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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
starter kit. 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 PIC32 (General Purpose) Starter Kit, PIC32
USB Starter Kit 11, and the PIC32 Ethernet Starter Kit (all also referred to as “starter kit”)
as a development tool to emulate and debug firmware on a target board. This user’s

guide is composed of the following chapters:

Chapter 1. “Introduction” provides a brief overview of each starter kit,
highlighting their features and uses.

Chapter 2. “Tutorial” provides step-by-step instructions for installing a starter kit and
using the Microchip MPLAB IDE to build and run the tutorial program on a 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 a starter kit.

Chapter 4. “ Starter Kit Demos” provides a brief description of each demo
provided with the PIC32 Starter Kit CD.
Chapter 5. “Hardware” provides the hardware descriptions of each starter kit.

Appendix A. “Board Layout and Schematics” provides a block diagram, board
layouts, and detailed schematics of each starter kit.

© 2010 Microchip Technology Inc. DS61159A-page 5
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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:

Pl ai n Courier New

Sample source code

#def i ne START

Filenames aut oexec. bat

File paths C:\ntcl8\h

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

Bit values 0, 1

Constants (in source code) OXFF, ‘A

Italic Courier New

A variable argument

file.o,wherefilecanbeany
valid filename

Square brackets [ ]

Optional arguments

nccl8 [options] file
[options]

Curly brackets and pipe
character: { |}

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]1}

Ellipses...

Replaces repeated text

var_nanme [, var_nane...]

Represents code supplied by user

void nmain (void)
{
}

DS61159A-page 6
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RECOMMENDED READING

This user’s guide describes how to use the starter kit. The following Microchip
documents are available and recommended as supplemental reference resources.

Release Notes for Starter Kit

For the latest information on the starter kit, open the PI C32 Starter Kit Rel ease
Not es. ht mlocated in either the root directory of the PIC32 Starter Kit CD or (default):

C\Mcrochip Starter Kits\PIC32 Starter Kits\docunentation

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.

PIC32MX3XX/4XX Family Data Sheet (DS61143) and
PIC32MX5XX/6XX/7XX Family Data Sheet (DS61156)

Consult these documents for detailed information on PIC32 devices. Reference
information found in these data sheets includes:

« Device memory maps

« Device pinout and packaging details

» Device electrical specifications

« List of peripherals included on the devices

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 develop an 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.

Universal Serial Bus Specification and Associated Documents

The Universal Serial Bus is defined by the USB 2.0 specification and its associated
supplements and class-specific documents. These documents are available from the
USB Implementers Forum. See their website at http://www.usb.org.

THE MICROCHIP WEB SITE

Microchip provides online support via our web site at http://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

© 2010 Microchip Technology Inc. DS61159A-page 7
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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 http://www.microchip.com, click
Customer Change Notification and follow the registration instructions.

The Development Systems product group categories are:

e 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; ASM32, MPASM™ and MPLAB ASM30 assemblers;
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 3 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

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

* Local Sales Office

« Field Application Engineer (FAE)

 Technical Support

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

DS61159A-page 8
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DOCUMENT REVISION HISTORY

Revision A (January 2010)
This is the initial release of the PIC32 Starter Kit User’s Guide.

© 2010 Microchip Technology Inc. DS61159A-page 9



PIC32 Starter Kit User’'s Guide

NOTES:

DS61159A-page 10 © 2010 Microchip Technology Inc.



PIC32 STARTER KIT
MICROCHIP USER’S GUIDE

Chapter 1. Introduction

Thank you for purchasing a Microchip Technology PIC32 starter kit. The board included
in the starter kit (PIC32 (General Purpose) Starter Kit, PIC32 USB Starter Kit Il, or
PIC32 Ethernet Starter Kit) provides a low-cost, modular development system for
Microchip’s line of 32-bit microcontrollers.

The starter kit comes preloaded with demonstration software for the user to explore the
new features of the PIC32. It is also expandable through a modular expansion inter-
face, which allows the user to extend its functionality. The starter kit also supplies
on-board circuitry for full debug and programming capabilities.

This chapter covers the following topics:

« Kit Contents

¢ PIC32 Functionality and Features

The preprogrammed example code on the PIC32 MCU is available via download from
the Microchip web site at http://www.microchip.com. All project files have been included
so that the code may be used directly to restore the PIC32 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. Refer to
2.2 “Installing the Starter Kit Software” for download and installation instructions.

1.1  KIT CONTENTS

111 PIC32 (General Purpose) Starter Kit

The PIC32 Starter Kit contains the following items:
» PIC32 Starter Kit Board

» USB Mini-B cable

» PIC32 Starter Kit Installation CD-ROM

1.1.2 PIC32 USB Starter Kit Il

The PIC32 USB Starter Kit Il contains the following items:

« PIC32 USB Starter Kit Il Development Board

« USB Mini-B to full-sized A cable — USB debug cable to debug and power the
board

* USB Micro-B to full-sized A cable — PIC32 USB cable to communicate with the
P1C32 USB port

© 2010 Microchip Technology Inc. DS61159A-page 11
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1.1.3 PIC32 Ethernet Starter Kit

The PIC32 Ethernet Starter Kit contains the following items:

« PIC32 Ethernet Starter Kit development board

« USB Mini-B to full-sized A cable — USB debug cable to debug and power the
board

* USB Micro-B to full-sized A cable — PIC32 USB cable to communicate with the
PIC32 USB port

* RJ-45 CAT5 Ethernet patch cable — Ethernet CAT5 cable to communicate with the
PIC32 Ethernet port

Note: If you are missing any part of a kit, contact a Microchip sales office for assis-
tance. A list of Microchip offices for sales and service is provided on the
back page of this document.

DS61159A-page 12 © 2010 Microchip Technology Inc.



1.2

PIC32 FUNCTIONALITY AND FEATURES

1.2.1 PIC32 (General Purpose) Starter Kit

A representation of the layout of the PIC32 Starter Kit is shown in Figure 1-1. The board

includes these key features, as indicated in the diagram:

1. PIC32MX360F512L 32-bit microcontroller.
2. Green power indicator LED.

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

expansion board.

Orange Debug indicator LED.
Three push-button switches for user-defined inputs.
Three user-defined indicator LEDs.

© © N g

On-board crystal for precision microcontroller clocking (8 MHz).
USB connectivity for on-board debugger communications.
PIC18LF4550 USB microcontroller for on-board debugging.

10 Connector for connecting various expansion boards (on the underside of board).

For details on these features, refer to Chapter 5. “Hardware”.

FIGURE 1-1:

PIC32 STARTER KIT DEMO BOARD LAYOUT
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1.2.2 PIC32 USB Starter Kit Il

Representations of the layout of the PIC32 USB Starter Kit Il are shown in Figure 1-2

and Figure 1-3.

