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SAM series course history and brief

« SAM1001 — MCU32 Peripheral Library (PLIB)

* (2017~2018)
* Peripheral Library (PLIB) on APP045v2.0 (SAMD21 Arm Cortex-MO0+)
* Advance Software Framework (ASF) v3.x + GNU C compiler + Microchip Studio 7

* (2019~2022)
* Peripheral Library (PLIB) on APP045v2.0/v4.x (SAMD21 Arm Cortex-MO0+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE

* (2023~2024)
* Peripheral Library (PLIB) on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)
* MCC Harmony + XC32 Compiler + MPLAB X IDE

« SAM2001ADV - MCU32 Advanced Peripheral Library (PLIB)
* (2021~2022)

* Peripheral Library (PLIB) Advanced modules on APP045v4.x (SAMD21 Arm Cortex-MO0+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE

- (2023~2024)

* Peripheral Library (PLIB) Advanced modules on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)

* MCC Harmony + XC32 Compiler + MPLAB X IDE m
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SAM series course history and brief

« SAM2002 — MCU32 System Service and Driver

- (2019~2022)

* System Service and Driver on APP045v4.x (SAMD21 Arm Cortex-MO+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE

- (2023~2024)

 System Service and Driver on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)
* MCC Harmony + XC32 Compiler + MPLAB X IDE

e SAM2002ADV - MCU32 Touch and USB Device
* (2021~2022)

* QTouch Library and USB Device Driver on APP045v4.x (SAMD21 Arm Cortex-MO0+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE

* (2023~2024)
* QTouch Library and USB Device Driver on APP045v4.x (SAMD21 Arm Cortex-MO+)
* MCC Harmony + XC32 Compiler + MPLAB X IDE
e PIC32CX1001 — Cortex M4F with Advanced Peripheral Library (PLIB)
* (2025)

* Peripheral Library (PLIB) Advanced modules on APP055v1.01 (PIC32CX-SG41 Arm Cortex-MA4F)
* MCC Harmony + XC32 Compiler + MPLAB X IDE
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Class Objectives

* When you finish this course, you will be able to:

* Be familiar with MPLAB X IDE and MCC Harmony

* Understand how to configure and use
the PIC32CX-SG families' peripherals.

* There have two level course included.
* Major course : General study of basic features.
* Appendix : Advance features and appendix.
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Index (1/2)

* PIC32CX-SG Arm Cortex-M4F Microcontroller Introduction

 MPLAB X IDE and MCC Harmony Development Tools Introduction
g Soft Request In this Course

* PIC32CX-SG EVB APP055 v1.10 Introduction

* Course Materials

* Getting Started with First Project
% LabO First Project

 MPLAB® Code Configurator (MCC) Harmony Interface Introduction

§ Appendix : Open MPLAB X IDE Projects
* 1/0-PORT
% Lab1 PORT Input and Output
g Appendix : Code Trace and PORT Register
e Timer by Polling - TC
% Lab2 TC Timer Method Polling
* Interrupt — NVIC
* Timer by Interrupt Callback - TC
% Lab3 Timer Interrupt Callback TC
¢ Oscillator and Clock Generator
% Lab4 System Clock
g Appendix : New Clock Configurator GUI
* SERCOM Introduction
* SERCOM-USART Architecture
* UART Transmit by Polling
% Lab5 COM Port TX by polling - SERCOM-USART
* UART Receive by Interrupt
% Lab6 COM Port RX by interrupt - SERCOM-USART
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* myprintf
 Lab7 myprintf - SERCOM-USART
g Appendix : Custom VT100 command
e High Speed ADC Architecture
% Lab8 ADC Polling Software Trigger
* Daul ADC Instances
% Lab9 Dual ADC Core Polling Software Trigger
e ADC Interrupt Method
% Lab10 Dual ADC Core Interrupt Software Trigger
g Appendix : ADC DMA Sequencing
g Appendix : ADC Host-Client Operation
g Appendix : ADC Throughput Rate
* Pulse-Width Modulation - TCC_PWM
% Lab11 LED Dimming TCC PWM
% Lab12 LED Dimming Adjustable TCC PWM
K Lab13 LED Breath TCC PWM
K Appendix : TCC PWM Waveform Output Matrix
* SERCOM-SPI Architecture
% Lab14 OLED Graphics
% Lab15 Design Your Own Logo
€ Appendix : OLED Graphic Library
g Appendix : OLED Graphic Application
* 6-Axis Motion Sensor Gyroscope and Accelerometer
* SERCOM-I2C Architecture
% Lab16 Motion Sensor Application

g Appendix : Motion Application @MICHDCHIP




PIC32CX-SG Arm Cortex-MA4F
Microcontroller Introduction
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Arm’s history

* Arm, originally known as Advanced RISC Machines, is a leading processor architecture based
on RISC (Reduced Instruction Set Computing) principles. Developed by Arm Ltd., the
architecture is licensed globally and powers a wide range of devices from smartphones and
loT sensors to servers and Al accelerators. Its success stems from its power efficiency and
scalability.

 SoftBank acquired Arm in 2016 for $31 billion. In 2018, it sold 51% of Arm China to local
investors, but the venture became mired in a prolonged governance dispute, raising
international concern. NVIDIA’s 2020 attempt to acquire Arm for $40 billion failed in 2022 due
to global regulatory pushback.

* To regain value, SoftBank launched an IPO for Arm on September 14, 2023. Listed on NASDAQ,
under the symbol Arm, it debuted with a $54 billion valuation, making it the biggest tech IPO
of the year. As of 2025, Arm continues to lead in energy-efficient computing and is expanding
its footprint in Al, automotive, and data center markets, while strengthening coIIaborations
across the global semiconductor ecosystem.

ARM
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https://www.youtube.com/watch?time_continue=65&v=6jPlyWC-b18

A Powerhouse 32-bit MCU Portfolio

HS USB, EMAC, CAN
QSPI, EBI, Crypto

SAM G5x 2MB / 512KB

Gen Purpose

N | 120 | T GE 120 PIC32CZ CA
N\ { m PIC32CK SG ‘ 2x HS USB, GB EMAC, 6x CAN-
PIC32 MX 1/2/5 SAM D1X/D2X USB, Ethernet, CAN-FD, USB, Ethernet, CAN-FD, ED, HSM
Gen Purpose, USB J L Gen Purpose, USB, Touch ) TrustZone, HSM Enhanced Security ; 8MB / 1MB J,
N = = —
PIC32 MIX 1/2 i <5 [ 120 E— savesx B samE v Em/
XLP, USB 5V, CAN-FD, mBIST Gen Purpose, USB USB, Ethernet, CAN-FD HS USB, EMAC, CAN-FD
o N\ 7 \ y ) QSPI, SDIO, Crypto
m N N\ ¢ 120 2MB / 384KB y
PIC32CM Lx SAM C2x PIC32 MK MC SAM D5x p —
TrustZone / ULP / Touch L';v, CAN-FD, up to 64MHz | Motor Control, USB | Gen Purpose, USB PIC32 MZ EF E

> [

PIC32MM

Entry-Level, Low Power
e _J

USB, EMAC, CAN
2MB / 640KB

Gen Purpose Gen Purpose

- p Ta
SAM L1X/L2X ] PIC32CM MC PIC32 MX 3/4
Ultra Low Power 5V L Gen Purpose )

- " PIC32MZDA
PIC32 MX 5/6/7 p £ SAM 4 ? 2D Graphics Engine, DDR, HS

\

Entry Level Families Mid Range Families High End Families

Cortex M0+, M23 / MIPS MM, MX Cortex M4F / M33 / MIPS MX, MK Cortex M7 / MIPS MZ
Up to 64 MHz 64 - 120 MHz 200- 300 MHz

l[ In Production ] L New Products J [ Early Access
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PIC32CX-SG families Introduction

* PIC32CX-SG families are mid-performance,
that combine connectivity, performance, and security microcontrollers using
the Arm® Cortex® M4F processor with Arm v7E-M Harvard architecture.

* Maximum frequency of 120 MHz and reach 403.04 CoreMark®.

https://www.eembc.org/viewer/?benchmark_seq=2560

* All devices include O o Mt
intelligent and flexible e R
peripherals, Event System — T
for inter-peripheral I
signaling, and support USB, Ethernet

and PTC for capacitive touch button,
slider and wheel user interfaces.

* Optional Hardware Security Module and Crypto.
* Single-precision Floating Point Unit (FPU).
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Architecture

Interrupt latency
(if zero-wait state RAM)

16 cycles

15 cycles

23 for NMI
26 for IRQ

12 cycles

12 cycles
14 worst case

15 no security ext | 12 no security ext

27 security ext 77 security ext

Link : https://en.wikipedia.org/wiki/Arm_Cortex-M

ARM Cortex-M instruction variations
A Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex
m mol?l MO+L%] M1 Mm3(5] M4/6] w77 M23(%] M33!12] M35P M55
. g g 9 10 10 10 ARMv8-M ARMvE-M ARMvE-M
ARM architecture ARMvE-MET | ARMVE-MET | ARMYE-MT [ ARMY7-MITOT | ARMVZE-MITT | ARMYZE-MITO) e s e | ArmvBA-M
Baselinel'®] Mainline('® | Mainline(1®]
Computer architecture Von Neumann | Von Neumann | Von Neumann Harvard Harvard Harvard Von Neumann Harvard Harvard Harvard
Instruction pipeline 3 stages 2 stages 3 stages 3 stages 3 stages 6 stages 2 stages 3 stages 3 stages | 4to 5 stages
Thumb-1 instructions Entire Entire Entire Entire Entire Entire
Thumb-2 instructions Entire Entire Entire Entire Entire Entire
Multiply instructions
) Yes Yes Yes Yes Yes Yes Yes Yes Yes
32x%32 = 32-bit result
Multiply instructions
i Yes Yes Yes Yes Yes Yes
32x%32 = 64-bit result
Divide instructions
. . Yes Yes Yes Yes Yes
32/32 = 32-bit quotient
Saturated instructions Yes Yes Yes Yes Yes
DSP instructions Yes Yes Optional Optional Optional
Single-Precision (SP) . X . . X
) o ) Optional Optional Optional Optional Optional
Floating-point instructions
Double-Precision (DP) i
. L ) Optional
Floating-point instructions
Half-Precisions (HP)
TrustZone instructions Optional
Co-processor instructions
Helium technology

MICROCHIP


https://en.wikipedia.org/wiki/ARM_Cortex-M

Instruction Set Architecture, IS

* Arm v7E-M

* 98+ instructions

* All Thumb1 and Thumb 2 instructions
* Multiply adds 32x32 into 64-bits result
* Divide instructions

* DSP and Saturation instructions

Single precision floating point

VABS VADD verPE vorR [ vos [ vevrr ]
L
PKHBT || PkHTe ][ QADD ][ QADDIs [ QADDS QDADD
QSAX QSUB QSUB16 | Qw SADD16 SADDE | G [ SEL
SHADDT6 || SHADDS ]| sHASX || SHAx | SLABS SMLABT
[ SMAD || sMALoX || smiaws ][ sMLAwT [ smisD ][ smsbx [ sMsiD
T T
[ com |
EOR [DC LDMIA = =
SMUAD SMUADX
LDRE -
=
Armv7-M S L
% MRRC MRRC2 MUL oo | T
SMUSI SMUSDX
[__rev ]
[__sec | 5 S —
=
]
— - =
| CLREX rs-rm [_sTd ] [_umAAL|[_UoaDD1e |
- LT =
LOREXE [ uosax ][ uosueis |
Armvé-M LDREXH TH

e
MovT
o sUEs
STREX UMULL
STREXB UXTB

STREXH

VEI YIELD uDIv

UXTAH

5

YIELD

= Cortex-M0O/ MO+ =

Cortex-M3 —————»

Cortex-M4

Cortex-M7

WEMA __
VRINTA
VMI.A 'v'P.INTN
:

NT.
VNEG WSEL
I

P
-
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3-Stage Pipeline

* The Cortex-M4F processor with a 3-Stage Pipeline.
* Fetch, Decode and Execute.

e.g.

1.ADD RO, RO, #1(Thumb)
2.SUB R1, R1, #2(Thumb)
3.MOVW R2, #0x1234(32-bits)
4.MOVT R2, #0x5678(32-bits)
5.LDR R3, [R4](Thumb)
6.MOVT R3, #0xABCD(32-bits)

1st Stage - Fetch 2nd Stage - Decode 3rd Stage - Execute

Address Data Phase
AGU Phase and Load/Store

WriteBack |l and Branch Fetch(IF) Decode(ID)  Execute(EX)
Fetch Instruction Decode .
(Prefetch) and Register Read . I "Stz o | IOSELpp 0
ALU and *2
e g Branch Branacr;] . ______________________________________________ / ns” ________________________
Branch forwarding
and speculation i

Bemmmmmd  Multiply and Divide

i . Inst.4 Inst.3 Inst.2,,,.,
Execute stage branch (ALU branch and Load Store Branch) 1 e

. Inst.6 Inst.5.,,., Inst.4

. Inst.6 Inst.5.,...

*1 Two thumb Instruction be fetched in on transfer.
*2 processing one instruction at a time.
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Cortex-M Cache Controller

* The Cortex M4 architectural does not include a cache,
a cache was added with a Microchip peripheral called the
Cortex-M cache controller, CMCC.

* The key features of the CMCC,
* 4KB instruction and Data Cache.
* Von Neumann Cache Architecture
* Unified 4-Way Set Associative.
* 64 Lines totally, 16 Bytes each Line.
* Round Robin victim selection policy
* Configurable
Tightly Coupled Memory, TCM

O

5 ok=>
N (S

=
e —
———
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Unified 4-Way Set Associative Cache

* Unified means that Instructions and data share the cache. It’s more flexible because
store instructions or data as needed. But instructions and data may compete for cache
space.

* Unified 4-Way Set Associative Cache,

* 16 Bytes each Cache Line. 64 Lines each way, 4 ways totally.

* The main memory is mapped to
64 Cache Lines and stored in one of
the Cache Line within 4-Ways.

* Multiple main memory addresses
may be mapped to the same NVM/SRAM | Cache Way
Cache Line, [ | | | |[[[ [ (64 Lines)

* but they are distinguished by Tags, :
and the replacement strategy e e e e

(SU_Ch as LRU) determines Unified 4-Way Set Associative Cache Architecture
which Way to store them.

° e.g.,
A, B, C, D, and E all mapped to same Cache Line and is 4-Way Set Associative.
The A, B, C, and D are stored in the Set in sequence. When E is also mapped to same Cache Line,
the replacement strategy must be used to replace one of A/B/C/D

Cache Line (16 Bytes / 4 Words)

| I ]
I I )
[ I ]
I I )
I [ ]
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PIC32CX-SG Memory Map

* Up to 1MB NVM(Flash) and 256KB SRAM with 8KB Backup SRAM

Code

SRAM

Un-defined

Peripherals

Reserved

System

!
|
|
|
|
|

¢ ) [ Internal Flash ] N APBA

{ Reserved } { APBB

{ Ca";'g } | APBC

{ Reserved } [ st ] _)l el
[ DSU ] |__ SEEPROM
| NVMCTRL | | SErcoms | __SDHCO
| comecc | [ sercoms | __SDHct
[ PORT | | sercoms | [_Backup SRAM
| DMAC | | sercom7 |

¢ [ Reserved } | TCC4 |

| Evsys | | TC6 |
{ Reserved } | TC7 |
| SERCOM2 | | ADCO |
| SERCOM3 | | ADC1 |
[ TCCO | | DAC |
[ TCC1 | | 125 |

[ Reserved J [ TC2 ] | PCC |

[ 5€S ] [ TC3 ] { Reserved

{ Reserved } { Reserved }

| ROM Table | [ RAmECC |

{ Reserved } { Reserved

CANO

CAN1

GMAC

TCC2

TCC3

TC4

TC5

PDEC

AC

AES

TRNG

ICM

PUKCC

QsPI

CCL

Reserved

f PAC

PM
MCLK
RSTC
OSCCTRL
OSC32KCTRL
SUPC
GCLK
wDT
RTC
EIC
FREQM
SERCOMO
SERCOM1
TCO
TC1

Reserved
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PIC32CX-SG Coding of Part Number

PIC32 CX XXXX SG XX XXX T - I / XXX

Package

Product Family :;iz 1333: igi(:A

PIC32 4NB = 100-pin TQFP with Exposed Pad
Z2X = 128-pin TQFP

. XCB = 128-pin TQFP with Exposed Pad
Product Series VZX = 84-pin TQFP

CX = Cortex-M4F + Advanced Feature Set

Temperature Range

- | =-40°C to 85°C (Industrial)
Memory Size E = -40°C to 125°C (Extended)

1025 = 1024 KB Flash, 256 KB RAM

Tape and Reel Flag

Key Feature Set T = Tape and Reel
SG = With Security No Character = Tray

Family Variant Pin Count

41 - With Immutable Boot, No HSM 128 i 128 P!n

60 - Without Immutable Boot, With HSM 100 =100 P!n
64 = 64 Pin

61 - With Immutable Boot and HSM

k COVER TAPE

SPROCKET HOLES

CARRIER TAPE

HJB, 100-Pins TFBGA Z2X, 128 Pins TQFP Tape and Reel
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MPLAB X IDE and MCC Harmony
Development Tools Introduction
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Microchip Development Tool Ecosystem

Discover

Feature
Application
Software

Courses

DISCOVER
v.

¥

MICROCHIP

UNIVERSITY

Configure

Develop

System init
Device init
Peripheral init

IDEs, Compilers
Example code
Software Stacks

: -
MPLAB e
"CODE | XPRESS mammmna
CONFIGURATOR - - >
B

MPLAB

AB
DEVICE BLOCK!
MELODY HARMONY 3@5:‘{?5552‘52 FOWERSMART  Fomsi

. MPLAB

Debug

Qualify

Production

Eval boards

Code coverage Programmers
Debuggers Code profiling Prog Center
Data Visualizer  Functional safety 3rd Party
0%
<€ T
¢
ToOL SUITE § IPE
- - e
MKEDI.TEK

MATED PROGRAMMERS
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All in One Development
MPLAB® X IDE

* New generation integrated Development Tools, Support PIC, dsPIC, AVR, CEC and SAM
Series MCU/MPU, Provide Plug-in function to extend more advance function. Java
Based, Cross platform, Current version is v6.25.

Qs
7 o & - < = i . .@4@ -2 : o)
ssssssss = IFE

v ‘

File Ed Q-

? PR QE OB W 2O oo

Proj 290 x| MM X Store x| (jmanc

Sarce tetory ) Qe 24 &

sssss
Release]

1 Legacy .
L Prebuilt 55
1
14
23
0T E Lal ) - Navigator Q|| 2
CONFIGURATOR ; =
ﬂ B | e
& 2
» %20
3
32
with MPL, % s
Config; 3
5140 38
6
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https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide

Graphical Code Generation Tool

MPLAB® Code Configurator

* MCC is a free, graphical programming environment that generates seamless,
 easy-to-understand C code to be inserted into your project.
* Supports 8-bits, 16-bits and 32-bits microcontrollers and microprocessors.

B3 MPLAB X IDE v6:25 - Lab00_NewProject MCC : default - o X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help earch (Ctrl+1)
EEFLI Y Bl D e I - =

Projects | Files | Resource Management [MCC] x | £ |[ StertPage x|y MPLABXStore x| ProjectGraph x| [EID[S] =)} i = a

MCCv5.5.2 XICRERE | o | ~|  Profles: [main o] vew: [Root V]||[B®

Project | Generate || import.. | Expart E) B System

v Libraries NVMCTRL CMSIS Pack EVSYS Device & Project Configuration

o Paripharal Library Paripharal Library. Corten-M4 Configuration
iarmony R — Device Family Pack (DFP)
v System Ports
@ = system Clack

Interrupts (NVIC)
DMA (DMAC)

Device Resources

Content Manager

WwoT
PAC

¥ Libraries

b = Hamony

Lab0o_NewProject_MCC - Dashboard x | Navigator

MPLAB® X IDE/MPLAB Xpress*

3 Lab00_NewProject MCC
9 Project Type: Appication - Configurations default
@ oo
R PICIACN10255641128
% Checksum: Blank, no code loaded
CRC3Z: Hex fle navalable
@ |0 @ rocks
- PIC32CX-5641_DFP (1.5.140)
& CvsIs (5.4.0)
-’ Compier Toolchain
Y XC32 (v4.60) [C:'Program Fles\Microchiplxe324v4.60'bin]
Y Production Image: Optimization: gcc 01 g4+ 01
% Device support information: PIC32CX-5G41_DFP (1.5.140)
Y License: Workstation - PRO - HPA:7247 day(s) - Press for Status
) Memory
€ Usage Symbols disabled. Clck to enable Load Symbols.
{3 Data 270,336 (0x42000) bytes
(55 Program 1,048,576 (0x100000) bytes
Stack Usage Guidance
#4 Debug Tool
€ :Nore (VID, PID)
% Debug Resaurces
[ Program BP Used: 0 Free: 0
[ Data B: No Support
[ Data Capture BP: No Support
“+0 Unlinited BP (S/W): No Support

MCC Melody MCC Classic MPLAB Harmony

MCC Melody supports PIC® and AVR® MCUs
and dsPIC® DSCs. We recommend using
MCC Melody for new designs.

MCC Classic supports PIC and AVR MCUs and
dsPIC DSCs. We recommend using MCC Classic
for existing designs and for designs that use

devices and libraries that are not supported in
MCC Melody.

MPLAB Harmony supports all Microchip’s
32-bit MIPS® and Arm® Cortex® based MCU
and MPU device families.

Evolved from MCC Classic, MCC Melody
offers an improved and flexible architecture
with several new advanced capabilities. The
offline MPLAB X IDE and the online MPLAB

Xpress IDE both support MCC Melody.

