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Introduction

This document provides a comprehensive introduction to PIC32CM microcontrollers (MCUs) — based on

the Arm® Cortex®-MO0+ processor — and demonstrates how to efficiently evaluate, prototype, and develop
applications using the hardware and software tools supported by Microchip. To accelerate development,

this guide outlines the essential tools, workflows, and resources required to establish a robust development
environment using MPLAB® Tools for Visual Studio Code (VS Code®), Common Microcontroller Software
Interface Standard (CMSIS) framework, and MPLAB Code Configurator (MCC). The document also demonstrates
how to replicate the same process using MPLAB X Integrated Development Environment (IDE).

This document helps readers get started with the Arm Cortex-M0+ based PIC32CM MCU families by covering
device selection, toolchain configuration, and providing a step-by-step guide for creating example applications
using the Curiosity Nano platform and various software development tools. It further shows where to find
code examples that use Arm Cortex-MO+ based MCUs, enabling a deep-dive exploration into the architectural
features and key peripherals of these microcontrollers. For detailed device-specific characteristics, refer to the
respective data sheets and silicon errata. In this document, the PIC32CM family microcontroller is used as a
reference, however, the information is relevant for all PIC32CM microcontroller families.
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1. Get the Device Data Sheet

All Arm Cortex-MO0+ based PIC32CM microcontroller families have dedicated family pages, and each
microcontroller has a product page where users can access data sheets and errata documents.

For instance, the useful web pages for documentation related to the PIC32CM PL10 family are:

+ Family Overview Page: www.microchip.com/en-us/products/microcontrollers/32-bit-mcus/pic32-
sam/pic32cm-pl10

The documentation for the PIC32CM microcontroller family is divided into two types:

+ Data sheet (includes device description, number of peripherals, pinout, and electrical
characteristics)

« Errata (includes known issues for the device)

Find the latest information on all Arm Cortex-M0+ based PIC32CM microcontrollers at https://
www.microchip.com/en-us/products/microcontrollers/32-bit-mcus/pic32-sam.
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2. Tools and Software
VS Code and MPLAB X IDE with the appropriate extensions can be used as development
environments to start working with the PIC32CM family, both utilizing the XC32 compiler.

2.1. Get Evaluation Kits

2.1.1. Curiosity Nano Evaluation Kit

The Curiosity Nano is a compact hardware platform for rapid prototyping and hands-on evaluation
of Microchip microcontrollers. It features an on-board debugger and breaks out the MCU pins to an
edge connector, enabling easy access for testing and development.

Figure 2-1. Overview of the PIC32CM Curiosity Nano Evaluation Kit

Web page: www.microchip.com/en-us/development-tool/ev10p22a
Get the kit: www.microchipdirect.com/ProductSearch.aspx?Keywords=EV10P22A

For additional information, refer to the PIC32CM PL10 Curiosity Nano Hardware User Guide
(DS50004003).

PIC32CM PL10 Curiosity Nano Key Features:

«  PIC32CM6408PL10048 Microcontroller
* One Yellow User LED

* One Mechanical Switch

* One Capacitive Touch Button

+ 32.768 kHz Crystal

+ USB Powered

+ On-Board Debugger:
- Board identification in MPLAB X IDE and VS Code

- One green power and status LED

- Programming and debugging

- Virtual COM port (CDC)

- One debug GPIO channel (DGI GPIO)

2.1.2. Microchip Curiosity Nano Explorer Evaluation Kit

The Microchip Curiosity Nano Explorer lives up to its name by providing extensive on-board features
that allow users to explore and experiment with the microcontroller peripherals of their Curiosity
Nano development board. It also serves as an ideal platform to become familiar with Microchip’s
software offerings, including MPLAB Code Configurator (MCC).
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Figure 2-2. Overview of Curiosity Nano Explorer Evaluation Kit
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Curiosity Nano
Explorer

Web page: www.microchip.com/DevelopmentTools/ProductDetails/PartNO/EV58G97A
Get the kit: www.microchipdirect.com/dev-tools/EV58G97A

For additional information, refer to the Curiosity Nano Explorer User Guide (DS50003716).

2.2. Get Programmers and Debuggers

Microchip offers a range of programmers, debuggers, and extensions to support all device
architectures. All solutions, including in-circuit debuggers and programmers, are USB-powered and
fully integrated into their respective environments. The MPLAB ICD 5 In-Circuit Debugger offers
debugging and hardware features suitable for most users. The MPLAB Snap In-Circuit Debugger and
MPLAB PICkit™ 5 In-Circuit Debuggers are economical choices for basic debugging functionalities.
Choosing a programmer or debugger depends on the type of development the engineer plans to
perform. The MPLAB Snap is a low-cost, low-feature programmer/debugger; the PICkit 5 is a mid-
range with more features than the Snap; and the high-feature functioning programmer/debugger is
intended for engineers developing products for commercial or industrial applications.

«  MPLAB PICkit 5 In-Circuit Debugger
Product Page

Buy Here
User Guide
Microchip Developer Help
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Figure 2-3. PICkit5 In-Circuit Debugger
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+ MPLAB ICD 5 In-Circuit Debugger
- Product Page

- BuyHere
- User Guide
- Microchip Developer Help

Figure 2-4. In-Circuit Debugger (ICD)
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+ Atmel ICE
- Product Page
- BuyHere
- User Guide

- Microchip Developer Help

Figure 2-5. Atmel ICE

+ Power Debugger
Product Page

Buy Here
User Guide
Microchip Developer Help
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Figure 2-6. Power Debugger

2.3. Get Device Support for MPLAB Code Configurator (MCC)
Web page: MPLAB Code Configurator

*+ MCC Harmony

MCC Harmony can be utilized within MPLAB X IDE as a graphical programming interface that
generates peripheral and library code for the PIC32CM family.

For a step-by-step guide on setting up the necessary tools — including MPLAB X IDE, XC32 Compiler,
MCC, and accessing the Harmony v3 framework — check out this video: How to Set up the Tools
Required to Get Started with MPLAB® Harmony v3 and MCC.

2.4. MPLAB Tools for VS Code

The MPLAB Tools for VS Code are available for download from the official MPLAB Tools website or
directly through the VS Code Marketplace. Both platforms offer a complete list of MPLAB extensions,
which can be installed individually or collectively as part of the MPLAB Extensions Pack. Installation
is performed through the VS Code Extensions interface.

A step-by-step guide for getting started with the MCC plugin in VS Code is available on the official
website, including links to the Extensions Developer Help and the MPLAB Tools for VS Code video
playlist.

2.4.1. MPLAB Plugins
To enhance the functionality of MPLAB, users are encouraged to install the following additional
plugins:
+ Clangd for MPLAB: Provides support for Clang-based compilation and advanced code analysis

+ Code Configurator (MCC) for Microchip devices: Enables graphical configuration of peripherals
and code generation for supported devices

+ Toolchain Support for MPLAB: Integrates the XC8, XC16, and XC32 compilers for optimized code
generation for Microchip devices

2.4.2. Get Device Support for VS Code

The MPLAB extension handles pack installation for PIC32 devices, so users do not need to explicitly
install any packs.

2.5. Get Code Examples from MPLAB Discover

MPLAB Discover bundles available resources from multiple sources into one portal, such as code
examples, data sheets, evaluation boards, videos, and blogs.

Web page: MPLAB Discover

DISCOVER

-
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Code Examples

Code examples for devices in the PIC32CM family can be found by searching for the device name,
e.g., PIC32CM6408PL10048, in the search bar.

Users can download code examples as a . zip file directly from MPLAB Discover. Repositories
ending with “mplab-mcc” can be opened in MPLAB X.

When a code example is hosted on GitHub, MPLAB Discover provides an “Open with GitHub” link.
Download the example code from there or use the Git tool on the PC to create a local repository
clone.

2.6. Get MPLAB X IDE
Web page: MPLAB X IDE
+ MPLABX

MPLAB X can be used as an IDE for developing and debugging firmware for the PIC32CM family. For
device support, refer to the Get Device Support for MPLAB X IDE section.

2.7. Get Device Support for MPLAB X IDE
Use the MPLAB Pack Manager, found under Tools>Packs, to add support for new devices in MPLAB X.
For the PIC32CM family, update to the latest version by performing the following steps:

1. Click Check for Updates.

2. Select the latest available version of PIC32CM Series Device Support. For instance, for the
PIC32CM-PL10 family, select the latest version of PIC32CM-PL series device support.

