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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

MIPS32® M4K™

32-Bit Single-Core

80MHz

12C, IrDA, LINbus, PMP, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, POR, PWM, WDT
53

256KB (256K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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Introducing the PIC32MX Starter Kit

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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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
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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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PIC32MX Starter Kit Tutorial

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.
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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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PIC32MX Starter Kit Tutorial

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

© 2009 Microchip Technology Inc. DS61144D-page 23
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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.

DS61144D-page 24 © 2009 Microchip Technology Inc.
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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.

DS61144D-page 26 © 2009 Microchip Technology Inc.



Create a New Project

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.

© 2009 Microchip Technology Inc. DS61144D-page 35
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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-5: PIC32MX SCHEMATIC, SHEET 5 OF 6 (SWITCHES AND LEDS)

SR LED™ USER SWITCH’S

St

33 R0, D4 El
(¢ PMPD14/CN15/RD6 )—O O

30 R2 ) 05 B
(¢ PMPD15/CN16/RD7 O O~

330 R23 o 06 Bl
WV CN19/PMPD13/RD13)——0O O—

GREEN

© 2009 Microchip Technology Inc. DS61144D-page 41



PIC32MX Starter Kit User’s Guide

FIGURE A-6: PIC32MX SCHEMATIC, SHEET 6 OF 6 (POWER SUPPLY)
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