The top assembly of the board includes these key features, as indicated in Figure 1-2:

Green power indicator LED.

Orange debug indicator LED.

© N Ok DdE

HOST mode power jumper.

PIC32MX795F512L 32-bit microcontroller.

On-board crystal for precision microcontroller clocking (8 MHz).
USB connectivity for on-board debugger communications.

Three push button switches for user-defined inputs.
Three user-defined indicator LEDs.
USB Type A receptacle connectivity for PIC32 host-based applications.

Note:

When running USB device applications, open the jumper JP2 to prevent
possibly back-feeding voltage onto the VVBus from one port on the host to
another (or from one host to another).

FIGURE 1-2:

PIC32 USB STARTER KIT Il LAYOUT (TOP SIDE)
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The bottom assembly of the board includes these key features, as indicated in
Figure 1-3:
1. PIC32MX440F512H USB microcontroller for on-board debugging.

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

3. Connector for various expansion boards.
4. USB Host and OTG power supply for powering PIC32 USB applications.

5. USB Type Micro-AB receptacle for OTG and USB device connectivity for PIC32
OTG/device-based applications.

FIGURE 1-3: PIC32 USB STARTER KIT Il LAYOUT (UNDERSIDE)
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Table 1-1 shows the 100-pin to J2 connector serial communication mapping for the key
digital modules available on the PIC32 device.

Serial communication module pins are multiplexed. These pins can be used for a single
serial communication module or can be split between two serial communication

modules. For example, four pins can be selected for the UART module with flow
control, or the UART module can be selected without flow control, which uses only two
pins, leaving two pins available for use by the 1°C™, SPI or ECAN™ modules.

TABLE 1-1:  J2 CONNECTOR MAP FOR SERIAL COMMUNICATIONS

PIC32 Pin Conflictor UARTA UARTB 12CA SPIA ECAN™
10 45 U2ARTS U2BTX — SCK2A —
1 47 U2ARX — SDA2A SDI2A —
12 49 U2ATX — SCL2A SDO2A —
14 51 U2ACTS U2BRX — SS2A —
39 106 U3ARTS U3BTX — SCK3A AC1TX
40 108 U3ACTS U3BRX — SS3A AC1RX
47 94 UIACTS U1BRX — SS1A —
48 92 U1ARTS U1BTX — SCK1A —
49 110 U3ARX — SDA3A SDI3A —
50 112 U3ATX — SCL3A SDO3A —
52 88 U1ARX — SDAIA SDI1A —
53 920 ULATX — SCL1A SDO1A —

DS61159A-page 16
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1.2.3 PIC32 Ethernet Starter Kit

Representations of the layout of the PIC32 Ethernet Starter Kit are shown in Figure 1-4
and Figure 1-5.

The top assembly of the board includes these key features, as indicated in Figure 1-4:

PIC32MX795F512L 32-bit microcontroller.
PIC32MX440F512H USB microcontroller for on-board debugging.
Green power indicator LED.
On-board crystal for precision microcontroller clocking (8 MHz).
USB connectivity for on-board debugger communications.
Orange debug indicator LED.
Three push button switches for user-defined inputs.
Three user-defined indicator LEDs.
USB Type A receptacle connectivity for PIC32 host-based applications.
. HOST mode power jumper.
. RJ-45 Ethernet port.
. Ethernet 10/100 bus speed indicator LED.
. 50 MHz Ethernet PHY oscillator.
. 32 kHz oscillator (optional).
. USB Host and OTG power supply for powering PIC32 USB applications.

© N Ok DdDE

e e ol
g b wN PO

Note: When running self-powered USB device applications, open the jumper JP2
to prevent possibly back-feeding voltage onto the VBus from one port on
the host to another (or from one host to another).

For details on these features, refer to Chapter 5. “Hardware”.

FIGURE 1-4: PIC32 ETHERNET STARTER KIT LAYOUT (TOP SIDE)
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The bottom assembly of the board includes these key features, as indicated in

Figure 1-5:

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

2. Connector for various expansion boards.

3. USB Type Micro-AB receptacle for OTG and USB device connectivity for PIC32
OTG/device-based applications.

4. External Ethernet PHY.

FIGURE 1-5: PIC32 ETHERNET STARTER KIT LAYOUT (UNDERSIDE)
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Table 1-2 shows the 100-pin to J2 connector serial communication mapping for the key
digital modules available on the PIC32 device.

Serial communication module pins are multiplexed. These pins can be used for a single
serial communication module or can be split between two serial communication

modules. For example, four pins can be selected for the UART module with flow
control, or the UART module can be selected without flow control, which uses only two

pins, leaving two pins available for use by the 1°C, SPI or ECAN modules.

TABLE 1-2:  J2 CONNECTOR MAP FOR SERIAL COMMUNICATIONS

PIC32 Pin Conflictor UARTA UARTB I2CA SPIA ECAN™
10 45 U2ARTS U2BTX — SCK2A —
1 47 U2ARX — SDA2A SDI2A —
12 49 U2ATX — SCL2A SDO2A —
14 51 U2ACTS U2BRX — SS2A —
39 106 U3ARTS U3BTX — SCK3A AC1TX
40 108 U3ACTS U3BRX — SS3A AC1RX
47 94 UIACTS U1BRX — SS1A —
48 92 ULARTS U1BTX — SCK1A —
49 110 U3ARX — SDA3A SDI3A —
50 112 U3ATX — SCL3A SDO3A —
52 88 U1ARX — SDAIA SDI1A —
53 920 ULATX — SCL1A SDO1A —

© 2010 Microchip Technology Inc.
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Chapter 2. Tutorial

This chapter is a self-paced tutorial to get you started using the starter kit. ltems
discussed in this chapter include:

* Host Computer Requirements

« Installing the Starter Kit Software

 Using the Starter Kit Out of the Box

 Starting the Tutorial Project

* Building the Project

* Programming the Device

¢ Running the Program

* Tutorial Program Operation

21 HOST COMPUTER REQUIREMENTS

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

* PC-compatible system

« Two available USB ports on PC or powered USB hub

« Microsoft Windows® XP® or Windows Vista® operating system (The PIC32
Ethernet Starter Kit has not been tested on the Windows NT® and Windows
2000® operating systems.)
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2.2 INSTALLING THE STARTER KIT SOFTWARE

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

2.2.1 Install the Tools and Projects

1. Insertthe 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 set up. exe.

The following window appears:

FIGURE 2-1: INSTALLING THE PIC32 STARTER KIT BOARD

A%\ MicracHp

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.

2.2.2 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 2.4 “ Starting the Tutorial Project” on page 27.

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

DS61159A-page 22
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2.2.3 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.

2.2.4 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 then click Next.

FIGURE 2-2: FOUND NEW HARDWARE WIZARD

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helps vou install zoftware faor:

PIC3Z Starter Kitz

{ .'\J If your hardware came with an installation CD

At

“LE2 or floppy disk. insert it now.