3. Click Install.

For offline installers, go to packs.download.microchip.com. Double-click the installer file and follow
the instructions to install the package. Any open MPLAB X window must be closed for the installation
to take effect.

2.8. Get IAR Embedded Workbench® for Arm

Web page: www.iar.com/iar-embedded-workbench/

2.9. Get Arm Keil MDK for Cortex -M Processors
Web page: https://developer.arm.com/Tools%20and%20Software/Keil%20MDK

2.10. Get Segger Embedded Studio

Web page: https://www.segger.com/products/development-tools/embedded-studio/

2.11. Configuring Compilers

For the PIC32CM family of devices, which are 32-bit microcontrollers, use the XC32 compiler.

Web page: XC32 Compilers

@ MICROCHIP


https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide
https://packs.download.microchip.com/
https://www.iar.com/iar-embedded-workbench/
https://developer.arm.com/Tools%20and%20Software/Keil%20MDK
https://www.segger.com/products/development-tools/embedded-studio/
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc32

3. Getting Started PIC32CM MCU With VS Code and MCC
The following software and hardware tools are used for this demonstration:
+ VS Code

* VS Code Plugins:
a. MPLAB

b. Toolchain Support for MPLAB

¢. Code Configurator (MCC) for Microchip devices
+  MPLAB Harmony v3 repository: csp v3.25 or newer
« PIC32CM Curiosity Nano Evaluation Kit

Note: The latest versions of these tools can also be used to develop the application.

3.1. Creating the First Application on the PIC32CM MCU

For new projects, it is recommended to use the MPLAB Tools for VS Code. If not already installed,

VS Code can be downloaded from the official Visual Studio Code website and installed following

the standard setup procedure. Once installed, the MPLAB Tools for VS Code can be downloaded
from the official MPLAB Tools website or directly from the VS Code Marketplace. Both resources
offer a complete list of MPLAB extensions, which can be installed individually or collectively as

part of the MPLAB Extensions Pack. Installation is performed through the VS Code Extensions
interface. Additionally, tutorials are available on the official website, including links to the Extensions
Developer Help and the MPLAB Tools for VS Code video playlist. Refer to the Tools and Software
section for instructions on installing the basic VS Code setup.

To create a VS Code-based project, follow these steps:

1. On the Start menu, launch VS Code.
2. On the left navigation bar, click the MPLAB plugin.

Figure 3-1. MPLAB Plugin Selection

) File Edit Selection View Go Run

MPLAB

v TOOLS @ @ &)
¥ No tools detected

v PROJECTS

No open projects

@ MPLAB

1

X 247 Llaunchpad &® 0 A0 &  Autocomplete [

3. Under the Project tab window, click the New Project option to create a new MPLAB project.

@ MICROCHIP



https://www.microchip.com/en-us/tools-resources/develop/mplab-tools-vs-code
https://marketplace.visualstudio.com/items?itemName=Microchip.mplab-extension-pack
https://developerhelp.microchip.com/xwiki/bin/view/software-tools/ides/extensions/?utm_source=Document&utm_medium=TextLink&utm_campaign=MCU8_PIC32CM%20GC00&utm_content=Development_Tools_Migration_Guide%20-document&utm_bu=MCU08
https://developerhelp.microchip.com/xwiki/bin/view/software-tools/ides/extensions/?utm_source=Document&utm_medium=TextLink&utm_campaign=MCU8_PIC32CM%20GC00&utm_content=Development_Tools_Migration_Guide%20-document&utm_bu=MCU08
https://www.youtube.com/watch?v=0kyqGx3fqLc&list=PLtQdQmNK_0DRncMlBVPL2JTDJnOpDdSWi

Figure 3-2. New Project Window
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4. Enter the project title in the search window and press Enter.

Figure 3-3. Creating New Project
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5. Select the location where the new project will be created. Here, the default location is selected.
Press Enter to proceed.
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Figure 3-4. Selection of New Project Location
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6. Selectthe PIC32CcM6408PL10048 device and press Enter.

Figure 3-5. Device Selection
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7. Select the latest compiler version (xc32 (5.00)) and press Enter.
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Figure 3-6. Compiler Selection
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8. Type >MPLAB MCC: Launch in the search window.

Figure 3-7. Launch MCC
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9. Select the Create New MCC Config option.
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Figure 3-8. Select New MCC Config
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10. Link the MPLAB project created with MCC.

1

Figure 3-9. Associate MCC Config to MPLAB Project
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11. Configure the MCC configuration and select the Proceed With Default Values option.
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Figure 3-10. Configure MCC Config
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v PIC32CM6408PL10-PROJECT Proceed With Default Values Use default values from the associated MPLAB Project
Use Default Values

> .vscode
main.c More Option:

README.md

shift + P
P

Build Workspace  Show Config

2 Add Context.

> OUTLINE Expl and understand your code

> TIMELINE Ask v Pick Model v
12. Before launching MCC, the Configuration Database Setup window will be displayed, where the
Device Family Pack (DFP) and Common Microcontroller Software Interface Standard (CMSIS) path

can be changed if required. For this demonstration, the default settings are used.
13. The MCC plugin will open in a new window as shown in the following figure.

Figure 3-11. MPLAB Code Configurator Window
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INFO :
INFO :
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INFO :
2 INFO:
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> OUTLINE
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2
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¥ > SEARCH RESULTS User Output
X 249 launchpad ®0/A0 MPLAB &  Autocomplete 1

3.2. Adding and Configuring the MPLAB Harmony Component

To add and configure MPLAB Harmony components using MCC, follow these steps:

1. In the MCC window, click Project Graph.
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Figure 3-12. MPLAB Code Configurator

= MCC: My_MCC Config X

Project Graph

Create Group

Project Resource

INFO :  MCC core services initializing.

2. Inthe Plugins drop-down list, select Clock Configuration. The Clock Easy View window will be
displayed, verify that the Main Clock is set to 24 MHz.
Note: Ensure that the following modification is made for GCLK Generator O.

Figure 3-13. MPLAB Code Configurator - GCLK Generator O
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3. Under Device Resources, expand the list of options: Harmony>Peripherals>SERCOM.
Click SERCOM and observe that the SERCOM1 Peripheral Library block is added to the Project

Graph window.
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Figure 3-14. MPLAB Code Configurator - Selection of Peripheral

£ MCC: My_MCC Config X

[ RN L) Content Manager [l olgs @ @ Project Graph
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INFO :  MCC core services initializing.

Note: Users can also select other peripherals under Device Resources: Harmony>Peripherals.

5. Inthe Project Graph window, on the left navigation bar, select the SERCOM1 Peripheral Library.
In the Configuration Options property page on the right, configure it as follows to print the data
on the Serial Console at a baud rate of 115,200.

Figure 3-15. MPLAB Code Configurator — SERCOM1 Configuration

Project Graph Collapse All Expand All

Delete | Crealt Plugins: Views: Root v
© SERCOM1

o Select SERCOM Operation

© Mode USART with internal Clock v~
Operating Mode Non-blocking mode v

Receive Enable]

Transmit Enable N

Frame Format USART frame v

Baud Rate in Hz 115,200

Use fractional baud?)

Parity Mode No Parity v

Character Size 8-bits character v

Stop Bit Mode One stop bit v

Start-of-Frame Detection
Enable

Receive Pinout| SERCOM PADI1] is used for data receptio:
Transmit Pinout PAD[0]=TxD, PAD[1]=XCK v

Enable Run in Standby

6. Under Device Resources, expand the list of options: Harmony>Peripherals>EIC. Click EIC and
observe that the EIC Peripheral Library block is added in the Project Graph window.
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7. Inthe Project Graph window, on the left navigation bar, select the EIC Peripheral Library. In the
Configuration Options property page on the right, select the Enable Interrupt checkbox and the
Enable EIC Channel3 checkbox for the switch press event.