MPLAB Harmony is a fully integrated
software

that provides flexible and interoperable

software modules to simplify the development

of value-added features to reduce your

product’s

MCC Classic is the traditional content type of
MCC that you are probably familiar with.

MPLAB

C OD E
CONFIGURATOR

Q MICROCHIP


https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator

Embedded Software Development Framework
MPLAB® MCC Harmony

« MPLAB® MCC Harmony is a fully integrated embedded software development
framework that provides flexible and interoperable software modules to simplify the
development of value-added features and reduce your product’s time to market.

s Studio
Migration
Guides

MPLAB HARM D N Y Middlere
Harmony Examples
Basics v
Click on Icons for Details

TCP/IP WiFi usB Crypto/Security  Bluetooth Touch Motor Contro Audio Graphics File System Bootloader
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https://www.microchip.com/en-us/tools-resources/configure/mplab-harmony

Integrated Programming Environment

MPLAB® IPE

* It is a simplified application that provides an interface for production programmers
that allows a technician to easily load, program and verify software, that provides
quick access to key production programming features.

 MPLAB IPE can operates in Production Mode or Advanced Mode, for different
technician-level user.

= [m] x
File Settings View Tools Window Help
00000 MPLAB IPE v6.25 = o X
uuuuuuuuuuuuuuuuuuuuu Settings View
plions = |[ Operate | Production Settings =
FFFFFFFFFFFFFFFFFF oo
oo Device and Tool Selection Result
Operale
zzzzzzzzzzzzzzzz 2 . :
@ ......
Tool: - Power .
Select Tool Device: PIC32CX102556G41128
| T i C—
® S Co—
Environment
ex F
SQTP
SQTP
Production
x Q B
Sellings
@ Device: PIC32CX10255641128 | & ED
Logout
[~] Device: PIC320%10255G41128 || Environment: NAJPIC32CX-5G41 DFP 1.5. 140[Tool Pack Version:NA
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https://www.microchip.com/en-us/tools-resources/production/mplab-integrated-programming-environment

ISO C Compiler for MCU

MPLAB® XC Compilers

* The MPLAB® XC Compiler is a powerful, optimizing compiler that converts your ISO C
programs into high-performance, assembly-language instructions to run bare metal on
our MCU/MPU.

* This compiler offers many command-line options and language extensions that enable
full access to the device’s hardware features.

o
MPLAB XC8 Compiler MPLAB XC16 Compiler MPLAB XC-DSC Compiler MPLAB XC32 Compiler M P I A B®
The MPLAB XC8 Compiler supports The MPLAB XC16 Compiler supports The MPLAB XC-DSC C Compiler The MPLAB XC32 C/C++ Compiler
all 8-bit PIC® and AVR® all 16-bit PIC microcontrollers supports all dsPIC DSCs. supports all 32-bit PIC and SAM
(MCUs). MCUs and MPUs featuring Arm®, X l

microcontrollers (MCUs).

MIPS® and PIC32A cores. COMPILER

View XC8 Compiler View XC16 Compiler View XC-DSC Compiler View XC32 Compiler
Downloads Downloads Downloads Downloads v
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https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc8
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc16
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc-dsc
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc32

Soft Request In this Course

When the versions of the software and the framework differ from the created project, issues
may occur. Therefore, it is recommended to use the following setting in this course.

* MPLAB® X IDE v6.25

MPLAB® XC32 Compiler v4.60

MPLAB® Code Configurator (MCC) v5.5.2
MCC Core v5.7.1

MCC Harmony Framework (From X IDE MCC Content Manager)
* MCC Harmony Core v1.5.5

* Harmony 3 - Chip Support Package (csp) v3.22.4

* Harmony 3 - Harmony Services v1.5.0

* Harmony 3 - Quick Documentation Package v1.7.0

* arm CMSIS v5.9.0

MPLAB® X IDE Packs

* PIC32CX-SG41 DFP v1.5.140 (Device Family Pack)

* CMSIS v5.4.0 or Newest (Device Family Pack)

»MCC Core and Framework Update from X IDE > MCC > Content Manager
> PIC32CX-SG41_DFP Update from X IDE > Tools > Packs
(Lasted Update : 2025/06/10)
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

Programmer/Debugger

Your Choice

SLAB

aSNAPR FiC«rBASIC PIC«rS [CDS ICE 4
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Programmers and Debuggers

Feature MPLAB® l\;lllzll':t?j MPI..AB® MPLAB® Atmel-ICE Power MPLAB®
Snap Basic PICkit™ 5 ICD 5 Debugger ICE 4
Devices Supported All All All All AVR, SAM AVR, SAM All
USB Interface Micro USB USB-C USB-C USB-C Micro USB Micro USB USB 3.0
Power to Target v (150mA) v (1A) v (1A)
Ethernet v’ PoE v
Bluetooth 4
WiFi v
Over VoItage/Current v v v v v
Protection
Software Breakpoints 4 v 4 v v v v
Programmer-to-Go v
Trace v'* v v v
Power Measurement/Profiling V¥ v v
Price $10.99 $29.99 $74.99 399.99 $99.99 $290.94 $1,499.99

*Basic support, see product specifications
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Programmer/Debugger
MPLAB® SNAP (Part No. PG164100)

* The MPLAB® SNAP In-Circuit Debugger/Programmer allows fast and easy debugging and
programming of most PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers.

* Features
» Affordable performance
* Matches silicon clocking speed
* Target voltage of 1.20V to 5.5V
* Portable USB-powered
* CE and RoHS-compliant
* 8-pin single in-line header
* Backward compatible for demo boards,
headers and target systems using 2-wire JTAG and ICSP

c\ MICROCHIP


https://www.microchip.com/en-us/development-tool/PG164100

Programmer/Debugger
MPLAB® PICkit™ Basic (Part No. PG164110)

* The MPLAB® PICkit™ Basic In-Circuit Debugger/Programmer allows fast and easy debugging
and programming of most PIC® and AVR® MCUs, dsPIC® DSCs and SAM Arm® Cortex®-M based
microcontrollers.

* Features
* USB Type-C® interface for easy PC connection . M
* 8-pin single in-line header with beginner-friendly flying leads
* Target voltage of 1.20V to 5.5V

* Supports 4-wire JTAG, Serial Wire Debug (SWD),
UPDI, PDI, SPI, debugWIRE and TPl programming

* Backward compatible with two-wire JTAG and ICSP

* Includes an adapter to convert from the 8-pin inline
to the standard 10-pin Arm SWD connector

* Easy firmware recovery with a push button

@ MICROCHIP


https://www.microchip.com/en-us/development-tool/pg164110

Programmer/Debugger
MPLAB® PICkit 5 (Part No. PG164150)

* The MPLAB® PICkit™ 5 In-Circuit Debugger/Programmer allows fast and easy debugging and
programming of all PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers and
microprocessors.

* Features

* Improved Programmer-to-Go (PTG) support.

* Connect wirelessly from your smartphone via Bluetooth®

* Select from multiple saved program images on the SD Card

 Start programming from the app or by pressing on the logo
Supply 150 mA to the target.

Option to be self-powered from the target (2.7V to 5V).

USB Type-C® connector and cable.

No external power needed when the device is powered.
Use the 8-pin single in-line header.

ﬁ\ MICROCHIP


https://www.microchip.com/en-us/development-tool/pg164150

Programmer/Debugger
MPLAB® ICD 5 (Part No. DV164055)

* The MPLAB® ICD 5 In-Circuit Debugger/Programmer is Microchip’s fast, cost-effective
debugging and programming tool for PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers.

* Features
* Target voltage of 1.2V to 5.5V.
* Can supply up to 1A of power to the target
* Power monitoring & Mo
* Overvoltage/ Over-current protection

* Supports multiple breakpoints,
stopwatch and source code file debugging

* Selectable pull-up/pull-down option to the
target interface

* PoE+ (IEEE® 802.3at) offers a convenient
* Fast Ethernet connectivity supports speeds up to 100 Mbps ,
* Continuous Integration/Continuous Delivery (ClI/CD) Support ey
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https://www.microchip.com/en-us/development-tool/dv164055

Programmer/Debugger

MPLAB® ICE 4 (Part No. DV244140)

* The MPLAB ICE 4 in-circuit emulator system boosts productivity with feature-rich
programming and debugging for PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers and
microprocessors.

* Features
* Full-Speed Real-Time Emulation 14
* Target voltage of 1.2V to 5.5V. 51499.99
* Can supply up to 1A of power to the target
* Power Monitoring (Supported on All Devices) QMicrocke

* Supports multiple breakpoints,
stopwatch and source code file debugging

* Selectable pull-up/pull-down option to the
target interface

* Ethernet connectivity with speeds up to 100 Mbps

* Wi-Fi Access Point Connectivity

* Connection to Wi-Fi using Wireless Station Mode

* Continuous Integration/Continuous Delivery (ClI/CD) Support

c\ MICROCHIP


https://www.microchip.com/en-us/development-tool/dv244140

Programmer/Debugger

Atmel-ICE (Part No. ATATMEL-ICE)

e Supports programming and debugging all Cortex-M based SAM, AVR and UC3 based parts
* Programming/ Debugging AVR/SAM MCU/CPU over JTAG, SD, PDI, SPI, TPl and aWire etc.
* Target operating voltage range 1.62V to 5.5V
* ITM serial trace support on Cortex-M based SAM MCUs

* Supported in Atmel Studio, IAR, Keil and more

* Any IDE that supports the CMSIS-DAP protocol $99.99
can support Atmel-ICE

ﬁ\ MICROCHIP


https://www.microchip.com/en-us/development-tool/ATATMEL-ICE

Programmer/Debugger

Power Debugger (Part No. atpowerdebugger)

* Simultaneous debug & power measurement

* Debugging over CMSIS-DAP

* Extended to support SWO trace, same as Atmel-ICE
Two independent channels for power
measurements

* Channel A for high accuracy, lower currents

* Channel B for higher currents with lower resolution
CDC virtual COM port

DGI for streaming application & power data

* Open specification, docs provided

Provides target power, 1.6 — 5.5V,

up to 100mAStatus LEDs for debugging & target supply

c\ MICROCHIP


https://www.microchip.com/en-us/development-tool/ATPOWERDEBUGGER

PIC32CX-SG EVB
APP0O55 v1.10., Introduction
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APP055 v1.10., Features

e PIC32CX10255G41128 32Bit Arm Cortex M4F Microcontroller with FPU.
* Built-in PKoB4 Programmer/Debugger with USB CDC Virtual COM.

* Multiple Power Source and support Li-on battery with battery charger.
* |SELED, Single Pair Ethernet, CAN-FD, LIN support ready.

Capacitive QTouch® Slider & Buttons with Driven Shield.

* mikroBUS™ Click Board Socket ready.

 Digital 10 : 2 x Buttons and 3 x LEDs and WS2812B.

* Analog : Potentiometer, Temperature Sensor and
Ambient Light Sensor.

* 12C : Temperature, EEPROM, 6 Axis Motion and
Humidity Sensor.

e SPI: OLED (128 x 64, SSD1306 Compliant)

* QSPI: Flash Memory.

e SDHC : MicroSD Socket.

* PWM, DAC : Buzzer.
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APPO055 v1.10,, Accessories
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APP055 v1.10., Block Diagram

LDO Regulator OLED Micro SD - Flash
Mic29300 $SD1306 128x64 Dot. Socket SST26VFO64B
1 A A )
( ) > A [ SPI SDHC i
Battery Charger > Boost Regulator | 3V | LDO Regulator |3.3/ > .
MCP7381 » MIC2877 { MCP1826S ATA6561
. J _)\ J ~
L *USB Host Mode

RES RES f
- - n

Y

SIS Power Monitor | - e ATA663254
Li-ories PAC1720 QsPI N
- ,
b 4 g CAN
-~
| 12c PIC32CX10255G41128 ~ USART SPE
i \s Arm Cortex M4F P [ LAN86518
PKoB4/CDC Emulator | ATSAME70N21B _l2c -
‘%-. - - PKoB4 Programmer/Debugger UAR 1MB FIaSh/ 256KB SRAM - ADC e N\ )
USB CDC Emulator < . . e
Native USB L J 6 Axis Motion Humidity
e < 1 J ICM42670 SHT30
( ) A A A A A N J \ 7
Intelligent LED | 10 - e N
WS28128 Temperature EEPROM with UID
10/PWM PTC 10/DAC/PWM | MCP9800A5 ) 24AA025E64
| J
. Y Y
ISELED _ o LEDs 5 Temperature Potentiometer
< uzzer
IWS-13138-WRGB-IC Buttons MCP9700A PIHER PT10
Capacitive Touch Ambient Light
Slider and Buttons TEMT6000X01
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Course Materials

* The course provides rich materials and will be used continuously in the course.
You can check the folder at any time and find the lecture, exercises or tools you need

for the current section.

v

Slides (PDF
Course ( )
Materials
Labs
( A d' )
endix
Supplementary it
Documents f )
Documents
4 e A
Pre-Work
Development p .
Environment | Tools )
Installation Guide . .
MCC Framework
\ \\ J

.
[ Lecture for courses, Includes the peripheral introduction of the MCU, ]

how to use MCC Harmony and the steps for exercises.

Labs for courses, Includes the Copy and Paste Textbook, Resources
and Solution for exercises.

Appendix for courses, includes additional tools and factory demo.

Supplementary documents for courses, Includes the Datasheet
and Schematic for APP055 EVB or PIC32CX-SG MCU.

4 N
This is the Pre-Work you need to do before the course begins,

including downloading and installing development tools.

All installation steps can be found in the manual,

be sure to try the steps on your computer before the course begins.
You can find the development tools and resources you need in the

Tools and MCC_Framework folders.
\ J
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Getting Started with First Project
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%€ LabO First Project

Try to create your first project to use MPLAB X IDE and MCC.

Q MICROCHIP



%€ LaboO First Project

* Try to create your first project to use MPLAB X IDE and MCC.

* Learn how to use edit, build, project manager, debug and programming
functions.

How to Start ?

c\ MICROCHIP



%€ LaboO First Project
Step 1

* Open MVIPLAB X IDE v6.25 firstly.

¥4 MPLAB X IDE \6.25

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

AEES DE T ER B >L LT QOB OB W0
[ startPage x|

IDE

S—

MPLAB
XIDE
f 5

Double Click!

X

PROJECTS

® Open Sample

® Create New

® Import Legacy
® Import Prebuilt

Getting Started

»<

Getting Started
with MPLAB X IDE

&

Getting Started
with MPLAB Mindi
Analog Simulator

Users Guide &
Release Notes

MPLAB X IDE
v6.25

&/

Getting Started
with MPLAB Code
Configurator

Getting Started
‘with MPLAB Harmony

~ Show On Startup

PC: 0x0|: How do I?

Tutorials

MPLAB X IDE
Developer Help

Features of
MPLAB X IDE

Online Videos

(24

< »\E]@

@ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

LEARN & DISCOVER

Community

» All Forums
» MPLAB X IDE Forum
» MPLAB Harmony Forum

» MPLAB Code
Configurator Forum

» MPLAB Mindi Analog
Simulator Forum

© 20102025 Microchip Technology Tnc. Al rights reserved.
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%€ LaboO First Project

Step 2

* Select to File > New Project or Click icon

¥4 MPLAB X IDE v6.25

File Edit View Mavigate Scurce Refactor Production Debug Team Tools Window Help

Enl‘i“l & L

PROJECTS
® Open Sample
® Create New

# Import Legacy
® Import Prebuilt

>t
COMPILE]

|:-:-:| M

Getting Started

=]

Users Guide &
Release Notes

Getting Started
with MPLAB Code
Configurator

»X

Getting Started
with MPLAB X IDE

Getting Started
with MPLAB Mindi
Analog Simulator

Getting Started
with MPLAB Harmony

Tutorials

7

MPLAB X IDE
Developer Help

Features of
MPLAB X IDE

Online Videos

o4}

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

o

OO

@ MICROCHIP

LEARN & DISCOVER

Community

» All Forums
» MPLAB X IDE Forum
» MPLAB Harmony Forum

» MPLAB Code
Configurator Forum

» MPLAB Mindi Analog
Simulator Forum

vMIcCRO &

© 20102025 Microchip Technology Inc. All rights reserved,
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%€ LaboO First Project

Step 3

* Categories
* Projects

: Microchip Embedded
: Application Project(s)

ﬂ Mew Project

- Steps

1. Choose Project

i .

‘ Choose Project
Q Filter: ||

Categories:

Projects:

I@ Microchip Embedded
-EJ Other Embedded
@ Generic

Microchip Embedded

@ Application Project(s)

Prebuilt (Hex, Loadable 2 Broject
E User Makefile Project
E Library Project

Application Project(s)

Description:

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

Next >

Help

< Back Mext = . Finish Cancel
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%€ LaboO First Project
Step 4

* Family : All Familes

* Device : PIC32CX10255G41128

* Tool : 2025 Summer Elite - APP055 v1.10 R1... or No Tool

Ed New Project x

Steps Select Device

Choose Project

Select Device

Select Header Family: All Families i
Select Plugin Board
Select Compiler ) - R

Select Project Name and Device: PIC32CX 10255641128 ~|| key in: PIC32CX10255G41128
Folder

(eSSl et Tool: 2025 Summer Elite - APPO5S v1 10 R1... | [ Show Al

= o SRR

\

Select

2025 Summer Elite ...
or

No Tool

Click!

< Back Add Another Project Mext = Finish Cancel Help
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%€ LaboO First Project

Step 5

Assign Compiler Toolchains

* XC32

: XC32 (v4.60)][...]

a MNew Project
7
Steps Select Compiler

Select Device Cpmpiler Toolchains
Select Header B---P(E_BZ Download Latest]

Select Compiler
. Select Project Name and S
Folder “

BN ST X
u=}
&
=1
§

. (Optional) Add Praject == | Click!

XC32 (v4.60) [...]

Next >

< Back Add Another Project Mext = i

Finish

Cancel

Help
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%€ LaboO First Project
Step 6

Configure the Project Location and Project Folder Name.

* Project Name :Lab00_NewProject_ MCC

* Project Location: C:\Exercises\Lab00 NewProject MCC

Auto generated (Projects Folder) :

ﬁ MNew Project
Steps Select Project Name and Folder
1. Choose Project
i ﬁ:ﬁ a::;:r Project Name: Lab00_NewProject_ MCC [ key in: Lab00_NewProject_ MCC ]
4. Select Plugin Board - S ] ) ) . . .
5. select Compiler Project Location: C:\Exercises\Lab0O_NewProject_MCC [ key in: C: \EXEI"CISES \Laboo_ NewProlect_ MCC ]
6. Select Project Na and
Folder N Project Folder: C:\Exercises\Lab00_NewProject_ MCC\ Lab00_New
7. (Optional) Add Project Overwrite existing project.
Also delete sources,

C:\Exercises\Lab00_NewProject_MCC\Lab00_NewProject_MCC.X J

B 5et as main project
— |8 Open MCC on Finish
[] Use project location as the praject folder

PLAB Encoding: 150-8859-1 e

Finish

< Back Add Another Project Mext > Finish Cancel

Help

* Check the path of Projects Folder.
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%€ LaboO First Project
Step 7

* Click Finish and Waiting for automatic download MCC Framework.

B4 MCC Content Manager - Editor = O X

MCC Content Manager =x |II| E] @

[ J@@

Content Download Required

Some of the required content is not available locally. Following content will be downloaded:
To change content versions later, access the Content Manager from Device Resources.

“ Required Content

Component Tl Version Update progress Description
» Hamony 3 - Chip
Support Package

» Hamony 3 - Harmeny
Services

> am CMSIS .
Finish

* MCC will download the latest Framework, which only needs to be performed once.

* This step will not occur in the course because the MCC Framework is already installed on the computer.
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%€ LaboO First Project
Step 8

 MCC Harmony Configurator interface show up.

a MPLAB X IDE v6.25 - Lab00_NewProject_MCC : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

] & H@ FTY e EEHEPTITQUN OO0 e &

Projects | Files | Resource Mea x| ol || StrtPage x| ProjectGraph x| EnClEe x|
MCCv5.5.2 XCRERE 4+ [piugns: | «|  Profies: [Man w| view: [Root M|

Project Resources | Generste | Import.. || Expor: E)

¥ Libraries
¥ Harmony
¥ System
@ = system

Device Resources

‘ CZ Content Manager

¥ Libraries

» & Harmony

Lab00_NewProject_MCC - Dashboard x| Navigator

g Laboo_MewPraject_MCC
9g Project Type: Application - Configuration: default
3 Device
G PIC320X10255G41128
- @ Checksum: Blank, no code loaded
ER CRC32: Hex file unavailable
& Pads
- PICI2CX-5641_DFP (1.5.140)
gl CMSIS (5.4.0)
% Compiler Toalchain
F %32 (v4.60) [C:\Program Files\Microchipxc32\v4.60\bin]
- Production Image: Optimization: gec O1 g++01
Y Device support information: PIC32CX-SG41_DFP (1.5.140)

(& Memary
@ Usage Symbols disabled. Click to enable Load Symbals.
{5 Data 270,336 (0x42000) bytes
&3 Program 1,048, 576 (0% 100000) bytes
~[ Stack Usage Guidance
~%§ Debug Tool
€ : Nore (VID,PID)
-7 Debug Resources
~E Program 6° Used: 0 Free: 0
~E Data BP: No Support
[ Data Capture BP: No Support
O Unlimited BP (SM): No Support

Y License: Workstation - PRO - HPA:7240 day(s) - Press for Status

NVMCTRL

MEMORY

CMSIS Pack
Peripheral Library -
Device Family Pack (DFP)

fications [MCC] = | Hews |

Category

Source

Type: | ALL

Description

No content in table
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%€ LaboO First Project
Step 9

* Click on | Generate | button to generate your code after configuration.

