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Preface

NOTICE TO CUSTOMERS

document.

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

For the most up-to-date information on development tools, see the MPLAB® IDE online help.
Select the Help menu, and then Topics to open a list of available online help files.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
PIC32MX. Items discussed in this chapter include:

Document Layout

Conventions Used in this Guide

Recommended Reading

The Microchip Web Site

Development Systems Customer Change Notification Service
Customer Support

Document Revision History

DOCUMENT LAYOUT

This document describes how to use the PIC32MX Starter Kit as a development tool to
emulate and debug firmware on a target board. The manual is composed of the follow-
ing chapters:

Chapter 1. “Introducing the PIC32MX Starter Kit” provides a brief overview of
the PIC32MX Starter Kit, highlighting its features and uses.

Chapter 2. “PIC32MX Starter Kit Tutorial” provides step-by-step instructions for
installing the PIC32MX and using the Microchip MPLAB® IDE to build and run the
tutorial program on the PIC32MX Starter Kit.

Chapter 3. “Create a New Project” provides step-by-step instructions for creating
a new project using the MPLAB IDE and loading it onto the PIC32MX Starter Kit.
Chapter 4. “PIC32MX Starter Kit Hardware” provides a more detailed
description of the features of the hardware included in the PIC32MX Starter Kit.
Appendix A. “PIC32MX Starter Kit Schematics” provides a block diagram and
detailed schematics of the PIC32MX Starter Kit.

© 2009 Microchip Technology Inc. DS61144D-page 1
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User’s Guide

Emphasized text

...is the only compiler...

Initial caps A window the Output window

A dialog the Settings dialog

A menu selection select Enable Programmer
Quotes A field name in a window or dialog | “Save project before build”
Underlined, italic text with right A menu path File>Save
angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#define START

Filenames autoexec.bat

File paths c:\mccl8\h

Keywords _asm, _endasm, static
Command-line options -Opa+, -Opa-

Bit values 0, 1

Constants (in source code) 0xFF, ‘A’

Italic Courier New

A variable argument

file.o, where file can be any
valid filename

Square brackets [ ]

Optional arguments

mccl8 [options] file
[options]

Curly brackets and pipe
character: { |}

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]1}

Ellipses...

Replaces repeated text

var name [, var name...]

Represents code supplied by user

void main (void)
{
}

DS61144D-page 2
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RECOMMENDED READING

This user’s guide describes how to use the PIC32MX Starter Kit.

The following Microchip documents are available and recommended as supplemental
reference resources.

Release Notes for PIC32MX Starter Kit

For the latest information on the PIC32MX Starter Kit, open p1c32MX Starter Kit
Release Notes.htmlocated in either the root directory of the PIC32MX Starter Kit CD
or (default):

c:\Microchip Starter Kits\PIC32 Starter Kits\documentation

The file generally contains the most current update information, as well as any issues
that may not have been available when this user’s guide was published.

PIC32MX Data Sheet (DS61143)

Consult this document for detailed information on the PIC32MX general purpose, 32-bit
devices. Reference information found in this data sheet includes:

» Device memory map

* Device pinout and packaging details

* Device electrical specifications

» List of peripherals included on the device

MPLAB® c Compiler for PIC32 User’s Guide (DS51686)

This document, formerly the MPLAB C32 C Compiler for PIC32 User’s Guide, details
the use of Microchip’s MPLAB C Compiler for PIC32 to an develop application.

MPLAB® IDE User’s Guide (DS51519)

Consult this document for more information pertaining to the installation and
implementation of the MPLAB IDE software, as well as the MPLAB Editor and MPLAB
SIM Simulator software that are included with it.

THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site makes files and information easily available to customers. Accessible by most
Internet browsers, 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 listings

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

© 2009 Microchip Technology Inc. DS61144D-page 3
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DEVELOPMENT SYSTEMS CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip
products. Subscribers will receive e-mail notification whenever there are changes,
updates, revisions or errata related to a specified product family or development tool of
interest.

To register, access the Microchip web site at www.microchip.com, click on Customer
Change Notification and follow the registration instructions.

The Development Systems product group categories are:

» Compilers — The latest information on Microchip C compilers and other language
tools. These include the MPLAB C18 and MPLAB C30 C compilers, and MPLAB
C Compiler for PIC32 compilers; ASM32, MPASM™ and MPLAB ASM30 assem-
blers; MPLINK™  and MPLAB LINK30, MPLAB LINK32 object linkers; and
MPLIB™ and MPLAB LIB30 object librarians.

+ Emulators — The latest information on Microchip in-circuit emulators. This
includes the MPLAB REAL ICE™ and MPLAB ICE 2000 in-circuit emulators.

* In-Circuit Debuggers — The latest information on the Microchip in-circuit
debuggers. This includes the MPLAB ICD 2 and PICkit™ 2.

- MPLAB® IDE - 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 IDE Project Manager, MPLAB Editor and
MPLAB SIM simulator, as well as general editing and debugging features.

* Programmers — The latest information on Microchip programmers. These include
the MPLAB PM3 device programmer and the PICSTART® Plus, PICkit™ 1 and
PICkit 2 development programmers.

