N

MICROCHIP

Introduction to MPLAB® IDE

and HI-TECH C® PRO for the
P1C10/12/16 MCU Family —
Lite Mode Compiler Tutorial

22222222



Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

=—150/TS 16949:2002 =

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, rfPIC, SmartShunt and UNI/O are registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

FilterLab, Linear Active Thermistor, MXDEV, MXLAB,
SEEVAL, SmartSensor and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, In-Circuit Serial
Programming, ICSP, ICEPIC, Mindi, MiWi, MPASM, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, PICkit, PICDEM,
PICDEM.net, PICtail, PIC32 logo, PowerCal, Powerlnfo,
PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Total
Endurance, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2008, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘} Printed on recycled paper.

Microchip received ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEeL0OQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

DS41322B-page ii

© 2008 Microchip Technology Inc.



INTRODUCTION TO MPLAB® IDE
MICROCHIP AND HI-TECH C® PRO COMPILER

Table of Contents
Chapter 1. Introduction and Project Setup
11 ] (oo [N Tt o] o F PP UTPRUPRTRTRRPN 3
1.2 SelECtiNg the DEVICE ......uiiiiiiiiiie et e e e e s e e e e 3
1.3 Creating the PrOJECL........uiiiiiiieee st e e e s s r e e e e e e 4
1.4 Setting Up Language TOOIS .....ccoiii ittt e e e e e e e e e e e e e e 4
15 Create @ NEW PrOJECT .....uuiiiiiie ettt e e e e s e e e e e e e e e 5
1.6 Adding File 10 the ProjecCt .........eeeiiiiiiii e 6
1.7 Creating @ C SOUICE File .....oiiiiiiii e 7
1.8 BUIIAING the PrOJECT. ....eeiiiiie it e e ieees 9
1.9 Creating COUE ...ttt e e e e e e e e e e e e e e e e e e e e e e aaa 10
1.10  Building the ProjeCt AQain ........cccuuuiiiiiiieieiee e ii e et ee e e e e e e e e s s raeereeaeeeeneeanns 11
Chapter 2. Testing Code with the MPLAB® SIM Simulator
2.1 Testing Code with the SIMUIALOr .........cc.evviiiiiiiiee e 13
Chapter 3. Checking Program Memory Use
3.1 Checking Program MemoOry USE .........ccoiiiiiiiiiiiiiiieiee e 21
3.2 (@70 o] 1151 T o FU PP PP 22

© 2008 Microchip Technology Inc. DS41322B-page iii



Introduction to MPLAB® IDE and HI-TECH C® PRO Compiler

NOTES:

DS41322B-page iv © 2008 Microchip Technology Inc.



INTRODUCTION TO MPLAB® IDE
MICROCHIP AND HI-TECH C® PRO COMPILER

Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our web site
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This 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” is the document number and “A” is the revision level of the
document.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
Introduction to MPLAB® IDE and HI-TECH C® PRO Compiler. Items discussed in this
chapter include:

* Document Layout

« The Microchip Web Site

e Customer Support

« Document Revision History

DOCUMENT LAYOUT

This document provides an introduction to the MPLAB® IDE and HI-TECH C® PRO
Compiler — Lite Mode.

e Chapter 1. “Introduction and Project Setup”
» Chapter 2. “Testing Code with the MPLAB® SIM Simulator”
e Chapter 3. “Checking Program Memory Use”

© 2008 Microchip Technology Inc. DS41322B-page 1
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THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the web site contains the following
information:

* Product Support — Data sheets and errata, application notes and sample
programs, design resources, user’s guides and hardware support documents,
latest software releases and archived software

« General Technical Support — Frequently Asked Questions (FAQs), technical
support requests, online discussion groups, Microchip consultant program
member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip
press releases, listing of seminars and events, listings of Microchip sales offices,
distributors and factory representatives

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

 Local Sales Office

 Field Application Engineer (FAE)

 Technical Support

« Development Systems Information Line

Customers should contact their distributor, representative or field application engineer

(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the web site at: http://support.microchip.com

DOCUMENT REVISION HISTORY

Revision A (August 2007)

« |nitial Release of this Document.

Revision B (September 2008)

» Updated tutorial to be consistent with new compiler release.