YWhat do you want the wizard to do?

(®)ilnztall the software automatically [Fecommended}

(7 Install fram a list or specific location [Advanced)

Click Mext o continue.

Mewt » ] ’ Cancel
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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

Pleasze wait while the wizard zearches. .. o

@ FIC32 Starter Kits

Cancel

3. If prompted to select a driver, select np32nxsk. i nf , 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 your hardware from the list below. .

i Micrachip MPLAB PIC32 Starter Kits

r A
Mption—l “erzion | Manufacturer
Microchip MPLAR P

arter Kits

Unknowt
Microchip MPLAE PIC32 Starter Kitz

Location
Micrachip Technalagy, Ine. o

Unknowe  Microchip Technology, Inc.

. coiwwindowshinfoem39.inf
A 4
4 | ]

Thig driver iz not digitallp signed!
Tell me why driver signing is important

< Back I Mext > 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

L4 "_., The zoftware vou are installing for this hardware:
L
FIC3Z Starter Kits

haz not pazzed Windows Logo testing to verfy it compatibility
with "Windows 2P, [Tell me why this testing is important. |

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

[ LContinue Angway ] EéTDF'Installatinn |

5. The nextwindow (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 haz finizhed installing the software for:

@ FIC32 Starter Kitz

Click Finizh to cloze the wizard,

Finizh
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2.3 USING THE STARTER KIT OUT OF THE BOX

Install the software before connecting the board to the host PC. The starter kit may be
used directly from the box as a demonstration board for the PIC32 device. The PIC32
is preprogrammed with the classic “Simon Says” game (si non_says_deno. hex) in the
PIC32 device and is ready for immediate use.

2.3.1 How to Play the Game

When the USB debug cable is plugged into the starter kit's Mini-B (debug) receptacle,
the three LEDs start blinking to indicate the start of a new game. Begin the game by
pressing one of the switches, SW1-SW3, 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 the game. After a brief pause, you can press any switch to
start a new game.

If you launch MPLAB IDE and connect to the starter kit while the game is running, the
game will stop. Further, if you perform a debug or program operation from MPLAB IDE,
the demo application will be replaced with the current MPLAB project application.
However, the game can be reloaded onto the starter kit by importing the file,

si mon_says_deno. ncw, from the following location:

[install directory]\PIC32 Starter Kits\sinmon_says_denp

The preprogrammed example code on the PIC32 device has been included in the
starter kit demo-projects download file, which is available from the Microchip web site
(www.microchip.com). All project files have been included, so that the code may be
used directly to restore a PIC32 device 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.
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2.4

STARTING THE TUTORIAL PROJECT

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

* PIC32 (General Purpose) Starter Kit:
[install directory]\PIC32 Starter Kits\Starter_Kit_Tutorial\
starter_kit_tutorial - PIC32 Starter Kit.ntw
(or browse to the file path you used when you installed MPLAB IDE).
* PIC32 USB Starter Kit Il:
[install directory]\PIC32 Starter Kits\Starter_Kit_Tutorial\
starter_kit_tutorial - PIC32 USB Starter Kit Il.ntw
(or browse to the file path that you used when you installed MPLAB IDE).
* PIC 32 Ethernet Starter Kit:
[install directory]\PIC32 Starter Kits\Starter_Kit_Tutorial\
starter_kit_tutorial - PIC32 Ethernet Starter Kit.ntw
(or browse to the file path you used when you installed MPLAB IDE).

The pane on the left of the MPLAB IDE interface displays project files, the *. ¢’, ‘. h’ 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.
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FIGURE 2-7: MPLAB® IDE WORKSPACE

MPLAB IDE ¥8.15 - [MPLAE IDE Editor] = -ID ll
1 Elle Edk ‘“iew Project Debugger Programmer Tools Corfigure ‘Window Help _|5‘ ZI
DB ima GndIR? bow IowHBO|(Gsa | B/ rnnvnprRo]
|starter_kit_tutorial.mow 2| states_kit_tutorisle | Eq
= 7] starter_kit_tutorial.mcp ; -
S Fil
=500 Source Fies g PIC3ZMX Starcer Kit Exauple Tutorial
starter_kit_tutarial.c "
E|-|:I Header Files g
db_utils.h 6 % FileName: starter kit tutorial.c
& Object Files 7 # Dependencies: Hone
E-D Library Files &} * Processor: PIC3Z
db_utils.a 2 = )
DL\nker Seript ii : Complier: ﬁ;tﬁ EDEnmgli:r fﬂ;.P:‘CSZ wl.04
E-D Other Files . = or hagher
12 * Company: Microchip Techmology, Inc.
PIC32ZME Starter Kit Release Motes.htm 13 -
=] PIC3ZMY Starter Kit User's Guide,pdf 14 # Copyright (o) 2008 Microchip Teckmology, Inc.
Ereadme.txt 15 * Foftware License Agreement
16 *
17 * The softwmare supplied herewith by Microchip Technology Incorporated
15 * (the “Company”) for its PIC32Z Microcontroller is intended
19 * and supplied to you, the Company’s customer, for use solely and
20 * exclusiwvely on Microchip FIC3Z2 Microcontroller products.
21 * The software iz ovmed by the Company and/or its supplier, and is
22 * protected under applicsble copyright laws. All rights are reserved.
23 * Any use in violation of the foregoing restrictions may subject the
24 * user to criminal sanctions under applicable laws, as well as to
25 * civil liabilicy for the breach of the terms and conditions of this
26 * license.
27 *
28 * THI% SOFIWARE IS PROVIDED IN AN “A3 IS” CONDITION. HO WARRANTIES,
29 * WHETHER. EXFRE®S, INPLIED OR STATUTORY, INCLUDING, EUT NOT LIMITED
‘I I ;I 30 * TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITHESS FOR A
31 * PARTICULAR PURPOSE APPLY TO THIS S0FTWARE. THE COMPANY SHALL NOT, =
[ Fies I% Symbols b :
[Output Lﬂf
Build | Wersion Enntrn\l Find in Files MPLAB PIC32 Starter Kit |
[Debugger] Starter Eit Found
|P1C32 Starter Kit | |PIc32M3E0FS12L |pc:0xbFconoon | ltnt, Col 1 NS [WR p
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2.5 BUILDING THE PROJECT

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.