CUSTOMER SUPPORT

Several channels are available to assist the users of Microchip products:

+ Distributor or Representative

* Local Sales Office

+ Field Application Engineer (FAE)

» Technical Support

» Development Systems Information Line

Customers should contact their distributor, representative or FAE for support. Local

sales offices are also available to help customers. A list of sales offices and locations
is included in the back of this document.

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

DS61144D-page 4 © 2009 Microchip Technology Inc.
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DOCUMENT REVISION HISTORY

Revision A (October 2007)

This is the initial release of the PIC32MX Starter Kit User’s Guide.
Revision B (October 2007)

Removed confidential status.

Revision C (November 2008)

Updated the instructions in Section 3.3.2 “Task 2, Select the Language Toolsuite”.

Added connector table in Section Table 4-1: “Starter Board Connector Part
Numbers”.

Revision D (February 2009)

Updated directory names and associated figures.
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Chapter 1. Introducing the PIC32MX Starter Kit

1.1 INTRODUCTION

Thank you for purchasing the Microchip Technology PIC32MX Starter Kit. This kit
provides a low-cost, modular development system for Microchip’s new line of 32-bit
microcontrollers.

The starter kit comes pre-loaded with demonstration software for the user to explore
the new features of the PIC32MX. It is also expandable through a modular expansion
interface, which allows the user to extend its functionality. The PIC32MX Starter Kit also
supplies on-board circuitry for full debug and programming capabilities.

1.2  HIGHLIGHTS

This chapter covers the following topics:

+ Kit Contents

+ PIC32MX Functionality and Features

* Installing the PIC32MX Starter Kit CD

» Using the PIC32MX Starter Kit Out of the Box

* PIC32MX Demonstration Program

The preprogrammed example code on the PIC32MX MCU has been included on the
PIC32MX Starter Kit CD-ROM for future reference. All project files have been included,
so that the code may be used directly to restore the PIC32MX MCU on the starter kit

to its original state (i.e., if the sample device has been reprogrammed with another
program), or so you can use the tutorial code as a platform for further experimentation.

1.3  KIT CONTENTS

The PIC32MX Starter Kit contains the following items:

+ PIC32MX Starter Kit Board

» USB Mini-B cable

» PIC32 Starter Kit Installation CD-ROM, which includes:
- PIC32MX Starter Kit User’s Guide (DS61144)
- PIC32MX Family Data Sheet (DS61143)

PIC32MX Family Reference Manual (DS61132)

- PIC32MX Peripheral Library Manual

- Code examples for use with the PIC32MX devices

If you are missing any part of the kit, contact a Microchip sales office for assistance. A
list of Microchip offices for sales and service is provided on page 44.

© 2009 Microchip Technology Inc. DS61144D-page 7
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1.4 PIC32MX FUNCTIONALITY AND FEATURES

A representation of the layout of the PIC32MX Starter Kit is shown in Figure 1-1. The
board includes these key features, as indicated in the diagram:

1.
2.
3.

© N o Ok

9.

PIC32MX360F512L 32-bit microcontroller
Green power-indicator LED

Regulated +3.3V power supply for powering the starter kit board via USB or
expansion board

On-board crystal for precision microcontroller clocking (8 MHz)
USB connectivity for on-board debugger communications
PIC18LF4550 USB microcontroller for on-board debugging
Orange Debug indicator LED

Three push-button switches for user-defined inputs

Three user-defined indicator LEDs

10. Connector for connecting various expansion boards (on the underside of board)
For details on these features, refer to Chapter 4. “PIC32MX Starter Kit Hardware”.

FIGURE 1-1: PIC32MX STARTER KIT DEMO BOARD LAYOUT

@

MICROCHIP
www.microchip.com/PIC32

—t = R11 AmlEoey |
@ = ST H -1 ( \)
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1.5 INSTALLING THE PIC32MX STARTER KIT CD

The default PIC32MX Starter Kit installation directory is:
c:\Microchip Starter Kits\PIC32 Starter Kits

Note, throughout this document, the following phrase “[install directory]” refers
to this default installation, c:\Microchip Starter Kits, or a directory selected by the
user during the time of installation.

The starter kit CD-ROM contains the MPLAB IDE, MPLAB C32 C Compiler tools, code
examples, sample projects, technical documentation, a getting started tutorial, and this
PIC32MX Starter Kit User’s Guide. When the CD is placed into your CD drive, an
automatic installation application will guide you to install the tools and relevant
documents.

1.6 USING THE PIC32MX STARTER KIT OUT OF THE BOX

The PIC32MX Starter Kit may be used directly from the box as a demonstration board
for the PIC32MX device. The PIC32MX is preprogrammed with the classic “Simon
Says” game (simon_says demo.hex) in the PIC32MX360F512L device and is ready
for immediate use.

1.6.1 How to Play the Game

When the USB cable is plugged into the starter kit, the three LEDs start blinking to
indicate the start of a new game. Begin the game by pressing one of the switches,
SW1-SWS3, to choose the level of game difficulty. SW3 is the easiest, SW1 is the
hardest. The goal is to imitate the light patterns as long as you can, without getting
frazzled. Ultimately, you will make a mistake and all of the LEDs will light up to signal
the end of a game. After a brief pause, you can press a switch again to start a new
game.