DS41322B-page 2
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Chapter 1. Introduction and Project Setup

1.1 INTRODUCTION

The following document is provided as an introduction to the MPLAB® Integrated
Design Environment (IDE) using the free student version HI-TECH C®PRO compiler.
The free MPLAB IDE is available for download at www.microchip.com. Download the
“Full Zipped” current version of the software to a folder on your computer and install
from that directory. The current version comes with the free C PRO compiler. The
compiler is also available for download from the HI-TECH web site at
http://www.htsoft.com/downloads/demos.php. Locate the current version of C PRO on
the page and follow the instructions. You may be required to register with HI-TECH

before you can begin the download process. Once all software has been installed, open
the MPLAB IDE and follow the instructions below.

1.2 SELECTING THE DEVICE

To show menu selections in this document, the menu item from the top row in the
MPLAB IDE will be shown after the menu name like this: MenuName>Menultem. To

choose the Select Device entry in the Configure menu, it would be written as Config-
ure>Select Device.

Choose Configure>Select Device. Click OK. In the Device dialog, select “PIC16F690”
from the list if it's not already selected.

FIGURE 1-1: SELECT DEVICE DIALOG
x

Device: Device Family:

FIC16FEA0 | IMid-Range gziemcry x|

Micrachip Toal Suppart

~Programimers
3 PICSTARTPlus (3 MPLABICDZ {3 FICkit2
@ PROMATE Il @ FICkit1

@ MFLAB PM3 @ MPLAB REAL ICE

~Language and Design Tools

@ ASSEMBLER @ COMPILER @ ol
v3.90
~Debugaers
@ MPLAB SiM @ MPLABICDZ (@ PICKt2
@ MPLAB REAL ICE
MPLAR IGE 2000 MPLAB ICE 4000
@ PCHIBYED @ Mo Module

Ok I Cancel | Help
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The “lights” indicate which MPLAB IDE components support this device (see
Figure 1-1).

Note: The lights for the assembler and compiler are for Microchip’s tools, not third
party tools. These lights will also show what the earliest version of the
assembler/compiler these features can be used with. (Hence v3.90 for
assembler.)

< A green light indicates full support.

» A yellow light indicates preliminary support for an upcoming part by the particular
MPLAB IDE tool component. Components with a yellow light instead of a green
light are often intended for early adopters of new parts who need quick support
and understand that some operations or functions may not be available.

« Ared light indicates no support for this device. Support may be forthcoming or

inappropriate for the tool (e.g., dsPIC® DSC devices cannot be supported on
MPLAB® ICE 2000).

1.3 CREATING THE PROJECT

The next step is to create a project using the Project Wizard. A project is the way the
files are organized to be compiled and assembled. We will use a single C code file.
Choose Project>Project Wizard.

From the Welcome dialog, click on Next> to advance.

The next dialog (Step One) allows you to select the device, which we’ve already done.
Make sure that it says PIC16F690. If it does not, select “PIC16F690” from the
drop-down menu. Click Next> (see Figure 1-2).

FIGURE 1-2: PROJECT WIZARD — STEP ONE
Project wi x|

Step One:
Select a device /
]

Device:

PICT6FEA0 =l

< Back Mest > Cancel Help

1.4 SETTING UP LANGUAGE TOOLS

Step two of the Project Wizard sets up the language tools that are used with this project.
Select “HI-TECH Universal ToolSuite” in the Active Toolsuite list box (see Figure 1-3).

Then “HI-TECH ANSI C Compiler” should be visible in the Toolsuite Contents box. If
MPLAB IDE and the HI-TECH C PRO Compiler were both installed into their default
directories, the compiler’s executable will be located in:

C:\Program Files\HI-TECH Software\PICC\PRO\version# \bin\picc.exe

DS41322B-page 4
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If this does not show up correctly, use the browse button to set it to the proper file in the
MPLAB IDE subfolders.

FIGURE 1-3: PROJECT WIZARD — STEP TWO
x

Step Two: r‘h
Select & language toolzvite

Active Toolsuite:

r~ Toolsuite Contents

HI-TECH &MSI C Compiler

i~ Location

C:vProgram FilessHI-TECH Software\PICCAPROYI.EDNbinpice. exe Browse... |
Help! by Suite |sn't Listed! | ™ Shew all installed toolsuites

< Back I Mext » I Cancel Help

When you are finished, click Next>.

1.5 CREATE A NEW PROJECT

Step Three of the Project Wizard allows you to name the project and put it into a folder
(see Figure 1-4).

This sample project will be called MPLAB DEMO. Using the Browse button, create a
folder for this project (we've used C: \MPLAB DEMO) and place the project in this
folder. Click Next>.