FIGURE 2-8: BUILD OUTPUT WINDOW

[Output =]
Buid | Version Contil | Find in Files | MPLAR PIC32 Starter it
Clean: Dene. =]
Executing: "C:\Program Files\MicrochipiMPLAE C3Z\bin‘\pic3Z-goc.exe" -wprocessor=32MH360FSLlZL -x c -c "starter_kit_tutorial.c" -o'starter_kit_tutorial.c
Executing: "C:\Program Files\Microchipi\MPLAE C3Z2\bini\pic3Z-gcc.exe" -mprocessor=3ZMH360FS1ZL "starter_kit_tutorial.o" "C:\Microchip Starter KitsWPIC3ZE
Executing: "C:\Program FileshMicrochipiMPLAE C3Z\bin‘\piec3Z-binZhex._exe" "C:3Microchip Starter Kits \PIC3IZMM Starter KitshStarter Kit Tutorialistarter ki
Loaded C:yMicrochip Sterter Kits)\PIC3ZM{ Starter FKits\Starter Kit Tutoriallstarter kit _tutorial.elf.

Debug build of project "CiiMicrochip Startver Kits\PIC3ZMK Starter Kits\3tcarter Kit_Tutorialstarter_kit_tutorial.wcp' succeeded.
Preprocessor symbol °_ DEBUG' is defined.
Target debuy platform is °_ MPLAE DEBUGGER PICIZIMMEK=1'.

Wed Jan Z2 10:39:22 2009

BUTLD SUCCEEDED _lll
| »

4
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2.6 PROGRAMMING THE DEVICE

2.6.1 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

STARTER EIT Tutorial README

R R R R R R R R

A Programming Warning window (Figure 2-10) opens to warn you about overwriting

the memory. Click Yes.

FIGURE 2-10: PROGRAMMING WARNING WINDOW

@ program, boot, and configuration memaries?

I Yes ] [ Mo

Do not show this warning again.;

Programming Warning

Are wol sure wal wank bo program (overwrite) the

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

‘Oulpul

[x]

Build | Version Control | Findin Files MPLAB PIC32MX

[Debugger] Starter Kit Found

All Memaries
Erasing...
Program Memory:
Programming
:Done
Boot Mermory and Configuration Memaory:
cProgramrming...
“Dane
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2.7 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

|05 0% %%

D@

J Check:

o e e i e e e O i

2.8 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.

© 2010 Microchip Technology Inc.
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FIGURE 2-13:

PIC32MX TUTORIAL PROGRAM FLOWCHART

Initialize the LEDs

Y

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 ‘e
or ‘E’?

Is Menu choice
or ‘R’?

s Menu choice
or‘G’'?

Display that the
user choice is
invalid and Toggle
all the LEDs once.

Yes

Display that the
program has 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 appi o. h, which is automatically included by pl i b. 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

|0utput IZ”
Buid | Version Contio | Find in Filss MPLAE PICI2HX |

[TErgeroT 1] |
[TargetOUT] Basic Starter Kit Lab (Oct 17 2007.12:30:12)

[TargetQUT]

[TargetOUT] type E to echo the Input String

[TargetOlUT]

[TargetOUT] type R totoggle the RED LED.

[TargetQUT]

[TargetOUT] type O ta toggle the ORANGE LED.

[TargetOlUT]

[TargetOUT] type G to toggle the GREEN LED

[TargetQUT]

[TargetOUT] type ¥ to exitthe Loop

[TargetOUT]

[TargetOUT] Enter a menu choice (e.r.o.g):

[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:

cocst_|

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.
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Chapter 3. Createa New Project

This chapter explains how to create a new project. Items 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 starter kit

« Program the chip and run the program

3.1 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 appli-
cation (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 @ DEVICE.....ccccc e e e e e e e e e e e e e e page 36
Task 2: Select the Language TOOISUITE ........coiiiiiiieiiiiiie e page 37
Task 3: Name YOUT ProjeCT....ccocoiiiiii e a e page 38
Task 4: Add Files t0 YOUTI ProjeCt .......coovviviiiiiiiieiiiiicicis e eee e e e eeeeeeeaens page 39
Task 5: Confirm the Configuration Settings ........cccoveievieiiiiie e, page 40
Task 6: BUild the Project ... page 42
Task 7: Program the DEVICE .......ccccoiviiiiiieeeeeeeesrses e e e e e e e a e e e eeeeeeeaens page 42
Task 8: RUN the Program ..........coii it page 43
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3.1.1 Task 1: Select a Device

1. Start MPLAB IDE.

2. Select File>Close Workspace on the menu bar, to close any open workspace.
3. Select 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 Wizard

Step One:
Select a device

Device:

| <Back || MNea> | [ cancel | [ Hep

5. From the Device drop-down list, select the desired device, PIC32MX360F512L
for the PIC32 (General Purpose) Starter Kit, or PIC32MX795F512L for the PIC32
USB Starter Kit 1l or PIC32 Ethernet Starter Kit.

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

DS61159A-page 36 © 2010 Microchip Technology Inc.




FIGURE 3-2: SELECTING THE TOOLSUITE

Project Wizard

Step Two:
Select a language toolsuite

Active Toolsuite: | ic

Toolzuite Contents

FPLAE g ] vl
MPLAR C32 C Compiler [pic32-goc.exe] +1.10
MPLAE LIMK.32 Object Linker [pic32-d.exe] +1.10 v

L Lo O O i o O e e Uy | JPUipuny gy o o JP e e e B i |

Location
|E:'xF'rc:gramFiIes'xMiu:rcu:hip'xMF'L.-‘-‘-.B C32\binhpic32-az exe | [ Browse. .

[]5tare tool locations in project

[ Help! My Suite sn't Listed ] [] Show all installed taolsuites

| <Back || Net> | [ cancel | [ Hebp

3.1.2 Task 2: Select the Language Toolsuite

1. From the “Active Toolsuite” drop-down list, select “Microchip PIC32 C Compiler
Toolsuite”. The toolsuite includes the compiler, assembler and linker that will be
used. If the PIC32 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:
Create a new project, or reconfigure the active project?

() Create Mew Project File

| CAmyProjectsBlinkLED

| [ Browse...

| [ Browse. ..

l ¢ Back ][ Memt »

] l Cancel ] [ Help

3.1.3
1.

Task 3: Name Your Project

In the “Create New Project File” field, type C: \ MyPr oj ect \ Bl i nkLED.

2. Click Next and OK to continue. The Project Wizard Step Four: dialog opens, as

shown in Figure 3-4.

FIGURE 3-4:

ADDING FILES TO THE PROJECT

Project Wizard

Step Four:
Add exizting files to your project

B,
A

H-=C
T E
=1
F-52 5

Remove

< Back ” Mest »

] [ Cancel ] [ Help
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314 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. A project and workspace have been
created in the MPLAB IDE.
Bl i nkLED. ntwis the workspace file and Bl i nkLED. ntp is the project file.

3. Select Eile>New from the menu bar to create a new file. A new file is created.

4. Select File>Save As... and save this file as ‘Bl i nkLED. ¢’ in the same folder, in
this case, the C:\ MyPr oj ect folder.