If the starter kit is connected to the MPLAB IDE, the game stops. It will be replaced by
the MPLAB IDE project that you select when the program button is pressed. The game
can be reloaded onto the starter kit by opening simon says demo.mcw from the
following directory:

[install directory]\PIC32 Starter Kits\simon says demo

1.7 PIC32MX DEMONSTRATION PROGRAM

The preprogrammed example code on the PIC32MX has been included as part of the
PIC32MX Starter Kit installation. All project files have been included, so that the code
may be used directly to restore a PIC32MX to its original state (i.e., if the sample device
has been reprogrammed with another program) or so you can use the tutorial code as
a platform for further experimentation.

© 2009 Microchip Technology Inc. DS61144D-page 9
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Chapter 2. PIC32MX Starter Kit Tutorial

21 INTRODUCTION
This chapter is a self-paced tutorial to get you started using the PIC32MX Starter Kit.

2.2 HIGHLIGHTS

Iltems discussed in this chapter include:

* Host Computer Requirements

* Installing the Starter Kit Board

+ Starting with the Tutorial Project

* Building the Project

* Programming the Device

* Running the Program

» Operation of the Tutorial Program

23 HOST COMPUTER REQUIREMENTS

To communicate with and program the starter kit board, the following hardware and
software requirements must be met:

* PC-compatible system

» An available USB port on PC or powered USB hub

+ CD-ROM drive

+ Microsoft Windows XP®
(The PIC32MX Starter Kit has not been tested on Windows NT®, Windows 2000®
or Microsoft Vista™ operating systems)

© 2009 Microchip Technology Inc. DS61144D-page 11
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2.4 INSTALLING THE STARTER KIT BOARD

As a USB device, the starter kit board requires very little effort to install; most of the
work is done by the operating system. Begin by closing all applications.

241 Install the Tools and Projects

1. Insert the PIC32 Starter Kit CD into your CD-ROM drive and click the install from
CD menu option. If the installation application does not automatically start,
navigate to the files on the CD and open setup.exe.

The following window is displayed:

FIGURE 2-1: INSTALLING THE PIC32 STARTER KIT BOARD

A%\ MicracHP

SSe=E = Lz

Develop. Program. Run.

2. Reboot your system when prompted to do so.

Note: The dialog also provides an option to check the Microchip web site for
newer versions of the starter kit software.

DS61144D-page 12 © 2009 Microchip Technology Inc.
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242 View the Getting Started Tutorial

Perform the following steps to view the tutorial:

1. After your computer has rebooted, the Getting Started Tutorial menu opens.

2. View the tutorial instructions for connecting to the starter kit board and running
the tutorial project.

If you performed the installation steps as you followed along in the Getting Started
tutorial, skip to Section 2.5 “Starting the Tutorial Project” on page 16.

If you did not, continue to the next page for instructions about how to connect the board
and install the device driver.

243 Connect the Starter Kit Board

Using the supplied USB cable, connect the board to an open USB port on your com-
puter. (A USB hub that is not bus-powered can also be used.) Connect the other end
of the cable into the USB connector on the starter kit board.

Check the board: the green power LED D3 should be lit. If it is not, check the
connections at the port, hub, and board.

244 Install the USB Device Driver

Note: The USB driver installation steps described here refer specifically to
installing the driver on a Microsoft Windows XP operating system.

Perform the following steps to install the USB device driver:

1. When the USB cable is connected, the “Found New Hardware Wizard” dialog
box opens, as shown in Figure 2-2. When asked whether to install the software
automatically or install from a list or specific location, select “Install software
automatically” and click Next.

FIGURE 2-2: FOUND NEW HARDWARE WIZARD

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helpz you inztall software for;

PIC32k Starter Kit

3'\') If pour hardware came with an inztallation CD
~u or floppy disk. inzert it now.

what do you want the wizard to do’?

lG)ilmhall the software automatically [Recommended§

(3 Install fram a list or zpecific lacation [Advanced)

Click Mewxt to continue.

Mest > ] [ Cancel

© 2009 Microchip Technology Inc. DS61144D-page 13
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2. As shown in Figure 2-3, the next dialog box tracks the wizard as it searches for
the device. (This activity may take several seconds.) When it is done, click Next.

FIGURE 2-3: HARDWARE WIZARD - SEARCHING FOR DEVICE

Found Mew Hardware Wizard
Please wait while the wizard searches... .

@ PIC32M3 Starter Kit

Cancel

3. If prompted to select a driver, select mp32mxsk. inf, as shown in Figure 2-4. Click
Next to continue.

FIGURE 2-4: HARDWARE WIZARD - SELECTING THE DRIVER

Found New Hardware Wizard

Please select the best match for pour hardware from the list below. .

H Microchip MPLAE PIC32Mi Starter Kit

r A
Description Wersion M anufacturer Location
Microchip MPLAE PII Starter Kit  Unknown  Microchip Technology, Inc. =i l.inf
Microchip MPLAE PICZ2M: Starter Kit Unknown  Microchip Technology, Inc. E cwindowssinfoemd 9 inf

L d

2l | i

Thiz driver iz not digitally signed!
Tell me why driver signing is importart

< Back I Mest > I Cancel
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4. If prompted with a dialog box for Windows Logo testing, as shown in Figure 2-5,
click Continue Anyway.

FIGURE 2-5: WINDOWS LOGO TESTING

Hardware Installation

L ] E The software you are inztalling far this hardware:
-
PIC32k> Starter Kit

has not paszed wWindows Logo testing to verify itz compatibilit
with Windows XP. [Tell me why this testing iz important.]