FIGURE 1-4: PROJECT WIZARD — STEP THREE

Project Wizard x|
Step Three: EE‘
Create a new project, or reconfigure the active project? /{é

1% Create New Project File

C:AMPLAB_DemoMPLAE_DEMO.mcp Browse. .. I

4" Recanfigure Active Froject

) Make changes without saving

| Save changes bo existing project file

’,r Save changes to another praject file

I Browse. .. |

< Back | Mest » | Cancel | Help |

It is important to keep your path small as there are a limited number of characters
allowed in the name. Therefore, it is recommended that the C: \ drive is used for your

projects.
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1.6 ADDING FILE TO THE PROJECT

Step Four of the Project Wizard allows file selection for the project. This tutorial will not
contain any existing files so simply select Next (see Figure 1-5).

FIGURE 1-5: PROJECT WIZARD — STEP FOUR

Project Wizard |

Step Four:
Add existing files ta pour project

E-_] baseline_Test_Files =

"{:I CMEDS J Add x» |
-] DUGPP

F-_1 Documents and Settin

-] DRIVERS ﬂl
&1 FILES

{:I hitech_projects

B0 HTSOFT

{:I ieee_ipsLabs

-7 Lotus

B Masters

-] micodice i
1 | B

< Back I Next > I

| i

Cancel | Help |

The final screen of the Project Wizard is a summary showing the selected device, the
tool suite and the new project file name (see Figure 1-6).

FIGURE 1-6: PROJECT WIZARD — SUMMARY

Project Wizard x|

Summary

Click. “Finizh' to create/configure the project with these
parameters,

Project Parameters
Device:  PIC1GFEI0

Toolsuite:  HI-TECH Universal ToolS uite

File: CAMPLAR_Demo'MPLAE_DEMOD.mcp

A new workspace will be created, and the new project added
to that work space.

< Back | Finizh | Cancel | Help |

After pressing the Finish button, review the Project window in the MPLAB IDE
workspace. It should look like Figure 1-7. If the Project window is not open, select

View>Project.

DS41322B-page 6
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FIGURE 1-7: PROJECT DIALOG
Il
= 1 MPLAB_DEMD.mcp

= [Z3 source Files
...[20 Header Files
-2 object Files
(2 Library Files

(1 Files | “2 Symbols

Note: Files can be added and projects saved by using the right mouse button in
the Project window. In case of error, files can be manually deleted by select-
ing them and using the right mouse click menu.

1.7 CREATING A C SOURCE FILE

A C source file will need to be created in order to develop the firmware for an applica-
tion. Select File>New. A new window will now appear on the workspace called Untitled
(see Figure 1-8). Save this file as MPLAB DEMO. ¢ in the Project folder created in the
Project Wizard (be sure to include the .c extension):

C:\MPLAB_ DEMO\MPLAB DEMO.c

This new C file will need to be added to the project. In the Project window, right click on
Source Files and select Add Files (see Figure 1-8).

FIGURE 1-8: ADD FILES

=

5 L1 MPLAB_DEMO.mcp

3 Heads: &dd Files, .,

[ object Fileer
: @ Library Files

------ (3 other Files

03 rles
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Browse to the c:\MpLAB DEMO directory and add the file that was created (see

Figure 1-9).
FIGURE 1-9: ADD FILES TO PROJECT DIALOG
Look in:I_JMF'LAB_Demo j _/:ﬂ e [T

File name:  [MPLAE_DEMO.c Open |
Files of type: ISource[".C;".as] Cancel |

=l

Jump to: IF'roiec:t Directory j
Remember this setting

& Auta: Let MPLAE IDE guess

" User: Filefs) were created especially for this project. use relative path
" Systern: File(s] are external to project, use absolute path

A

The Project window should now contain the C source file as shown in Figure 1-10.

FIGURE 1-10: FILES

s =

= [ MPLAB_DEMD.mcp™*
E|[:| Source Files

i L[] meLaB_pEMO.C

[C3 Header Files

[ Obiect Files

[ Library Files

Cire

DS41322B-page 8 © 2008 Microchip Technology Inc.




Introduction and Project Setup

Open the MPLAB DEMO.c source file by double clicking it within the Project window.
Once opened, copy and paste the lines of code in Example 1-1 and save:

EXAMPLE 1-1: CODE EXAMPLE 1

#include <pic.h>

/*HI-TECH include file to determine appropriate
device register definition header file.
Include this file whenever using the PICC-LITE
or other HI-TECH PICC compilers.