5. Now copy the source code provided in Example 3-1 to the Bl i nkLED. ¢ file. The
source code file is located in the PIC32 Starter Kit directory:
[install directory]\PIC32 Starter Kits\Blink_Leds

EXAMPLE 3-1: PROJECT SOURCE CODE
#i nclude <plib.h> // Adds support for PIC32 Peripheral Library functions and nacros

#defi ne SYS_FREQ (80000000)
voi d Del ayMs(unsigned int nsec)
{
unsigned int tWait, tStart;
t Wai t =( SYS_FREQ 2000) *nsec;
t St art =ReadCor eTi nmer () ;
whi | e((ReadCoreTiner()-tStart)<tWait); // wait for the tine to pass
}
i nt main(void)
{
/* LED setup - Turn off leds before configuring the 10 pin as output */
nmPORTDC earBits(BIT_O | BIT_1 | BIT_2); Il same as LATDCLR = 0x0007
/* Set RDO, RD1 and RD2 as outputs */
nPORTDSet PinsDigitalQut(BIT_ O | BIT_1 | BIT_2 ); // same as TRI SDCLR = 0x0007
/* endl ess | oop */
whi | e(1)
{
Del ayMs(100) ;
nmPORTDToggl eBi t s(BI T_0) ; /1 toggle LEDO (same as LATDI NV = 0x0001)
Del ayMs(100) ;
nmPORTDToggl eBits(BI T_1); /] toggle LEDL (sane as LATDI NV = 0x0002)
Del ayMs(100) ;
nmPORTDToggl eBit s(BI T_2); /1 toggle LED2 (same as LATDI NV = 0x0004)
b
return O;
}
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6. Inthe Project window, right-click the Sour ce Fi | es folder. Select “Add Files” and
choose Bl i nkLED. ¢ to add the file to the source directory, as shown in
Figure 3-5.

Note: The Debug Print Library is automatically included by defining
PIC32_STARTER_KIT as a compile time option (Project>Build
Options>Project>MPLAB PIC32 Compiler>Preprocessor Macros), and
including the file, Pl i b. h, in the source file.

FIGURE 3-5: ADDING SOURCE FILES

BlinkLED.mcw g x|

= 1 BlinkLED.mcp

F'u:llj Fi'E!S. o
----- (1 Header Fi Create Subfolder, ..
..... [ object il Fijrer, .

3 Library Filgs
[0 Linker Scripk
[ other Files

“# Symbals

[:l Files

7. Select Debugger>Select Tool>PIC32 Starter Kit from the menu bar, for the Target
board.

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

3.15 Task 5: Confirm the Configuration Settings

Select Configure>Configuration Bits to confirm that the configuration settings are
correct.

Typical configuration settings for the General Purpose Starter Kit are shown in
Figure 3-6.

Figure 3-7 provides the configuration settings for the PIC32 USB Starter Kit Il and the
PIC32 Ethernet Starter Kit.

Note: The “Configuration Bits set in code” check box must be clear (not
checked) if the Configuration 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.
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FIGURE 3-6:

PIC32 (GENERAL PURPOSE) STARTER KIT CONFIGURATION BIT SETTINGS

Configuration Bits =1ol x|
™ Configuration Bits set in cods
Address Category Setting |
ICE/ICD Comm Bt ICE EMUCZ/EMUDZ pins shared with PGC2/PGDZ |
Boot Flash Write Protect DUUL rLESH 15 WLllsuLe
Code Protect Protection Disabled
1FCO_2FF8 FFB0B95E Oscillator Selection Bits Primary Osc w/PLL (XT+,H3+,EC+PLL)
Secondary Oscillator Enable Disabled
Internal/External 3witch Cver Disabled
Primary Oscillator Configuration T osc mode
CLEQ Output Sighnal Active on the 03C0 Pin Disasbled
Peripheral Clock Divisor Fh_Clk is Sys_Clk/1
Clock Switching and Monitor Selection Clock switching disabled: fail safe clock monitor disabled
Watchdog Timer Postscaler 1:1
Watchdog Timer Enable WDT Disabled (SWDTEN Bit Controls)
1FCO_ZFF4 FFFEFFDY PLL Input Divider 2x Diwvider
PLL Multiplier 20x Multiplier
Swstem PLL Cmtput Clock Diwvider PLL Diwvide by 1

FIGURE 3-7: PIC32 USB STARTER KIT Il AND PIC32 ETHERNET STARTER KIT
CONFIGURATION BIT SETTINGS
M Configuration Bits
[ Configuration Bits set in code.

ILddress Category Setting

1FCO 2FF0 SRS Select SRS Priority 7
Ethernet EMII/MII Enable MII Enabled
Ethernet I/0 Pin Select Default Ethernet I/0O
CAN I/O Pin Select Default CAN I/O
USE USID Selection Controlled by the USB Module
USBE VBUS OH Selection Controlled by USBE Module

1FCO_2FF4 FFF879D9 PLL Input Divider 2x Divider
PLL Multiplier 20x Multiplier
USE PLL Input Divider 2x Divider
USE PLL Enable Enabled
System PLL Cutput Clock Divider PLL Divide by 1

1FCO_2FF8 FF6OCESE Oscillator Selection Bits Primary Osc w/PLL (XT+,HS+,EC+PLL)
Secondary Oscillator Enable Di=zabled
Internal/External Switch Owver Disabled
Primary Oscillator Configuration HS5 osc mode
CLEC Output Signal Actiwve on the OSC0O Pin Disabled
Peripheral Clock Divisor Pb_Clk is Sys Clk/1
Clock Switching and Monitor Selection Clock Switch Disable, F5CM Disabled
Watchdog Timer Postscaler 1:1
Watchdog Timer Enable WDT Disabled (SWDTEN Bit Controls)

1FCO_2FFC TFFFFFFF ICE/ICD Comm Channel Select ICE EMUC2/EMUD2Z pins shared with PGC2/PGD2
Boot Flash Write Protect Boot Flash is writable
Code Protect Protection Disabled

£ >

CAUTION

Setting the starter kit configuration bits to cause the PIC32 MCU to operate
faster than the maximum 80 MHz system clock speed, may cause the PIC32
MCU to stop communicating with the starter kit debugger. Should this occur,
run the sk_er ase. exe utility to re-flash the PIC32 MCU with a default configura-
tion. This utility is located on the PIC32 Starter Kit CD or in the PIC32 Starter
Kit directory:

[install directory]\PIC32 Starter Kits\tools
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3.1.6 Task 6: Build the Project

1. Select Project>Make from the menu bar of the main MPLAB IDE window. The
build Output window appears, as shown in Figure 3-8.
2. Observe the progress of the build. When the “BUILD SUCCEEDED” message
displays, you are ready to program the device.