Continuing your installation of thiz software may impair
or destabilize the comrect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

[ Cortinue Anyway ] | STOP Installation |

5. The next window (Figure 2-6) indicates that the installation of the software for the
starter kit is complete. Click Finish.

FIGURE 2-6: COMPLETING DEVICE DRIVER INSTALLATION

Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

@ PIC32M2 Starker Kit

Click Finish to close the wizard.

. Finish
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2.5

STARTING THE TUTORIAL PROJECT

Click the MPLAB IDE icon on your computer desktop. The MPLAB IDE opens with the
starter kit tutorial project loaded, as shown in Figure 2-7. If the MPLAB IDE does not
have the starter kit tutorial project loaded, select File>Open Workspace... from the
menu bar and browse to the tutorial project file:

[install directory]\PIC32 Starter Kits\

Starter Kit Tutoriallstarter kit tutorial.mcw

(or browse to the file path you used when you installed the MPLAB IDE).

The pane on the left of the MPLAB IDE interface displays project files, the . c’, *.n’ and
‘.a’ files that are used to build an application. The project files are organized by type
into folders.

“Starter Kit Found” should be displayed in the “Output” pane of the MPLAB IDE inter-
face. If you do not see this message, select Debugger>Select Tool>PIC32MX Starter
Kit from the menu bar. If that sequence fails to find the project, check the driver
installation, as well as the connections between the hardware and the PC.

FIGURE 2-7: MPLAB® IDE WORKSPACE

M starter_kit_tutorial - MPLAB IDE v8.15 - [MPLAB IDE Editor] -lolx|
I Ele Edit View Project Debugger Programmer ITools Configure Window Help =&l x|
|DsW|imE SABER R [y s HBO | Snal Baannrunxi| vuwnPr@ o
|starter_kit_tutorial.mecw = slarter,kil,tulorial.c' X
= [ starter_kit_tutorial.mcp ; =
- S Fil
& D ource Flles 5 PIC3ZMX Starver Kit Exauple Tutorial
tarker_kit_kutarial.c g
= leader Files 3
- " db_utils b & * FilelNeme: starter kit _tutorial.c
B Object Files 7 * Dependencies: Hone
2 (0 Library Files 5 * Processor: PICAZ
H db_utis.a > "
N . ;
(220 Linker Seript ﬂ ! Complier: ﬁgtﬁ iDgom1;1l1:r fo; P;‘;C32 wl.04
21 2 Other Files vE. L5 or higher
. Lz T Company: Microchip Technology, Inc.
TC3ZMY, Starter Kit Release Notes.htm |, o *
= Prcazm starter Kit User's Guide. pdf i * Copyright (o} 2008 Microchip Technology, Inc.
: E’Eﬂ‘jmﬂ-b‘t L5 * Hoftware License Agreement
L& h
117 * The software supplied herewith by Microchip Technology Incorporated
115 * (the *Company®) for its PIC3Z Microcontroller is intended
L9 * and supplied to you, the Company’s customer, for use solely and
20 * exclusively on Microchip PIC3Z Microcontroller products.
21 * The software iz owned by the Company and/or its supplier, and is
22 * protected under applicable copyright laws. &1l rights are resesrved.
23 * Any use in violation of the foregoing restrictions nay subject the
24 * uger to criminal senctions under applicable laws, as well as to
25 * ciwil liability for the breach of the terms and conditions of this
26 * license.
27 h
26 * THIS S0FTUARE IS PROVIDED TN AN “A3 I3* CONDITION. N0 WARRANTIES,
29 * WHETHER EXPRE3%, INPLIED OR STATUTORY, INCLUDING, EUT NOT LIMITED
4| | ,l 30 * TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITHMESS FOR A
31 * PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, -
(] Files | ¥ Symbols 4 »
|Output =
Build | Version Cantrol | Findin Files  MPLAB PIC32 Starter Kit I
[Debugger] Starter Kit Found
PIC3Z Starter Kit PIC32MH3E0FS12L |pe:oxbfeoonon | [ Jtnt, calt s [wR v
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2.6 BUILDING THE PROJECT

FIGURE 2-8:

From the menu bar of the main MPLAB IDE window, click Project>Make. The build
Output window displays, as shown in Figure 2-8.

Observe the progress of the build. When the “BUILD SUCCEEDED” message displays,
you are ready to program the device.

BUILD OUTPUT WINDOW

=]

|Output

Buid |Vers\on Contral | Findin Files | MPLAB PIC32 Starter Kit

Clean: Done.
Bixecuting:
Bixecuting:
Bixecuting:

“C:\Program Filesi\Microchip\MPLAE C3Z%bin\pic3Z-goc.exe" -mprocessor=3ZMK3E60FE1ZL -x c -c "starter_kit_tutorial.c" -o'starter_kit_tutorial.c
"C:\Program Files\Microchip\MPLAB C3Z2%bin\pic3Z-goc.exe" -mprocessor=3ZMK3E0FELZL “"starter_kit_tutorial.o"

"C:\Program Filesi\Microchip\MPLAE C3Z\bin\pic3Z-binZhex.exe"
Loaded C:yMicrochip Starter KitsWPIC3ZMH Starter Kits'\Starter Kit_Tutoriallstarter_kit_tutorial.elf.