*/

A DEVICE CONFIGURATION
[*xFxxFxkxkxkxkx*Configure device as follows:

Use the internal 8MHz oscillator (INTIO)

Disable the Watchdog Timer (WDTDIS)

Disable the Power-up Timer (PWRTDIS)

Disable the Master Clear Reset (MCLRDIS)

Disable Code Protect (UNPROTECT)

Disable Brown-out Reset (BORDIS)

Disable Internal External Switch Over Mode (IESODIS)
Disable Fail-Safe Clock Monitor (FCMDIS)

***For a detailed description of each device configuration
above refer to the picle6fe90 datasheet (DS41262D)
"Special Features of the CPU" section.
available for download at www.microchip.com

*/

__CONFIG(INTIO & WDTDIS & PWRTDIS & MCLRDIS & UNPROTECT & BORDIS &
IESODIS & FCMDIS) ;

unsigned char Count = 0; //create an 8-bit variable in Data
//Memory called Count

[/=mmmmmm - PROGRAM MEMORY

void main (void)

{

1.8 BUILDING THE PROJECT

From the Project menu, we can compile the current files.

To build the project, select either:

 Project>Build

 Right click on the project name in the Project window and select “Build All".

« Click the Build Projecticon [ on the Project toolbar. Hover the mouse over the
icons to see the pop-up text of what they represent.

The Output window shows the result of the build process as seen in Figure 1-11. There
should be no errors on any step and the warnings can be ignored.

© 2008 Microchip Technology Inc. DS41322B-page 9
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FIGURE 1-11: OUTPUT WINDOW
[ =10l
Build |Vels\on Cantrol | Find in Files | MPLAB 5IM |
BN - LAD_DemMOyir LAD_EMU | 10T G8vICe [6F 590 |

Using driver CAProgram Files\H-TECH Software\PICCHPROVLEDkin\picc.exe

Executing: "CA\Program Files\H-TECH Software\PICCPROV Blbin\picc.exe" —pass] C\Projectl\WMPLAB_DEN
Executing: "C\Program Files\H-TECH Software\PICCPROV Blbin\picc. exe" -oMPLAB_DEMO1 .cof -mMPLAB
HI-TECH C PRO for the PIC10-12-16 MCU family (Lite) V9. 60PLI

Copyright (C) 1984-2008 HI-TECH SOFTWARE

(1273) Omniscient Code Generation not available in Lite mode (warning)

Henory Sunnary

Progran space used 17h ¢ 23y of 1000k words { D.8%)
Data =pace used 2h 2) of 100h bytes { 0.82)
EEPROM space used Oh 0) of 100h bytes (o 0.0%)
Configuration bits used 1h { 1) of 1h word (100.0%)
ID Location space u=ed Oh 0y of 4h bytes 0.0z}

Running this compiler in PRO mode, with Omniscient Code Generation enabled,
produces code which i= typically 52% smaller than in Lite mode

The HI-TECH C PRED compiler output for this code could be 11 words smaller.
See http: /- microchip htsoft. consportal- pic_pro for more information.

Loaded CA\MPLAE_Demo\MPLAE_DEMO1 cof.

o= Build successfull

< | o

1.9 CREATING CODE

Return to the MPLAB DEMO. ¢ source file.

TIP: Line numbers are shown here. Line numbers may be toggled on/off by right click-
ing in the Editor window, selecting “Properties”, and then checking/unchecking “Line
Numbers” on the Editor tab of the Editor Options dialog.

The device configuration comments and code (__CONFIQG) in the first part of the file is
for more advanced functions such as setting up Configuration bits in a final application.
These details can be ignored at this point with focus on writing main function code. The
new code will be placed within the main () function braces.

When any source file is opened, you are automatically in the Editor. Modify the main ()
as follows in Example 1-2.

EXAMPLE 1-2: CODE EXAMPLE 2

void main (void)
{
ADCONO = 0O; //Initialize a register called ADCONO to zero
//This is a special function register (SFR) located
//at a defined Data Memory address

while (1) //Create an infinite loop to hold the repetitive
//section of this function
{

Count = Count + 1; //Increment the Count variable by 1
ADCONO = Count; //Assign the Count variable value
//to the ADCONO SFR

Note: The ADCONO register is normally used to configure the Analog-to-Digital
Converter (ADC) peripheral. In this tutorial we can ignore the ADCONO
function and just consider it a register in Data Memory.