FIGURE 3-8: BUILD OUTPUT WINDOW

M Qutput

Build | Version Cantral | Find in Files | MPLAR PIC32 Starter Kit

FriSep 11 14:16:31 2009

Release build of project "Ci\WyFrojectBlinkLED.mcp' started.
Language tool versions: pic32-as.exe v1.10, piciZ-goc.exe w1.10, pic32-Id.exe +w1.10, pic3Z-ar.exe 1.1

Make: The target "CikyProjectiblinkLED.o" is out of date.
Executing: "CA\Program Files\MicrochipyWPLAB C32\hin\pic32-gooexe" -mprocessor=32Mx735F5120
Make: The target "Ci\MyProjectBlinkLED elf" is out of date.
Executing: "CA\Program Files\MicrochipyWPLAB C32\hin\pici2-gooexe" -mprocessor= 32Mx7I5F5120
Executing: "CiPrograrm Filas\MicrochipiPLAB C32hinpic2-hinZhex exe" "CikhyProject,BlinkLED.&
Loaded CiMyProjecthBlinkLED elf.

FriSep 4 14:16:32 2008

Release build of project "CA\MyProjectBlinkLED mop' succesded.
Language tool versions: pic32-as.exe w110, picd2-goc.exe w110, pic32-Id.exe w110, pic32-ar.exe w11

BUILD SUCCEEDED
4

3.1.7 Task 7: Program the Device

1. Click the Program All Memories icon on the Program Device Tool Bar, as shown

in Figure 3-9.

FIGURE 3-9: PROGRAM DEVICE WINDOW

| &

| B &m0 O 0o

j T

STARTEER EIT Tutorial EREADHE

ol o o o o ol ol ol o ol ol ol o o ol ol ol o e ol o o

A Programming Warning window opens to warn you about overwriting the
memory, as shown in Figure 3-10. Click Yes.

FIGURE 3-10: PROGRAMMING WARNING WINDOW

D

Are wou sure you wank ko program (overwrite) the
program, book, and configuration memaries?

I Yes l [ Mo

[JDo not show this warning again.;

Programming Warning
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The Output window, shown in Figure 3-11, tracks the progress of the output. A “Done”
entry signals that the programming of the device is complete.

FIGURE 3-11: OUTPUT WINDOW

Euild || “ersion Control | Find in Files | MPLAB PIC32M:

=:Erasing... M
Frogram hMemony:

zDaone

Boot Memory and Configuration Memory:

zDaone

All bMemaries:

=:Erasing...

Frogram hMemony:

s:Programming....

zDaone

Boot Memory and Configuration Memory:

s:Programming....

zDaone v

3.1.8 Task 8: Run the Program

Select 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 3-12, to run the new
program.

FIGURE 3-12: RUN THE PROGRAM
I

ﬁ%%’ﬁ J (| | DDF}@{’F@J Check:

o e e o e

The starter kit LEDs blink to indicate that the program is running successfully.
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NOTES:
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Chapter 4. Starter Kit Demos

This chapter provides a brief description of each demo provided with the PIC32 Starter
Kit CD. A “Getting Started” guide is provided along with each demo that describes how
to use the demo along with any special hardware configuration necessary. The “Getting
Started” guide for any given demo is located in the demo folder:

<installed-directory>PIC32 Starter Kits\<deno-nane>

Where <i nst al | ed- di r ect or y> is the directory in which the starter kit was installed
and <deno- nane> is the name of the demo in question.

The demos are broken into the following categories:

¢ General Purpose Demos (GP)
* USB Demos (USB)
» Ethernet Demos (ETH)

41 DEMO APPLICATIONS

The General Purpose demos do not require any special hardware and will run on all
types of starter kits. USB demos will only run properly on starter kits that support USB
and Ethernet demos will only run on starter kits that support Ethernet.

TABLE 4-1: STARTER KIT DEMO APPLICATIONS

Demo Application Description GP | USB | ETH

Starter_Kit_Tutorial This PIC32MX Starter Kit tutorial program demonstrates X X X
many of the PIC32MX Starter Kit and MPLAB® IDE features.

Blink_leds This example project demonstrates how to create, build, X X X
program and run a new project in MPLAB IDE.

simon_says_demo This is the classic “Simon Says” game pre-programmed in X X X
the PIC32MX Starter Kit from the factory.

Hello_World The classic “Hello World” C program. This project demon- X X X

strates a simple console output to an MPLAB IDE window
using the Debug Print Library macros.

Port_10 This simple project highlights the PIC32 Peripheral Library X X X
macros and how to use them to configure PORT /O port
pins as digital outputs and digital inputs as well as configure
I/O pin Change Notice, I/O pin weak pull-ups and I/O pin
Change Notice Interrupts. This project demonstrates 2
different methods for monitoring switch presses; polling and
interrupt.

Timer_Interrupts This project showcases the PIC32MX device’s 32-bit core X X X
timer which operates at half the System Clock Frequency
and can be used for system events such as generating a tick
timer.

PWM_DMA A slightly more challenging project, this example demon- X X X
strates the use of 2 PWM and 2 DMA channels to automati-
cally control and vary the intensity of 2 LEDS, without using
the CPU.
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TABLE 4-1: STARTER KIT DEMO APPLICATIONS (CONTINUED)
Demo Application Description GP | USB | ETH
USB Device — CDC — This project demonstrates the use of the USB CDC Function X X
Basic Demo driver to echo characters (slightly modified) by emulating a
serial port.
USB Device — HID — Mouse This project demonstrates the use of the USB HID Function X X
driver by emulating a mouse to make the cursor move “in a
circle”.
USB Device — Mass Storage — | This project demonstrates the use of the MSD Function X X
SD Card Reader driver by providing SD-card reader functionality.
USB Device — MCHPUSB — This project demonstrates the use of the Microchip X X
Generic Driver Demo “Generic” Function driver by emulating the original PIC18
FSUSB demo board. (Although most features of the original
board are not supported, it does demonstrate 2-way
communication.)
USB Host — Mass Storage — This project demonstrates use of the USB MSD Host (client) X X
Simple Demo driver to write a “canned” text file to a USB thumb drive.
USB Host — Mass Storage — This project demonstrates the use of the MSD USB Host (cli- X X
Thumb Drive Demo ent) driver by providing a USB thumb drive browser. It is
based on the “Thumb Drive Data Logger” demo from the
Microchip Application Libraries release, but it does not
provide the “logger” functionality.
USB Host — MCHPUSB — This project demonstrates the use of the Microchip X X
Generic Driver Demo “Generic” Host (client) driver by acting as a host to the
“Generic” device demo.
Ethernet — TCPIP-BSD — This is application demonstrates the us of the BSD TCP/IP X

HTTP Server Demo

library to implement an embedded web server.

Note:

All of the GP and USB demos described in Table 4-1 can also be run on a
“Legacy” USB Starter kit (using a PIC32MX460F512L microcontroller).
However, the processor selection will need to be changed.
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Chapter 5. Hardware

This chapter describes the hardware features of the starter kit.