"C:\Microchip Starter Rits\PIC3ZM
"C:\Microchip Starter Fits\PIC3ZIY Starter Kits\Starter KRit_Tutorial‘starter_ki

Target debug platform is
Wed Jan 28 10:39:32 2003

Debug build of project “C:iwMicrochip Starter Kits)\PIC3ZMK{ Starter Kits\Starter Fit_Tutoriallstarter_kit_tutorial. wmcp' succeeded.
Preprocessor symbol °_ DEEUG' is defined.

" __MPLAE DEBUGGER_PICIZIEK=1'.

[BUILD SUCCEEDED
<

| o

© 2009 Microchip Technology Inc.
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2.7 PROGRAMMING THE DEVICE

271 Program the Device

Click on the Program All Memories icon on the Program Device Tool Bar, as shown in
Figure 2-9).

FIGURE 2-9: PROGRAM DEVICE TOOL BAR

EEE R R R R R R R R R R R R R R R R

3TARTER EIT Tutorial README

A Programming Warning window (Figure 2-10) opens to warn you about overwriting
the memory. Click Yes.

FIGURE 2-10: PROGRAMMING WARNING WINDOW

Programming Warning

Are you sure you want to pragram {overwrite) the
program, boot, and configuration memories?

e | [ |

[JE0 nat show this warning again,

The Output window (Figure 2-11) tracks the progress of the output. A “Done” entry
indicates that the programming of the device is complete.

FIGURE 2-11: OUTPUT WINDOW

‘Output IXI\
Buid | Version Cantrol | Findin Files MPLAB PIC320x
[Debugger] Starter Kit Found

All Memories

Erasing...

Frogram Memory:

sProgramming.....
Done

Boot Memary and Configuration Mermony:
Programming

=Done
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2.8 RUNNING THE PROGRAM

Either click Debugger>Run from the menu bar of the MPLAB IDE or click the Run icon
(the turquoise triangle) on the Debug Tool Bar (Figure 2-12) to run the new program.

FIGURE 2-12: DEBUG WINDOW

WO || D moo B E|| Check

e e e e e e O e i

2.9 TUTORIAL PROGRAM OPERATION

The starter kit tutorial demonstrates a simple application. The program responds

according to the user input menu. The program prints the available menu choices to

the starter kit Output window in the MPLAB IDE. The program flow is shown in
Figure 2-13.

© 2009 Microchip Technology Inc. DS61144D-page 19
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FIGURE 2-13:

PIC32MX TUTORIAL PROGRAM FLOWCHART

Initialize the LEDs

Ask user for the string

of maximum 256
characters

v

Display the user string back to

the output window

Toggle the RED

LED

Toggle the

ORANGE LED

Toggle the

GREEN LED

Make repeat = ‘x’

Is “repeat” == x’

Display the Build
Date and Time

v

Ask user for the
menu choice

s Menu choice ‘r
or ‘R’?

s Menu choice ‘o
or ‘0’?

s Menu choice ‘g
or ‘G’?

s Menu choice ‘x
or ‘X'?

Display that the
user choice is

invalid and Toggle
all the LEDs once.

Yes

Display that the
- Return
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The tutorial program includes the Debug Print Library, which facilitates print functional-
ity. A peripheral library header file for flashing the LEDs is also included. The header
file for print functionality is db_utils.h.

Depending on the macro definition given in the print header file, the debug print macros
will be expanded. The print functionality in the tutorial is routed to the Output window
on the MPLAB PIC32MX tab in the interface window. In order to achieve this, the
macro definition “PIC32_STARTER_KIT” is added to the MPLAB C Compiler for PIC32
options.

As the program runs, the Output window (Figure 2-14) tracks the progress.

FIGURE 2-14: OUTPUT WINDOW

|0u|pu| E“
Buid | ersion Contiol | Findin Files MPLAB PIC32MX |
DEEEL=an] =]
[TargetOUT] Basic Starter Kit Lab (Oct 17 2007.12:30112)
[TargetOUT]
[TargetOUT] type E to echo the Input String.
[TargetOUT]
[TargetOUT] type R to toggle the RED LED.
[TargetOUT]
[TargetOUT] type O to toggle the ORANGE LED.
[TargetOUT]
[TargetOUT] type G to toggle the GREEN LED:
[TargetOUT]
[TargetOUT] type X to exitthe Loop.
[TargetOUT]
[TargetOUT] Enter a menu choice (8.r.0.0):
[TargetOUT]

After printing the menu, the application displays a prompt that requests your input, see
Figure 2-15.

FIGURE 2-15: TARGET IN WINDOW

TargetIN

Enter Information to be Sent to Target:

co_|

Type your choice into the Enter Information to be Sent to Target box, and click Send.

The program responds according to the menu entry. Watch the LEDs on the starter kit
board. If your entry is incorrect, the LEDs will toggle once.

© 2009 Microchip Technology Inc. DS61144D-page 21
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Chapter 3. Create a New Project

3.1 INTRODUCTION

This chapter explains how to create a new project.