DS41322B-page 10
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1.10 BUILDING THE PROJECT AGAIN

Select Project>Build to compile the code. The Output window (shown in Figure 1-12)
will show errors, if any, in your code as well as information concerning memory usage
and device configuration. To view the specific line of code that generated the
errors/message, double click on the specific line in the Output window.

FIGURE 1-12: OUTPUT WINDOW
(T =1olx|
Buid | version Control | Find in Files | MPLAB SiM |
Build CAMPLAB_Demo\WMPLAB_DEMO1 for device 16FE30 Al

Using driver CA\Program Files\HI-TECH Software\PICCPROV. BDYhinipicc.exe

Executing: "Ch\Program Files\HI-TECH Software\PICCYFPROV B0 hinipice. exe" —pass1 ChProjectl\WMPLAE_DEM
Executing: "CAPrograrm Files\H-TECH Software\PICCAPROVS . 60Vbirhpice. exa" -oMPLAB_DEMOT .cof -rMPLAB
HI-TECH C PRC for the PIC10-12-16 MCU family (Lite) V9.60FL3

Copyright (C) 1984-2008 HI-TECH SOFTWARE

(1273) Omniscient Code Generation not awailable in Lite mode (warﬁ?ng)

Henory Summary:

Frogram space u=ed 13h ¢ 19) of 1000k words ( 0.5%)
Data space u=zed 1h ¢ 1) of 100h bytes (¢ 0.4%)
EEFREOH =pace u=zed Oh 0y of 100h bytes ¢ 0.0%)
Configuration bits u=zed 1h 1) of 1h word (100 0%
ID Location =pace u=zed Oh 0y of ih bytes ¢ 0.0%)

Running this compiler in PRO mode. with Omniscient Code Generation enabled.
produces code which i= typically 52% smaller than in Lite mode.

The HI-TECH C PREO compiler output for this code could be 9 words =smaller.
See http: microchip. ht=oft comn portal-pic_pro for more information.

Loaded CA\MFLAE_Demo\WPLAB_DERMOT cof.

presesess Build successfull

=
‘| | »

Upon a successful build, the output file generated by the language tool will be loaded.
The MPLAB DEMO. cof file can be found in the project directory. This file contains the
object code that can be programmed into a PIC® MCU and debugging information so
that source code can be debugged and source variables can be viewed symbolically in
Watch windows as shown later in this tutorial.

© 2008 Microchip Technology Inc. DS41322B-page 11
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NOTES:
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Chapter 2. Testing Code with the MPLAB® SIM Simulator

2.1 TESTING CODE WITH THE SIMULATOR

In order to test the code, software or hardware is needed that will execute the PIC®
MCU instructions. A debug execution tool is a hardware or software tool that is used to
inspect code as it executes a program. Hardware tools such as MPLAB ICE, MPLAB
ICD 2 or PICkit™ 2 Debug Express can execute code in real devices. If hardware is not
available, the MPLAB simulator can be used to test the code. For this tutorial use the
MPLAB SIM simulator.

The simulator is a software program that runs on the PC to simulate the instructions of
the PIC® MCU. It does not run in “real time”, since the simulator program is dependent
upon the speed of the PC, the complexity of the code, overhead from the operating
system and how many other tasks are running. However, the simulator accurately
measures the time it would take to execute the code if it were operating in real time in
an application.

Note: Other debug execution tools include MPLAB ICE 2000, MPLAB ICE 4000
and MPLAB ICD 2. These are optional hardware tools to test code on the
application PC board. Most of the MPLAB IDE debugging operations are
the same as the simulator, but unlike the simulator, these tools allow the
target PIC MCU to run at full speed in the actual target application.

Select the simulator as the debug execution tool. This is done from the
Debugger>Select Tool pull-down menu. After selecting “MPLAB SIM”, the following
changes should be seen (refer to Figure 2-1):

1. The status bar on the bottom of the MPLAB IDE window should change to
“MPLAB SIM”.

2. Additional menu items should now appear in the Debugger menu.

3. Additional toolbar icons should appear in the Debug Tool Bar.

TIP: Position the mouse cursor over a toolbar button to see a brief description of
the button’s function.

4. An MPLAB SIM tab is added to the Output window.

Note: To display line numbers to the left side of the code select Edit>Properties.
Click on the ‘C’ File Types tab and select the Line Numbers checkbox.