Figure 3-16. MPLAB Code Configurator — EIC Configuration
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Enable Event Output
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Detection Clock

External Interrupt3 Edg

Rising-edge detection v~
Enable filte v

Enable EIC Channel4

Enable EIC Channel5

Enable EIC Channelb
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Enable EIC Channel9

Enable EIC Channel10

Enable EIC Channel11

Edge detection is cdlock synchronously

8. Under Device Resources, expand the list of options: Harmony>Peripherals>RTC. Click RTC and
observe that the RTC Peripheral Library block is added to the Project Graph window to generate
a compare interrupt every 500 ms. Select the Clear on compare Match checkbox.
Note: The compare value is set as 0x200. This value generates an RTC compare interrupt every
500 ms.
RTC Clock = 1024 Hz

RTC Prescaler = 1
Required Interrupt rate = 500 ms
Therefore, the compare value = (500/1000) x 1024 = 512 (i.e., 0x200).
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Figure 3-17. MPLAB Code Configurator — RTC Configuration
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9. From the Plugins drop-down list, select Add Channel and then select DMA Configuration.
Configure DMA Channel 0 to transmit the application buffer to the USART TX register. The DMA
transfers one byte from the user buffer to the USART transmit buffer on each trigger.

Figure 3-18. MPLAB Code Configurator — DMA Configuration

Active Channels List Use Linked List Mode

Channel Number Trigger DMA Channel 0 Settings

DMAC Channel 0 SERCOMO_Transmit I Enable Interrupt I

Trigger Action
Add Channel Remove Selected Channel
Source Address Mode

Destination Address Mode | 04 Address Mode

One Beat Transfer per DMA Request

Increment Address After Every Transfer

Beat Size 8-bit

10. From the Plugins drop-down list, select Pin Configuration and then click Pin Settings.

11. In the Order box, type or select Ports. Build configurations according to the application as
indicated below. Change the Custom Name of the pin IDs PB02 and PB03, as shown in the
following figure.
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Figure 3-19. MPLAB Code Configurator — Pin Configuration

ﬂ“ Harmony Configurators
[ Pin Settings x| [ PinTable [x] [ Pin Diagram  [x| ‘
Order: |Pms |V| | Table View | Easy View

;ILTmber PinID Custom Name Function Mode Direction Latch Pull Up |Pull Down| Slew Rate
1 PAQS Available w | Digital High Impedance |w | | DISABLED |w
2 PADG Available w | Digital High Impedance |w | | DISABLED |w
3 PADT Available w | Digital High Impedance |w | | DISABLED | w
4 PBOD SERCOM1_PADOD |w D D DISABLED | w
5 PBO1 SERCOM1 PAD1 | w DISABLED | w
O o o —_—
[ PBOZ LED GPIO - Cut - Low [l [l DISABLED | w
7 PBEO3 SW EIC_EXTINT3 - D D DISABLED | w
8 FEO4 Available - High Impedance | w O O DISABLED |w
9 PBOS Available - High Impedance |+ [ [ DISABLED |w
10 PADE Available hd High Impedance | w O O DISABLED |w
11 PADD Available - High Impedance | w O O DISABLED |w
12 PALD Available - High Impedance | O O DISABLED |w
13 PALL Available hd High Impedance | w O O DISABLED |w

14 VDDIO2PAD O O

15 GNDPAD O O

3.3. Code Generation

After configuring the peripherals as shown in the following figure, click Generate under Resource
Management [MCC].

Figure 3-20. Code Generation
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Notes:

1. The generated code will add files and folders to the 32-bit MCC Harmony project. In the
generated code, notice the Peripheral Library files generated for the Real-Time Clock (RTC),
External Interrupt Controller (EIC), PORT peripherals, SERCOM1 (as Universal Synchronous
Asynchronous Receiver Transmitter (USART)), and the Direct Memory Access (DMA) peripherals.
MCC also generates themain.c file.

2. MCC provides an option to change the generated file name. By default, the file name main.c is
used if a name is not assigned.

3.4. Adding Application Logic

To develop and run the application, follow these steps:

1. Openthemain.c file of the project and add the following application code.

Figure 3-21. Logic for Register Callback Event Handlers

int main ( void

1CallbackRegister (DMAC CHANNEL 0, uartDmaChannelHandler Tx, 0):

Handler, 0):;

EIC CallbackRegister (EIC_PIN 3, SW_userHandler, 0);

snprintf((char*)uartTxBuffer, TX BUFFER S5IZE, )
isUARTTxComplete = false;

DMAC ChannelTransfer (DMAC CHANNEL 0, uartTxBuffer, (const void *)&(SERCOM1_ REGS5->USART.SERCOM DATA), strlen(

RIC Timer32S5Start():

2. Implement the registered callback event handlers for the peripherals by adding the following
code before the main () function.

static void SW_userHandler (uintptr t context)
{
changeTempSamplingRate = true;
}
static void rtcEventHandler (RTC_TIMER32 INT MASK intCause, uintptr t context)
{
if (intCause & RTC MODEO INTENSET CMPO Msk)
{
isRTCExpired = true;
}
}
static void uartDmaChannelHandler Tx (DMAC_TRANSFER EVENT event, uintptr_t contextHandle)
{
if (event == DMAC TRANSFER EVENT COMPLETE)
{
isUARTTxComplete = true;
}
}

3. According to the status of the isRTCExpired and isUARTTxComplete flags (these flags are handled
by the rtcEventHandler and uartbmaChannelHandler_Tx event handlers when the RTC timer
expires and when UART completes the data transfer), LEDO is toggled at a default rate of 500 ms.
To change the toggling rate, if the user presses the SW switch, the toggling rate changes to 1s, 2s,
and 4s and then returns to 500 ms with subsequent switch press events. The SW_userHandler is
responsible for changing the toggling rate when the user presses the SW switch on the board.
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Inside the while loop, delete sys Tasks () and add the following code to toggle the LED at the
default rate of 500 ms.

if ((isRTCExpired == true) && (true == 1isUARTTxComplete))
{
isRTCExpired = false;
1sUARTTxComplete = false;
LED Toggle();
sprintf ((char*) (uartTxBuffer), "Toggling LED at %s rate
\r\n", &timeouts[ (uint8 t)tempSampleRate] [0])
DMAC ChannelTransfer (DMAC CHANNEL 0, uartTxBuffer, (const void *)&
(SERCOM1 REGS->USART.SERCOM DATA),strlen((const char*)uartTxBuffer));

}

4. Add the following code immediately after the code above to change the toggling rate when a
switch press event occurs.

if (changeTempSamplingRate == true)

changeTempSamplingRate = false;
if (tempSampleRate == TEMP_SAMPLING RATE 500MS)
{
tempSampleRate = TEMP SAMPLING RATE 1S;
RTC_Timer32CompareSet (PERIOD_1S) ;
}
else if (tempSampleRate == TEMP_SAMPLING RATE 1S)
{
tempSampleRate = TEMP_ SAMPLING RATE 2S;
RTC Timer32CompareSet (PERIOD 2S);
}
else if (tempSampleRate == TEMP_SAMPLING_ RATE_ 2S)
{
tempSampleRate = TEMP_SAMPLING RATE 4S;
RTC Timer32CompareSet (PERIOD 4S);
}
else if (tempSampleRate == TEMP_SAMPLING RATE 4S)
{
tempSampleRate = TEMP_ SAMPLING RATE 500MS;
RTC_Timer32CompareSet (PERIOD 500MS) ;
}
else
{
}
RTC_Timer32CountersSet (0) ;
sprintf ((char*)uartLocalTxBuffer, "LED Toggling rate is changed to %$s\r\n",
&timeouts[ (uint8 t)tempSampleRate] [0]);
DMAC ChannelTransfer (DMAC CHANNEL 0, uartLocalTxBuffer, (const void *)&
(SERCOM1 REGS->USART.SERCOM DATA), strlen((const char*)uartLocalTxBuffer));

}

5. Add the following code to include the necessary header files and define the macros for different
RTC compare values.

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT FAILURE
#include "definitions.h" // SYS function prototypes

#include <string.h>
#include <stdio.h>

This code declares the various flags whose status is monitored and changed by the event
handlers in the application. It also includes declarations and definitions of arrays used to print
the LED toggling rate on the console.

static void SW userHandler (uintptr t context);

static void rtcEventHandler (RTC_TIMER32 INT MASK intCause, uintptr t context);

static void uartDmaChannelHandler Tx (DMAC TRANSFER EVENT event, uintptr t contextHandle);

/* Timer Counter Time period match values for input clock of 4096 Hz */

#define PERIOD_500MS (512)
#define PERIOD_1S (1024)
#define PERIOD 2S (2048)
#define PERIOD_4S (4096)
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#define TX BUFFER SIZE (100)

static volatile bool isRTCExpired = false;

static volatile bool changeTempSamplingRate = false;
static volatile bool isUARTTxComplete = true;

static volatile bool isUARTRxComplete = false;

static uint8 t uartTxBuffer[TX BUFFER SIZE] = {0};

3.5. Building and Programming Application
To build and program the application, follow these steps:
1. The PIC32CM Curiosity Nano evaluation kit supports debugging using a debugger. Connect

the USB Type-C cable to the PIC32CM Curiosity Nano evaluation kit to power and debug the
PIC32CM PL10 Curiosity Nano board.

