removed in order to disconnect the PORTB pins from the LEDs.

» This program generates the Piezo buzzer of the PICDEM 2 Plus demo board. The
user may disable the buzzer by pressing the S3 button. The buzzer may be
reactivated by pressing the button again.

» The S3 button is connected to the INTO pin, which is associated with the INTO
external interrupt. This interrupt is a high priority interrupt, and so will always
trigger a branch to program memory address 0x8. At this address is located the
interrupt service routine (high ISR) which branches to the procedure that turns
the buzzer either off or on.

* toggle buzzer is declared as a high priority interrupt routine. This means the
WREG, BSR and STATUS registers will be saved and restored via their shadow
registers without explicit instructions upon interrupt routine entry and exit.
Additionally, upon return, the GIEH bit in the INTCON register will be set, which
was cleared when the interrupt was triggered. Refer to the PIC18FXX2 Data
Sheet (DS39564) for details on interrupt logic.

This example can be built and linked in the MPLAB IDE v6.xx and used with the MPLAB
ICD 2 by following the steps in Example 1.

#include <pl18f452.h> /* for the special function register declarations */
#include <portb.h> /* for the RBO/INTO interrupt */

/*
* For high interrupts, control is transferred to address 0x8.
*/
void toggle buzzer (void); /* prototype needed for 'goto' below */
#pragma code HIGH_INTERRUPT VECTOR = 0x8
void high ISR (void)
{

_asm
goto toggle buzzer
_endasm

}

#pragma code /* allow the linker to locate the remaining code */

/*
* If the buzzer is on, turn it off. If it is off, turn it on.
*/
#pragma interrupt toggle buzzer
void toggle buzzer (void)
{
CCP1CON = ~CCP1CON & O0xOF; /* turn the buzzer off or on */
INTCONbits.INTOIF = O; /* clear flag to avoid another interrupt */

}

void EnableHighInterrupts (void)
{
RCONbits.IPEN = 1; /* enable interrupt priority levels */

INTCONbits.GIEH 1; /* enable all high priority interrupts */
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void InitializeBuzzer (void)

{

T2CON = 0x05; /*
TRISCbits.TRISC2 = 0; /*
PR2 = 0x80; /*
CCPR1L = 0x80; /*

void SoundBuzzer (void)

{
CCP1CON = OxOF; /* turn
while (1) ; /* wait

void main (void)

{
EnableHighInterrupts ( );
InitializeBuzzer ( );

OpenRBOINT (PORTB CHANGE INT ON & /*
PORTB_PULLUPS ON &
FALLING EDGE_INT) ;

SoundBuzzer ( );

postscale 1:1,

the buzzer on */
for the S3 button to be pressed */

Timer2 ON, prescaler 4 */
configure the CCP1l module for the buzzer */
initialize the PWM period */

initialize the PWM duty cycle */

enable the RBO/INTO interrupt */
configure the RBO pin for input */
trigger interrupt upon S3 button
depression */
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Glossary

A

absolute section
A section with a fixed address that cannot be changed by the linker.
access memory

Special general purpose registers on the PIC18 PICmicro microcontrollers that allow
access regardless of the setting of the bank select register (BSR).

address

The code that identifies where a piece of information is stored in memory.
anonymous structure

An unnamed object.

ANSI

American National Standards Institute

assembler

A language tool that translates assembly source code into machine code.
assembly

A symbolic language that describes the binary machine code in a readable form.
assigned section

A section that has been assigned to a target memory block in the linker command file.
asynchronously

Multiple events that do not occur at the same time. This is generally used to refer to
interrupts that may occur at any time during processor execution.

B

binary

The base two numbering system that uses the digits 0-1. The right-most digit counts
ones, the next counts multiples of 2, then 22 =4, etc.