¥4 MPLAB X IDE _ O »;
File Edit View Navigate Source Refacte - - = |Q- Search (CtHI)
= W B @ P | Fiks | Services | Resource Management [MCC] | = |

uration Options XI [=]

Project Resources | Generate || Import... || Export | | @ || @

¥ Libraries

-Device & Project Configuration

-Cortex-M4 Configuration
¥ Harmomny

-Parts
» Packs  Clock
- Interrupts (NVIC)
» Peripherals DM (DMAC)
-WDT
Device Resources b S}I’StE m
¥ Libraries o $ S}I"Stﬂm UIJI.PIJI. XI M:\'!'-S‘ TMUFHLIJMEMCC] l

» = Harmony Kitt x  Curiosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator %

— g - - — AJ e AP U LN W . nr '\IJJ.U '\IJJ.LJLLJ\J.ULJJE‘-I'J.J.LU-II SUCLCLT DD .
%J'Z;;abgﬂ?m?}om?gd m_w_ o 15:17:58.827 INFD:{ Generation complete ]J ] Executing generate hook
) é:’3PII)\DEJ:EETWE'ADDBBBHDD-CDM@HBHDDﬂefﬁ‘ﬂt 15:17:58.82843 INFQ: (A N N NN NN A A A A N NN NN NN NN AR R EEE
B e FICSCRI0I5HGALLSE 15:17:58.844 INFO: | Generation complete (total time: 5396 milliseconds)

@ ...%Ched{m:Blank’mwdehaded - - - T U0 0 0 W0 W0 W0 W0 W0 W0 W0 W0 W0 S0 W0 N0 N0 N0 W0 N0 N0 N0 N0 N0 N0 N0 W0 N0 N0 N0 N0 N0 N0 N0 N0 N0 N0 N0 0 N0 W0 N0 0 0 0 e e
@ -EA CRC32: 1:B346C7ED 15:17:56.344 INFO:
'3"??kﬁcggcx.m_nml-i””? 15:17:568.844 INFO: Generation complete.

]ﬁgnfpﬁlioflj& 15:17:51.274 INFO: HARMONY: [ python-print 1 preGenerateEvent
32 (4 40) [CPrsgusn FIBsMictochipn 324 40 15:17:51.274 INFO: HARMONY: [ python-print ] interfaceValidationEvent
e s oy 75 L5140 15:17:51.274  INFO: HARMONY: [ python-print ] processDataModel

a"g_g”;ﬁmmmmmbm 15:17:51.274 INFO: HARMONY: [ python-print ] postFinalProcessing
55 Dt Ued 116 {05474 Free: 270,220 (D 1FEC) Sholiig
[TJ a Program 1,042,576 (0x100000) bytes o
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MPLAB X IDE Interface

* Project window.

Projects XI Files r Resource Management [MCC] l =
=~ Lab00_NewProject_MCC

-- Header Files

-- Important Files
<] Files | Resource meq | = -- Linker Files

P

o aag Projects E} Source Files
R config

| e

: . ------ D pin_configurations. csv
ﬁ' Libraries

ﬁ' Loadables

(@ Libraries
(& Loadables
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MPLAB X IDE Interface

¢ DaSh boa rd Wi ndOW. (The version of modules might be different to yours.)

Lab00_NewProject_MCC - Dashboard x | Navigator

| Lab00_NewProject_MCE.. Dashboard x | Mavigator |

%
&
=
|
\@\

g Lab00_MewProject, ,
93 Project Type: CI' k
3 Device A ICK:
G PIC320X10255G41128
- @ Checksum: Blank, no code loaded
CRC32: Hex file unavailable
& Pads
- PICI2CX-5641_DFP (1.5.140)
gl CMSIS (5.4.0)
% Compiler Toalchain
F %32 (v4.60) [C:\Program Files\Microchipxc32\v4.60\bin]
+-%’ Production Image: Optimization: gcc O1g++01
Y Device support information: PIC32CX-SG41_DFP (1.5.140)
Y License: Workstation - PRO - HPA:7240 day(s) - Press for Status
(& Memary
) Usage Symbols disabled, Click to enable Load Symbols.
{5 Data 270,336 (0x42000) bytes
&3 Program 1,048, 576 (0% 100000) bytes
[ Stack Usage Guidance
~%§ Debug Tool
€ : Nore (VID,PID)
-7 Debug Resources
«El Program 8P Used: 0 Free: 0
‘[l Data BP: No Support
[ Data Capture BP: No Support

O Unlimit=d BP (S/W): No Support

75 Lab00_MewProject_MCC
----- ? Project Type: Application - Configuration: default
EI Device
@ PIC32CK10255G41123
- 48 Checdksum: Blank, no code loaded
-EH CRC32: Hex file unavailable
-l Packs
il PIC32CX-5G41_DFP (1.5.140)
il CMSIS (5.4.0)
Elpff Compiler Toolchain
D&" ¥C32 (v4.60) [C:\Program Files\Microchipixc 324, 60%hin]
D&" Production Image: Optimization: goc 01 g++ 01
D&" Device support information: PIC32CX-5G41_DFF (1.5, 140)
D&" License:
=) Memary
6 IUsage Symbaols disabled. Click to enable Load Symbaols,
- [ Data 270,336 (0x42000) bytes
ﬁ Program 1,048,576 (0x100000) bytes
- [ Stack Usage Guidance
—--#§ Debug Tool
-9 :None (VID , PID )
[=-#F Debug Resources
-0 Program BP Used: 0 Free: 0
[ Data BP: No Suppart
I:| Data Capture BF: No Support
.0 Unlimited BP (5/W): No Suppart

ml
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MPLAB X IDE Interface

* Source code and Output window.

StartPage x| PrajectGraph x| manc x| [+ +[=](3)| configuration Options x|
Source  History .||@vi‘6 &
10/ L]
2
3
1
s
B
G
s
3
10
1
12
13
14
15
16
18
19| [
20
21
22
23 L
2
25 [ #include -
26 | #include
27| | #include
28 L #include
29
30
Output,- MPLAB® Code Configurator x | Hotifications [MCC] | News
21:3 1 ES\PICQZG{].UZEEGGJ.].Z;?DFP\].HStan\'.‘E\usb .h Success.
21:248 Output ts\PIC32CKX10255G41128_DFP\instance\wdt .h Success.
21:24:227 32CH10255G411268_DFP\pic32cxl0255g41128 0 Success.
INFC: ...PIC32CX10255G41128_DFP\pio\pic32cxl025sg41128.h Success.
INFO: HARMONY: [ MHC 1 Executing generate hook
INFO: 44 bbb bbb bk b bbb b bbb b bbb b o d Eh b d
INSO: Gemeration complete (total time: 4723 milliseconds)
O U
INFO: Ceneraticn complete.
INTO: HARMONY: [ pythen-print ] preGenerateEvent
INFO: HARMONY: [ pythen-print ] incerfaceValidationEvent
INFC: HARMONY: [ python-print 1 processDataModel
INFG: HARMONY: [ python-print 1 postFinalProcessing
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Project Properties

* Click

on Dashboard or Right click on project and select the Properties.

Build

Projects x[ Files r Resource Managen Clean and Build

Mo |

(5] Header Fles

Important Files
Linker Files
= Source Files

config

e

[} pin_configurations. csv

(& Libraries
(& Loadables

|={E3 Laboo_newProject_McC| ¢ Clean

.. Header Files Batch Bu‘ild... ‘
__ Important Files Set Configuration
-- Linker Files New

E} Source Files Right Click! Add

config

Show Code Coverage Summary

Properties

Lab00_NewProject_MCC - Dashboard x| Navigator

: - [ pin_configurations.cav Versioning

ﬁ‘ Libraries History

G-([fF Loadables l Properties
OR

] g Lab0o_newPraject_MCC
g Project Type: Application - Configuration: default
@ & b oone

= G PIC320X10255G41128

9 -8 Checksum: Blank, no code loaded
- CRE32: Hex file unavaiable

@ |- Packs

- PICI2CX-5641_DFP (1.5.140)
gl CMSIS (5.4.0)
% Compiler Toalchain
F %32 (v4.60) [C:'Program Files\Microchipe321v4,60Vbin]
+-’ Production Image: Optimization: gcc O1g++01
Y Device support information: PIC32CX-SG41_DFP (1.5.140)
Y License: Workstation -PRO - HPA:7240 day(s) - Press for Status
(& Memory
) Usage Symbols disabled, Click to enable Load Symbols.
{5 Data 270,336 (0x42000) bytes
&3 Program 1,048, 576 (0x100000) bytes
[ Stack Usage Guidance
~%§ Debug Tool
€ :Nore (viD,PID)
-7 Debug Resources
«El Program 8P Used: 0 Free: 0
‘[l Data BP: No Support
[ Data Capture BP: No Support
O Unlimited BP (SM): No Support

Lab00_NewProject_MCC - Dashboard x | Navigator

7§ Lab00_NewProject_MCC

----- "ﬂ Project Type: Application - Configuration: default
Click!

w FLC3I2CK10255G41128

t 4l Checksum: Blank, no code loaded

‘A CRC32: Hex file unavailable

= Packs

.. gl PIC32CX-5G41_DFP (1.5.140)

g CMSIS (5.4.0)

EIDE Compiler Toolchain

- %32 (v4.60) [C:\Program Files\Micrachipwe32 w4, 601hin]

Dﬁ' Production Image: Optimization: goc 01 g++ 01
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Project Properties

 Connected Hardware Tool
* Packs - PIC32CX-SG41_DFP

* Packs - CMSIS
* Compiler Toolchain

: APPO55 v1.10R1 ...
:1.5.140

: 5.4.0 or Newest

: XC32 (v4.60) [...]

a Praject Properties - Lab00_NewProject_MCC *
Categories: Configuration
e @ General | Family: Device:

PIC32CX10255G41128 w

PIC32CX10255G41128

All Families w

Connected Hardware Tool: Supported Debug Header:

~ | [[] Show Al None

APP0O55 v1.10R1 ...

APPO55 vI.1I0RI ...
- @ Building

. %*
b @ xc32-as Packs:
@ xc32-acc =7 PIC32CX-5G41_DFP

Compiler Toolchain:

[E1-XC32 [Download Latest]
(32 (v4.60) [C:\Program Files\Microchiplxc32\v4. 60'bin]

Manage Configurations...

Manage Metwork Tools. ..

Cancel Apply Unlock Help

e Click OK to apply the changed for Project Properties

* Please confirm the selected Device again !
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Build Production Tools

* Add the Build Production to Toolbars to make it easy to Clear and Build projects.

¥4 MPLAE X IDE
File Editi View figate Click View =bug T_efm Ts Window Help .
i £ b--
Start Page Spli
Code Folds
E IDE Log Enable Build Production
! B
Toolbars b Build Production
~  Show Editor - ~  File 4
¥ Show Line Numhbers j Clipboard
show Non-p{ Click Toolbars v MPLAE Tools
" Show Breadcrumbs ~  Status Flags
" Show Indent Guide Lines ¥ Undo/Redo
~  Show Diff Sidebar ~  Run
Show Versioning Labels Debug
Synchronize Editor with Views Performance
Show Only Editor i HowDol?
Full 5creen Alt+Shift+Enter Small Toolbar lcons
MPLAB* X IDE v6.20 ——
Legacy Tool Support MPLAB® Data Reset Toolbars
Visualizer Now Customize
MPLAB X IDE v6.20 will be the Available !
last version to support the
PICkit™ 3, The latest version of MPLAB

¥4 MPLAB X IDE 625

File Edit View Mavigate SoL f ctor Production Debug Team Tools Window Help
=

PEES DCTH

StartPage = |'ﬁ' MPLAE X Store = |

MPLAB® X IDE v6.20
Legacy Tool Support

MPLAB X IDE v6.20 will be the
last version to support the
PICKit™ 3,

M
D

VISUALIZER

New Version of

MPLAB® Data
Visualizer Now
Available

The latest version of MPLAB
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%€ LaboO First Project
Step 10

* Click on icon % to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE — O e
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
’ =
T = 2D C4 [0V @ PC: 0| - How do 17
Projects Files Services IMCC] x| 2 || Kit Windew X| Start Page = ‘ Project Graph = Hﬁmﬂmc x| spbo L Confipuration Oplions X =
MCC v5.5.1 |,|L>L i16i] 02 Tiares. Folline TCuriauis IELE i

Project Resources

¥ Libraries

 [default

b -

Y )

_"u;
¥ Harmony Ei % gt
» Packs
» Peripherals I [
e TS Clean and Build Project
= System

{/ Content Manager

Device Resources

Microchip Technology Inc.

‘ Make and Program Device

- DMA (DMAC)

|| 2ot il

Outpul | News | Noifications [MCC] |

Lab00 NewProject MCC x

-Illl.nll WSS — 8w AADE 3 s

Kitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =

e &0 UEI L= DL LN T B LY I B BT ULIIJ.'J AL & NS LU Ll '\ALJL-ELL - TAT

"C:\Program Files\Microchiph\xc32\v4 . 48\bin"\\®xc32-binZhex dist/default/production/Lab00_New
make[2]: Leaving directory ‘C:/Exercises/Lab00_NewProject_MCC/Lab00_NewProject_ MCC.X

¥ Libraries F i 1e f‘
» = Harmony malr
b02 Timer Polling TC - Dashboard % | main() - Mavigator =
Lab0Z_Timer_Poliing TC summay
N Froject Type: Application - Configuration: defanlt 12
| 18T . Thig
= g PIC32CK 10255041128
ﬂ Checkenm: N4
EA CRC3Z: 0xA947C04D
Y | g8 Packs

( BUILD SUCESSFUL Le: ./..\srchconfighdefault\PIC32CX16255G41128.1d
J

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes

“C:\Program
make[2]: Leaving

Info: Loading fils

BUILD SUCCESSFUL |
Loading code from

Program loaded wi:
Loading completed

%
e Data Used: 116 (0:74) Free: 270,220 (Ot 1FBCY
Program 1,048,576 (D:100000) btes

* Please confirm BUILD SUCCESSFUL appear !
* If BUILD FAILED appears, please recheck the modified code.

BUILD SUCCESSFUL (total time: 1s)

Loading code from C:/Exercises/ Lab00_NewProject_MCC/Lab00_NewProject_MCC.X
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
Loading completed

Checking for external changes = 4, a0:21 IR

ﬁ\ MICROCHIP



%€ LaboO First Project

Hint - Tool not found

* If your project has not selected the tool before, "Tool not found" window will appear,
please select "APP055 v1.10 R1 ..." and then click OK, programming will continue.

R JB-B-B- )RR -HB-Q)

—m Make and Program Device

| B4 Tool not found *

The last tool used for this project is unavailable. Please select the tool that you want to use to debug or
| program from the following list of available tools:

: Mo Tool | (] Show Al
% APP055 v1.10 R1 ...
Cancel

b 4

| B3 Tool not found x l

The last tool used for this project is unavailable. Please select the tool that you want to use to debug or
| program from the following list of available tools:

| | APPO5S v1.10 R1 - ARM Cortex M4F PIC32CX 5G Family EVB-SN: CAE024380740 | [ Show Al
|

| Cancel
KXY Click!

Output XT Mews T Motifications [MCC) l

' Loading code from C:/Exercises/ Lab00_NewProject_MCC/Lab00_NewProject_MCC.X

Eitt = Curjosity/Starter Kits (PKOB4) = Scripting *  MPLAB® Code Configurator = Lab00_NewProject MCC x

e R0 UEI Qe 1 L1 e3 stiaen ULIIJ.'J R AL W WS LU LT \hLJL-ELL AT -Illl..ll WLTIUN — 38 A nrE 3 4 12 =amn

"C:\Program Files\Microchipixc32h\vd. 48\bin"\\xc32-binZhex dist/default/production/Lab00_New
make[2]: Leaving directory ‘C:/Exercises/Lab00_NewProject_MCC/Lab00_NewProject_MCC.X

[ BUILD SUCESSFUL le: ./..\src\config\default\PIC32CX16255G41128.1d
J

BUILD SUCCESSFUL (total time: 1s)

Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
Loading completed
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MPLAB® Code Configurator (MCC)
Harmony Interface Introduction
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MCC Harmony Interface

* Let's go back to MCC Harmony and view the interface.

* Notice ! If you close MCC already, please click the

> Y]

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PLAB X IDE v6.25 - Lab00_NewProject_MCC : default

i

B D@ Y s

BB -R

"a'im'@-%'-ﬂl@c C: 0x0| | How do 12 23]

Projects | Files | Resource Management [MCC] x |

MCCv5.5.2

Project | Generate || import.. || Export

3

¥ Libraries

Harmony

v System

@ = system

Device Resources

‘ (% Content Manager

3

¥ Libraries

= Harmony

Lab00_NewProject_MCC - Dashboard x | Havigator

&)
=
B

2% |8 Lab00_NewProject_MCC

+..%g Project Type: Application - Canfiguration: default
& 3 Device
G PIC32CX 10255641128
# Checksum: Blank, no code loaded
‘@ CRC32: Hex file unavaiable
& Packs
& PIC32CX-5G41_DFP (1.5.140)
-l CMSIS (5.4.0)
-’ Compiler Toolchain
P XC32 (v4.60) [C:\Program Files\Microchip c32\v4,50 \bin]
' Production Image: Optimization: gcc 01 g++ 01
Y Device support information: PIC32CX-5G41_DFP (1.5.140)
- License: Workstation - PRO ~ HPA: 7240 day(s) - Press for Status
(& Memory
) Usage Symbels disabled. Click to enable Load Symbols.
[ Data 270,336 (0x42000) bytes
&3 Program 1,048,576 (0% 100000) bytes
[ Stack Usage Guidance
~#& Debug Tool
) :None (vID, PID)
=) Debug Resources
[ Program BP Used: 0 Free: 0
«El Data BP: No Suppart
‘[l Data Capture BP: No Support
O Unimited 8P (SMW): No Support

StartPage x| ProjectGraph x| . L. T @=
X omEmE 4+ . Click on MCC only when it is not started | |5
T moRy.
ifications [MCC] x| Hews | E]
Category Source Type: | ALL - Description
No content in table

icon and reopen MCC.
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MCC Harmony Interface

* Project Resource, the modules already added in current project.

Resource Management [MCC]

Projects | Files | Resource

=]

MCCv5.5.2

Management [MCC] |

Project Resources | e

te || Import,

CEEL

Projects | Files | Resource Management [MCC] x | =
MCCv5.5.2
Project Resources | Generate || Import... | Expaort |£| |@

¥ Libraries
b Harmony

¥ System
D = system

[ Project Resource ]

@ MICROCHIP



MCC Harmony Interface

* Device Resource, the modules not in current project but available to be added.

Resource Management [MCC]

Projects Files I Resource Management [MCC] =
MCCv5.5.2

Project Resources | Generate || import
-

Device Resources (,Z Content Manager

.

¥ Libraries

¥ Harmony

¥ & Peripherals
AC
ADC

[ Device Resource

@ MICROCHIP



MCC Harmony Interface

* Project Graph, the connection diagram between modules.

a MPLAB X IDE v6.25 - Lab00_NewProject_MCC : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

= (m] X

Q~ Search (Ctrl+])

] B H@ THE  EBHBIPEELUE Oy 208 Han da 12 &
Projects | Files | Resource Mea x| ol || StartPage x| ProjectGraph x| HE =
[ ELLLLE)™ s [

CIE]

Project Resources | Generate | Import.. | Export

¥ Libraries
¥ Harmony
¥ System
@ = system

Device Resources ‘ CZ Content Manager

¥ Libraries

¥ Harmony
¥ & Periphersls

> AC

» ADC

> CAN

> CcL

» DAC
» DSU |

Lab00_NewProject_MCC - Dashboard x | Navigator =

g Laboo_MewPraject_MCC
9g Project Type: Application - Configuration: default
3 Device
G PIC320X10255G41128
# Checksum: Blank, no code loaded

CRC32: Hex file unavailable
& Pads
- PICI2CX-5641_DFP (1.5.140)
gl CMSIS (5.4.0)
% Compiler Toalchain

F %32 (v4.60) [C:\Program Files\Microchipxc32\v4.60\bin]
- Production Image: Optimization: gec O1 g++01

Y Device support information: PIC32CX-SG41_DFP (1.5.140)
Y License: Workstation - PRO - HPA:7240 day(s) - Press for Status
(& Memary
-4 Usage Symbols disabled, Click to enable Load Symbols.
{5 Data 270,336 (0x42000) bytes

&3 Program 1,048, 576 (0% 100000) bytes
~[ Stack Usage Guidance
~%§ Debug Tool
€ :Nore (VID,PID)
-7 Debug Resources
~E Program 6° Used: 0 Free: 0
~E Data BP: No Support

[ Data Capture BP: No Support

O Unlimited BP (SM): No Support

LA
&
=
|

NVMCTRL
Peripheral Library
MEMORY

Mg Project Graph

CHSIS FECcK EVSTS
= Peripheral
Device Family Pack (DFP) =t =

suondg uone.nGyuoy

Wotifications [MCC] = | Hews |

Category

Source Type: | ALL - Description

No content in table

ﬁ\ MICROCHIP



MCC Harmony Interface

* Project Graph - Plugins, the Easy View Configuration of modules.