© 2008 Microchip Technology Inc. DS41322B-page 13
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FIGURE 2-1: MPLAB® SIMULATOR
=0l x|
File Edt Wew Project | Debugger Programmer Tools Configure Window Help
[m=Ela ; I Mo | m !l | checksum: szt |

Clear Memary »

o o [ c PR O

- Animate
MPLAB_Demad i -

Step Into F7

= 1 MPLAB_Demo | ersion Contiol | Find in Files

; : Step Over Fa
-0 S@ou:e Fles oo ouk

[ i o :
| Reset 2
[0 Headzr File

+.[[0 Object Files  Breakpoints... Fz

1.1 Library Files StopWratch

L [DotherFiles  Complex Breakpoints
Stimulus »
Profile r
Clear Code Coverage
Refresh PM

Settings, ..

[ Files | “2 Symbols
MPLAESIM D | [PIC16FE87

[ kowee ko T R

e

Next, select Debugger>Reset. The following reset options are available:
« MCLR Reset

» Watchdog Timer Reset

¢ Brown-out Reset

* Processor Reset

Next, select Debugger>Reset>Processor Reset. The other options will become clear
with time.

To single step through the application program, select Debugger>Step Into. This will
execute the currently indicated line of code, and move the arrow to the next line of code
to be executed.

There are shortcuts for these commonly used functions in the Debug Tool Bar.

TIP: See Table 2-1 for commonly used functions and their shortcuts. Click on the
appropriate icon on the toolbar or use the hot key shown next to the menu
item. This is usually the best method for repeated stepping.

DS41322B-page 14
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TABLE 2-1: DEBUGGER MENU ITEMS
Debugger Menu | Toolbar Buttons Function Hot Key

Run 5 Run Program F9
Halt W Halt Program Execution F5
Animate Continually step into instruction. To

be Halt, use Debugger>Halt or the Halt

icon

Step Into 2 Step into the next instruction F7
Step Over & Step over the next instruction F8
Step Out Of & Step out of the subroutine
Reset g | Perform a MCLR Reset F6

Next, press the Step Into icon or select Debugger>Step Into until the green program

counter arrow points to the unsigned char Count

FIGURE 2-2:

MPLAB® IDE EDITOR

0; lineinthe main( ).

Il C:\Project1,MPLAB_DEMD.c

_ CONFIG(INTIO ¢ WDTDI® & DWRTDIS < MCLEDI® < UNPROTECT < BORDIS - IESODIS : FCMDIS)

unsigned char Count = 0. ffcreate an 8-bit variable in Data
#/Menory called Count

___________________ DPROCRAM MEMORY

woid mainiveid)

{

ADCOND = 0O;

/fInitialize a register called ADCONO to zero

#fThis is a special function register {(§FR} located
/fat a defined Data Memory address

while (1}

//Create an infinite loop to hold the repetitive

/fsection of this function

{
Coume. = Coumt + 1;
ADCOND = Count

'

//Increment the Count variable by 1
fihssign the Count variable wvalus
4/to the ADCOND EFR

ol

Select View>Watch to bring up an empty Watch window. There are two pull downs on
the top of the Watch window. The one on the left labeled “Add SFR” can be used to add
the Special Function Register, ADCONQO, into the Watch. Select ADCONO from the list
and then click Add SFR to add it to the window (see Figure 2-3).

© 2008 Microchip Technology Inc.
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FIGURE 2-3: WATCH WINDOW

[ Libix

Add SFHI £DCON _Add 5 ymboll ICount j
S—wnbo.mi_z Fitnal | Binary |

ADCONT
ADRESH
ADRESL
AMSEL
AMSELH
BAUDCTL

CCPICOM

CCPR

CCPR1H

CCPRIL
CHTCOND
C2COND
CH2CONT o
ECCPAS

EEADR

[ wiatch 1 |EEADEH 3| watch 4

The Watch window allows you to view the contents of registers in Data Memory in the
number system of your choice. Ensure that Hex, Decimal and Binary representations
are visible. If not, right click on the Symbol Name or anywhere else on the tab bar and
select the numbering systems not shown (see Figure 2-4).

FIGURE 2-4: WATCH WINDOW OPTIONS
Mwatch =101x]
Add SFHI IADCDND 'l Add Symboll ICount j
Syrmbol Name Decimal Einary I

Address
v Symbal Name
Yalue

v Decimal

v Binary
Char

Moare ...