3.2 HIGHLIGHTS

Iltems discussed in this chapter include:

» Creating a New Project

+ Building the Project

* Programming the Device

* Running the Program

After completing this chapter, you should be able to accomplish the following tasks:

» Create a project using the Project Wizard

» Assemble and link the code, and set the Configuration bits
» Set up the MPLAB IDE to use the PIC32MX Starter Kit

» Program the chip, and run the program

3.3 CREATING A NEW PROJECT
The first step is to create a project and a workspace in the MPLAB IDE. Typically, there
is a single project per workspace.

A project contains the files needed to build an application (i.e., source code, header
files, library, etc.), and their corresponding build options.

A workspace contains one or more projects, information on the selected device,
debug/programmer tool, and MPLAB IDE configuration settings.

MPLAB IDE contains a Project Wizard to help create a new project.
You will perform the following tasks as you create a new project:

Task 1, Select aDevice ............cooeiiiiiiieiiiiieee e, page 24
Task 2, Select the Language Toolsuite ............................ page 25
Task 3, Name Your Project .............ccccoiiiiiiiiiii page 26
Task 4, Add Files to Your Project ..., page 27
Task 5, Confirm the Configuration Settings.................... page 30
Task 6, Build the Project ...............cccooiiiii page 31
Task 7, Program the Device ...........ccccccooiiiiiiiiiiiiicennenenn. page 32
Task 8, Run the Program...................ccoeiiic, page 33
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3.3.1 Task 1, Select a Device

1. Start MPLAB IDE.

2. Click File>Close Workspace on the menu bar, to close any workspace that is
open.

3. Click Project>Project Wizard... to start the wizard.

4. In the Welcome window, click Next. The Project Wizard Step One: window is
displayed, as shown in Figure 3-1.

FIGURE 3-1: SELECTING THE DEVICE

Project Wizand

Step One: i
Select a device EE/'@

Device:

PIC32M360F 51 2L w

< Back ]| Mest > |[ Cancel ] [ Help

5. From the “Device” drop-down list, select “PIC32MX360F512L".

6. Click Next. The Project Wizard Step Two: dialog box opens, as shown in
Figure 3-2.
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FIGURE 3-2: SELECTING THE TOOLSUITE

Step Two: rk‘
Select a language toolsuite

Active T oolzuite: Micrachip PIC32 C-Compiler Toolsuite “

Toolzuite Contents

MPLAR AS I8
MPLAR E3 Dmpller [|:m:32 qcc.exe]
MPLAER LINK32 Object Llnker [|:m:32 Id ea-:e] "

L0 T O o T T T ) Sy W [ TSP DPUD ' NP PR JUPUIpURY J-Pn L Speppepppey ]

Location

C:vMicrochip Starter Kits\PIC32 Starter Kits\MPLAB C32 Suitehbirhypic 32

[] 5tore toal locations in project

[ Help! by Suite lsn't Listed! l [] Show all installed toolsuites

[ < Back ][ Mext » ][ Cancel ] [ Help

3.3.2 Task 2, Select the Language Toolsuite

1. From the “Active Toolsuite” drop-down list, click “Microchip PIC32 C Compiler
Toolsuite”. The toolsuite includes the assembler and linker that will be used. If the
PI1C32 compiler option is not available, check the “show all installed toolsuites”
box.

2. Click Next to continue. The Project Wizard Step Three: dialog opens, as shown
in Figure 3-3.
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FIGURE 3-3: NAMING YOUR PROJECT

Project Wizard

Step Three: Eﬁ‘
Create a new project, or reconfigure the active project’? /{'@'

(%) Create Mew Project File
C:AMyProject\BlinkLED

Browse. ..

< Back ][ Mest > ][ Cancel ][ Help

3.3.3 Task 3, Name Your Project

1. In the “Create New Project File” field, type C:\MyProject\BlinkLED.

2. Click Next and Ok to continue. The Project Wizard Step Four: dialog opens, as
shown in Figure 3-4.
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FIGURE 3-4: ADDING FILES TO THE PROJECT

Project Wizand E|

Step Four: Eﬁ‘
Add existing files to vour project /‘{:@}

1
=25

< Back " Menxt = ][ Cancel ][ Help

3.34 Task 4, Add Files to Your Project

This window can be skipped, since no ‘. ¢’ files have been created.

1. Click Next to continue.

2. Click Finish on the summary screen.

3. A project and workspace have been created in the MPLAB IDE.
BlinkLED.mcw is the workspace file and B1inkLED.mcp is the project file.

4. Click File>New from the menu bar to create a new file. A new file is displayed.

5. Click File>Save As... and save this file as ‘B1inkLED. ¢’ in the same folder (in this
case, the c:\MyProject folder).

6. Now copy the source code provided in Example 3-1 to the B1inkLED.c file. The
source code file is located in the PIC32 Starter Kit directory:
[install directory]\PIC32 Starter Kits\Blink_Leds.
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EXAMPLE 3-1: PROJECT SOURCE CODE

#include <plib.h> // Adds support for PIC32 Peripheral library
functions and macros

void Delay(unsigned int count)

{

while (--count) ;

int main (void)

{
/* LED setup - Turn off leds before configuring the IO pin as output */
mPORTDClearBits (BIT O | BIT 1 | BIT 2); // same as LATDCLR = 0x0007

/* Set RDO, RD1 and RD2 as outputs */
mPORTDSetPinsDigitalOut (BIT O | BIT 1 | BIT 2 ); // same as TRISDCLR = 0x0007

/* endless loop */
while (1)
{
Delay (200000) ;
mPORTDToggleBits (BIT 0); // toggle LEDO (same as LATDINV = 0x0001)

Delay (200000) ;

mPORTDToggleBits (BIT 1) ; // toggle LEDl (same as LATDINV = 0x0002)
Delay (200000) ;
mPORTDToggleBits (BIT 2); // toggle LED2 (same as LATDINV = 0x0004)

i

return 0;

DS61144D-page 28 © 2009 Microchip Technology Inc.