EYEE

Clock Configuration
NVIC Configuration
DMA Configuration
ADC Configuration-adcd [+ A onfiguration will not show in a new project
Pin Configuration

MPU Configurator
Event Configurator

ADC Configuration-adc1

Easy View Configuration Tools will only show
the peripherals you already added-in.
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MCC Harmony Interface

* Project Graph - Plugins : Pin Configuration

B3 MPLAB X IDE v6.25 - Lab00_NewProject MCC : default - m] X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
o o o LB OB .
PEES D@ T e Jh-H-B-r-R-T =
Projects | Files | Resource Mo x| o || StartPage x| ProjectGraph x| PnDiagram x| PnTable x| Pinsettngs x|
MCCv5.5.2 Order: | Pins Table view (B Easy View
Project Resources | Generate || import.. || Eport EE Pin
" PinID Custom Name Function Mode Direction Latch  PulUp  Pul Down Drive Strength
¥ Libraries Number
» Harmony 1 PADD Available v Digital High Impedance Low O (m] NORMAL
Plugins. A v System 2 PADL Availzble v| Digtal | Highlmpedance | Low [m] () | NORMAL
. - i ~ w ~
@ = sysiem 3 PCOD Availzble Digital | High Impedance Low [m] O | NORMAL
4 PCO1 Available v Digital High Impedance Low [m] [m] NORMAL
Clock Conﬁguraﬁon 5 NC Dgital | High Impedance Low NORMAL
[ AVDD Digital | High Impedance Low NORMAL
NVIC conﬁguraﬁon Device Resources |0€Cﬂ"t5’“ Manager 7 PCOZ Available ~| Digtal High Impedance ~ |  Low O (] NORMAL
¥ Libraries pa 8 PCO3 Avalable w|  Digital High Impedance |  Low [m] O NORMAL
DMA C ﬁ ﬁ ¥ Harmony ] PAD2 Available v Digital High Impedance Low [m] O NORMAL
on gura on ¥ & Peripherals 10 PAD3 Availsble v Digital High Impedance Low [m] (] NORMAL
ﬁ . d > AC 1 11 PB4 Availzble ~| Digital | HighImpedance | Low [m] ) | MORMAL
ADC Con gUTatlon’a CO » ADC 12 PBOS Available v Digital High Impedance Low [m] [m] NORMAL
» CAN 13 PDOD Available ~ Digital High Impedance Low [m] (] NORMAL
P|n conf'gu rat'on » oL 14 AVSS Digital High Impedance Low NORMAL
» DAC 15 AVDD Digital | High Impedance Low NORMAL
MPU conﬁguramr v DsU 16 PDOL Avallable ~| Digital | HghImpedance | Low O O | morMAL
= 17 PBOS Available v Digital High Impedance Low [m] O NORMAL
Lab00_NewProject_MCC - Dashboard viga
Event Conﬁ uramr = = = x| nawgator = 18 FBOT7 Availzble | Digital [ Highlmpedance | Low 0 () | NORMAL
22 [7g Laboo_NewProject MCC -
o 9g Project Type: Application - Configuration: default 13 P03 Availzble ~| Digital | HighImpedance | Low [m] ) | MORMAL
ADC conﬁguraﬁon dcl giwce 20 PBOY Avalable | Datal | Highmpedance ~ | Low O O | mnormaL
-a = PIC32CX 10255641128 =
‘E 5 Checksum: Blark, no code loaded 21 PAD4 Available Digital High Impedance Low [m] (] NORMAL
CRC32: Hex file unavailable 2 PADS Available v Digital High Impedance Low O (m] NORMAL
il Packs 23 PADS Availsble v Digital High Impedance Low [m] (] NORMAL
i PIC320X-5G41_DFP (1.5.140)
. CMSIS (5.4.0) 24 PAOT Avalable ~ | Digital High Impedance ~ |  Low [m] O NORMAL  ~
G’ Compiler Toolchain 25 AVSS Digital | High Impedance Low NORMAL
F ¥C32 (v4.60) [C:VProgram FilesWicrachipixc32Wv4.60\bin] 2 AVDD Digiel | High mpedance = T
Production Image: Optimization: gec O1g++01
%5 Device support information: PIC32CK SG41_DFP (1.5.140) 27 PCO4 Availzble ~| Digtal [ HghImpedance | Low [m] ) | MORMAL
i License: Workstation - PRO - HPA:7240 day(s) - Press for Status 23 PCOS Available «| Digtal High Impedance ~ |  Low 0 @] NORMAL
& Memary )
) Usage Symbols disabled. Click to enable Load Symbols. 2 PCOG Available ~ Digital High Impedance Low [m] (] NORMAL
(3 Data 270,336 (0x42000) bytes 30 PCO7 Available v Digital High Impedance Low O (m] NORMAL
(& Program 1,048,576 (0x100000) bytes 31 vss Digital High Impedance Low NORMAL
- (5 Stack Usage Guidance .
£ Debug Tool 32 VDD Digital | High Impedance Low HORMAL
L€ :None (VID,PID) 33 PADS Available v Digital High Impedance Low [m] O NORMAL
59705 Debug Resourcss 34 PADY Available | Digital HighImpedance | Low O [ | noRMAL
@ Program BP Used: 0 Fres: 0
.8 Data BP: No Support 35 PALD Availzble | Digital | HighImpedance | Low [m] O | mnoRMAL -
E Data Capture BP: No Support. 36 PA1L Available v Digital High Impedance Low [m] [m] NORMAL
5 Unliited B? (S)1): No Support 37 VoD Digitsl | High Impedance Low NORMAL
& Notifications [MCC]  News
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MCC Harmony Interface

* Project Graph - Plugins : Pin Configuration (Dock three windows to different locations)

a MPLAB X IDE v6.25 - Lab00_NewProject MCC : default - a X

w200

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PEES D@ T e dER-EH-B- PR Q0 @ -

=)

Projects | Files | Resource Mol x| o || startPage x| ProjectGraph x| PnSettngs x Pin Settin s Pin Diagram (
MCCv5.5.2 Order:  Ping v Table view [ Easy View g Unavailable w
; (Genesated [umportag | Export @@ £
Project Resources ports J| &P 9= e avalible  snoomEaEmGan  DERmmonT. o
Pin ID Custom Name Function Mode Direction e e e R TR
¥ Libraries Humber asimed CESERSERESISRUDEEL IR R RNE
» Hamony 1 PADD Avaieble  v| Dgtal | Hghimpedanc: NO0ONOOANNONRAAONANRARAD
Plu InS' v System 2 PAOL Availsble | Datal | High Impedance PR R EEECE L EE e T
; - - SHONONNNE SO onnonnDER R8s
g . st @ = sysiem 3 PCO0 Available +| Digital | High Impedance [ty
4 PCOL Available | Digital | High Impedance Eggf
1 e
Clock Configuration = | .
[ AVDD Digital | High Impedance PC02
. PC03
NVIC conﬁgura ﬁon Device Resources | (% Content Manager 7 P02 Available | Dgtal | High Impedance PAIZ
= PAD3
¥ Libraries = 8 PCO3 Avalsble | Daital | High Impedance P04
- - PEIS
DMA Conﬁ Ul'ation ¥ Harmony f] PAD2 Available | Digital | High Impedance e
v © Deripherals 10 PAO3 Availzble | Digtal | High Impedance ]
ﬁ . d > AC 11 PBO4 Availeble ~| Digital | HighImpedance E‘;gé PIC32CX 10255641128
ADC Configuration-adcO \ anc i i [ e [l o
PEIS
> CAN 13 D00 Avalable | Dgtal | High Impedance [
H H H PAD4
Pin Confi guration , L = avss Digiel | g Impedonce e
PADS
v Dac 15 AVDD Digital | High Impedance s
VS5
MPU conﬁguramr v DsU | 16 PDOL Avalable | Datal | High Impedance i
17 PEOS Available «| Digital High Impedance EES;
Lab00_NewProject_MCC - Dashboard x i
Event Conﬁ urator anoe] = | Havigator = s PB07 Avalsble | Digtal | High Impedance PCdG
2z |75 L2boo_Newpraject_MCC - - pcO7
) 99 Project Type: Application - Configuration: default 19 PB08 Available ~ | Digital | High Impedance \)fgg
ADC conﬁguraﬁon_adc 1 3?@ 20 PBOY Available | Digtal | High Impedance
= PIC32CK 10255641128
= 5 Checkoum: Bk, mo coce loded 21 PAO4 Avalable Digital | High Impedance
CRC32: Hex file unavalable 2 PADS Avalable | Digital | High Impedance
& Pads 23 PADS Available | Digital | righ Impedance
- i PIC32CX-5G41_DFP (1.5.140)
- CMSIS (5.4.0) —
Compiler Toolchain Pin Table [N G)E)
B %C32 (v4.60) [C:Program Files\Wicrochip'we32\w4+.60%bin]
‘%’ Praduction Image: Optimization: gec 01g++01 Padage: TQFP128
i slzlel= glalalalal=slalelulelzlelelalalsle|lelslulalslels]s
i’ Device supportinformation: PIC32CX-5G41_DFP (1.5.140) 2| 2|88 |||l |22 |2|2|2|L|E|(E|l2|28|2|2|=2|2|2/2/2 2|/0/8/5|/8/8/8|¢F
“if License: Workstation - PRO - HPA:7240 day(s) - Press for Status clole o l=sltlalolalololalolaldglalololololaolelolaldlalololololol>lo
5 Memary Module Function 1)2|3|a|s|e|7|8|9|w|u|1z|13|24|25|26|17|18|19|20|21|22|23|24|25|2|27|28|29|30|3132]3
) Usage Symbols disabled. Click to enable Load Symbols.
AC_AINO
(£ Data 270,336 (0x42000) bytes 1
[ Program 1,048,576 (0x100000) bytes T
- (5 Stack Usage Guidance —
%4 Debug Tool AC_AIN2
B + None (VID , PID AC
o o ) AC_AINZ
=15 Debug Resources
-0 Program BF Used: 0 Frae: 0 e
- Data BP: No Support = r
[ Data Capture BP: No Support. AC_CMP1 | P H T bl
O Unlimited BP (5/W): No Support in lapie

= Notifications [MCC]  News | |
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MCC Harmony Interface

* Project Graph - Plugins : Clock Configuration

Plugins:

Clock Configuration

NVIC Configuration
DMA Configuration

ADC Configuration-adc0
Pin Configuration

MPU Configurator
Event Configurator

ADC Configuration-adcl

3 MPLAB X IDE v6.25 - Lab00_NewProject MCC : default

File Edit View Navigate

RS

Is Window Help

;ICIock Easy View| -6 B > 2 2 QB O @ & DB food merl

|

C—

StartPage x| ProjectGraph x| ClockEasy View x

e

Double Click the tab name to enlarge or shrink the window.

(=]
s
2
g
5
2
@ 848 MHz Crystal Oscillators XOSCO GCLK Generator 0 Main Qock
= X0sc1
& CPU
3 - X0SCx
2 XINK— _ ——= T i 120,000,000 Hz
a [ 8,000,000 Crystal Oscillator co O FOPLLO DIVL v
8 XOUuTRd # e FOPLL1
g [crvsTaL v 120,000,000 Hz el
.i OSCULP32K
I - S— S S — ro— . Peripheral Clock Selection
H Clock 1 Gk
ZI Source Digital Fr Locked Lo [DFLL) bt GOK1
8 - GOLK_DFLL Rl Trameng il L}
=" GCLK1 v GCLK1 Gak2
DAL A GO
TTen [¢ o
2. [FopLLO v
(=] 48,000,000 Hz : J & Saks
— GCLKS
g m— L
2 Xoo R ) e IS Peripherals
i GOLKT
o XOsC1
£ GOLks T |
g = DAL
5 1% & Saio Peripheral Clock
= =— FoeLUo Gak10 Configuration
4 GOLK1
g FOPLL1 GOLK11
3 e 60,000,000 HZ ‘
= Fractions| Digital Phase Locked Loop 2 FDPLLO EIC
2 X08c32K FDPLL 1 Xoxax 212 32,768 Hz
5} sclo ck GOLK_IN[1] = WDT
o | Source 1,000,000 Hz iy I e e 1,024 Hz
B [eae < SR = [ForLLO v @ GSCUFIK:
= 120,000,000 Hz I
OSCULP32K
XOSC —_— — :
=] [ 119f2] o]
= XOSC1K
X0SCo GCLK Generator x {x=2-11) G2 ] RTC
|ak pPLL | ot OSC: 2 ot e ‘ 1,024 Hz
6 Lt v X0sC1 4
e ~— B
o GalKs
GCLK7 RTC Clock Selection
FDPLL1 1
GCLK 8 |esanric: ¥
22 KHz Oscillators Controller 0SCULP32K GOK9 1,000,000 Hz
OSCULP1K XOSC3K GCLK 10 GCLK Input Output (10}
= GoK1l  GOKNK
32K Ultra Low Power 1,024 Hz GaL_ING] o
Internal Oscillator P e /( = Sk
{> X cax ol
32,768 Hz [oRL V] B T ‘
GCLK 1/O Configuration
XOSC32K

suondo uonembyuoy Gy

P News Notfications [MCC]
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MCC Harmony Interface

* Project Graph - Plugins : NVIC Configuration (Open a new window after clicked)

Plugins:

Clock Configuration
NVIC Configuration
DMA Configuration

ADC Configuration-adcd
Pin Configuration

MPU Configurator
Event Configurator

ADC Configuration-adc1

[NVIC Configuration]

"] NVIC Configuration

NVIC CONFIGURATION

Vector Number

Vector

Reset (Reset Vector)

NonMaskablelnt (Non-maskable Interrupt)

HardFault (Hard Fault)

MemoryManagement (Memory Management Fault)

BusFault (Bus Fault)

UsageFault (Usage Fault)

SVCall (SuperVisor Cally

DebugMonitor {(Debug Monitor)

PendSV (Pendable SerVice)

SysTick (System Tick Timer)

PM (Power Manager)

MCLK (Main Clock)

Enable

Priority (0 = Highest) HandlerName

-3

-2

HELP
Reset_Handler
NonMaskablelnt_Handler
HardFault_Handler
MemoryManagement_Handler

BusFault_Handler

UsageFault_Handler

SVCall_Handle

DebugMonitor_Handler

PendSV_Handler

SysTick_Handler

PM_Handler

MCLK_Handler
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MCC Harmony Interface

* Project Graph - Plugins : ADC Configuration (Open a new window after clicked)

[ADC Configuration-adco]

n] aoc C°““9“ﬂ“°"‘(ADC Con_figuration-adcl)

ADC Confic——
7 ADC Configuration-adc

g ADC Configurator

Plugins: e
Clock Configuration et mge (] Enable slave
NVIC Configuration o /_J'_ | ;40 [
DMA Configuration L R i) e © I N - * |8
ADC Configuration-adc0 *1 _ _j__ e — . -
Pin Configuration = I N I | ’7
MPU Configurator - =
Event Configurator ><———| Y] | 1
ADC Configuration-adcl e | [socamazn v ] e —LH
s ||
* ADC Configuration will not show in a new project - % e e, _ plﬁle‘
- N x:— < ADC |L‘¥4 wanioN e
C ! — vl B
1 [ocanorn ][ B [mersmssore ]| | [omsonmose e v] [
e

GCLK

o %)

= [m] X
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MCC Harmony Interface

* Project Graph - Plugins : DMA Configuration (Open a new window after clicked)

Plugins:

Clock Configuration
NVIC Configuration
DMA Configuration
ADC Configuration-adcd
Pin Configuration

MPU Configurator
Event Configurator

ADC Configuration-adc1

[DMA Configuratian]

" | DMA Configuration

Active Channels List

Channel Number

No Channels are enabled

Add Channel

Trigger

| Use Linked List Mode

Please select any DMA Channel to configure!
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MCC Harmony Interface

* Project Graph - Plugins : Event Configurator (Open a new window after clicked)

[Event Configuratar]
# 7 Event Configurator - [m] X
EVENT CONFIGURATOR
Channel Configuration Channel Settings
= Select the channel from Channel Configuration Table to view channel settings
PIUQII‘IS: s Channel Number = Event Generator SEt‘::T; Rl;::y rc{:;"n‘:: * F
C|0Ck Conﬁguraﬁon Mo results found
NVIC Conﬁgurai_:on
DMA Configuration
ADC Configuration-adcd
Pin Configuration User Configuration
MPU conﬁg.urator User = Channel Number Reur:::re
Event Configurator
g N Its found
ADC Configuration-adc1 B
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Appendix :
Open MPLAB X IDE Projects

Open an existing project
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MPLAB X IDE Develop Process

 When you want to develop a specific MCU, you need to create a new project or start
with an existing example project.

* Both methods can obtain Projects that can be used for development. Creating a new
project allows you to design your code and features from scratch; Open an existing
example project will have some preset content that you can modify or add the
features you needs.

_{ Create a new Project Choose Project Type Select Device }_
in MPLAB X IDE Application Project PIC32CX10255G41128 -
. Bep = : ) Get a new project
New Project for specific MCU
Select Compiler Select Project P
(XC32 C Compiler) Name and Folder

Open Proiect Open an existing Project Select a project location Set opened Project Get a project
- J for MPLAB X IDE (C:\Exercises\...\Lab...) as Main-Project with example code

* The project already contains
the model of the MCU and
the version of the compiler
when creating a new project.
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%€ Open an existing Project
Step 1

* Extract the archive of the project with 7zip Tool

Exercises x + B o x Exercises X + B = X
“— y MR (] 0 » = Windows(C) > Exercises > Search Exer Q &« ] B (] ) » -+ Windows(C:) > Exercises » Search Exer Q
‘ @ New - : T Sort + ees (B Details @ MNew - i (8] B = 0} T Sort ~ aes (E Details

Your Project's Archive Tpe Your Project Tpe

| e Lab00_NewProject_MCC.zip zip Archive | / I Lab00_NewProject_MCC File folder
3 Lab01_Input_Cutput_PORT.zi zip Archive [iE} Lab00_MewProject MCC.zip zip Archive

(Eie Timer Polling TC.zip Right Click! zip Archive (& L.ab01_Input_Output_PORT.zip zip Archive
AENN

iE] Lab02_Timer_Polling_TC.zip zip Archive

i Arrliaee

er lmberriind T ol

7-Zip * Open archive

3 Lab0d_ 3 Lab03_Timer_Interrupt_TC zip zip Archive
. > Open archive >
& Labos_ 7-zip | P (18 Lab04_SystemClock_DFLL_Closeloop.zip 7ip Archive
cupyurpal Extract files...
17 items i i 7 ]
IE" 18items 1 item selected 718 KB E U

Share

Extract to "Labidl? “

Extract Here

Restore previous versions

Cand 1o 5 Test archive
Add to archive...
Cut :
Compress and email...
Copy .
Add to "Lab00_MNewProject MCC_2.7z"
Create shortcut Compress to "Lab00_MewProject MCC_2.7z" and email
Delete Add to "Lab00_NewProject_MCC_2 zip"
Rename Compress to "Lab00_MNewProject MCC_2.zip" and email
Properties CRC SHA 2
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%€ Open an existing Project
Step 2

* Select to File > Open Project or Click icon E

| ’3 Build X

L l Clean and Build
3 =
cl
E|| [ Laboo_NewProject | MCCI =
Batch Build...

.-- % Header Files

MPLAB X IDE v6.25

File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

‘ ﬁ % % “ ' ﬁ;@ | | Iﬁ - - - . 5 tmportant Files e ’
rgmerao (1] - ;

.. % Source Files

. 5 Libraries Set as Main Project [

\ ﬁ‘ Loadables Find... m
| Z48l| Select Your Project Location ] X - Locate Headers

I , [Set as Main Project
un
f = : — Debug
- i Emioceaeen] | | Your Project (Lab00_NewProject MCC. X) Sten into
[#F-8rC [CEDUU_NEWPTOJECT_MCT 4 , F P
% Open Reguired Projects: | a X

==

Lab00_NewProject_M cc]

Look in: ll‘_‘ Lab00_NewProject MCC | v‘ £5

Documents = i i

1 * Check the path of Projects Folder * A project with a Bold name

! : - - is your Main Project of MPLAP X IDE.

C:\Exercises\Lab00_NewProject_MCC\Lab00_NewProject_MCC.X ] . . Linker Files
This PC T T
File name: ||C:\.Exercises\J.abUU_NewProject_MCC‘J.abUU_NewProject_MCC.x |l [ Open Project 11 ré

e of o _ 4 . =] lerarles

Network Files of type: |Pro]ect Folder o | Cancel AN ‘ . ﬁ Loadables

Open Project
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%€ Open an existing Project
Result

* Now you can start adding or modifying the code required by next Labs. You can choose
to open the previous project to complete the exercises in this section, or observe the

La b S Co m I ete d re S u Its B 5 e
[} File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

FEES HE T e BB CE-D-RR Q0RO @2 @B oo ovwr o)
= | [Emanc x| =E
Exercises % + - O X i~ BEE 0T FRG|Fee w00/ sqd #
1 [ L]
2 Main -
3
&« > C J > = Windows(C) > Exercises > Search Exer Q 4
5
y [3
’
) New é{, @ @D = Tﬁ,—l T Sort aen B Details B Loadabies .
10
= 11
Name Type 2
- 13
14
Lab00_NewProject_ MCC File folder i:
17
Lab01_Input_Output_PORT File folder 12
13
( d
Lab02_Timer_Polling_TC File folder » o Modlfy your COde
22
Lab03_Timer_Interrupt_TC File folder L2b00_NewProject MCC - Dashboard x| navigator =11 .
2z '8 LﬂabDD,NEwPro]EcLMCC t I t t h
Lab04_SystemClock DFLL_Closeloop File folder | JyPromTee ksion- ot st O compiete e exercises ]
= - gl PIC320X 10255641128
Lab05_COM_T¥_Polling_SERCOM_USART File folder B @ Chedsu: Hark o code oaded
© |- @ Packs 30
. . - | DFP (1.5.140) a
34 iterns 16 items selected 10.8 MB E | ; g s gy 2
§' Compier Toolchain =
- %C32 (v4.60) [C:Program Fles\Microchipixc32\v4.601bin] 2
. Product ccO1g++01
[ PIC32CX-5G41_DFP (L.5.140) 3
L HPA:7234 day(s) - Press for Status 36
{5 Memary 37
gD Usage Symbols disabled. Click to enable Load Symbols. 38 [
[ Data 270,335 (0x42000) bytes 35 mo
+~ [l Program 1,048,576 (0x100000) bytes 40 NULL )
[ Stack Usage Guidance 4
Debug Tool 42
43
44
45
16 ¥ -
L0 Unlimited BP (5/W): No Support ;
[©)] 1 s
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/O - PORT
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PIC32CX-SG 1/O Pin Controller (PORT)

* The 1/0 Pin Controller (PORT) controls the 1/0 pins of the device. The I/O pins are
organized in a series of groups, collectively referred to as a PORT group.