5.1 HARDWARE FEATURES

5.1.1 PIC32 (General Purpose) Starter Kit

The key features of the PIC32 Starter Kit are listed below. They are presented in the
order given in Section 1.2 “PIC32 Functionality and Features”. You can refer to
Figure 1-1 for their locations on the board.

51.1.1 PROCESSOR SUPPORT

The PIC32 Starter Kit is designed with a permanently mounted (i.e., soldered)
PIC32MX360F512L processor.

5.1.1.2 POWER SUPPLY
There are two ways to supply power to the PIC32 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 PIC32 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.

5.1.1.3 USB CONNECTIVITY

The PIC32 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.

5.1.1.4 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.
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5.1.15 LEDS

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

5.1.1.6 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).
5.1.1.7 120-PIN MODULAR EXPANSION CONNECTOR

The PIC32 Starter Kit demo board has been designed with a 120-pin modular expan-
sion interface, which allows the board to provide basic generic functionality now, as well
as easy extendability to new technologies as they become available.

TABLE 5-1: 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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51.2 PIC32 USB Starter Kit Il

The key features of the PIC32 USB Starter Kit Il are listed below. They are presented
in the order given in Section 1.2 “PIC32 Functionality and Features”. You can refer
to Figure 1-2 for their locations on the board.

5121 PROCESSOR SUPPORT

The PIC32 USB Starter Kit Il is designed with a permanently mounted (i.e., soldered)
PIC32MX795F512L processor.

5.1.2.2 POWER SUPPLY
There are two ways to supply power to the PIC32 USB Starter Kit I1:

* USB bus power connected to USB debug connector 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.

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

5.1.23 DEBUG USB CONNECTIVITY

The PIC32 USB Starter Kit Il includes a PIC32MX440F512H USB microcontroller that
provides debugger connectivity over USB. The PIC32MX440F512H is hard wired to the
PI1C32 device to provide two types of protocol translation:

* 1/O pins of PIC32MX440F512H to the ICSP™ pins of the PIC32
« 1/O pins of PIC32MX440F512H to the JTAG pins of the PIC32

The PIC32 USB Starter Kit Il currently uses the JTAG pins of the PIC32 device for
programming and debugging.

5.1.2.4 PIC32 USB CONNECTIVITY

There are three possible ways to connect to the PIC32 USB microcontroller:
* HOST Mode

Connect the device to the Type A connector J4, located on the top side of the
starter kit. If using the Debug USB port to power the Host port, install jumper JP2
to short the back-power prevention diode. Note that a maximum of ~400 mA can
be supplied from the Debug USB port to the Host port using this method.

If the full 500 mA supply is needed, an external supply must be connected to the
application board and jumper JP2 must be removed to prevent back-powering the
Debug USB port.

* DEVICE Mode

First, connect the debug Mini-B USB cable to port J1. Next, connect the starter kit
to the host using a cable with a Type-B Micro plug to the starter kit's Micro A/B
port J5, located on the bottom side of the starter kit. The other end of the cable
must have a Type-A plug. Connect it to a USB host. Jumper J2 should be
removed.

* OTG Mode
Connect the starter kit to the OTG device using an OTG Micro A/B cable to the
Micro A/B port J5, located on the bottom side of the starter kit. The starter kit pro-
vides an on-board power supply capable of providing 120 mA Max. This supply is
controlled by the PIC32MX795F512L microcontroller. Jumper J2 should be
removed.
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5.1.25 SWITCHES

Push button switches provide the following functionality:

e 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 software debounce techniques. When idle, the
switches are pulled high (+3.3V). When pressed, they are grounded.

51.26 LEDS

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

5.1.2.7 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 required to develop USB applications. The USB specification
dictates a frequency tolerance of +/- 0.25% for full speed. Non-USB applications can
use the internal oscillators. The starter kit also has provisions for an external secondary
oscillator (Y3); however, this is not populated.

The PIC32MX440F512H is independently clocked and has its own 8 MHz crystal (Y1).
5.1.2.8  120-PIN MODULAR EXPANSION CONNECTOR

The PIC32 USB Starter Kit Il has been designed with a 120-pin modular expansion
interface, which allows the board to provide basic generic functionality now, and easy
extendability to new technologies as they become available.

TABLE 5-2: STARTER KIT CONNECTOR PART NUMBERS

Connector HIROSE Electric PN
Starter Kit Connector FX10A-120P/12-SV1(71)
Application Board Connector FX10A-120S/12-SV(71)
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5.1.3 PIC32 Ethernet Starter Kit

The key features of the PIC32 Ethernet Starter Kit are listed below. They are presented
in the order given in Section 1.2 “PIC32 Functionality and Features”. You can refer
to Figure 1-4 for their locations on the board.

5.1.3.1 PROCESSOR SUPPORT

The PIC32 Ethernet Starter Kit is designed with a permanently mounted (i.e., soldered)
PIC32MX795F512L processor.

5.1.3.2 POWER SUPPLY
There are two ways to supply power to the PIC32 Ethernet Starter Kit:

* USB bus power connected to USB debug connector 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.

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

5.1.3.3 DEBUG USB CONNECTIVITY

The PIC32 Ethernet Starter Kit includes a PIC32MX440F512H USB microcontroller
that provides debugger connectivity over USB. The PIC32MX440F512H is hard-wired
to the PIC32 device to provide two types of protocol translation:

* 1/O pins of PIC32MX440F512H to the ICSP™ pins of the PIC32
« 1/O pins of PIC32MX440F512H to the JTAG pins of the PIC32

The PIC32 Ethernet Starter Kit currently uses the JTAG pins of the PIC32 device for
programming and debugging.

5.1.3.4 PIC32 USB CONNECTIVITY

There are three possible ways to connect to the PIC32 USB microcontroller:

« HOST Mode

Connect the device to the Type A connector J4, located on the top side of the
starter kit. If using the Debug USB port to power the Host port, install jumper JP2
to short the back-power prevention diode. Note that a maximum of ~400 mA can
be supplied from the Debug USB port to the Host port using this method.

If the full 500 mA supply is needed, an external supply must be connected to the
application board and jumper JP2 must be removed to prevent back-powering the
Debug USB port.

» DEVICE Mode

First, connect the debug Mini-B USB cable to port J1. Next, connect the starter kit
to the host using a cable with a Type-B Micro plug to the starter kit's Micro A/B
port J5, located on the bottom side of the starter kit. The other end of the cable
must have a Type-A plug. Connect it to a USB host. Jumper J2 should be
removed.