Create a New Project

7. Inthe Project window, right-click on the Source Files folder. Select Add Files and
choose B1inkLED.c to add the file to the source directory, as shown in

Figure 3-5.

FIGURE 3-5: ADDING SOURCE FILES

BlinkLED.mcw g x|

[:l Files

= _1 BlinkLED.mcp

----- 3 Library Filgs
----- [ Linker Scripk
----- [ other Files

&dd Files. ..
----- 1 Header Fi Create Subfolder. ..
..... a3 Object Fil - Filker, .

‘ﬁg Symbaols

8. Click Debugger>Select Tool>PIC32MX Starter Kit from the menu bar, for the

Target board.

Note: Make sure that the starter kit demo board is connected to your PC.

© 2009 Microchip Technology Inc.
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3.3.5

Click Configure>Configuration Bits to confirm that the configuration settings are cor-
rect. Typical configuration settings for the starter kit are shown in Figure 3-6.

Task 5, Confirm the Configuration Settings

Note: The “Configuration Bits set in code” check box must be unchecked if the
config bits are set via this window and not in the code.
The configuration settings can also be embedded in the source file.

See the MPLAB C Compiler for PIC32 User’s Guide (DS51686) for

information.

FIGURE 3-6: CONFIGURATION BIT SETTINGS

Boot Flash Write Protect

Code Protect

Oscillator 3election Bits

Secondary Oscillator Enable
Internal/External Switch Over
Primary Oscillator Configuration
CLED Output Signal Active on the 03C0 Pin
Feripheral Clock Divisor

Clock Switching and Monitor Selection
Watchdog Timer Postscaler

Watchdog Timer Enable

FLL Input Divider

1FCO_2FF8 FFE0G95E

1FCO_zFF4 FFFEFFDS

Configuration Bits =P
™ Configuration Bits set in code,
Address Category Setting |
1FCO 2FFC ICE mm Channel Selec ICE EMUCZ/EMUDZ pins shared with PGC2/FGD2 j

DUUL foiESn LS WL lLEoiE

Protection Disabled

Primary Osc w/PLL |¥T+,HS+,EC+PLL)
Dissbled

Disahled

ET o3¢ mode

Dissbled

Ph_¢lk iz Sys_Clk/1

Clock switching disabled; fail safe clock monitor disabled
1:1

WDT Disabled (SWDTEN Bit Controls)
2x Diwvider

FPLL Multiplier
System PLL Output Clock Divider

Z0x Multiplier
FLL Divide by 1

CAUTION

Setting the PIC32 Starter Kit configuration bits to cause the PIC32MX to oper-
ate faster than the maximum 80MHz system clock speed may cause the
PIC32MX to stop communicating with the PIC18F4550 Starter Kit debugger.
Should this occur, run the sk_erase.exe utility to re-flash the PIC32MX with a
default configuration. This utility is located on the PIC32 Starter Kit CD or in
the PIC32MX Starter Kit directory:

[install directory]\PIC32 Starter Kits\tools

DS61144D-page 30
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3.3.6 Task 6, Build the Project

1. Click Project>Make from the menu bar of the main MPLAB IDE window. The
build Output window displays (Figure 3-7).

2. Observe the progress of the build. When the “BUILD SUCCEEDED” message
displays, you are ready to program the device.

FIGURE 3-7: BUILD OUTPUT WINDOW

_j*
Build | %ersion Control || Find in Files

Executing: "CAMicrochip Starter Kits\PIC32 Starter KitshWPLAB C32 Suite\bintpic32-gooexe” -mprocessar=32k= 4
Executing: "CA\Microchip Starter Kitsh\FIC32 Starter KitshPLAB C32 Suitehbintpic3Z-goc.exe" -mprocessor=32kx
Executing: "CAMicrachip Starter Kits\PIC32 Stanter Kitsh\WMPLAE C32 Suite\bintpic32-hinZhex.exe" "ChikyFrojechB

Loaded CAMyFrojectBlinkLED.elf.

Felease build of project "CAMwFrojectBlinkLED.mep' succeeded.
Tue Feb 10 12:55:48 2009

BUILD SUCCEEDED

<
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3.3.7 Task 7, Program the Device

1. Click the Program All Memories icon on the Program Device Tool Bar, as shown
in Figure 3-8.

FIGURE 3-8: PROGRAM DEVICE WINDOW

& ma Ja%m%m%%?ﬁ J b Il BB

bl ol ol ol ol ol ol ol ol ol ol ol ol o ol ol ol ol ol o ol ol o o o

3TARTER KIT Tutorial RELDME

A Programming Warning window (Figure 3-9) opens to warn you about overwriting the
memory.

2. Click Yes.

FIGURE 3-9: PROGRAMMING WARNING WINDOW

Programming Warning

@ Are you sure you want to program {overwrite) the

program, boot, and configuration memories?