* PIC32CX-SG Family has up to four PORT group (A~D), each PORT group can have up to
32 pins that can be configured and controlled individually or as a group. The number
of PORT groups on a device may depend on the package or number of pins.

* All I/O pins have true read-modify-write functionality when used for general purpose
1/0. The direction or output value of pins may be changed explicitly without
unintentionally changing the state of any other pins in the same port group by a
single.
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PORT Block Diagram

* The block diagram just a concept. For actual and detailed block diagram, please refer

to datasheet.

* Each 1/0O pin Pxn can be controlled by the registers in PORT.
* DIR: set the data direction for I/0 pins. 0 for Input, 1 for Output.

. :  set output drive value for Output pins.
* IN: reaction logical level from Input pins.

-
]
L]
]
]
]
]
]

PIC32CX10255641123

Pxn

X :A,B,C,D etc..

(DIR[iln]) 'n :01,2 etc.

-

i : Register Offset

— OUTJi]n

* DIR[i]n = 1

IN[i]n )

*DIR[iln =0

@ MICROCHIP



PORT Block Diagram

* PIC32CX-SG PORT Block Diagram

PERIPHERALS

‘s N
PORT

Peripheral Mux Select

Port Line

Bundles

IP Line Bundles 17O
PADS
Analog Pad
Connections
Digital Controls of Analog Blocks

* PORT contains powerful functional, the course only focus on basic controls.
* For more information, please refer to the datasheet.
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% Labl PORT Input and Output
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%€ Lab1 PORT Input and Output

* Try to control LED1(PA12) and LED2(PA13) continues toggle.
(period around 500ms ~ 1S).
* Try to add BT1(PDO00) and BT2(PD01),
and get BT1 status then use to control LED3(PA15).
Pressed -> LED3 ON
Released -> LED3 OFF

Let’s go !
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Check Schematic

33V 2
Z
=
<

R51 =
10K =
BS10 >
4 >
G-Dw PDOO
EI BTI
C53
0.01uF
GNDGND

W

a\ |GND

L | Q8

4RSS AAAALOK v

BT2
LED1
LED2
LED3

0\ |GND

™~ Q9 I
1 FDN337N

4 R8 AAAAOK 4
yURN |GND

Qﬂ‘_p PoNaN

3.3V =
T z  33vf LEDI }]‘ Green  RS3 p g p 470
A
g Ifgé E PA12/PWM(TC2.0/TCC0.6/TCC1.2) PA12
a
BS11 -
BS13 R54 10K
—(GD)—— 4D > AN
LED2 R 47
Elg - 3_3\;} Green 56 AAA, 0
C54
0.01uF
GNDGND PA13/PWM(TC2.1/TCC0.7/TCC1.3) PA13
B (D ——FTAMNAE
PDOO Input el “
3.3y |—LED3 >| Green RS9 p A 470
PDO1 Input = |
PAL2 QUL PA 1S/PWM(TC3.1/TCC1.3/TCC2.1) PA15
PA13 Output BS15 an R60 '\/\/\rlOK
PA15 Output g

& ROL AAAADK 168D
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MCC Harmony Interface

* Let's go back to MCC Harmony and view the interface.
* Notice ! If you close MCC already, please click the icon and reopen MCC.

ﬂ MPLAB X IDE v6.25 - Lab00_NewProject_MCC : default - o X

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q-

PO DE TH BB LT RE OB W S O[T e =

Projects | Files | Resource Management [MCC] x | = || StartPage x| ProjectGraph x| . L. T @=
MCCv55 | — - X CRERE | o z @ Click on MCC only when it is not started ||
Project Generate || Import.. | Expart il H

¥ Lraris ez * The first click on the MCC icon will open the MCC window;
> Harmony ., . , . . , . ,
clicking the icon again while MCC is already running will close it.

v System

@ = system

Device Resources ‘ Q Content Manager

¥ Libraries

» £ Hamony

Lab00_NewProject_MCC - Dashboard x | Havigator ]
2% |8 Lab00_NewProject_MCC
& i -gPrcjectT‘fpe: Application - Configuration: default

=] Device

= g PIC320X 10255641128

= % Chedesum: Blank, na code loaded
z ) CRC32: Hex file unavaiable

@ |o-g Pads

& PIC32CX-5G41_DFP (1.5.140)
-l CMSIS (5.4.0)
-’ Compiler Toolchain
Y XC32 (v4.60) [C:\Program Files Microchip e 324v4. 50 1pin] ifications [MCC] x [ News } =
Production Image: Optimization: gcc O1g++01 —
! % Device support information: PIC32CX-5G41_DFP (1.5.140) Calenoey o 175 LI - Fere oy
- License: Workstation - PRO ~ HPA: 7240 day(s) - Press for Status
(& Memory
) Usage Symbels disabled. Click to enable Load Symbols.
[ Data 270,336 (0x42000) bytes
&3 Program 1,048,576 (0% 100000) bytes
[ Stack Usage Guidance
~4& Debug Tool No content in table
) :None (vID, PID)
=) Debug Resources
[ Program BP Used: 0 Free: 0
«El Data BP: No Suppart
‘[l Data Capture BP: No Support
O Unimited 8P (SMW): No Support
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Reset the MPLAB X IDE and MCC Windows

* If you close the feature windows or can't find it while testing or using MPLAB X IDE
and MCC, you can follow the steps below to reset your windows.

Reset MPLAB X IDE Windows [ Reset MCC Windows }
Windows > Reset Windows Windows > MPLAB® Code Configurator v5 > Show All

4

| Window Help
o ™ Bntent Manager = Mntent Manager - m - m. - =g . 2= KT E BC: Ox0
MPLAB® Code Configurator v > ‘ MPLAE® Code Configurator v 3 MPLAB® Code Configurator v3: Open/Close
Kit Window Kit Window Show All
LT"_'| Projects Ctrl+1 LT"_'l Projects trl+1 Harmony d%

Configure Window >
Reset Windows

Close Window Ctrl+W a

Close All Documents Ctrl+Shift+W
Close Other Documents

Document Groups »
Documents... Shift+F4
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%€ Lab1 PORT Input and Output

Step 1

e Open Project Graph - Plug

StartPage x| Project Graph Fmain.c x

ins : Pin Configuration

X EGRERE 4| fus

NVMCTRL
Peripheral Library
MEMORY

Profiles: | Main

Device F3 e ey
CMSIS Pack

Pin Configuration
MPU Configurator

ﬁ MPLAB X IDE w6.25 - Lab0_First_Project : default - (=] x
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help .\ a1 ]
PEES DE TH ==  BEE LT 6 Y
Projects | Files | Resource Management [MCC] x | = || StartPage x| ProjectGraph x| PinDisgram x| PmTathE x| Fin SEﬂ:Ir:;S [EHOe
MCCv55.2 Order: Fins .| | TableView [ EasyView g
Project Resources ‘ Generate H Import. ‘ Export ‘gl ‘@ Fin =
Pin 1D Custom Name Function Mode Direction Latch  PulUp  Pul Down Drive Strength 5
|| ¥ Libraries Humber 5
(=) @h 1 PADD Available Digital High Impedance Low O (] NORMAL ﬂg
Views I 2 PADL Available Digital High Impedance Low O (m] NORMAL g
3 PCOD Availsble Digital High Impedance Low [m] (] NORMAL
4 PCOL Availzble Digital | High Impedance Low [m] O | NORMAL
5 NC Digital | High Impedance NORMAL
| T e 6 AVDD Digitsl | High Impedance NORMAL
7 PCO2 Availzble Digital | High Impedance [m] O | noRmaL
i 8 pCo3 Available Digital High Impedance [m] [m] NORMAL
El PAOZ Avalable Digital High Impedance [m] O NORMAL
Clock Conﬁguraﬁon U 10 PADZ Available Digital High Impedance Low O O | normaL
1 PBO4 Availsble Digital High Impedance Low [m] (] NORMAL
NVIC c ﬁ ﬁ 12 PBOS Availzble Digital | High Impedance Low [m] O | NORMAL
on gura on 13 PDOD Available Digital High Impedance Low [m] [m] NORMAL
. 14 AVSS Digitsl | High Impedance Low NORMAL
DMA Configuration E s
- 16 PDOL Availsble Digital High Impedance Low [m] [m] NORMAL
ADC Conﬁgurabon‘adco I—v 17 PBOS Available Digital High Impedance Low [m] (] NORMAL
18 PBO7 Available Digital High Impedance [m] O NORMAL
13 PBOS Availsble Digital High Impedance [m] (] NORMAL
0 P09 Availzble Digital | High Impedance [m] O | NORMAL
21 PAD4 Available Digital High Impedance [m] [m] NORMAL
22 PADS Available Digital High Impedance Low [m] (] NORMAL
Event conﬁguramr 23 PADE Available Digital High Impedance Low [m] (@] NORMAL
CI’Ck I 24 PAOT7 Avaiable Digital | High Impedance Low O O | norRmaL
ADC C ﬁ t d 25 AVSS Digital | High Impedance Low NORMAL
on gura on-adcy lbin] 2% AVDD Digital | High Impedance Low NORMAL
140) 27 PCO4 Availsble Digital High Impedance Low [m] (] NORMAL
for Status ES PCOS Availzble Digital | High Impedance [m] O | NORMAL
29 PCOS Available Digital High Impedance [m] [m] NORMAL
0% 30 PCO7 Available Digital High Impedance [m] (] NORMAL
-8 Data Used: 116 (0x74) Free: 270,220 (0x41F8C) 31 vss Digital High Impedance NORMAL
B E progrem 1,048,576 (0x100000) bytes 32 VoD Digital | High Impedance Low NORMAL
rogram Used: 1,440 (0x5AQ) Free: 1,047, 135 (OxFFAGD) 33 PADS Availzble Digital | High Impedance Low [m] O | NORMAL
! E Stack Usage Guidance 34 PADS Avalable Digitsl | High Impedance Low O O | norRmaL
tack: Not enabled
£ % Debug Tool 35 PAL0 Available Digital High Impedance Low O O NORMAL
=) : None (VD , PID) E3 PALL Available Digital High Impedance Low (] [ | NORMAL
513§ Debug Resources 37 VoD Digitsl | High Impedance Low NORMAL
|3 [T ouput Novfcatons Mcc]  hews @)
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%€ Lab1 PORT Input and Output

Step 2

* Enable GPIO as below to connect pins and BUTTONSs by Pin Table.

StartPage = ] Project Graph

xl Pin Diagram x] Fin Table x] Pin Settings xl

p.L o

- ko)
%
2
re)
%

33V e
Z
F.
-~
R51 -
10K =
BS10 Q
G-D* PDOO
J_ BTI
Q
18
C53
1 0.01uF
GNDGND
3.3V =
T Z
=
<
R52 -
10K =
BSI1 a
PDO1

ISyl click! : M
Package: [TQFF128 .- - A o,
| 2|8|8|v|E|S|E8|2 |2 |BIEB|E|IE|IS|B|IEIBIBIE|Z|S
(= [ o o = =5 (=8 o (= [ o [ [ =5 =3 [ [ [ o [ [ (=
Module Function 1|2|3|a|s|e|7|8|9|w|11|12|13|14|15|16|17|18]|19|20]|21]|322
GMAC_GTXER
GPIO [ GPIO ] GPIO
12S_FS0 Click to Enable llm
(Green)
125_F51
125_MCK1
125 -
125_SCKD PDOO Input
s BT2 PDO1 Input
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%€ Lab1 PORT Input and Output

Step 3

* Enable GPIO as below to connect pins and LEDs by Pin Table.

Package: | TQFF123

b

Wi
LEDI H Green  R53 ’\/V\,470

33V} VAR = |GND
lﬂ FDN337N
PA12/PWM(TC2.0/TCC0.6/TCC1.2) PA12 N
A4
/e
33v] LED2 H Green  R56 '\/\/\/470 /;,‘\ o |GND
J_ﬂ FDN337N
PA13/PWM(TC2.1/TCCO.7/TCCL.3) PA13 T
A4
Wl
33V} LED3 N Green  R59 ’\/\/\1470 /;4\ - |GND
lﬂ FDN337N
PA15/PWM(TC3.1/TCC1.3TCc2.1) PA1S S
BS15 aD RGOz A LOK RGL_p A, LOOK |GND
A

ISyl click!

Start Page x] Project Graph xl Pin Diagram x] Fin Table x] Pin Settings xl

a | a o
gslglelzlalesl lalalalals|luldldlslelalaleln]s=
(] (] (] (] (] (] [Iy] (] (] [ L L) [ [u [u L= [u 1] (] L= C= L=
Function 47 143 |49 | 50 | 51| 52| 53| 54|55 |56 | 57|58 |59 60|61|62|63 64|65 |66 6768
GMAC_GTXER
GPIO
| GPIO | Click to Enable l@'&
(Green)
125 F51
— | Schematic | Pin | Direction |
125_MCK1
125_5CKD
125_5CK1
- 1 3
LED1 PA12 Output
LED2 PA13 Output
LED3 PA15 Output
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%€ Lab1 PORT Input and Output

Step 4

* Modify the pin name and direction by Pin Setting.

'

)

Start Page = ] Project Graph = ] Fin Diagram = ] Fin Table = ] Pin Settings x]
Order: | Pins “ Table View B Eazy View % Click!
Eiﬂmber Fin ID Custom Mame Function Mode Direction Latch PulUp  Pull Down Drive Strength
10 PAD3 Available Digital High Impedance Low O | MORMAL -~
11 PEO4 Available Digital High Impedance Low [ ] MORMAL -~
12 PEOS Available Digital High Impedance Low ] ] MORMAL -~
{ PDOO ]| 13 FDOO BT1 BT1 GPIO Digital In In J ] MORMAL -
14 AVES Digital High Impedance Low MORMAL
15 AVDD Digital High Impedance Low MORMAL
17 PBOG | Available Digital High Impedance Low |
59 PC15 | Available Digital High Impedance Low I| (13) P DOO In p ut
| PA12 '| &0 PA12 LED1 | LED1 GPIO Digital Out Out _] BT2 (16) PDO1 In put
| PA13 '| 61 PAL3 | gp2 | LED2 GPIO Digital | Out out ||
62 PA14 | Available Digital High Impedance Low _| LED1 (60) PA12 Output
PA15 )l 63 PA1S LED3 | LED3 GPIO Digital Out Out j LED?2 (61) PA13 Ou tput
64 Digital High Impedance Low |
Always remember to press -1 LED3 (63)PA15 Output

[Enter]
after key in any value in MCC
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%€ Lab1 PORT Input and Output

Step 5

* Check the set pins by Pin Diagram.

ﬂ MPLAB X IDE v6.25 - Lab0_First_Project : default [m] X
File Edit View Navigate SU‘P. D. ram Tools Window Help o
4 % In ’agram &] E @ b - 1 @ ' @ @ g -2 mw PC: 0x0|: How do I? N
OF [ StartPage x| ProjectGraph x| PinDiagram x| PinTable x| PinSeffinns x| LrEE =
5 . o)
H= oy click! =
3 =5 :
S| W e SRl b L TR R R R
g ocoodddofooo>x>>>FOroododoax=>ooo0oooooo> g
3 gnnnnanannAnnnnAAnnnARAAnnAnanAn
L K00 O 0o O £l O £l £ Gttt ottt cocoooooooR B
;‘ Pall 0 { ~ TN N A N NN NN AN N A A A A A A A A a5 3 wss
@ Pall = 2 = pazs
2 PCO0 O 3 = Pazd
= PCO1 T 4 /= Paz3
. NC 5 = Pazz
e AYDD O 6 = voD
T Pz 4 7 = wss
g PC0Z 5 & = Pazi
£ paiz 0/ 9 = Paz
£ PalZ O 10 = Pe21
g PEO4 = 11 = Fez0
B2 (PD00) )% E = o
g ( ) Avss 0 14 = pe
AYDD 9 15
i BT2 (PDO1) | sz =i'se] PIC32CX10255G41128 = Fozt
- PED7 3 1& = woD
§ PEOZ O3 12 = vss
2 FEOS 5 20 g Eggg
= Pal4 0 21
pals /g 27 = pozt
PalE O 23 = pczo (13)PD00
Pal7 O 24 = pcis
AvSS I 25 g Egg
AYDD = 26
EE =k BT2 (16)PDO1
pCOS 0 25 = Paiz
PCs 0 29 g Emg
PCO7 3 30
yas = 31 [: = Pals LED]_ (60) PA12
' [ar i en IOl o B I o BEn s ol ol alh il i ol
OUOOOOOOEOOUTY LED2 (PA13) LED2 (61)PA13
fra iy e B W Uy e I B e R o W Ty W)
e

£F News Notfications [MCC]

LED3

(63)PA15

Input
Input
Output
Output
Output
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%€ Lab1 PORT Input and Output

Step

6

* Click on | Generate | button to generate your code after configuration.

Device Resources | | b S}"stem
¥ Libraries
R ; o = System
armony .
' Eitz =
i -
b02 Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer Polling TC 15:
Froject Type: Application - Configuration: defanlt 1 5 .
i Device b
g PIC32CK 10255041128 15:
Checksnm: Blank, no code loaded
ER CRC32: 0x8946CTED 15:
& % Packs .
o5 PICZICH-3G41_DEP (1.5.140% 15 -
& CMEIS (5.4.0) 15+
1" Compiler Toolchain "
1 HC32 (wd 400 [C4Program Filedhicrochipioe 324 40Wbin] 1 5 .
1 Production Image: Optimization: gec O1 g+ 01 .
1" Device support information: FIC32CE-3041_DFF (1.5.140) 1 5 -
Memory -
Diata. 270,236 (0x42000) bates 15:
0%
mm Date Used: 116 (0x74) Free: 270,220 (0:41F8C)

Projcts | Files | Services | Resource Management [MCC] x |

=

P00 - How doI?

MCC v5.5.1

Bpuration Oplions % =)

Generate

Impaort... | Export | e || @

Project Resources

¥ Libraries
¥ Harmomny
b Packs
» Peripherals

[
L’m Gene

rate

ystem
Device % Project Configuration
Cortex-M4 Configuration
Paorts
Clock
Interrupts (NVIC)
DA (DMAC)
WDT

Outpui x[ Mews T Motifications [MCC] l

Program 1,048,576 (D:100000) btes

Curiosity/Starter Kits (FKOB4) =

4

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
te.
te.
ta.
5e.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LN W - -I'J.L.J.LL.AJ.U.LJJU‘-I-J.J.LU_UI r '\I..IJ.U '\I.JJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II SUCLCLT DD .

INFO: HARMONY: [ MHC ] Executing generate hook
TR [ e

INFO: | Generation complete (total time: 5396 milliseconds)

TR TR EERRERTEREE™

INFO: [ Generation complete ]

INFO: HARMOMY: | python-print 1 preGenerateEvent

INFO: HARMONY: [ python-print ] interfaceValidationEvent
INFO: HARMONY: [ python-print ] processDataModel

INFO: HARMONY: [ python-print ] postFinalProcessing

Scripting ®  MPLAB® Code Conhguralor =

ﬁ\ MICROCHIP



1/O Pin Controller (PORT) Macros
MCC Harmony GPIO Macros

* Using MCC Harmony to configure PORT and generate the code will get some Macros of
custom name, and automatically initialize.

/*** Macros for LED1l pin ***/ plib_port.h

#define LED1_ Set () (PORT REGS->GROUP[0] .PORT OUTSET = ((uint32_ t)1U << 12U))
#define LED1 Clear() (PORT_REGS->GROUP[0] .PORT OUTCLR = ((uint32 t)1U << 12U))
#define LED1 Toggle () (PORT_REGS->GROUP[0] .PORT OUTTGL = ((uint32 t)1U << 12U))
#define LED1 OutputEnable () (PORT_REGS->GROUP[0] .PORT DIRSET = ((uint32 t)1U << 12U))
#define LED1 InputEnable () (PORT_REGS->GROUP[0] .PORT DIRCLR = ((uint32 t)1U << 12U))
#define LED1 Get () ( ((PORT_REGS->GROUP[0] .PORT IN >> 12U)) & 0x01U)

#define LED1 PIN PORT PIN PAl12

* Macros will be named according to your custom GPIO name.

#include "plib port.h" plib_port.c

void PORT Initialize(void)
{

[xrKkkkkkkkkkkkkkkkkkkkkkx**x GROUP O Initialization ***xkkkkkkkkkkkkkkkkkkkkx /

PORT REGS->GROUP[0] .PORT DIR = 0x4000U;
PORT REGS->GROUP[0] . PORT_PINCFG[12] = 0x0U;

PORT REGS->GROUP[0] . PORT_PMUX[6] = 0x0U;

}

* MCC Harmony will automatically generate configuration code and execute it at initialization.
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1/0O Pin Controller (PORT) Macros

MCC Harmony GPIO Macros

Output :
* CustomName_Set : Set output pin to high level.
 CustomName_Clear :Set output pin to low level.

* CustomName_Toggle :Switch the output pin state, high level to low level, vice versa.