2. Ensure that the compiler optimization is set to the default value (i.e., 1). To check this, select
the Fileset option under the Project tab. Then select the C compiler option and verify the
optimization level.

Figure 3-22. Project Properties
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function. The compiler tries to reduce code size and execution time.
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Code Coverage space-speed trade-off.

v EEEs Tool 3 - Optimize yet more favoring speed (superset of O2)
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Linker
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@ Output ./ou
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Figure 3-23. Hardware Setup

3. Setpic32cm6408pll0-project asthe main project, and in Project Properties, select the latest
compiler version (v5.00). Clean and build the project by clicking the highlighted icon.
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Figure 3-24. Build Main Project
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4. Program the application by clicking the highlighted icon.

Figure 3-25. Program the Application
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3.6. Observing the Output on the Board and Serial Terminal
To observe the output on the board and serial terminal, follow these steps:

1. Open any terminal window (TeraTerm in this case).
2. Select the required serial port and then click OK.
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Figure 3-26. Selection of Serial COM Port

Tera Term: New connection

OTCPIP myhost.example.com
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22
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Other
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O Serial Port: COMS7?: Curiosity Virtual COM Port (CO
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3. Inthe TeraTerm serial port setup and connection dialog box, type or select 115200 as the baud
rate in the Speed box.

Figure 3-27. Setting the Baud Rate

Tera Term: Serial port setup and connection X

5 COMbS7
Port 1 New setting
Speed: 9600,
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Data: 300 Cancel
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Device Instance ID: bopywirv—voroaPID_2175&MI_0118&658E869!

Device Manufacturer: Microchip Technology. Inc.
Provider Name: Microchip Technology, Inc.
Driver Date: 1-29-2025

Driver Version: 7.7.1.0

4. An LED on the PIC32CM Curiosity Nano evaluation kit toggles on a timeout basis, with a default
periodicity of 500 ms.

5. The LED toggling rate is displayed on the serial terminal.

Press the SW switch on the PIC32CM Curiosity Nano evaluation kit to change the default timeout
periodicity to 1s.

7. Each subsequent press of the SW switch on the PIC32CM Curiosity Nano evaluation kit changes
the periodicity of the timeout periodicity to 2s, 4s, 500 ms, and back to 1s in a cyclic order.
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Figure 3-28. Output Window
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As the LED toggling rate displayed on the serial terminal changes with each subsequent switch
press, observe the same change in the toggling rate of LEDO on the evaluation kit.
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4. Getting Started PIC32CM MCU With VS Code and CMSIS Drivers

The following software and hardware tools are used for this demonstration:

* VS Code

+ VS Code Plugins
- Arm CMSIS Solution

- Arm CMSIS Debugger
- Keil Studio Pack
« PIC32CM Curiosity Nano Evaluation Kit

4.1. CMSIS Environment Setup

Refer to this link for a step-by-step guide to installing CMSIS-Toolbox. Use a terminal window to run
the commands below.

Follow the steps below to set up the environment for CMSIS based code generation:

1. Install the cmsis-toolbox bin folder to the system path under Environment Variables.

wget https://artifacts.tools.arm.com/cmsis-toolbox/2.12.0/cmsis-toolbox-windows—-amdé6d.zip
-0 cmsis-toolbox-windows-amd64.zip

tar -xf cmsis-toolbox-windows-amd64.zip

2. Toinstall the Device Family Pack (DFP), run the command below on the terminal window.

cpackget init https://artifacts.microchip.com/artifactory/pack-index/mdk/index.pidx

3. Verify that the installed DFP pack is the latest public released version by running the command.

cpackget add Microchip::PIC32CM-PL DFP

4. For the Generic Software Pack (GSP), initialize cpackget with the Microchip pack index.

cpackget init https://artifacts.microchip.com/artifactory/pack-index/mdk/index.pidx

5. Update to the latest Microchip CMSIS Driver Pack using the command below.

cpackget add Microchip::CMSIS-Driver PIC32CM-PL
6. To apply the changes, restart the terminal window.

4.2. Creating the First Application on the PIC32CM MCU

To create a CMSIS based project, follow these steps:

1. On the Start menu, launch VS Code.
2. On the left navigation bar, click the CMSIS plugin and select Create Solution.
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Figure 4-1. Navigate to CMSIS and Solution Creation
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3. Select the target board as PIC32CM6408PL10048 and press Select.

Figure 4-2. Device Selection
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4. Select the Blank MCHP Driver Solution template.
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Figure 4-3. Template Selection
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5. Select the project location and click Create.

Figure 4-4. Project Location Selection
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6. Under the Components tab, select the GPIO and USART drivers from the CMSIS Driver
drop-down. Select the dependent plibs from the MCHP-PLIB drop-down option (PORT and
SERCOM_USART1), along with GCLK and MCLK, and click Save.
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Figure 4-5. CMSIS Driver and MCHP PLIB Selection
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4.3. Adding Application Logic
To develop and run the application, use the following steps:
1. Openthemain.c file of the project and add the following application code.
while (1)
% =mmmm=ms Switch Handling -------- =/
curr sw_state = GPIOdrv->GetInput (SWO) ;
if ((prev_sw state == 1) && (curr sw state == 0))
{ blink index = (blink index + 1) % BLINK TABLE SIZE;
blink delay = blink table[blink index];

USARTdrv->Send (switch msg, strlen((char *)switch msg));

delay ms (DEBOUNCE TIME MS) ; // Mechanical debounce
}
prev_sw_state = curr sw state;
J% s==m==ms LED Blink Timing -------- 2y

if ((g ms_ticks - last blink time) >= blink delay)
last_blink time = g ms_ticks;

led state "= 1U;
GPIOdrv->SetOutput (LEDO, led state);

snprintf (speed msg, sizeof (speed msg),"Blink Speed: %u ms\r\n", blink delay);

USARTdrv->Send (speed msg, strlen (speed msg));

2. Add peripheral initialization function calls and variable declarations inside main. c, before the
while (1) loop.
Jrsunesst Qygtem Inidtializatien Hwwseds/

configure clock();
configure systick();

30
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Jrsssini GRI0 Conffleuration =wwwiiies

// LED Output

GPIOdrv->Setup (LEDO, NULL);
GPIOdrv->SetDirection (LEDO, ARM GPIO_ OUTPUT) ;
GPIOdrv->SetOutputMode (LEDO, ARM GPIO PUSH PULL) ;

// Switch Input (Active LOW)

GPIOdrv->Setup (SWO, NULL) ;

GPIOdrv->SetDirection (SWO, ARM GPIO INPUT) ;
GPIOdrv->SetPullResistor (SWO, ARM GPIO PULL_UP);

Jriasiies Interrupt Tnalble wHwdsis

__DMB();
__enable irq();
NVIC EnableIRQ (SERCOM1 IRQn) ;

[**FF%xxx USART Configuration ****xxxx*/

PORT_ SetPeripheralMuxing (PIN PB0O0O, PORT_ PERIPHERAL FUNC D) ; // TX
PORT SetPeripheralMuxing (PIN PB0O1l, PORT PERIPHERAL FUNC D); // RX

USARTdrv->Initialize (NULL) ;
USARTdrv->PowerControl (ARM POWER FULL) ;

USARTdrv->Control (
ARM USART MODE ASYNCHRONOUS |
ARM USART PARITY NONE |
ARM USART STOP BITS 1
ARM USART DATA BITS 8,
USARTliDEFAULTiBAUDiRATE);

USARTdrv->Control (ARM_USART CONTROL TX, 1);
Jrsiseset Dpplicaticon Varilableg ity

uint8 t blink index = 0;
uint32 _t blink delay = blink table[0];

uint8 t prev sw state = 1;
uint8 t curr sw_state;

uint32 t led state = 0;
uint32 t last blink time = 0;

3. Add header files, hardware pin definitions, global variables, macros, and driver declarations at
the start of the code.