* OTG Mode
Connect the starter kit to the OTG device using an OTG Micro A/B cable to the
Micro A/B port J5, located on the bottom side of the starter kit. The starter kit pro-
vides an on-board power supply capable of providing 120 mA Max. This supply is
controlled by the PIC32MX795F512L microcontroller. Jumper J2 should be
removed.
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5.1.35 SWITCHES

Push button switches provide the following functionality:

e 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 software debounce techniques. When idle, the
switches are pulled high (+3.3V). When pressed, they are grounded.

5.1.3.6 LEDS

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

5.1.3.7 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 required to develop USB applications. The USB specification
dictates a frequency tolerance of +/- 0.25% for full speed. Non-USB applications can
use the internal oscillators. The starter kit also has provisions for an external secondary
32 kHz oscillator (Y3); however, this is not populated. A suitable oscillator, the ECS-
3X8, can be obtained from Digi-Key: Part no. X801-ND CMR200TB32.768KDZFTR.

The PIC32MX440F512H is independently clocked and has its own 8 MHz crystal (Y1).
5.1.3.8  120-PIN MODULAR EXPANSION CONNECTOR

The PIC32 Ethernet Starter Kit has been designed with a 120-pin modular expansion
interface, which allows the board to provide basic generic functionality now, and easy
extendability to new technologies as they become available.

TABLE 5-3: STARTER KIT CONNECTOR PART NUMBERS

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

5.1.3.9 ETHERNET PHY

The PIC32 Ethernet Starter Kit has been designed with a National DP83848 PHY for
connecting the Starter Kit using an RJ-45 cable to a network. The interface between
the PHY and the PIC32 has been configured for the industry standard RMII interface
and has been isolated from the Modular Expansion Connector. LED D8 indicates the
Ethernet bus speed. When lit, the bus speed is 100 Mb/s; when off, the bus speed is
10 Mb/s.
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Appendix A. Board Layout and Schematics

A.1 PIC32 (GENERAL PURPOSE) STARTER KIT DEVELOPMENT BOARD
BLOCK DIAGRAM

FIGURE A-1: HIGH-LEVEL BLOCK DIAGRAM OF THE PIC32 STARTER KIT
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A.2 PIC32 (GENERAL PURPOSE) STARTER KIT BOARD LAYOUT

FIGURE A-2: PIC32 (GENERAL PURPOSE) STARTER KIT BOARD LAYOUT (TOP ASSEMBLY)
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FIGURE A-4:

PIC32 STARTER KIT SCHEMATIC, SHEET 2 OF 6 (PIC18LF4550 DEBUG CPU)

+5V_USB SRS
0 JEEE
o
: Q.I g_l g_l g_l E
VBUS| %I %I %I %I 2|
D— @l ]| aall 3
USB INTERFACE e sla)a)a £ LINK ACTIVE
D1
‘5"7, £ +3.3V S R5
. | |
Shield &) Pies2_WoR) YESLLow 530
6 p—
: +3.3V -
< M AN~ 0O N O | < —
< | < S S M| M M| MM
= SELEREEBULO
530020= s
O O
1 cRBNEY 33 1
(P18_SDO > RC7 rFoe oo 0sC2 22 aly
P18_SPP_DAT4 3 RD4/SPP4 0SC1 EY 20pF
P18_SPP_DAT5 RD5/SPP5 VSS 1 Y -
P18_SPP_DATG ; RD6/SPP6 U1 vss%I L =
P18_SPP_ DAT7 RD7/SP VDD - 8Mhz
—SPP 6 Bic18Fa550  QFN44 28
S VSS — VDD C4
Zvoo RE2/0ESPP|-2.—|Pi8_sPP_OE) 1
VDD RE1/CK2SPP|-28—{F18_srP_psTrROBE) 20pF
(PIC32_PGD2 9 RBO RE@/CK1SPP 25 P18_ SPP_ ASTROBE ) =
133y (PIC32_PGC2 1? RB1 a RAS g; FPGA_RST R7
P18_ SMSCL RB2 & 5 RA4 P18_ USB_ DET +5V_USB
T | 2 4 1K
RY L 2o3885[Besy3
K = rzrrrrlsroroo R8
+3.3V Nm‘ﬂ-mmr\wmg(‘:g 20K
T R11,,1K |
P18_ SMSDA FPGA_TDI)
+3.3V =
s e
J5 TDO/RAS)
; [PT8_MCLR
P18 ICSP 3 R18
HEADER 4 F18_PeD 4.7K
2 [P18_PcC

apIND S,49SN Y JoLEIS 2€DId



FIGURE A-5:

PIC32 STARTER KIT SCHEMATIC, SHEET 3 OF 6
(APPLICATION BOARD CONNECTOR)
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FIGURE A-6; PIC32 STARTER KIT SCHEMATIC, SHEET 5 OF 6
(SWITCHES AND LEDS)
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FIGURE A-7: PIC32 STARTER KIT SCHEMATIC, SHEET 6 OF 6 (POWER SUPPLY)
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A.4 PIC32 USB STARTER KIT Il DEVELOPMENT BOARD BLOCK DIAGRAM

FIGURE A-8: HIGH-LEVEL BLOCK DIAGRAM OF THE PIC32 USB STARTER KIT Il BOARD
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A5 PIC32 USB STARTER KIT Il BOARD LAYOUT

FIGURE A-9: PIC32 USB STARTER KIT Il LAYOUT (TOP ASSEMBLY)
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FIGURE A-10: PIC32 USB STARTER KIT Il LAYOUT (BOTTOM ASSEMBLY)
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PIC32 USB STARTER KIT Il BOARD SCHEMATICS

A.6

PIC32 USB STARTER KIT Il SCHEMATICS (SHEET 1 OF 3)

FIGURE A-11
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FIGURE A-12: PIC32 USB STARTER KIT Il SCHEMATICS (SHEET 2 OF 3)
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FIGURE A-13:

USB OTG/Device Power Supply (120 mA MAX)
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A.7 PIC32 ETHERNET STARTER KIT BLOCK DIAGRAM
FIGURE A-14: HIGH-LEVEL BLOCK DIAGRAM OF THE PIC32 ETHERNET STARTER KIT
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A.8 PIC32 ETHERNET STARTER KIT BOARD LAYOUT

FIGURE A-15: PIC32 ETHERNET STARTER KIT LAYOUT (TOP ASSEMBLY)
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FIGURE A-16: PIC32 ETHERNET STARTER KIT LAYOUT (BOTTOM ASSEMBLY)
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FIGURE A-18:

PIC32 ETHERNET STARTER KIT (PIC32 DEVICE)
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FIGURE A-19: PIC32 ETHERNET STARTER KIT (USB HOST AND OTG POWER SUPPLIES)
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FIGURE A-20: PIC32 ETHERNET STARTER KIT (DEBUGGER)
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FIGURE A-21: PIC32 ETHERNET STARTER KIT (3.3V POWER SUPPLY)
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FIGURE A-22:

PIC32 ETHERNET STARTER KIT (APPLICATION BOARD CONNECTOR)
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