Input :

* CustomName_Get : Reaction logical level from Input pin.
Common :

* CustomName_OutputEnable : Set pin to output mode.

e CustomName_InputEnable : Set pin to input mode.
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%€ Labl PORT Input and Output

Control PORT Example

* Control output by executing Set, Clear and Toggle macros.
* Read the input status by executing Get macros.

uint32 t i = 0; uint32 t i = 0;
int main (void) int main (void)
{ {
SYS Initialize ( NULL ); SYS Initialize ( NULL );
LED1_Set() while( true )
for (i=0,;i<2000000;i++) {} {
if ( BT1_Get() ) LEDn_Clear();
LED1_Clear(); else LEDn_Set() ;
for (i=0,;i<2000000;i++) {} }
}
while( true ) 3.3V =
{ z
for (i=0;i<2000000;i++) {} ;
LED1_Toggle() ; &
} S
) ~

*PA12 =1, LED1 ON

2 *PA12 = 0, LED1 OFF 55
3V N Green  R33 AAA-L Ao |GND BTI A 00
o lﬁ Q8 I EI * Press BT1,PD00 = 0
FDN337N ) )
PA12/PWM(TC2.0/TCCO.6TCC12) PA12 T I :I: C53 Release BT1, PDOO = 1
BSI3 RS54 A A A LOK RSS A ALK 4o 0.01uF
|

GNDGND
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%€ Labl PORT Input and Output

Step 7

* Open main.c and finish TODO 1.01 to 1.03 for PORT Input and Output.
Finolude <stdbooi.n> /) Datines true

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

// TODO 1.01
uint32_ t i = 0;

int main (void)

{
/* Initialize all modules */
SYS Initialize ( NULL );

while ( true )

{
/* Maintain state machines of all polled MPLAB Harmony modules. */
SYS Tasks ( );

// TODO 1.02
for (i =0 ; i < 2000000 ; i++ ){}
LED1_Toggle() ;
LED2_ Toggle() ;

// TODO 1.03
if ( BT1_Get() ) LED3 Clear();
else LED3_Set();

}
return ( EXIT FAILURE );
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%€ Lab1 PORT Input and Output

Step 8

* Click on icon Tﬁ to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE — | k4
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
T = 5 G4 H o : 'I:I' - @ - - FC:0x) - How do 7
Projects | Files | Servies ] Resous IMCC] x| &1 || Kt Window s [ StartPage | Froject Graph x | ] meine = | sy ¥ Bl Conliguration Options x Ei
'_‘ElL oo 035 S DL T Tz TC s . . IELE I
Project Resources _ . E E’ .
¥ Libraries : '|.|:| : L :
SR ) e BB bR R -HB-Q
» Packs ] ] = TIEINTIT) I 1 i
¥ Peripherals I I 5 o S i
o TS Clean and Build Project |IE———————— YW \|qke and Program Device
= System Microchip Technology Inc. -DMA (DMAC)
G- WDT
Device Resources (Z Content Manager I - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOB4) = Scripting = MPLAB® Code Configurator . Lab01_Input_Output_PORT (Clean, Bu
e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -Illl.nll ULTSSIDWU —JEWALUE 3 N L 1L =
nput_Output PORT - Dashboard ¥ | muain(} - Mavigalor =1 " - - - - . n n n
i?’EL{QﬁL@i}AT : Summat C:\Program Files‘\Microchiphxc32hwad.48\bin"\\®xc32-binZhex dist/default/production/Lab01_Input
g | [ 18 Dot Type: Appleation - Configumion: deful Thifl make[2]: Leaving directory 'C:/Exercises/Lab01_Input_Output_PORT/Lab01_Input_Output_PORT.X'
\") PIC32CHEI02580341128 :
ﬂ Checkenm: N4 . .
CRC32: 0xh047CO4D e: f..A\srchconfighdefaultWPIC32CXK168255G41128.1d
o) g2 ( BUILD sucEssFuL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
[ Data Tsed: 116 (0x74) Free: 270,220 (D IFAC)
Program 1,048,576 (0100000} bies

“C:\Program

make[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Loading fils
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
BUILD SUCCESSFUL -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for external changes = 4, a0:21 IR

Loading code from C:/Exercises/Lab01_Input_Output_PORT/Lab01_Input_Output_PORT.X/dist/default/production/Lab01_
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%€ Lab1 PORT Input and Output

Result (to be continued)

®
LED1 and LED2 continues toggle

ERg
L

-
Push BT1 to light LED3
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% Lab1l PORT Input and Output

Button Response Discuss

* Does the response speed of the button depend on the LED flash period ? Why ?
* Try to change detection mechanism to state machine.

Sines2 i =
main.c

uint32_ t i = 0;

int main (void)

{
SYS Initialize ( NULL );

while ( true )

{

// TODO 1.02
for (i =0 ; i < 2000000 ; i++ )({}
LED1 Toggle() ; * Wait until delay finish,
LED2_Toggle() ; then continue.

// TODO 1.03
if ( BTl _Get() ) LED3 Clear();
else LED3_Set():

—

uint32 t i = 0;
int main (void)
{
SYS Initialize ( NULL );

while ( true )

{

// TODO 1.02
if ( ++i >= 2000000 )
{ * Continuously check the status,
i=20; only do something when condition match.
LED1 Toggle() ;
LED2 Toggle() ;

}
// TODO 1.03

if ( BTl _Get() ) LED3_Clear();
else LED3_Set();
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% Lab1l PORT Input and Output

Step 8

* Modify the TODO 1.02 to state machine to improve detection mechanism and efficiency.

uint32 t i = 0; i

int main (void)

{
SYS Initialize ( NULL );

while ( true )

{

// TODO 1.02 4 The response speed of the Button R
// for (i =0 ; i < 2000000 ; i++ ){} .
// LEDL Toggle(); depend on LED flash period.
// LED2 Toggle();
if ( ++i >= 2000000 ) * Because in the previous mechanism
{ the CPU needs to wait delay complete
i=20; [ .
LED1_Toggle() ; a.nd can't do other things at the same
LED2_Toggle() ; time.
}
* Changing the detection mechanism to
// TODO 1.03 . .
if ( BT1 Get() ) LED3 Clear(); state machine can improve control
else - LED3 Set () ; method and efficiency.
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%€ Lab1 PORT Input and Output

Step 9

* Click on icon Tﬁ to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE — | k4
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
T = 5 G4 H o : 'I:I' - @ - - FC:0x) - How do 7
Projects | Files | Servies ] Resous IMCC] x| &1 || Kt Window s [ StartPage | Froject Graph x | ] meine = | sy ¥ Bl Conliguration Options x Ei
'_‘ElL oo 035 S DL T Tz TC s . . IELE I
Project Resources _ . E E’ .
¥ Libraries : '|.|:| : L :
SR ) e BB bR R -HB-Q
» Packs ] ] = TIEINTIT) I 1 i
¥ Peripherals I I 5 o S i
o TS Clean and Build Project |IE———————— YW \|qke and Program Device
= System Microchip Technology Inc. -DMA (DMAC)
G- WDT
Device Resources (Z Content Manager I - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOB4) = Scripting = MPLAB® Code Configurator . Lab01_Input_Output_PORT (Clean, Bu
e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -Illl.nll ULTSSIDWU —JEWALUE 3 N L 1L =
nput_Output PORT - Dashboard ¥ | muain(} - Mavigalor =1 " - - - - . n n n
i?’EL{QﬁL@i}AT : Summat C:\Program Files‘\Microchiphxc32hwad.48\bin"\\®xc32-binZhex dist/default/production/Lab01_Input
g | [ 18 Dot Type: Appleation - Configumion: deful Thifl make[2]: Leaving directory 'C:/Exercises/Lab01_Input_Output_PORT/Lab01_Input_Output_PORT.X'
\") PIC32CHEI02580341128 :
ﬂ Checkenm: N4 . .
CRC32: 0xh047CO4D e: f..A\srchconfighdefaultWPIC32CXK168255G41128.1d
o) g2 ( BUILD sucEssFuL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
[ Data Tsed: 116 (0x74) Free: 270,220 (D IFAC)
Program 1,048,576 (0100000} bies

“C:\Program

make[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Loading fils
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
BUILD SUCCESSFUL -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for external changes = 4, a0:21 IR

Loading code from C:/Exercises/Lab01_Input_Output_PORT/Lab01_Input_Output_PORT.X/dist/default/production/Lab01_
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%€ Lab1 PORT Input and Output

Result

®
LED1 and LED2 continues toggle

Lfll'hnj i J
L

Push BT1 to light LED3 immediately !
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Appendix :
Code Trace and PORT Register
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MPLAB X IDE Shortcut key

« MPLAB X IDE Provide a few shortcut key to enhance your performance.

. ctrl alt \ Show All Code Completion Popup (Code Automatically Complete)

(Alternative shortcut : Ctrl +\, Ctrl + Alt + Space)

Open Macro or Function (Code Trace)

Backward (Code Trace)

alt 1 shift = Code Format

ctrl shift C

Toggle Comment

 More ? Tools > Options > Keymap

Export.. || Import.. Aoply | | Cancel || Help
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MPLAB X IDE Code Trace

Prototype of Macros or Functions

* Using shortcut keys, you can easily find the code prototype of Macros or Functions,

and return to the previous location at any time.

int main (void)

{

while ( true )

{
if ( ++1 >= 2000000 )

{
i = 0;
ILED1_Toggle (); *
LED2 Toggle ()
}
| i 4

/*** Macros for LEDl pin ***/

alt

D 4
-
L

#define LED1 Set () (PORT REGS->GROUP[0].PORT OUTSET = ((uint32 t)1U << 12U))
#define LED1 Clear () (PORT_REGS->GROUP[0].PORT OUTCLR = ((uint32 t)1U << 12U))
| #define LED1 Toggle () (PORT REGS->GROUP[0].PORT OUTTGL = ((uint32 t)1U << 12U))]
#define LEDI OutputEnable () (PORT _REGS->GROUP[0] . PORT DIRSET = ((uint32 t)1U << 120))
#define LED1 InputEnable () (PORT REGS->GROUP[0].PORT DIRCLR = ((uint32 t)1U << 12U))
#define LED1 Get () ( ( (PORT_REGS->GROUP[0].PORT IN >> 12U)) & 0x01U)

#define LED1 PIN PORT PIN PA12

* Macros will be named according to your custom GPIO name.

main.c

plib_port.h
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PORT Register Access Register Summary

from datasheet
m.ﬂﬂ“ﬁ_ Pos.

7:0
) 15:8
0x00 DIR 2316

AHB-APB Bridge B DIR 0x41008000 31:24

* Advanced High-performance Bus. 7.0

* Advanced Peripheral Bus. DI RCLR 0x41008004 15:8

Ox04 DIRCLR 9316
0x41008008 :
DIRSET X 31:24

0x4100800C 7:0
DIRTGL X 15:8

0x41008010 0x08 DIRSET 2316

0x41002000
DSU ouT 31:24
0x41008014

0x41004000 N uMCTRL OUTCLR e
0x41006000 CMICC OUTSET 0x41008018 0x0C  DIRTGL . ¢

0x41008000 31:24
PORT 0x4100801C :
0x4100A000 OUTTGL 70

15:8
0x10  OUT
0x4100C000 DALAAE gf;i

0x4100EO000 0x41008080 7:0
DIR X 0x14  OUTCLR ;35_:186
0x41008084 3 1j2 4
DIRCLR ;
0x41008088 7:0

15:8
0x4100808C 0x18 OUTSET 9316

31:24
0x41008090 7:0
15:8
23:16
31:24

0x41000000 USB

PORTA

PORTB

0x1C OUTTGL

@ MICROCHIP



PORT Register Access

/*** Macros for LEDl pin ***/

plib_port.h

#define LED1 Toggle () (PORT REGS->GROUP[0].PORT OUTTGL = ((uint32 t)1U << 12U))

* There are two way to access Register:
* Access by Register Pointer :

*(__10 uint32_t *) (0x4100801CU) = ((uint32_t)1U << 12U));

* Access by Pre-defined Struct : (PORT REGS->GROUP|[0].PORT OUTTGL = ((uint32_t)1U << 12U))

* PORT_REGS->GROUP[0].PORT_OUTTGL = 0x4100801C

(" PORT_REGS->GROUP[0] )

( pic32ex1025s941128.h )

} port registers t;

port group registers t

#define PORT_REGS ((port _registers t*)0x41008000)
0x41008000
DIR
0x41008004 e

DlRCLR /* GROUP register API structure */

0x41008008 typedef struct

DIRSET {

DIRTGL 0x4100800C IO wuint32 t PORT DIR; /* Offset: 0x00 */
< 0x41008010 _ 10 uint32_t PORT OUT;  /* Offset: Ox10 */
= ouT ~ 10 uint32 t PORT OUTCLR; /* Offset: Ox14 */
g OUTCLR 0x41008014 10 uint32 t PORT OUTSET; /* Offset: 0x18 */
a O0x41008018 |__TIO uint32_t PORT OUTTGL; /* Offset: 0x1C */|

X

OUTSET } ;ort group registers t;

0x4100801C - - -

OUTTGL #define PORT GROUP NUMBER 4

/* PORT register API structure */
typedef struct
S ) { /* Port Module */

GROUP [PORT GROUP_NUMBER] ;

Vs

((uint32_t)1U << 12U))

0x1000 (Hex)
0001 0000 0000 0000 b  (Binary)
1111 11

5432 1098 7654 3210
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PORT Register Access

Access PORT Register to control LED example

* You can control LED by accessing the Register Pointer or Pre-defined Struct of PORT, but
it requires some knowledge.

uint32 t i = 0; .
int main (void)
{
SYS Initialize ( NULL );
while( true )
{
if ( ++i >= 2000000 )
{
i=20;
*(__IO uint32 t *) (0x4100801CU) = ((uint32 t)1U << 120));
}
1
1

OR
int main (void) main.c
{
SYS Initialize ( NULL );
while ( true )
{
if ( ++i >= 2000000 )
{
i=20;
(PORT REGS->GROUP[0] .PORT OUTTGL = ((uint32 t)1U << 12U))
}
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Timer by Polling - TC
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PIC32CX-SG Timer/Counter

* The PIC32CX-SG Timer/Counter (TC) modules consists of Counter, Compare, Capture
and Control Logic.

* The counter can be set to count events or clock pulses. The counter, together with the
compare/capture channels, can be configured to timestamp input events or 1/0 pin
edges, allowing for capturing of frequency and/or pulse width.

* It can also perform waveform generation, such as frequency generation and pulse-
width modulation (PWM).
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Timer/Counter (TC) Block Diagram

* PIC32CX-SG TC Block Diagram

Base Counter

{Counter T '« “count” » OVF (INT/Event/DMA Req.)
! " .
[ € clear » ERR (INT Req.)
: i "load" Control Logic
%
i . "direction” TC Input Event
LR X :
A
A A 4 TOP
= |7 lw
A 4 § <
— BOTTOM HE
>
[
Compare/Capture
(Unit x = {0,1}
L A 4
"capture”
Control Logic
WO[1]
Waveform
Generation » WO[0]
A
— "match”

Event
System

» MCx (INT/Event/DMA Req.)
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PIC32CX-SG Timer/Counter

* The block diagram just a concept. For actual and detailed block diagram, please refer
to datasheet.

* The clock will via the prescaler and into TCx count, continuously comparing with the
set target value (CCx). When matched, it will set the flag and reset the counter to zero.

* You can fill a value

to CCx to determine 1:1 =
period you want 1:2
* 1:4

1:8
1:16
Target Value 1:64
[ (ch) 32} 1:256

—0-

|
Set Flag : ) 1:1024
(INTFLAG.OVF) |~ Compa rator

Timer Countem
(TCx count) (Y Clock Source

Match Pulse-Width Modulation (MPWM), 16Bit, Up count
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PIC32CX-SG Timer/Counter

* TC modules provide more difference operation mode for various control methods.
This training only force on Timer (default is MIPWIM mode). It’s easy to use.
If you want to know more, please refer the datasheet.

* Normal Frequency Generation (NFRQ)
toggled on each compare match

* Match Frequency Generation (MFRQ)

toggles on each update condition

* Normal Pulse-Width Modulation Operation (NPWM)
toggles on each match & update condition | «—Period (T)——

* Match Pulse-Width Modulation Operation (MPWM) MAX oo

toggles on each match & update condition

Match Pulse-Width Modulation (MPWM), 16Bit, Up count
@Mlcnocmp
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Add or Remove MCC Harmony Module

* Find required component in Device Resources.
* Click on [ to add the module to your Project Resources.
* Click on §4 could remove the module from Project Resource.

Device Resource }

Device Resources | |2 Content Manager
b SUPC |

Project Resources}

Project Resources | Generate || Import.. || Export | | @ || @

¥ Libraries

¥ Harmony

-
TCO @5 = 10 b Dacke
i click§8 _

¥ Penipherals

©E = 1 e
OL=T1G > NVMCTRL
©OE = ¢4 v TC

..
@@L = 16 ﬂ -
© LR = 16
©E = 7
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MCC Harmony Module Configuration Options Example

* Click the modules under Project Resources to open its configuration options interface.

* You can modify the value of the option, and the modified items will be highlighted in
Green, then you can use the Clear User Setting feature to restore the modified items

to the default when you need.

Projects | Files

Resource Management [MCC] x l [=1

Configuration Options =

MCC v5.5.2

= &

Project Resources | Generate | Import..

Export a '-;.J

¥ Libraries
¥ Harmony
* Packs
¥ Peripherals
P EVSYS
* MNWMCTRL
¥ TC
= 10
< TC1 %

¥ System

Device Resources (Z Content Manager

Pk RTC

F SDHC

» SERCOM
b SUPC

F TC

=-TCO

-~ Counter Mode

Right click the title
could clear user setting
to default

Right Click!
~Select Prescaler

~#* 4 Timar resoluti *I 6667
~Prescaler and Counter Sy ation
- Dperating Mode

TC_CTRLA_PRESCALER

%ﬁ

E%:I--Time
“-Timer Period 58,592 =

é----EnahIe Timer Period Interrupt )

Value different to default

[ Sles,
Run during Standby (]
“-Clack On Demand [

Clear User Setting
: Display Mode
=-Timer 7
- Enable One-Shot Mode 0 Show User Manual Entry
%----Timer Period Unit milisecond |
1,000 =

will change to green color
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* Lab2 TC Timer Method Polling
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% Lab2 TC Timer Method Polling

* Try adding TCO and TC1 instead of software delay to control LED1(PA12)
and LED2(PA13) to continues toggle.

* Setup the TCO to Timer and Polling method (MPWM 16-bit mode), and
the Timer period to 500ms, LED1 will flash at 500ms ON/OFF.

* Setup the TC1 to Timer and Polling method (MPWM 16-bit mode), and
the Timer period to 40ms, LED2 will flash at 40ms ON/OFF.

Let’s go !
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Find the Peripheral Modules in the MCC Device Resources

* By default, the MCC Device Resources are collapsed. You need to expand them before
you want find the peripheral modules and the click ¢ button.

Projects Files

Resource Management [MCC] =

MCC v5.5.2

Project Resources

Generate

Impart...

Export

¥ Libraries
k Harmony
¥ System

£ System

Device Resources

E';g Content Manager

¥ Libraries

T 2 Harmony

Projects Files

Resource Management [MCC] = ] [=]

MCCw5.5.2

Project Resources

Generate

Export 9 ':.\J

Import...

¥ Libraries
* Harmony
¥ System

=+ System

Device Resources

& Content Manager

4

¥ Libraries
¥ Harmony
¥ Peripherals
 AC
b ADC
b CAN

» SUPC
v TC
gd = TCo
§g = TC!

* Expand the options until the peripheral module you need appears.
| IF
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% Lab2 TC Timer Method Polling

Step 1

* Find TCO and TC1 component in Device Resources, we use it for LED toggle delay.
* Click on jgg to add the TCO and TC1 module to your Project Resources.

. )
—{ Device Resource |

Device Resources | 2 Content Manager

(r: )
| Project Resources | l

Project Resources | Generate || Import.. | Export | W || &

¥ TC | C |
o @) Ee = TCo
a1 @ REE TC

O Ll = (i3

5

F e

¥ Libraries

¥ Harmony
* Packs
¥ Penipherals
» EVSYS
» NVMCTRL
¥ TC
7CO ® = 10 |
TC1 @ =
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MCC Harmony Module Configuration Options Example

* Click the peripheral modules under Project Resources to open its configuration options

interface. You can click on the top |+|to expand all options.
Projects Files Resource Management [MCC] xl = _Cnnﬁguraﬁnnﬂpﬁnns x =
MCC v5.5.2 = [+

Project Resources Generate || Import.. || Export

¥ Libraries
¥ Harmony
* Packs

¥ Peripherals

b EVSYS
> NVMCTRL
v 1C
< TC0
< TC1 [}'@
¥ System

~Zaunter Mode
- Select Prescaler Frescaler:
- *EEETImer resolution is 16.66666066667 nS****
E-Operating Mode Timer
- Timer

~Enable One-Shot Mode
~Timer Period Linit
EHTime

~-Timer Period

]

59,993 2

~Enable Timer Periad Interrupt B

Device Resources (% Content Marc ey / E}--EiventS | |
P RTC ¥ ~~Enable Timer Period Overflow Event [
b SDHC --Enable Timer Input Event ]
E-Sleep Configurations
" SEeon -Run during Standby ()
FeREUn dunng standoy
F SUPC
“Clock On Demand [
F TC

Counter in 16-bit mode -~

-~ Prescaler and Counter Synchronization  |Reload or reset the counter on next prescaler clock

milisecond -~

GCLK_TC >

et




% Lab2 TC Timer Method Polling
Step 2

* Modify the Prescaler and fill the Timer Period of TCO.