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************

* Includes
******************************************************************************/

#include "RTE_Components.h"
#include CMSIS device header

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/*******************************************************************************

* Hardware Pin Definitions
‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*‘k‘k*‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*‘k‘k*‘k‘k*‘k‘k*‘k‘k************************/

#define LEDO PIN PB02 // Status LED
#define SWO PIN PBO3 // User switch

/*******************************************************************************

* Application Configuration Macros
‘k*‘k***‘k‘k‘k‘k*****‘k‘k‘k‘k*****‘k‘k‘k‘k***‘k*‘k‘k*‘k****‘k‘k*******‘k‘k**************************/

#define DEBOUNCE TIME MS 20U
#define BLINK TABLE SIZE  4U

/*******************************************************************************

* CMSIS Driver Declarations
‘k*‘k***‘k‘k‘k‘k*****‘k‘k‘k‘k*****‘k‘k‘k‘k***‘k*‘k‘k*‘k****‘k‘k*******‘k‘k**************************/

extern ARM DRIVER GPIO Driver GPIO;
static ARM DRIVER GPIO *GPIOdrv = &Driver GPIO;
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extern ARM DRIVER USART Driver USARTI1;
static ARM DRIVER USART *USARTdrv = &Driver USARTI1;

VAREEEEEEE R SRR AR R EE SRR R EE Rttt EEEEE RSt EEE Rt

* Global Variables
‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*‘k‘k*‘k*‘k*‘k*‘k‘k*‘k************************/

static const uint32 t blink table[BLINK TABLE SIZE] = {500, 1000, 2000, 4000};
static uint8 t switch msg[] = "Switch Press Detected\r\n";

static char speed msg([50];

volatile uint32 t g ms_ticks = 0; // System millisecond tick counter

4, Add function prototypes and handlers below the global variables.

/*******************************************************************************

* Function Prototypes
‘k*‘k***‘k‘k‘k‘k*****‘k‘k‘k‘k*****‘k‘k‘k‘k***‘k*‘k‘k*‘k****‘k‘k*******‘k‘k**************************/

void configure clock(void);
void configure systick(void);
void delay ms (uint32 t ms);

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************

* SysTick Interrupt Handler

* Increments 1lms system tick counter
******************************************************************************/

void SysTick Handler (void)
{
g _ms_ticks++;

}

5. Add function definitions below main function.

/*******************************************************************************

* Clock Configuration
******************************************************************************/
void configure clock(void)

{
OSCCTRL_OSCHF_EnableAutotune () ;
OSCCTRL_OSCHF_SetFrequency (OSCCTRL OSCHF FREQ 4M) ;

// SERCOM1 clock routing
GCLK_SetPeripheralChannelGenSrc (GCLK PCHCCTRL 8, GCLK GENERATOR 0);
GCLK EnablePeripheralChannel (GCLK PCHCCTRL 8);

MCLK EnableAPBCClock (MCLK APBC SERCOM1) ;
}

/*******************************************************************************

* SysTick Configuration (lms time base)
‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************/
void configure systick(void)
{
uint32_ t core clock hz = OSCCTRL_OSCHF GetFrequency();

SysTick->LOAD (uint32 t) ((core clock hz / 1000U) - 1U);
SysTick->VAL = 0;

SysTick->CTRL = SysTick CTRL CLKSOURCE Msk |
SysTick CTRL TICKINT Msk |
SysTick CTRL_ENABLE Msk;
}

/*******************************************************************************

* Blocking Delay Function

* Used only for short debounce timing
******************************************************************************/

void delay ms (uint32 t ms)

{
uint32 t start = g ms_ticks;

while ((g_ms_ticks - start) < ms)
{

8 // wait
}
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4.4. Building and Programming Application
To build and program the application, follow these steps:

1. The PIC32CM Curiosity Nano evaluation kit supports debugging using a debugger. Connect the
USB Type-C cable to power and debug the PIC32CM Curiosity Nano evaluation kit.

Figure 4-6. Hardware Setup

PIC32CM-PL10

2. Build the project by clicking the highlighted icon.
Figure 4-7. Build Solution

File Edit Selection View Go Run Terminal Help

~ B3 Blank_ P_Driver_Solution.Debug+PIC
> ID Source Files
> |O constructed-files
> D linker

> 030 Components {11)

3. Program the application by clicking the highlighted icon.

Figure 4-8. Program Device

File Edit Selection View Go Run Terminal

D constructed-files

<% Components (11)

4.5. Observing the Output on the Board and Serial Terminal
To observe the output on the board and serial terminal, follow these steps:

1. Press the Start button to open any terminal window (TeraTerm in this case).
2. Select the required serial port and then click OK.
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Figure 4-9. Selection of Serial COM Port

Tera Term: New connection X

OTCPIP myhost.example.com

History

22

Telnet

S5H SSH2

Other

AUTO

O Serial Port: COMS7: Curiosity Virtual COM Port (CO -

Cancel Help

3. Inthe TeraTerm serial port setup and connection dialog box, type or select 115200 as the baud
rate in the Speed box.

Figure 4-10. Setting the Baud Rate

Tera Term: Serial port setup and connection X
Port: COMS?7
=0 ‘ New setting
Speed: 9600 v
) 110
Data: 300 Cancel
o 600
Parity: 1200
o 2400 Hel
Stop bits: 4800 nelp
Flow control: 9600
14400
19200
Transmit (38400
0 >7600 mseciline
230400
Device Friendly Nam ;g?ggg ual COM Port (COMS7)
Device Instance ID: booywio—voroaPID_2175&MI_0118&658EB869¢

Device Manufacturer: Microchip Technology. Inc.
Provider Name: Microchip Technology, Inc.
Driver Date: 1-29-2025

Driver Version: 7.7.1.0

4. An LED on the PIC32CM Curiosity Nano evaluation kit toggles on a timeout basis, with a default
periodicity of 500 ms.

5. The LED toggling rate is displayed on the Serial Terminal.

Press the SW switch on the PIC32CM Curiosity Nano evaluation kit to change the default timeout
periodicity to 1s.

7. Each subsequent press of the SW switch on the PIC32CM Curiosity Nano evaluation kit changes
the timeout periodicity to 2s, 4s, 500 ms, and back to 1sin a cyclic order.
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Figure 4-11. Output Window

g Printing Toggling LED pate s emm
oggling LED at 588 milliSeconds rate
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oggling LED at 588 milliSecondz rate
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ED Toggling rate is changed to 1 Second
oggling LED at 1 Se d rate
oggling LED 1 Se d rate
oggling LED & : rate
oggling LED & rate
ogyling LED & rate
rate

e ok ek

aggling LED &
LED Toggling
gling LED
ing LED
ing LED

EHEH‘J m Ii!':

Secon

Seconds

Seconds rate

Eeconds rate

iz changed to 4 Beconds
Seconds

£

b ol o s B B BIBI BRI B

As the LED toggling rate displayed on the serial terminal changes with each subsequent switch
press, observe the same change in the toggling rate of LEDO on the evaluation kit.

@ MICROCHIP



5. Getting Started PIC32CM MCU With MPLAB X IDE

The following software and hardware tools are used for this demonstration:

MPLAB X IDE v6.25 or newer

MPLAB Code Configurator Plug-in v5.6.3 or newer
MPLAB XC32 Compiler v5.00 or newer

MPLAB Harmony v3 repository: csp v3.25 or newer
MCC Core Version v5.8.3 or newer

PIC32CM Curiosity Nano Evaluation Kit

Note: The latest versions of these tools can also be used to develop the application.

5.1. Creating the First Application on the PIC32CM MCU
To create an MPLAB Harmony-based project, follow these steps:

1.

On the Start menu, launch MPLAB X IDE.
On the File menu, click New Project or click the New Project icon.

In the New Project window, on the left navigation bar, under Steps, click Choose Project.