[Wwatch1 Watch2| watch3 | watch 4]

The pull down on the right of the Add Symbol button, allows symbols (variables from
your code) to be added from the program. Use this pull down to add the Count variable
into the Watch window. Select Count from the list and then click Add Symbol to add it
to the window.

DS41322B-page 16
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FIGURE 2-5: SELECTING A SYMBOL

Mwach =10/ x|
Add SFR| [+DCOND =] Add Symbol| [BENED =l

Symbol Name I Hex I De
ADCONOD ox0o u] aooooooo

['watch1  watch2| watch 3| Watch ]

Step through the code using the Step Into icon on the toolbar g1 . Count and ADCONO
values should change as each line of code is executed.

Note: Anytime a register value does change, the value font color turns red.

You could continue single stepping through the code, but instead, set a breakpoint just
before the first value is moved into ADCONO. To set a breakpoint, put the cursor on the
following line:

ADCONO = Count;
Right click the mouse and select Set Breakpoint from the context menu (see

Figure 2-6).
. ®
FIGURE 2-6: MPLAB™ IDE EDITOR
Ml C:'\Project1\MPLAB_DEMO.c =0 5[
—
25 awailable for download at wwu.microchip.com j
> Add Filber-in Trace [~
=7 F Add Filter-out Trace
25 Remave Filker Trace
23 _ CONFIG(INTIO s WDTBIS & PWRTDIS : MCLRDIS & UNPROTECT & BORDIS < IESODIS & Remove ol Filker Traces
30
3L unsigned char Coumt = 0; //create an S-bit varishle in Data Clase
3z J/Memory called Count
33
24 FEmmmmm e PROGEAM MEMORY Breakpaints 4
e

R Tia Cursor:

2 void mainvoid)

37 ( Set PC at Cursaor

ze ADCOND = 0 f/Initizlize a register called ADCONOD to zero Center Debug Location

ekl F/This is a special function register (SFR) located

a0 ffat a defined Data Memory address GoTo..,

4L GoTo Locatar

42 while (1) f/Create an infinite loop to hold the repstitive

43 fisection of this function Cut

44 i Gopy:

L = Count = Count + 1; //Tncrement the Count wariable by 1 Paste

46 ADCONO = Count; f/hssimm the Count varishle value Delete

a7 f/to the ADCOND EFR

a2 ¥ Add T Project

43 External DIFF... |
4

A red “B” will show on the line (see Figure 2-7). (You can also double-click on a line to
add a breakpoint.)
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FIGURE 2-7: BREAKPOINT EXAMPLE
Il C:\Project1 \MPLAE_DEMO.c _ 3l x|
75 availakle for dowmlosd at wonr.microchip. com j
zs
] 4
]
29 __CONFIG{INTIO < WBTDLS < PWRTDIS & MCLEDIS < UNPROTECT & BORDIS & IESODIS o FOMDIS) ;
20
51 unsigned char Count = 0, //create an &-bit warisble in Data
< f/Memory called Count
22
24 ffmmmmmmmmmmmmmmmme PROGRAM MEMORY I
55
35 woid mainivoid!
27 {
k] ADCONO = 0; /fInitialize a register called ADCOND to zero
55 /fThis is a special function register {(3FR) located
40 //at a defined Data Memory address
l41
4z whileil) /fCreate an infinite loop to hold the repetitive
43 /fsection of this function
44 i
as Count = Count + 1; //Increment the Count variable by 1
N E] ADCONO = Count; /fhzsign the Count varisble valus
47 /fto the ADCOND SFR
45 ¥
l43 -
d | _'l_I

Select Debugger> Processor Reset. Selecting Reset will reset the processor, the reg-
isters, and simulator time. Select Debugger>Run to run the application. A text message
“Running...” will briefly appear on the status bar at the bottom of the MPLAB IDE
window before the application halts at this first breakpoint.

The Watch window should now show that the variable count was incremented by one,
but since the breakpoint is at the line before the ADCONO=Count; executes, ADCONO
still has a value of zero (see Figure 2-8).