= X TC Clock = 60MHz
Configuration Options x| | One second counts of system clock :
= H
1c0 |=Tco [ Counter in 16-bit mode ] 60,000,000 counts
- Counter Mode Counter in 16-bit mode + One second counts after Prescaler :
- Sglect Prescaler |Prescaler: GCLK_TC/1024 ~ | Prescaler: GCLK_ TC/1024 60’ 000’ 000 / 1024 = 58’593. 75
- HEEETimer resolution is 17066.6668657 ng****
--Prescaler and Counter Synchronization | Reload or reset the counter on next prescaler dock w - 58’ 593 counts
& Operating Mode =~ 500ms counts for target :
= Timer . (500ms /1s ) *58,593  =29,296.5
~Enable One-5hot Mode
~Timer Period Unit milisecond | (illisecond| = 29,296 counts
( a-}ime sofs| [ 500 Counter clear to zero at the next tick :
Count of Timer Period |- Timer Periad 29,295 2 29 2
+1 29,2 n
- Enable Timer Period Interrupt@ 9’ 95 9’ 96 counts
B E:uents * Don’t Enable !
~~Enable Timer Period Overflow Event [ How to calculate count 29,295 ?
‘-Enahle Timer Input Event )}
=-Sleep Configurations * The timer period may have error when the set time
) is not a multiple of the clock cycle, because the minimum
Run during Standby () unit of the timer is 1 clock.
“Clock On Demand [ * The actual timer period = clock cycle * timer count.
(1/60MHz * 1,024 ) * 29,296 = 0.499985s = 500ms
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% Lab2 TC Timer Method Polling
Step 3

* Modify the Prescaler and fill the Timer Period of TC1.

] X
Configuration Options "‘I |
= H
TC1 |=T1C1
- Counter Mode Counter in 16-bit mode ~ [ Counter in 16-bit mode ]
- Select Prescaler Prescaler: GCLK_TC/256 -~ | Prescaler: GCLK_TC/256

- *EEETImer resolution is 4266, 66666667 nS****

~Prescaler and Counter Synchronization | Reload or reset the counter on next prescaler dodk
- Operating Mode Timer o

Ié}--Tirner

- Enahle One-5hot Mode ]

~Timer Period Unit milisecond ~ ~ |miIIisecond|
EHTime 40 40
[Count of Timer Period]i----Timer Period 9,374 %

- Enable Timer Period Interrupt IE’ Disable

EHEvents * Don’t Enable !
%----Enable Timer Period Overflow Event []
‘-Enahle Timer Input Event ]

=-5leep Configurations
Run during Standby [
“Clack On Demand ]

TC Clock = 60MHz
One second counts of system clock :
60,000,000 counts
One second counts after Prescaler :
60,000,000 / 256 234,375 counts
40ms counts for target :
(40ms / 1s ) * 234,375 9,375 counts
Counter clear to zero at the next tick :
9,374 +1 9,375 counts

How to calculate count 9,374 ?

* The timer period = clock cycle * timer count.
(1/60MHz * 256 ) * 9,375 = 40ms
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% Lab2 TC Timer Method Polling

Step

4

* Click on | Generate | button to generate your code after configuration.

Device Resources | | b S}"stem
¥ Libraries
R ; o = System
armony .
' Eitz =
i -
b02 Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer Polling TC 15:
Froject Type: Application - Configuration: defanlt 1 5 .
i Device b
g PIC32CK 10255041128 15:
Checksnm: Blank, no code loaded
ER CRC32: 0x8946CTED 15:
& % Packs .
o5 PICZICH-3G41_DEP (1.5.140% 15 -
& CMEIS (5.4.0) 15+
1" Compiler Toolchain "
1 HC32 (wd 400 [C4Program Filedhicrochipioe 324 40Wbin] 1 5 .
1 Production Image: Optimization: gec O1 g+ 01 .
1" Device support information: FIC32CE-3041_DFF (1.5.140) 1 5 -
Memory -
Diata. 270,236 (0x42000) bates 15:
0%
mm Date Used: 116 (0x74) Free: 270,220 (0:41F8C)

Projcts | Files | Services | Resource Management [MCC] x |

=

P00 - How doI?

MCC v5.5.1

Bpuration Oplions % =)

Generate

Impaort... | Export | e || @

Project Resources

¥ Libraries
¥ Harmomny
b Packs
» Peripherals

[
L’m Gene

rate

ystem
Device % Project Configuration
Cortex-M4 Configuration
Paorts
Clock
Interrupts (NVIC)
DA (DMAC)
WDT

Outpui x[ Mews T Motifications [MCC] l

Program 1,048,576 (D:100000) btes

Curiosity/Starter Kits (FKOB4) =

4

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
te.
te.
ta.
5e.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LN W - -I'J.L.J.LL.AJ.U.LJJU‘-I-J.J.LU_UI r '\I..IJ.U '\I.JJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II SUCLCLT DD .

INFO: HARMONY: [ MHC ] Executing generate hook
TR [ e

INFO: | Generation complete (total time: 5396 milliseconds)

TR TR EERRERTEREE™

INFO: [ Generation complete ]

INFO: HARMOMY: | python-print 1 preGenerateEvent

INFO: HARMONY: [ python-print ] interfaceValidationEvent
INFO: HARMONY: [ python-print ] processDataModel

INFO: HARMONY: [ python-print ] postFinalProcessing

Scripting ®  MPLAB® Code Conhguralor =
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TC Polling

TCn Interface Functions

* TCn_Timerlnitialize

* TCn_TimerStart

* TCn_TimerStop

* TCn_Timerl6bitPeriodSet

* TCn_Timerl6bitPeriodGet

* TCn_Timerl6bitCounterSet
* TCn_Timerl6bitCounterGet
* TCn_TimerPeriodHasExpired

: Initialize the TCn module in Timer mode

: Enable the TCn counter/timer

: Disable the TCn counter/timer

: Configure timer period

: Read the timer period value

: Configure timer counter value

: Get the current timer counter value

: Polling method to check if timer period interrupt flag is set
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TC Polling

TCn Interface Functions

void TCn_TimerStart ( void )
* Description:
* Enable the TCn counter/timer.

bool TCn_TimerPeriodHasExpired ( void )
* Description:
* Return timer period interrupt flag status.

* Example :
TCn_TimerStart();

if( TCn_TimerPeriodHasExpired() )

{
// do something ...

}
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TC Interrupt Flag Event

* The TC has the following interrupt sources:
* Overflow/Underflow (OVF)

Counter overflow/underflow

* Match or Capture Channel x (MCx)
Compare match or capture

* Capture Overflow Error (ERR)
New capture interrupt occurs while interrupt flag is set.

Bit 7 6 5 4 3 2 1 0
| | MC1 | MCO | ERR OVF
Access R/W R/W RIW R/W
Reset 0 0 0 0

* How Polling method to check timer overflow interrupt flag status ?
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TC Polling Code Example
TC Timer Polling method (MPWM Mode) Overflow Example

* Use functions to start the timer and continuously check whether the timer complete.

int main ( void ) main.c
{ b

TCx_TimerStart();

while ( true )

{
if ( TCx_TimerPeriodHasExpired() )
{

LED1 Toggle () ;
}

}
/* Execution should not come here during normal operation */

return ( EXIT FAILURE );

I%

bool TCx TimerPeriodHasExpired( void ) plib_tcX.c
{

uint8 t timer status = 0U;

timer status = (uint8 t) ( (TCx_ REGS->COUNT16.TC_ INTFLAG) & TC_INTFLAG OVF Msk );

TCx REGS->COUNT16.TC INTFLAG = timer status; *When the timeris completed, timer overflow interrupt flag (OVF) = 1.

return (timer status != 0U);

* Use TC_INTFLAG_OVF_Msk to mask TC interrupt flag register to check OVF event. ‘ OVF ‘

OVF
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% Lab2 TC Timer Method Polling
Step 5

* Open main.c and finish TODO 2.01 to comment out or remove the code of previous lab.

#include <stdlib.h> // Defines EXIT FAILURE

#include "definitions.h" // SYS function prototypes
uint32 t i = 0;
int main ( void )
{ /* Initialize all modules */
SYS Initialize ( NULL );
while ( true )
{ SYS Tasks ( );

// TODO 2.01

if ( BT1 Get() ) LED3 Clear();
else LED3 Set();
}

return ( EXIT FAILURE );
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% Lab2 TC Timer Method Polling
Step 6

* Finish TODO 2.02 to 2.03 for enable TCO and TC1, then flash LEDs regularly.
?nt main (void)

/* Initialize all modules */
SYS Initialize ( NULL );

// TODO 2.02
TCO_TimerStart();
TCl_TimerStart();

while ( true )

{

// TODO 2.03
if ( TCO_TimerPeriodHasExpired() )

{
LED1_Toggle() ;

}

if ( TCl_TimerPeriodHasExpired() )

{
LED2_ Toggle() ;

}

if ( BT1 Get() ) LED3 Clear();
else LED3 Set();
}

return ( EXIT FAILURE );
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% Lab2 TC Timer Method Polling
Step 7

* Click on icon Tﬁ to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE - O X
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
P = f‘m ":" . @ . . PBC:0x) | How do1?
Projects Files Services 40 Resous IMCC] x| o || it Window x| Start Page = ‘ FProject Graph = |E‘|]mm¢ x| spbo L Confipuration Oplions X =)
|,|L Gises_2005_Suues. Elitehl ab02, Tiser Polliap TChscheia s IELE I
Project Resources _ . E E’ .
¥ Libraries : '|.|:| : L :
T B e JE-H-B- DR R-B-Q
» Packs a a [ PRRLELERLE I 1 a
» Peripherals I [ . . [ .
v Systerm W Clean and Build Project m Make and Program Device
oo Microchip Technology Inc. ¥ DMA (DMAC)
- WDT
Device Resources (Z Content Manager I - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
» = Harmony 1 5 . .
! ML Eite x  Curiosity/Starter Kits (PKOB4) = Scripting * = MPLAB® Code Configurator x  Lab02_Timer_Polling TC (Clean, Bu  x
e AFI UEI aQm 1 LATD Al ULIIJ.IJ WAL JEL WS LU AL '\ALJL_ELL-EAE _IIIIJI ULTSSIDWU —JEWALUE 3 N L 1L =
_ab02_Timer Polling - Dashboard * | main{) - Mavigalor =1 - - - - T - - - .
5 T o T e Summat C:\Program Files\Microchip\xc32\v4.48\bin"\\xc32-bin2hex dist/default/production/Lab02_Timer
g | [ 18 Dot Type: Appleation - Configumion: deful Thif| make[2]: Leaving directory 'C:/Exercises/Lab02_Timer_Polling_TC/Lab02_Timer_Polling_TC.X'
G FIC3ICH10255G 41133 I
Checksum: 4

EA CRC3Z: 0xA947C04D

Y | g8 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory

Diata 270,336 (DA 20000 bortes

0%
[ Data Tsed: 116 (0x74) Free: 270,220 (D IFAC)
Program 1,048,576 (0100000} bies

( BUILD SUCESSFUL Le: ./..\srchconfighdefault\PIC32CX16255G41128.1d
J

“C:\Program

make[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Loading code from C:/Exercises/Lab02_Timer_Polling_TC/Lab02_Timer_Polling_TC.X/dist/default/production/Lab02_Timer
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Info: Loading fils

Checking for external changes = 4, a0:21 IR

ﬁ\ MICROCHIP



% Lab2 TC Timer Method Polling

Result

®
LED1 regularly turne on and off every 1s.

L
2

LED2 regularly turne on and off every 80ms.
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Interrupt - NVIC
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What’s Interrupt

* An interrupt is a mechanism that temporarily halts the main program to respond to
important or urgent events.

* When multiple interrupts occur at the same time, the system uses predefined
priorities to decide which one to handle first.
Higher-priority interrupts are serviced before lower-priority ones.

* For Example,

* Single Interrupt Example Multiple Interrupts
You are doing homeworkD. The phone rings Qg Example
you pause and answer it. \ L7
After the call you return to your homework.

* Multiple Interrupts Example m* s gjf‘gggy,
You are reading a book[_].

The gas alarm (B high priority) L))

and doorbell (Qlow priority) go off at the same time (Dporbell,

you handle the alarm first.

Then answer the door @' ({éa

and return to reading. M4 ke
% to reading
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Nested Vector Interrupt Controller

* The Nested Vectored Interrupt Controller, NVIC of Cortex M4F provides an interface
between interrupt sources (peripherals and external pins) and the core.
* 1 Non-maskable interrupt (NMI), SysTick and 137 physical interrupts
for PIC32-SG41/61 series.
8 priority Levels for each interrupt source is software-configured, 0 is highest priority.
* Each interrupt lines has connected
to one peripheral instance and
have one or more interrupt flags. U we [
* An interrupt request is generated s e
from the peripheral when the 1
. SysTick
interrupt flag has been set,
and the corresponding interrupt is enabled.

NMI
-

PIC32CX SG41/61 ARM Cortex M4F
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Interrupt & Exception

* The Arm Cortex-M4F supports
two types of event-driven mechanisms:

* Exceptions (System-Level Events)

* Exception Numbers: -15 to -1
* Managed by: SCB
(System Control Block)

* Interrupts (Peripheral-Level Events)
* Exception Numbers: 0to 136
* Managed by: NVIC
(Nested Vector Interrupt Controller)
* Fully configurable for
Enable/Disable and Priority

* All exceptions and interrupts us
a vector table for their handlers.

Code

SRAM

Peripherals

‘ System

*1 By Default, VTOR = 0x00000000
*2 VTOR (Vector Table Offset Register, SCB->VTOR)

Internal Flash €

CMCC
QsPI

Exceptions

Interrupts

Vector #

_R{R_R|( R~

1 1 0 ] 1 1
. 1 1 1 1 [ | N

136

Vector Name IRQ
Reset
NMI
HardFault
MemoryManagement
BusFault
UsageFault
svcall
DebugMonitor
PendsV
SysTick
PM
MCLK
OSCCTRL_XOSCO
OSCCTRL_X0SC1
OSCCTRL_DFLL
OSCCTRL_DPLLO
OSCCTRL_DPLL1
OSC32KCTRL
SDHC1
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Natural Priority

* Natural Priority is a built-in,

fixed priority scheme based on interrupt numbers.

It is used when two or more interrupts have
the same software-configured priority.

* Lower interrupt numbers (Vector #) have
higher natural priority.

* Applies to both,
Exceptions (System-Level Events)
Interrupts (Peripheral-Level Events)

Natural Priority Order

Exceptions

Interrupts

' ' ' ' ' '
H U J . ] (R ===

U

Vector # Vector Name

136

IRQ #
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Interrupt Arbitration

* When multiple interrupts are pending at the same time, uses a two-level arbitration
mechanism to decide which interrupt to handle,

1.Configurable Priority _ Vector# Vector Name  IRQ #
Lower software-configurable priority values
mean higher priority (priority O is highest, 0 - 7)

2.Natural Priority
If interrupts have the same programmed priority,
uses natural priority as a tiebreaker.
Lower interrupt numbers
have higher natural priority.

Exceptions

Higher Priority )

* Arbitration Example,
TCO and TC1 interrupts are pending at the same time,
TCO(107) have higher priority than TC1(108)
if both have the same software-configurable priority(0).

Interrupts
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Tail Chaining in the NVIC

* Tail-chaining is back-to-back processing of exceptions. it's can reduce unnecessary POP
and PUSH. when exiting one ISR and entering another because this has no effect on
the stack contents.

A
IRQ1 i
Highest SATTTTT T m e
IRQ2 ------ -
42 CYCLES
ARM7 . PUSH ISR 1 POP PUSH ISR 2 POP

|<—26—>{ }4—16—»}4— 254.{ F16—>\
i Tail-chaining

Cortex-M | PUSH ISR 1 ISR 2 POP

== el 12
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Late Arriving in the NVIC

* Late-arriving speeds up preemption. If a higher priority exception occurs during state
saving for a previous exception, the processor switches to handle the higher priority
exception and initiates the vector fetch for that exception.

A !
IRQ1 5 /
Highest . i
IRQ2 ———| |
ARM7 I ' PUSH PUSH ISR 1 POP ISR 2 POP
}4*26—+— 26 —] ‘4—16—>‘ }«16—»\
Cortex-M PUSH ISR 1 ISR 2 POP
12 o] 4 6 |- 12

Tail-Chaining
Extra cycles may be needed to fetch
the new vector
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Interrupt Vector Table, IVT

* The IVT is defined in
* It uses the GCC secti

address, typically at

the interrupt.c source file.

on attribute __attribute__ ((section(“.vectors”), used))
to place the vector table in a dedicated section named .vectors.

* The linker script defines the placement of the ...c.ors section at a specific memory

0x00000000.

PIC32CX10255G41128.ld

interrupt.c

< [#ifndef
#defi
#endif

Internal Flash
Code =

emcc
SRAM ase
SECTIONS
{

{

Peripherals

} >

System

==

.vectors:

N
VECTOR_REGION

ne VECTOR REGION CODE REGION

S

. = ALIGN (4) ;

_sfixed = .;

KEEP (* (.vectors .vectors.*
.vectors_default .vectors_default.¥*))

KEEP (* (.isr_vector))

KEEP (* (.reset*))

KEEP (* (.after vectors))

VECTOR_REGION

{

__attribute
const H3DeviceVec

.pvStack = & stack,

.pfnReset Handler
.pfnNonMaskableInt Handler
.pfnHardFault Handler
.pfnMemoryManagement Handler
.pfnBusFault Handler
.pfnUsageFault Handler
.pfnSVCall Handler

.éfﬁPM_Handler

.ﬁfﬁTCO_ﬂandler
.pfnTC1_Handler

((section (" .vectors"), used))
Xception_ table=

Reset Handler,
NonMaskableInt Handler,
HardFault Handler,
MemoryManagement Handler,
BusFault Handler,
UsageFault Handler,
SVCall Handler,

PM Handler,

TCO_Handler,
TCl_Handler,
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Interrupt Service Routine, ISR

* An ISR is a special function automatically executed in response to a hardware interrupt.
When an interrupt occurs, the processor uses the IVT to locate and jump to the ISR.
The ISR performs low-level handling, such as clearing interrupt flags, and checks
whether a callback function is registered.

If a callback is set, the ISR invokes it to execute user-defined application.

interrupt.c plib_tc0.c
( N

__attribute  ((section(".vectors"), used))
const H3DeviceVectors exception_table=

.pvStack = & stack,
{

.pfnTCO0_Handler = TCO_TimerInterruptHandler,
.pfnTC1l _Handler = TCl Handler,

};
\ Y,

}

}

-

/* Timer Interrupt handler */
7 ,void _ attribute_  ((used)) TCO TimerInterruptHandler ( void )

if (TCO_REGS->COUNT16.TC_INTENSET != 0U)

~

TC_TIMER STATUS status;

status = (TC_TIMER STATUS) TCO_ REGS->COUNT16.TC_ INTFLAG;

/* Clear interrupt flags */

TCO REGS->COUNT16.TC INTFLAG = (uint8 t)TC INTFLAG Msk;

if ((TCO_CallbackObject.callback != NULL) && -

(status !'= TC_TIMER STATUS NONE))

{
uintptr t context = TCO_CallbackObject.context;
TCO_CallbackObject.callback(status, context);

}
/* Timer Interrupt handler */
void User CallBack( void )

{
}
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Callback

* Callbacks help decouple application logic from hardware-level tasks, allowing the user
focus on functionality while the ISR handles low-level operations such as clearing
interrupt flags, thereby reducing system complexity and enabling easier maintenance.

* MCC Harmony supports a callback mechanism, Callback can be registered via the
xxxx CallbackRegister( ) function and executed when the event occurs.

main.c plib_tcl.c
(/* Timer Interrupt handler * N ( h
éoidlUser Callegk( void ) / R e e
= void _ attribute_  ((used)) TCO TimerInterruptHandler ( void )
- _ . . . -
} /* user-defined application */ if (TCO_REGS->COUNT16.TC_INTENSET != OU)
{
. . . TC TIMER STATUS status;
Tnt main ( void ) status = (TC_TIMER STATUS) TCO REGS->COUNT16.TC INTFLAG;
s . /* Clear interrupt flags */
igg—t{,’i‘;;giﬁgaékgzl'?sLér TCO_REGS->COUNT16.TC_INTFLAG = (uint8_t)TC_INTFLAG_Msk;
- (Usgr CallBack ( uintptr t ) 0 ); if ((TCO_CallbackObject.callback != NULL) &&
while ( true ) - ' PEr_ ’ (status !'= TC_TIMER STATUS_NONE))
. {
} pan el ()6 uintptr t context = TCO_CallbackObject.context;
return ( EXIT FAILURE ) ; TCO_CallbackObject.callback(status, context);
— 4 }
\} J }
}
///* Register callback function */ R
void TCO_TimerCallbackRegister( , )
{
TCO_CallbackObject.callback = callback;
TCO_CallbackObject.context = context;
\} o\ /
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Flowchart of MCC Harmony Callback

* Define and register the callback during initialization; it will be automatically executed
when the event occurs.

Initialize Event Occurred

Define Register

Callback Callback

(/* Timer Interrupt handler */ ) - “|( /* Timer Interrupt handler */ A
Yoid User CallBack( void ) g_i void _ attribute_ ((used)) TCO_TimerInterruptHandler( void )
8= {
/* user-defined application */ if (TCO_REGS->COUNT16.TC_INTENSET != 0OU)
= ARE {
p N g‘g TC_TIMER STATUS status;
int main ( void ) status = (TC_TIMER STATUS) TCO_REGS—>COUNT16.TC_INTFLAG;
{ /* Clear interrupt flags */
SYS Initialize ( NULL ) ; TCO_REGS—>COUNT16.TC_INTFLAG = (uint8_t) TC_INTFLAG_MSk;
TCO_TimerCal1backRegister if ((TCO_CallbackObject.callback != NULL) &&
(User CallBack , ( uintptr t ) 0 ); (status != TC_TIMER STATUS NONE))
- _ {
while ( true ) uintptr_ t context = TCO_CallbackObject.context;
SYS Tasks ( ) TCO_CallbackObject.callback(status, context);
} - }
return ( EXIT_FAILURE ); } /* Timer Interrupt handler */
\} ) \} void User CallBack( void )

L /* user-defined application */
}
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Timer by Interrupt Callback - TC
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Interrupt Callback in MCC Harmony

* MCC Harmony provides a simple way to enable interrupt callbacks for peripherals,
just one click in the configuration window.