Figure 5-1. Choose Project Window

a New Project
Steps Choose Project
1. Choose Project Q, Filter:
2 ..
e
(4 Application Project(s)
) rebuilt (Hex, Loadable Image) Project
L.53 Generic {4 User Makefile Project
{4 Library Project
Description:

Creates a new application project. It uses an IDE-generated makefile to build your project.

[ Next > Finisi Cancel

In the Choose Project property page:
a. Categories: Select Microchip Embedded.

b. Project: Select Application Project(s).
Click Next.
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6. Inthe left navigation bar, under Steps, click Select Device.

Figure 5-2. Device Selection Window

g New Project X
1. Choose Project
2. Select Device
3. Select Header Family: All Families v
4. Select Plugin Board
g ﬁmmm Device: PIC32CM6408PL 10048 v
Folder
7. (Optional) Add Project Tool: No Tool < | [ show au
MPLAB
X IDE
\/v
< Back Add Another Project Cancel Help
7. Inthe Select Device property page, type or select the device (e.g., PIC32CM6408PL10048) in the
Device box.
8. Click Next.

9. Inthe left navigation bar, under Steps, click Select Compiler.
10. In the Select Compiler property page, expand the XC32 list of options, and then select the

compiler (e.g., XC32 (v5.00)).
Figure 5-3. Compiler Selection Window

a New Project

Compiler Toolchains

4
§
§

< Back Add A

Cancel Help

11. Click Next.
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12. In the left navigation bar, click Select Project Name and Folder.

13. In the Select Project Name and Folder property page:
a. Project Name: Enter getting started pic32cm pll0_ cnano.

b. Project Location: Click the Browse button and choose C:\GettingStarted With PL10.

Figure 5-4. Project Name and Folder Selection Window

g New Project X
Steps Select Project Name and Folder

1. Choose Project

2. Select Device Project Name: getting_started_pic32cm_pl10_cnano

3. Select Header

;' Select Plugin Board Project Location: C:\GettingStarted_With_PL10 Browse...

= Folder e — Project Folder: =d_With_PL 10\getting_started_pic32em_pl10_cnano.X

7. (Optional) Add Project Overwrite existing project

Also delete sources.

Set as main project
— (@ Open MCC on Finish

["] Use project location as the project folder

PLAB Encoding: 1S0-8859-1

< Back Add Another Project Next Finish Cancel Help

14. Click Finish.

15. Before launching MCC, the Configuration Database Setup window will be displayed, where the
Device Family Pack (DFP) and Cortex Microcontroller Software Interface Standard (CMSIS) path
can be changed if required. For this demonstration, the default settings are used.

16. The MCC plugin will open in a new window, as shown in the following figure.

Figure 5-5. MPLAB Code Configurator Window

23 MPLAB X IDE v6.25 - getting_started_pic32cm_pl10_cnano : default - a 52
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help I
PEES DE BB )L L6 OB w @G codwmer
Proj... x| Services | Files = |[[Eouput x| McC x @O
L
- [y | Generate =g | Project Graph ]
5 ) Heoder s ¢ |E=3 = ject Grap g
3 a
i Plugin Views: Root =
G ﬁ Important Files 5 @ reate Group gins: ews: Roo 2
#-(Q) LbraryFies 53 > s
: @ Linker Files o | Project Resources MCC v5.6.2 §
- © CMSIS Pack System 5
5 Source Fies 8| - woreres ystem | S
(@@ Libraries [ Harmony o
[ Loadables A | system 2
S Q" = system Device Family Pack (DFP) EVSYS 3

Peripheral Library

I Device Reso

5.2. Adding and Configuring the MPLAB Harmony Component

To add and configure MPLAB Harmony components using MCC, follow these steps:
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1. In the MCC window, click Project Graph.

Figure 5-6. MPLAB Code Configurator

jer ProjectGraphl

cy ! Pin Configuration

CMSIS Pack | | System |

NVIC Configuration

DMA Configuration

=

Device Family Pack OFP)] | EVSYS | Event Cont
- | Peripheral Library

urator

w

Clock Configurator

2. Inthe Plugins drop-down list, select Clock Configuration. The Clock Easy View window will be
displayed, verify that the Main Clock is set to 24 MHz.
Note: Ensure that the following modification is made for GCLK Generator O.

Figure 5-7. MPLAB Code Configurator - GCLK Generator 0

B Clock Configurator

Msin Clod
OSCHF Oscillstor Controlier cLkSamaece
. OSCHE { +1 ‘ cpPu
osod — I 4 MHz I
OSCHF Frequency ——L 5 i — =
24 MHz SBCEx 5
Vioowv
’ p— o 1P .
24 MHz output dlock. v — s ; 24 MHz et
°c
v
Peripheral Clock Sedection

@ ¢ saxe
ax
1 N
32 KMz Oscillators Controller AL Samemnel o b
w0 e TOW oscre . saa Peripheral
/ Cock
32K High Accuracy Rk oscak g Configuration
Interna! Oscillator | Gea
[-1=13 XOSC32K .
o 1z 11 L, &
-  J 1,004 % Geu N | | b ————
‘ <] e
o 32.768 kHz
X0sCI2K WDT
. N @ ¢ 1,024 kz
- Oz =W —
xiN32 53 e = oscix
32K Crystal Oscillator
. 0OSC32K
xout32 [ 1ha
ouT32 | @ ) F——
; ~ _ RTC
¢ . cak3 e 1.024 kHz
OSCHF D
XOSC32K
0SC32K

3. Under Device Resources, expand the list of options: Harmony>Peripherals>SERCOM.

4. Click SERCOM and observe that the SERCOM1 Peripheral Library block is added to the Project
Graph window.
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Figure 5-8. MPLAB Code Configurator - Selection of Peripheral

[Coutput x| Mcc x|
Project raph
Device Resources | Search _

‘ ]
— CMSIS Pack J [Systemj
& Hamony
- & Peripherals
& AC
ADC
cCL
EIC
NVMCTRL
PM
RAM
RSTC
RTC
SERCOM
© B = scrcomo

SUPC
TC
TCC

Device Family Pack (DFP) EVSYS |
Peripheral Library
_

Device Resource | Project Resource

Tools

Note: Users can also select other peripherals under Device Resources: Harmony>Peripherals.

5. Inthe Project Graph window, on the left navigation bar, select the SERCOM1 Peripheral Library.
In the Configuration Options property page on the right, configure it as follows to print data on
the serial console at a baud rate of 115,200.

Figure 5-9. MPLAB Code Configurator - SERCOM1 Configuration

Proect G

l E Plugins: v Views:| Root
© SERCOM1
1 A

CMSIS Pack | | System | © Select SERCOM Operation Mode | USART with intemal Clock
J A )

Operating Mode Non-blocking mode
I Receive Enable
Device Family Pack (DFP) EVSY| - Transmit Enable []
Peripheral = Frame Format USART frame
\Sa—

IEaud Rate in Hz 115,200 E

Use fractional baud?

SERCOM1
Parity Mode No Parity
Peripheral Library
UART & = Character Size §-bits character
12C <> = Stop Bit Mode One stop bit
SPI O Start-of-Frame Detection Enable
IReceive Pinout SERCOM PAD[1] is used for data reception I

Transmit Pinout PAD[0]=TxD, PAD[1]=XCK

Enable Run in Standby
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6.

7.

8.

Under Device Resources, expand the list of options: Harmony>Peripherals>EIC. Click EIC and
observe that the EIC Peripheral Library block is added to the Project Graph window.

In the Project Graph window, on the left navigation bar, select the EIC Peripheral Library. In the
Configuration Options property page on the right, select the Enable Interrupt checkbox and the
Enable EIC Channel 3 checkbox for the switch press event.