FIGURE 2-8: WATCH WINDOW
N =]
Add SFH”ADEDND v[ Add S_l,lmbolllCount =]
Synbol Name Hex Decimal Einary
[u]
Count ox01 1 aooooool

[twiatch 1 Watch2| watch3| watch 4]

Press the Run icon to execute the code until it hits this point again. The Watch window
should now show both ADCONO and Count values increased by one.
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FIGURE 2-9: WATCH WINDOW
CEE =10/
Add SFH| IADEDND v[ Add Symboll IEount =]
Syribol Naane | Hex | Decimal Binarvy I
ADCONO Ox01 1 oooogool
Count Ox0z 2 goooooio

[Wwatch1 waich2| watch 3] watch 4]

This would seem to indicate that the program is working as designed. You can single
step through the code, or run the code more times to verify that it is executing properly.
You could also select the animate icon. Animate causes the debugger to actually

execute steps while running, updating the values of the registers as it runs. Animate
runs slower than the Run function.
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NOTES:
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Chapter 3. Checking Program Memory Use

3.1 CHECKING PROGRAM MEMORY USE

A program written in C will generate some overhead in Program Memory. Each address
in Program Memory will essentially hold one line of Assembly code. When the C project
is compiled, a list file (. Lst) is generated showing Assembly and Machine Language
translations of the C code. The list file can be used to assess how much Program
Memory is used.

To view the list file, select View>Disassembly Listing. The list file for the code created
in this tutorial is shown in Figure 3-1. Note that the breakpoint also appears in the
disassembly listing. As you may have guessed, this file can be used to step through
code with the debugger enabled.

FIGURE 3-1: DISASSEMBLY LISTING
=10l
34: LR e — PROGRAM MEMOEY -
35:
36: void main (void)
37: {
38: ADCONO = 0; //Initialize a register called ADCOND to zero
ooz 1003 BCF 0x3, O
003 3000 MOVLY O
004 1803 BTFSC 0x3, O
0os 3001 MOVLY Ox1
006 009F MOVWE 0x1f
39: F4This is a special function register (SFR) located
a0: ffat a defined Data Memory address
al:
4z: while (1) f/Create an infinite loop to hold the repstitive
014 2807 GOTO 0x7
01s llga BCF Oxa, Ox3
016 Z800 GOTO O
43 fésection of this function
a4: i
45: Count = Count + 1; JfIncrement the Count variable by 1
007 1283 BCF 0x3, Ox5
008 1303 BCF 0x3, Ox6
003 0s7c MOYE 0x7c, W
004 3E0L ADDLY Ox1
00B 00FD MOVWE 0x7d
ooc 087D MOYE 0x7d, W
00D ooFC MOVWE 0x7c
461 ADCONO = Count; fFhssigm the Count warishle walue
2 00E 1283 BCF 0x3, Ox5
-
1 - t s

The list file shows the assembly overhead generated for each line of C code. The
address in Program Memory occupied by each assembly instruction including its
hexadecimal equivalent (Machine Code) is also shown. These hexadecimal values will
make up a . hex file that will be downloaded onto the PIC Microcontroller using the
PICKit 2 programmer.
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Program Memory usage can also be viewed by selecting View>Program Memory as
shown in Figure 3-2.

FIGURE 3-2: PROGRAM MEMORY WINDOW
RI=TEY
Line Address Opcode Disa *
1 aoo 1154 ECF Oxa, 0Ox3
2 ool 2802 GOTO 0Ox2
3 ooz 1003 ECF Ox3, 0O
4 ooz 3000 MOVLW 0
= ao4 1503 ETF3C Ox3, O
[ aos 3001 MOVLT Ox1
7 aoe oosrF MOVWF Ox1f
g oo 1283 BCF Ox3, 0OxE
=} aos 1303 ECF 0Ox3, 0Ox6
10 aos agvc MOVF Ox7c, W
11 ook FEOL ADDLT 0O=1
12 aoE aorD MOVWF Ox7d
13 aoc osvD MOWVF Ox7d, W
14 aon aorFc MOVWF Ox7c
e 15 aoE 1283 ECF 0Ox3, 0Ox5
16 aor 1303 BCF 0Ox3, 0Ox6
17 a1o osve MOWVF Ox7o, W
15 011 oorD MOVWE Ox7d
19 a1z osvD MOWVF Ox7d, W
20 013 QosF MOVWF Ox1f
21 014 2507 GOTO Ox7 -
. | of
Opcode He:-c“ Machine Symbolicl

Once again, both Machine and Assembly languages are shown including the address
in Program Memory occupied.

3.2 CONCLUSION

The preceding tutorial provided an introduction to the MPLAB IDE using the HI-TECH
C PRO compiler. For more information please refer to www.microchip.com for
application notes and software examples.
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