I Yes ] [ Mo ]

[150 nat show this warning again.;

The Output window (Figure 3-10) tracks the progress of the output. “Done” signals that
the programming of the device is complete.

FIGURE 3-10: OUTPUT WINDOW

Build | Wersion Contral | Find in Files | MPLAE FIC32Me

=Erasing... ”~
Program temony:

=:Done

Boot Memory and Configuration Memary:

z:Dane

All bemories:

cErasing..

Program Memory:

Z:Programming....

z:Dane

Boot Mermary and Configuration Memany:

Z:Programming....

z:Dane v
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3.3.8 Task 8, Run the Program

Click Debugger>Run from the menu bar of the MPLAB IDE or click the Run icon (the
turquoise triangle) on the Debug Tool Bar, as indicated in Figure 3-11, to run the new
program.

FIGURE 3-11: RUN THE PROGRAM

WO || D moo B E|| Check

e e e e e e O e i

The starter kit LEDs blink to indicate that the program is running successfully.
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Chapter 4. PIC32MX Starter Kit Hardware

4.1 INTRODUCTION
This chapter describes the hardware features of the PIC32MX Starter Kit.

42 HARDWARE FEATURES

The key features of the PIC32MX Starter Kit are listed below. They are presented in the
order given in Section 1.4 “PIC32MX Functionality and Features”. You can refer to
Figure 1-1 on page 8 for their locations on the board.

421 Processor Support

The PIC32MX Starter Kit is designed with a permanently mounted (i.e., soldered)
PIC32MX360F512L processor.

4.2.2 Power Supply
There are two ways to supply power to the PIC32MX Starter Kit:

* USB bus power connected to J1.
» An external application board with a regulated DC power supply that provides +5V

can be connected to the J2 application board connector that is provided on the
bottom side of the board.

Note: The basic PIC32MX Starter Kit does not include an application board and
is intended to be USB-bus powered.

One green LED (D3) is provided to show that the PIC32 microcontroller is powered up.

4.2.3 USB Connectivity

The PIC32MX Starter Kit includes a PIC18LF4550 USB microcontroller, which provides
both USB connectivity and support for protocol translation. The PIC18LF4550 is
hard-wired to the PIC32MX device to provide two types of connectivity:

* 1/O pins of PIC18LF4550 to ICSP™ pins of PIC32MX

* 1/O pins of PIC18LF4550 to JTAG pins of PIC32MX

The PIC32MX Starter Kit currently uses the JTAG pins of the PIC32MX device for
programming and debugging.
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424 Switches

Push-button switches provide the following functionality:

+ SW1: Active-low switch connected to RD6

» SW2: Active-low switch connected to RD7

» SWa3: Active-low switch connected to RD13

The switches do not have any debounce circuitry and require the use of internal pull-

up resistors; this allows you to investigate debounce techniques. When Idle, the
switches are pulled high (+3.3V). When pressed, they are grounded.

4.2.5 LEDs

The LEDs, RDO through RD2, are connected to PORTD of the processor. The PORTD
pins are set high to light the LEDs.

4.2.6 Oscillator Options

The installed microcontroller has an oscillator circuit connected to it. The main oscillator
uses an 8 MHz crystal (Y2) and functions as the controller’s primary oscillator. Use of
an external crystal is not required for PIC32 designs. Your design may use the internal
oscillator, if desired.

The PIC18LF4550, at the heart of the USB subsystem, is independently clocked and
has its own 8 MHz crystal (Y1).
4.2.7 120-Pin Modular Expansion Connector

The PIC32MX Starter Kit demo board has been designed with a 120-pin modular
expansion interface, which allows the board to provide basic generic functionality now,
as well as easy extendability to new technologies as they become available.

TABLE 4-1: STARTER BOARD CONNECTOR PART NUMBERS

Connector HIROSE Electric PN
Starter Board Connector FX10A-120P/12-SV1(71)
Application Board Connector FX10A-120S/12-SV(71)
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Appendix A. PIC32MX Starter Kit Schematics

A1 INTRODUCTION

This section provides detailed technical information about the PIC32MX Starter Kit.
A.2 DEVELOPMENT BOARD BLOCK DIAGRAM

FIGURE A-1: HIGH-LEVEL BLOCK DIAGRAM OF THE PIC32MX STARTER KIT

Icsp™ ]
JTAG

PIC18LF4550 |

PIC32MX360F512L [Temmm—gy-

| LEDs

Application Bd. Connector

Switches

A.3 STARTER KIT BOARD SCHEMATICS
Figure A-2. PIC32MX CPU
Figure A-3. PIC18LF4550 Debug CPU
Figure A-4. Application Board Connector
Figure A-5. Switches and LEDs
Figure A-6. Power Supply
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FIGURE A-3: PIC32MX SCHEMATIC, SHEET 2 OF 6 (PIC18LF4550 DEBUG CPU)
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FIGURE A-4:

PIC32MX SCHEMATIC, SHEET 3 OF 6 (APPLICATION BOARD CONNECTOR)
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FIGURE A-5: PIC32MX SCHEMATIC, SHEET 5 OF 6 (SWITCHES AND LEDS)
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FIGURE A-6: PIC32MX SCHEMATIC, SHEET 6 OF 6 (POWER SUPPLY)
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