Figure 5-10. MPLAB Code Configurator — EIC Configuration

I Plugins: Views: Root
@ EIC
»
CMSIS Pack System | - IEIC Clock Source Selection The EIC is clocked by CLK_OSC32K I

Non Maskable Interrupt

Contro

: Enable EIC Channel0
Device Family Pack (DFP) EVSYS Enable EIC Channell
. | Peripheral Library ‘ Enahle EIC Channel?
I Enable EIC Channel3 I
. © EICChannels Contiguration
SERCOM1 i IEnabIelnterrupt I
Peripheral Library EIC _ Enable Event Output
UART O Peripheral Library ,. External Interrupt3 R
|2C<> l Detection Clock Edge detection is clock synchronously
.- | External Interrupt3 Edge
SPIO S, P 9 Rising-edge detection
Enable filter
Enable EIC Channeld

Enable EIC Channel5
Enable EIC Channel6

Enable EIC Channel7

Under Device Resources, expand the list of options: Harmony>Peripherals>RTC. Click RTC and
observe that the RTC Peripheral Library block is added to the Project Graph window to generate
a compare interrupt every 500 ms. Select the Clear on compare Match checkbox.

Note: The compare value is set to 0x200. This value generates an RTC compare interrupt every
500 ms.
RTC Clock = 1024 Hz

RTC Prescaler =1
Required Interrupt rate = 500 ms
Therefore, the compare value = (500/1000) x 1024 = 512 (i.e., 0x200).

@ MICROCHIP

41



Figure 5-11. MPLAB Code Configurator — RTC Configuration

Collapse All Expand All

ns: v Views: Root v
@ RIC
’ i @ Hardware Settings
Generate Frequency Correction API
RTC Count Sync Enable
2 RTC Operation Mode 32-bit Counter Mode
EIC i.. @ RTC MODE 0 Configuration

-4 @ Enable Interrupts ? I

Periodic Interval O Interrupt Enable

'eral Library |

Periodic Interval 1 Interrupt Enable

Periodic Interval 2 Interrupt Enable

RTC
Peripheral Library
TMR &

Periodic Interval 3 Interrupt Enable

Periodic Interval 4 Interrupt Enable

Periodic Interval 5 Interrupt Enable

Periodic Interval & Interrupt Enable
Periodic Interval 7 Interrupt Enable

Compare 0 Interrupt Enable
Overflow Interrupt Enable

RTC Prescaler DIVl ~

Compare Value ox| 200
Clear on compare Match

9. From the Plugins drop-down list, select Add Channel and then select DMA Configuration.
Configure DMA Channel 0 to transmit the application buffer to the USART TX register. The DMA
transfers one byte from the user buffer to the USART transmit buffer on each trigger.

Figure 5-12. MPLAB Code Configurator — DMA Configuration

Active Channels List Use Linked List Mode
.

Channel Number Trigger DMA Channel 0 Settmgs

DMAC Channel 0 | SERCOM1_Transmit v |
Trigger Action One Beat Transfer per DMA Request v

Add Channel Remove Selected Channel

Source Address Mode Increment Address After Every Transfer v
Destination Address Mode Fixed Address Mode v
Beat Size 3-bit v

10. From the Plugins drop-down list, select Pin Configuration, and then click Pin Settings.

11. In the Order box, type or select Ports. Build configurations according to the application as
indicated below. Change the Custom Name of the pin IDs PB02 and PB03, as shown in the
following figure.
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Figure 5-13. MPLAB Code Configurator — Pin Configuration

5.3. Code Generation

After configuring the peripherals as shown in the following figure, click Generate under Resource

Management [MCC].

Figure 5-14. Code Generation
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generated code, notice the Peripheral Library files generated for the Real-Time Clock (RTC),
External Interrupt Controller (EIC), PORT peripherals, SERCOM1 (as Universal Synchronous
Asynchronous Receiver Transmitter (USART)), and the Direct Memory Access (DMA) peripherals.
MCC also generates the main.c file.

[l output x| MCC x| PinSettings = | PinTable x| PinDiagram x|
Order: |Pins ~ Table View @ Ezsy View
;iﬂmber Pin ID Custom Name Function Mode Direction Latch Pul Up  Pull Down Slew Rate
1 PADS Awvailable v Digital High Impedance Low O O DISABLED -~
2 PADG Available w Digital High Impedance Low [ O DISABLED -~
3 PADT Available e Digital High Impedance Low [l [l DISABLED -~
4 PEOO SERCOM1_PADO -~ Digital High Impedance nfa [} [} DISABLED
5 PBO1 SERCOM1_PAD1 -~ Digital High Impedance nfa O O DISABLED -
5] PEO2 LED_EO w Digital Cut Low Dm
7 PEO3 SW EIC_EXTINT3 e Digital In nfa n [:] DISAELED -~
8 PEO4 Available w Digital High Impedance Lowe E] E] DISABELED -
9 PROS Awailahle e Nicital Hinh Tmnedance | o M M NTSARIFN

2. MCC provides an option to change the generated file name. By default, the file name main.c is
used if a name is not assigned.

5.4. Adding Application Logic

To develop and run the application, follow these steps:

1. Openthemain.c file of the project and add the following application code.
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Figure 5-15. Logic for Register Callback Event Handlers

int main ( void )

SYS Initialize ( NULL );

DMAC ChannelCallbackRegister (DMAC

CHANNEL 0, uartDmaC

RIC Timer32CallbackRegister (rtcEventHandler, 0):

EIC_CallbackRegister (EIC_PIN 3, SW_userHandler, 0):

snprintf((char*)uartTIxBuffer, TX BUFFER S5IZE, Printing Toggli LED rat r\n"):;
isUARTTxComplete = false;

DMAC ChannelTransfer (DMAC CHANNEL 0, uartTxBuffer, (const void *)&(SERCOM1_REGS->USART.SERCOM DATA), strlen(

RIC Timer32Start();

2. Implement the registered callback event handlers for the peripherals by adding the following
code before themain () function.

static void SW_userHandler (uintptr t context)
{
changeTempSamplingRate = true;
}
static void rtcEventHandler (RTC_TIMER32 INT_MASK intCause, uintptr t context)
{
if (intCause & RTC_MODEO INTENSET CMPO_ Msk)
{
isRTCExpired = true;
}
}
static void uartDmaChannelHandler Tx (DMAC TRANSFER EVENT event, uintptr t contextHandle)
{
if (event == DMAC TRANSFER EVENT COMPLETE)
{
isUARTTxComplete = true;
}
}

3. According to the status of the isSRTCExpired and isUARTTxComplete flags (these flags are handled
by the rtcEventHandler and uartbmaChannelHandler_Tx event handlers when the RTC timer
expires and when UART completes the data transfer), LEDO is toggled at a default rate of 500 ms.
To change the toggling rate, if the user presses the SW switch, the toggling rate changes to 1s, 2s,
and 4s and then returns to 500 ms with subsequent switch press events. The SW_userHandler is
responsible for changing the toggling rate when the user presses the SW switch on the board.

Inside the while loop, delete sys Tasks () and add the following code to toggle the LED at a
default rate of 500 ms.

if ((isRTCExpired == true) && (true == 1sUARTTxComplete))
{
isRTCExpired = false;
1sUARTTxComplete false;
LED Toggle();
sprintf ((char*) (uartTxBuffer), "Toggling LED at %s rate
\r\n", &timeouts[ (uint8 t)tempSampleRate] [0])
DMAC_ChannelTransfer (DMAC_CHANNEL 0, uartTxBuffer, (const void *)&
(SERCOM1 REGS->USART.SERCOM DATA),strlen((const char*)uartTxBuffer));

}

4. Add the following code immediately after the code above to change the toggling rate when a
switch press event occurs.
if (changeTempSamplingRate == true)
changeTempSamplingRate = false;

if (tempSampleRate == TEMP_SAMPLING RATE 500MS)
{
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tempSampleRate = TEMP_ SAMPLING RATE 1S;
RTC Timer32CompareSet (PERIOD 1S);
}
else if (tempSampleRate == TEMP_SAMPLING RATE_1S)
{
tempSampleRate = TEMP_SAMPLING RATE 2S;
RTC_Timer32CompareSet (PERIOD_2S) ;
}
else if (tempSampleRate == TEMP_SAMPLING RATE 2S)
{
tempSampleRate = TEMP SAMPLING RATE 4S;
RTC_Timer32CompareSet (PERIOD 4S) ;
}
else if (tempSampleRate == TEMP_SAMPLING RATE 4S)
{
tempSampleRate = TEMP_SAMPLING RATE 500MS;
RTC Timer32CompareSet (PERIOD 500MS) ;
}
else
{
}
RTC Timer32CounterSet (0) ;
sprintf ( (char*)uartLocalTxBuffer, "LED Toggling rate is changed to %s\r\n",
&timeouts[ (uint8 t)tempSampleRate] [0]);
DMAC ChannelTransfer (DMAC CHANNEL 0, uartLocalTxBuffer, (const void *)
& (SERCOM1_REGS->USART.SERCOM DATA), strlen((const char*)uartLocalTxBuffer)):;
}