C

central processing unit

The part of a device that is responsible for fetching the correct instruction for
execution, decoding that instruction and then executing that instruction. When
necessary, it works in conjunction with the arithmetic logic unit (ALU) to complete the
execution of the instruction. It controls the program memory address bus, the data
memory address bus and accesses to the stack.
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compiler

A program that translates a source file written in a high-level language into machine
code.

conditional compilation

The act of compiling a program fragment only if a certain constant expression,
specified by a preprocessor directive, is true.

CPU

Central Processing Unit
E

endianness
The ordering of bytes in a multi-byte object.
error file

A file containing the diagnostics generated by the MPLAB C18
F

fatal error
An error that will halt compilation immediately. No further messages will be produced.
frame pointer

A pointer that references the location on the stack that separates the stack-based
arguments from the stack-based local variables.

free-standing

An implementation that accepts any strictly conforming program that does not use
complex types and in which the use of the features specified in the library clause
(ANSI ‘89 standard clause 7) is confined to the contents of the standard headers
<float.h>, <iso646.h>, <limits.h>, <stdarg.h>, <stdbool.hs>,
<stddef .h> and <stdint.h>.

H

hexadecimal

The base 16 numbering system that uses the digits 0-9 plus the letters A-F (or a-f).
The digits A-F represent decimal values of 10 to 15. The right-most digit counts ones,
the next counts multiples of 16, then 162 = 256, etc.

high-level language

A language for writing programs that is further removed from the processor than
assembly.

ICD

In-Circuit Debugger
ICE

In-Circuit Emulator
IDE

Integrated Development Environment
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IEEE
Institute of Electrical and Electronics Engineers
interrupt

A signal to the CPU that suspends the execution of a running application and transfers
control to an ISR so that the event may be processed. Upon completion of the ISR,
normal execution of the application resumes.

interrupt service routine

A function that handles an interrupt.

ISO

International Organization for Standardization
ISR

Interrupt Service Routine
L

latency

The time between when an event occurs and the response to it.

librarian

A program that creates and manipulates libraries.

library

A collection of relocatable object modules.

linker

A program that combines object files and libraries to create executable code.
little endian

Within a given object, the least significant byte is stored at lower addresses.
M

memory model
A description that specifies the size of pointers that point to program memory.
microcontroller

A highly integrated chip that contains a CPU, RAM, some form of ROM, I/O ports and
timers.

MPASM assembler

Microchip Technology's relocatable macro assembler for PICmicro microcontroller
families.

MPLIB object librarian

Microchip Technology's librarian for PICmicro microcontroller families.
MPLINK object linker

Microchip Technology's linker for PICmicro microcontroller families.
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o)

object file

A file containing object code. It may be immediately executable or it may require
linking with other object code files, e.g. libraries, to produce a complete executable
program.

object code
The machine code generated by an assembler or compiler.
octal

The base 8 number system that only uses the digits 0-7. The right-most digit counts
ones, the next digit counts multiples of 8, then 8% = 64, etc.

P

pragma
A directive that has meaning to a specific compiler.

R

RAM

Random Access Memory

random access memory

A memory device in which information can be accessed in any order.
read only memory

Memory hardware that allows fast access to permanently stored data but prevents
addition to or modification of the data.

ROM

Read Only Memory

recursive

Self-referential (e.g., a function that calls itself). See recursive.
reentrant

A function that may have multiple, simultaneously active instances. This may happen
due to either direct or indirect recursion or through execution during interrupt
processing.

relocatable

An object whose address has not been assigned to a fixed memory location.
runtime model

Set of assumptions under which the compiler operates.

S

section

A portion of an application located at a specific address of memory.
section attribute

A characteristic ascribed to a section (e.g., an access section).
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special function register

Registers that control I/0O processor functions, I/O status, timers, or other modes or
peripherals.

storage class

Determines the lifetime of the memory associated with the identified object.
storage qualifier

Indicates special properties of the objects being declared (e.g., const).

\'

vector

The memory locations that an application will jump to when either a reset or interrupt
occurs.
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NOTES:
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