5. Add the following code to include the necessary header files and define the macros for different
RTC compare values.

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE
#include "definitions.h" // SYS function prototypes

#include <string.h>
#include <stdio.h>

This code declares the various flags whose status is monitored and changed by the event
handlers in the application. It also includes declarations and definitions of arrays used to print
the LED toggling rate on the console.

static void SW_userHandler (uintptr t context);

static void rtcEventHandler (RTC TIMER32 INT MASK intCause, uintptr t context);

static void uartDmaChannelHandler Tx (DMAC TRANSFER EVENT event, uintptr t contextHandle);

/* Timer Counter Time period match values for input clock of 4096 Hz */

#define PERIOD 500MS (512)
#define PERIOD_1S (1024)
#define PERIOD_2S (2048)
#define PERIOD 4S (4096)
#define TX BUFFER SIZE (100)

static volatile bool isRTCExpired = false;

static volatile bool changeTempSamplingRate = false;
static volatile bool isUARTTxComplete = true;

static volatile bool isUARTRxComplete = false;

static uint8 t uartTxBuffer[TX BUFFER SIZE] = {0};

5.5. Building and Programming Application
To build and program the application, follow these steps:

1. The PIC32CM Curiosity Nano evaluation kit supports debugging using a debugger. Connect
the USB Type-C® cable to the PIC32CM Curiosity Nano evaluation kit to power and debug the
PIC32CM PL10 Curiosity Nano board.

2. Ensure that the compiler optimization is set to 1. To check this, follow these steps:

a. Right-click on the project getting started pic32cm pll0_ cnano, a shortcut menu will
appear. Click Properties.
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Figure 5-16. Project Properties
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b. Inthe Project Properties window, under Option Categories, select Optimization, and from the
optimization-level item list, select 1.

c. Click OK to close the Project Properties window.

Figure 5-17. Compiler Optimization Level
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function. The compiler tries to reduce code size and execution time.
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Figure 5-18. Hardware Setup

3. Setgetting started pic32cm pll0 cnano asthe main project, and in Project Properties,
select the latest compiler version (v5.00). Clean and build the project by clicking the highlighted
icon.

Figure 5-19. Clean and Build Main Project
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4. Program the application by clicking the highlighted icon.

Figure 5-20. Make and Program Device
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| Make and Program Device Main Project|

5.6. Observing the Output on the Board and Serial Terminal
To observe the output on the board and serial terminal, follow these steps:

1. Open any terminal window (TeraTerm in this case).
2. Select the required serial port and then click OK.

Figure 5-21. Selection of Serial COM Port

Tera Term: New connection X

OTCPHIP myhost.example.com

History

22
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SSH SSH2

Other

AUTO

O Serial Port: COMS7?: Curiosity Virtual COM Port (CO -~

Cancel Help

3. Inthe TeraTerm serial port setup and connection dialog box, type or select 115200 as the baud
rate in the Speed box.
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Figure 5-22. Setting the Baud Rate
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Device Instance ID: PID_2175&MI_0118&658E869!
Device Manufacturer: Mlcrochlp Technology. Inc.

Provider Name: Microchip Technology, Inc.

Driver Date: 1-29-2025

Driver Version: 7.7.1.0

4. An LED on the PIC32CM Curiosity Nano evaluation kit toggles on a timeout basis, with a default
periodicity of 500 ms.

5. The LED toggling rate is displayed on the serial terminal.

6. Press the SW switch on the PIC32CM Curiosity Nano evaluation kit to change the default timeout
periodicity to 1s.

7. Each subsequent press of the SW switch on the PIC32CM Curiosity Nano evaluation kit changes
the timeout periodicity to 2s, 4s, 500 ms, and back to 1s in cyclic order.

Figure 5-23. Output Window
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As the LED toggling rate displayed on the serial terminal changes with each subsequent switch
press, observe the same change in the toggling rate of LEDO on the evaluation kit.
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6. What’s Next

Now that you have learned where to find information on Microchip products and how to get
started, download the software and purchase the hardware tools needed to begin developing your
products. For additional information on related PIC32 products and IDE, refer to the links below:

Software:

+ VS Code with extensions

+ MPLAB X IDE

+ MPLAB Code Configurator
+ XC32 Compiler

Firmware:

+ MPLAB Discover examples
*  GitHub examples

Recommended Programming/Debugging Tools:
MPLAB PICkit 5:

* Buy Here

MPLAB ICD 5:

* Buy Here

Atmel ICE:

* Buy Here

Power Debugger:

* Buy Here
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https://developerhelp.microchip.com/xwiki/bin/view/software-tools/ides/extensions/get-started/
https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide
https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc32
https://mplab-discover.microchip.com/
https://github.com/microchip-pic-avr-examples
https://www.microchip.com/en-us/development-tool/PG164150
https://www.microchipdirect.com/dev-tools/DV164050?allDevTools=true
https://www.microchipdirect.com/dev-tools/ATATMEL-ICE?productLoaded=true&allDevTools=true
https://www.microchipdirect.com/dev-tools/atpowerdebugger?productLoaded=true&allDevTools=true

7. References

PIC32CM6408PL10048 Curiosity Nano Hardware User Guide (DS50004003)

For additional information on MPLAB Harmony, refer to the Microchip website

Developer Help: Get Started for MPLAB® X IDE Users New to Visual Studio Code (VS Code®)
Microchip University Course: Introduction to MPLAB® X IDE

Microchip University Course: Overview of the MPLAB® Code Configurator (MCC) Content Manager
(CM)

Microchip University Course: MPLAB Data Visualizer (for Curiosity Nano)

Additional online technical documentation concerning various products:
onlinedocs.microchip.com

Microchip Technical Support: support.microchip.com/s/

For the example application, refer to the “Getting Started with the Arm® Cortex®-M0+
based PIC32CM Microcontroller Families”: https://www.microchip.com/en-us/development-tool/
ev10p22a

For more information on various applications, refer to the discover-Microchip-PIC32-PL10
Migration Guide From AVR® to PIC32CM MCUs (DS40002662)

Migration Guide from AVR® and PIC16/PIC18F to PIC32CM Development Tools Ecosystem
(DS40002663)

For additional info about 32-bit Microcontroller Collaterals and Solutions, refer to the 32-bit
Microcontroller Collateral and Solutions Reference Guide (DS70005534)
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https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/UserGuides/PIC32CM-PL10-UserGuide-DS50004003.pdf
https://www.microchip.com/mplab/mplab-harmony
https://developerhelp.microchip.com/xwiki/bin/view/software-tools/ides/extensions/get-started/
https://mu.microchip.com/intro-to-the-mplab-x-ide
https://mu.microchip.com/overview-of-the-microchip-code-configurator-mcc-content-manager-cm
https://mu.microchip.com/overview-of-the-microchip-code-configurator-mcc-content-manager-cm
https://mu.microchip.com/visual-debugging-with-mplab-data-visualizer?next=%2Fvisual-debugging-with-mplab-data-visualizer%2F723509
https://onlinedocs.microchip.com/
https://support.microchip.com/s/
https://www.microchip.com/en-us/development-tool/ev10p22a
https://www.microchip.com/en-us/development-tool/ev10p22a
https://mplab-discover.microchip.com/v2?dsl=PIC32CM+AND+PL10
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/SupportingCollateral/MigrationGuide-AVRtoPIC32CM-DS40002662.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/SupportingCollateral/MigrationGuide-AVR-PIC16-18FtoPIC32CM-DS40002663.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU32/ProductDocuments/ReferenceManuals/32-bit-Microcontroller-Collateral-and-Solutions-Reference-Guide-DS70005534.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU32/ProductDocuments/ReferenceManuals/32-bit-Microcontroller-Collateral-and-Solutions-Reference-Guide-DS70005534.pdf

8. Revision History

A 02/2026 Initial document release
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-2745-3

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services

Product Page Links
PIC32CM6408PL10048
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https://www.microchip.com/en-us/product/PIC32CM6408PL10048
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