Configuration Oplions x

=l ¥

E-TiZ0
= Counter Mode
-Select Prescaler

- Operating Mode
é}--Timer
?----Enable Cne-5hot Mode
?----Timer Period Unit
--Time
%----Enable Timer Period Interrupt

--Events

#-Sleep Configurations

Counter i 10-bit mode  «

Prescaler: GCLE_TCA024

- FEEXTimer resolution is 17066.6686067 nS****
- Prescaler and Counter Synchronization | Reload or reset the counter on nexd prescaler clack

Timer w

]
millizecond
S00 =

Enable Timer Period Interrupt
h\ * Default Setting is Enable
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Priority Settings in MCC Harmony

* Open NVIC Configuration windows in Project Graph > Plugins > NVIC Configuration.

StartPage x| 9 MPLAB X Store x| Kit Window x| ProjectGraph  x

CC4_MCO (TCC Match/Compare 0) 7 v TCC4_MCO_Handler
X CHOEE | e S S— S [reomona
- b atch/Compare 7 | _Handler
Event Configurator
MPU ':'I'Hfig"JIﬂml' CO (Timer Counter 0) v 7 ' TCO_TimerlnterruptHandler
p
DA Configuration
P:L'I'J. Cnnﬁgu:rahnn C1 (Timer Counter 1) 7 v TC1_Handler
NVIC Configuration
"' i ’___, C2 (Timer Counter 2} 7 v TC2_Handler
Clock Configuration  #7R% NVIC Configuration
TC3 (Timer Counter 3) 7 v TC3_Handler
ICA (Timer Counter A) 7 AV ICA Handler
107 TCO (Timer Counter 0) TCO_TimerlnterruptHandler
108 TC1 (Timer Counter 1) TC1_Handler
o
PDEC_QOTHER (Position Decoder) 7 v PDEC_OTHER_Handler
PDEC_MCO (PDEC Match/Compare 0) 7 v PDEC_MCO_Handler

POEC M1 (PDEC hatch Comnare 11
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TC Interrupt

TCn Interrupt Interface Functions

* TCn_Timerlnitialize : Initializes the TCn timer module in 16-bit mod.

* TCn_TimerStart : Start the TCn timer.

* TCn_TimerStop : Stop the TCn timer.

* TCn_TimerFrequencyGet : Returns the operating frequency of the TCn timer.
* TCn_Timerl6bitPeriodSet : Set the TCn period value for 16-bit mode.

* TCn_Timerl6bitCounterSet :Set the TCrn counter value in 16-bit mode.

* TCn_Timerl6bitPeriodGet : Get the TCn period value for 16-bit mode.

* TCn_Timerl6bitCounterGet : Get the TCn counter value in 16-bit mode.

o

 TCn_TimerCallbackRegister  : Registers a callback function to be called
One new function than polling mode. on Tcn interru pt eventS.
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TC Interrupt
TC Interface Functions

void TCn_TimerCallbackRegister( TC_TIMER CALLBACK callback, uintptr t context)
* Description:
* Registers a callback function to be called on TCn interrupt events
* Parameter:
* callback : Pointer to the callback function to be called on timer event.

* context : A user-defined value (typically a pointer) passed to the callback when invoked.
* Example :

void User_Callback( uint32_t status, uintptr_t context )

{ N
/* User-defined application */

}
TCO_TimerCallbackRegister( User Callback, (uintptr t) 0 );
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€ Lab3 Timer Interrupt Callback TC
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%€ Lab3 Timer Interrupt Callback TC

* Try configure TCO and TC1 to use interrupt callback method.

* LED1/2 will toggle in TCO/TC1 interrupt Callback while Timer Period

Expired interrupt.
* The TCO setup to Timer and interrupt method and keep the Timer period (500ms).
* The TC1 setup to Timer and interrupt method and keep the Timer period (40ms).

Let’'sgo !
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%€ Lab3 Timer Interrupt Callback TC

Step 1

* Enable TCO Timer Period Interrupt in configuration.

1]

Conhguration Oplions = ]

(=]

E-TCO
~Counter Mode

Comnter in 16-bit mode -~

~Select Prescaler Prescaler: GCLE TCADZ4 -

- HEEETImer resolution is 17066, 6660667 nS****

-Prescaler and Counter Synchronization | Reload or reset the counter on next prescaler clock w
Bt Operating Mode Timer
&1 Timer
;----Enahle One-5haot Mode |
%----Timer Period Unit milliseeond
--Tirne s00f2

B

é----EnahIe Timer Period Interrupt Enable Timer Period Interrupt
- Events } A\ * Default Setting is Enable

t-Sleep Configurations
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%€ Lab3 Timer Interrupt Callback TC
Step 2

* Enable TC1 Timer Period Interrupt in configuration.

= X
Conhguration Ophons x]
=] #
E-TC1
- Counter Mode Counter in 16-bit mode -
- Select Prescaler Prescaler: 3CLE _TCH4 -
- *#*EETimer resolution is 1066, 66666667 nS****
~Prescaler and Counter Synchronization | Reload or reset the cownter on next prescaler clock w
El-Operating Mode Timer
&1 Timer
;----Enahle One-Shot Mode O
%----Timer Period Unit millisecond
--Tirne 402

é----EnahIe Timer Period Interrupt Enable Timer Period Interrupt
- Events } A\ * Default Setting is Enable

E-Sleep Configurations
Run during Standby [
" Clock On Demand [
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%€ Lab3 Timer Interrupt Callback TC

Step

3

* Click on | Generate | button to generate your code after configuration.

Device Resources | | b S}"stem
¥ Libraries
R ; o = System
armony .
' Eitz =
i -
b02 Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer Polling TC 15:
Froject Type: Application - Configuration: defanlt 1 5 .
i Device b
g PIC32CK 10255041128 15:
Checksnm: Blank, no code loaded
ER CRC32: 0x8946CTED 15:
& % Packs .
o5 PICZICH-3G41_DEP (1.5.140% 15 -
& CMEIS (5.4.0) 15+
1" Compiler Toolchain "
1 HC32 (wd 400 [C4Program Filedhicrochipioe 324 40Wbin] 1 5 .
1 Production Image: Optimization: gec O1 g+ 01 .
1" Device support information: FIC32CE-3041_DFF (1.5.140) 1 5 -
Memory -
Diata. 270,236 (0x42000) bates 15:
0%
mm Date Used: 116 (0x74) Free: 270,220 (0:41F8C)

Projcts | Files | Services | Resource Management [MCC] x |

=

P00 - How doI?

MCC v5.5.1

Bpuration Oplions % =)

Generate

Impaort... | Export | e || @

Project Resources

¥ Libraries
¥ Harmomny
b Packs
» Peripherals

[
L’m Gene

rate

ystem
Device % Project Configuration
Cortex-M4 Configuration
Paorts
Clock
Interrupts (NVIC)
DA (DMAC)
WDT

Outpui x[ Mews T Motifications [MCC] l

Program 1,048,576 (D:100000) btes

Curiosity/Starter Kits (FKOB4) =

4

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
te.
te.
ta.
5e.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LN W - -I'J.L.J.LL.AJ.U.LJJU‘-I-J.J.LU_UI r '\I..IJ.U '\I.JJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II SUCLCLT DD .

INFO: HARMONY: [ MHC ] Executing generate hook
TR [ e

INFO: | Generation complete (total time: 5396 milliseconds)

TR TR EERRERTEREE™

INFO: [ Generation complete ]

INFO: HARMOMY: | python-print 1 preGenerateEvent

INFO: HARMONY: [ python-print ] interfaceValidationEvent
INFO: HARMONY: [ python-print ] processDataModel

INFO: HARMONY: [ python-print ] postFinalProcessing

Scripting ®  MPLAB® Code Conhguralor =
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%€ Lab3 Timer Interrupt Callback TC
Step 4

* Open main.c and finish TOD03.01 to comment out or remove the code of previous lab.

| |

/* Initialize all modules */
SYS Initialize ( NULL );

TCO TimerStart();
TCl TimerStart();

while ( true )

{
SYS Tasks ( );

// TODO 3.01
//
//
//
//

if ( BT1 Get() ) LED3 Clear();
else LED3 Set();
}

return ( EXIT FAILURE );
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%€ Lab3 Timer Interrupt Callback TC
Step 5

* Finish TOD03.02 to 3.04 for define Custom Software Flags and Callback functions.
.:#-include "definitions.h" // SYS function prototypes

uint32 t i = 0;

// TODO 3.02
volatile uint8_ t TCO_HasExpired
volatile uint8_ t TCl_HasExpired

o o

// TODO 3.03
void TCO_TimerExpired(TC_TIMER STATUS status, uintptr_ t context)
{

if (status & TC_INTFLAG OVF_Msk)

{

TCO_HasExpired = 1;

}

}

// TODO 3.04
void TCl_TimerExpired(TC_TIMER STATUS status, uintptr_ t context)

{
if (status & TC_INTFLAG OVF Msk)

{
TCl_HasExpired = 1;

int main ( void )
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%€ Lab3 Timer Interrupt Callback TC
Step 6

* Finish TODO3.05 to 3.06 for register callback functions and start TCO and TC1.
\/rc/aiEOQEOi'i'?.rierExpired(TC_TIMER_STATUS status, uintptr_ t context) {}

// TODO 3.04
void TCl_TimerExpired (TC_TIMER STATUS status, uintptr_t context) {}

int main (void)

{
/* Initialize all modules */
SYS Initialize (NULL) ;

// TODO 3.05
TCO_TimerCallbackRegister (TCO_TimerExpired, (uintptr_ t) NULL);
TCO_TimerStart();

// TODO 3.06
TCl_TimerCallbackRegister (TCl_TimerExpired, (uintptr_ t) NULL);
TCl_TimerStart();

while (true)

{

SYS Tasks () ;
if ( BT1 Get() ) LED3 Clear();
else LED3 Set();

}

return ( EXIT FAILURE );
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%€ Lab3 Timer Interrupt Callback TC

Step 7

* Finish TOD03.07 to 3.08 for check and clear Custom Software Flags and toggle LEDs

int main (void)

{

SYS Initialize (NULL) ;

while (true)

{

/* Maintain state machines of all polled MPLAB Harmony modules.

SYS Tasks () ;

// TODO 3.07

if (TCO_HasExpired)

{
TCO_HasExpired = 0;
LED1_Toggle() ;

}

// TODO 3.08

if (TCl_HasExpired)

{
TCl_HasExpired = 0;
LED2_ Toggle() ;

}

if ( BT1 Get() ) LED3 Clear();
else LED3 Set();

}

return ( EXIT FAILURE );

main.c
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%€ Lab3 Timer Interrupt Callback TC
Step 8

* Click on icon Tﬁ to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE — | k4
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
T = 5 G4 H o : 'I:I' - @ - - FC:0x) - How do 7
Projects | Files | Servies ] Resous IMCC] x| &1 || Kt Window s [ StartPage | Froject Graph x | ] meine = | sy ¥ Bl Conliguration Options x Ei
MCC v5.5.1 |,|L Giacs2025_ Suruoes_Eli\Lab02_Ties_Polling_TChss\ugins LELE i
Project Resources . . . . . E F .
¥ Libraries : '|.|:| : L :
S gy e N MR N}
» Packs ] ] = TIEINTIT) I 1 i
¥ Peripherals I I 5 o S i
o TS Clean and Build Project |IE———————— YW \|qke and Program Device
oo Microchip Technology Inc. ¥ DMA (DMAC)
G- WDT
Device Resources (Z Content Manager I - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOBA) = Scripting = MPLAB® Code Configuralor ® - Lab03_Timer Interrupt TC =
o Dt = = e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL \ALJL‘ELL-EAE _Illl.nll ULTSSIDWU —JEWALUE 3 N L 1L =
"L'aw;__}',-‘m'_laou;;;_{c'_ ‘ Summat,  "C:\Program Files\Microchipixc32\v4.48\bin"\\xc32-bin2hex dist/default/production/Lab03_Timer|
g | [ 18 Dot Type: Appleation - Configumion: deful Thif| make[2]: Leaving directory ‘C:/Exercises/Lab03_Timer_Interrupt_TC/Lab03_Timer_Interrupt_TC
\") PIC32CHEI02580341128 :
ﬂ Checkenm: N4 . .
CRC32: 0xh047CO4D e: f..A\srchconfighdefaultWPIC32CXK168255G41128.1d
o) g2 ( BUILD sucEssFuL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
[ Data Tsed: 116 (0x74) Free: 270,220 (D IFAC)
Program 1,048,576 (0100000} bies

“C:\Program

make[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losdine fiy| Loading code from C:/Exercises/Lab03_Timer_Interrupt_TC/Lab03_Timer_Interrupt_TC.X/dist/def
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for external changes = 4, a0:21 IR
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%€ Lab3 Timer Interrupt Callback TC

Result

* The LEDs Toggle same as Lab2 but change to interrupt callback method.
* LED1(PA12), Toggle by TCO interrupt callback.
* LED2(PA13), Toggle by TC1 interrupt callback.

A f \
ol il

eeeeee

&g

Q

i MicrocHIPS
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G

4
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Oscillator and Clock Generator
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Clock System

Multiple clock sources managed by OSCCTRL/OSC32KCTRL include External and DFLL/FDPLL.
12 Generic Clock Generators (GCLKs) create configurable clock signals from these sources.

GCLKs feed peripheral channels and DFLL input.

GCLKO dedicate provides the MCLK (maximum 120MHz) for CPU.

MCLK to generate synchronous clocks for CPU, AHB/APB buses, and peripherals.
MCLK also includes prescalers and clock masks for efficient power and clock control.

e

[o]o]
Qo
[
el
=i=]
k]
[l
cC
o3

w

5]

=

|

[n)
Q| | @
g2 |8|x
= | | =
Bl |8
R
(o]
2
8
=
.
.
g
g

GCLK Generator 0

Peripheral Channel 0 ]
(DFLL48M Reference)

Peripheral Channel [2:1]
(FDPLL200Mn Referen:

CLK_WDT_OSC

CLK_ULP32K
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Clock Sy

stem

-
OSCCTRL
X ~
Extern;i 55\;/; g X__’ XOSCO 8~48MHz
Externgijé(;\;l;é %_* XOSC1 8~48MHz
Reference Clock 48MHz "
(Close Loop) 32.768KHz DFLL 48M g
sodeneesiock ——t! FDPLLO 200M [u]-{95"200Mt,
oS 1 FDPLLL 200 ] | 5200,
-
OSC32KCTRL
External Reagizr?;eéllcgﬁlz( %_* XOSC32K 32KHz
OSCULP32K 32KHz,,
&
e 1KHz
GCLK I/O 1KHz

-

GCLK_OUT[0] / GCLK_IN[O]
GCLK_OUT[1] / GCLK_IN[1]
GCLK_OUT[2] / GCLK_IN[2]

GCLK_OUT[7] / GCLK_IN[7]

to RTC EIC WDT

GCLK_IN[0]
GCLK1

GCLK Generator 1

GCLK_IN[1]

GCLK Generator 2~7

GCLK Generator 0 E

GCLK_IN[2]~[7] vee
GCLK1 X
GCLK_OUT[2]~[7]

GCLK_ourTjo]

GCLK_OUT[1]

T

MCLK

Main Clock Controller

CLK_CPU

Asynchronous Clocks
GCLK[O]~GCLK[11]

R 22

—

OSCULP1K
OSCULP32K

-

@
[

RTC
MUX

CLK_AHBx,
CLK_APBx

Synchronous Clock (MCK)

CPU

Maximum 120Mhz

Peripherals

\\f(
Y

Reference Clocks

OSCCTRL_DFLL48
OSCCTRL_FDPLLO
OSCCTRL_FDPLLO32K

v

OSCCTRL_FDPLL1
OSCCTRL_FDPLL132K

vV vy

RTC
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Clock Setting Use MCC Harmony

* Open Clock Easy View windows in Project Graph > Plugins > Clock Configuration.

Froject Graph = |

MNYMCTREL
Peripheral Library

MEMORY

x||3 HEER *|IEI |P1ugins:

ProjectGraph x | Clock Easy View x‘
T

TCRAP Confizura

Device Family Pis

LIWLA T E U E TS
Event Configurator

tor

L

MWFU Confignrator
MW IC Configuration

"

£.40 MLia Frumal Darillames.

HOBC CIRLO
HOSC CTRL 1

Double click to enlarge the window

ANVES
8,000,000 -2

CRYSTAL

Clock

Source
GCLEL v

GOLK_DFLL

Digheal Fraquency Locked Locp [DFLL)

48,000,000 Hz

Fractional Digital Phase Locked Loop
Pleerld

Clock

Source 1,000,000 Hz

F e
Auto
& GCLE D... Calculate

XOSC

FDFLL 0
FDPLL 1

FDPLL:
—

120,000,000 Hz

32 KHz Oscillators Contraller

32K Ultra Low Power
Internal Oscillator

BCLK Benerstor O

GOLKD
120,000,000 Hz

FDELLO v {g}

0=
%0500
x05C1
& AL

FOPLLD
FOPLLL
oscura ] |

OSCULP1K HOSC3K

1,024 Hz GCLK_INx]

OscULPE2K &K

‘ 32,768 Hz
XOSC32K

GOLK Generator 1

Main ock

» CPU

DIv1 ~

I~

120,000,000 Hz

Periphersl Clock Selection

GOk
GOLKE

Peripherals

Beripheral Clack
Configuration

RTC Clock Selaction
ORCULPIK

>
1,000,000 Hz

GOLK Input Dutput (10}

EIC
32,768 Hz

WDT
—— 1,024 Hz

——» RIC
1,024 Hz

GCLE 14 Confignat.

[ sk olg
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Clock Setting Use MCC Harmony

* The Clock Easy View GUI layout.

Clock Source

. OSCCTRL

=2 XOSCo

E— Xosc1

—r DFLL48M  [wu|

— | FDPLLO200M

——F|  FDPLL1200M [w|—
0SC32KCTRL

BE—b xoscazk
OSCULP32K
GCLK /O

GCLK_OUT[0] / GCLK_IN[O]
GCLK_OUT[1] / GELK_IN[1]
GCLK_OUT[2] / GELK_IN[2]

GCIK_OUT[7] / GELK_INZ]

7

8~48MHz
8~48MHz
48MHz

96™200MHz
>

96™200MHz
—

Clock Generator

4

GELK_OUTT217]

O5CULPIK

CPU & Peripherals

Main Clock Cantrofler

Asynchronous Clocks
LKTOJ~GELK11]

* Gk
—
mux

OSCULP32K

CLK_CPU

CLK_AHBX, cPU
CLK_APBx
Synchronou (MK}

Peripherals

Reference Clocks
| OSCCTRL DFLL4S

| OSCCTRL_FDPLLO

| OSCCTRL_FDPLL1
OSCCTRL_FDPLLI32K

]

XOSCCTRLO
{OSCCTRL 1 S e .
248 MHz rystal Oscillators %0500 GCLK Generator O Main Qlock
Xosc1
> CPU
i 120,000,000 Hz
‘ FOPLLO DIvi <l
FOPLLL
e 120,000,000 Hz
OSCULP32K
XOSC3K Peripheral Clock Selection
Clock ] GaLko
Source Digital Frequency Locked Loop (DFLL) %] GOLKIN[G] GO.KL
GoLRI o GELK_DFLL = sau
= FDPLLO 0% o
48,000,000 Hz - W ks
Gaks
X0SCO GCLK Generator 1 GCLKS R -
e LI/ Peripherals
Xosc1
caks
DAL
el @ i gdio | Peipher Clock
ok GCLK10 | Configuration
Foe Gak1l
OSCULF32K 60,000,000 Hz
Fractionsl Digital Phase Locked Loop = FDPLL O —om =
= FORLL s 32,768 Hz
oo GELK N[ e
Source ik el 1,000,000 Hz — — ] - e
GCLK2Z 5 G e - S
120,000,000 Hz [ B=—=—— % |
X0 OSCULP32K
XOSC1K
|
Xosco GCLK Generator x [x=2-11) GCLK 2 RTC
Al s Auto GCLK 3 X0SC32K »
o (GCLKD.. v Calculate xosc1 1,024 Hz
= & GCLK 4
ot GCLK 5
it Scixs RTC Clock Selecti
lection
ke thi ; |OSCULPIK 5
i > beeae s )
32 KHz Oscilators Contraller OSCULP3ZK o] 1,600,000
OSCULPIK X0SC3K GQKInput Output (10) |
GCLK 10 SN
32K Ultra Low Power 1,024 Hz GCLK_INDX] 18 GCLK 11
Internal Oscillator - = E .
G
> f > : [ cok_opg
J O ‘ 32,768 Hz DRLL & ar i
1 o7 GCLK 11O Configurat... ‘
XOSC32K 3
XIN32
CRYSTAL v
XouT32 4 T

F
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Clock Setting Use MCC Harmony

* Clock Source

Clock Source

Clock Generator

OSCCTRL

e

g—*| XOSCo

=

x—*| X05C1
DFLL48M w1

FDPLLO 200M

FDPLL1 200M [w]

|
—>
=

OS5C32KCTRL

—"| X0SC32K

EE

8~48MHz
8~48MHz
48MHz.

96™200MHz
>

96™200MHz
—

32KHz

32KHz

OSCULP32K

J

GCLK I/O
GCIK_0UTI0] / GELK_IN[O] 4]
GCIK_OUTIL] / GELK NI 45
GCLK_OUT[2] / GELK_INZ] 5
GCLK_OUT[7] / GELK_INZ] 5

O5CULPIK

Main Clock Cantrofler

CPU & Peripherals

CLK_CPU CcPU
CLK_AHBX,

CLK_APBx

Synchronous Clock (MCK)

Reference Clocks

OSCCTRL_DFLL48
OSCCTRL_FDPLLO

OSCULP32K

005 100 oy

Clock Source

¥

~
XOSCCTRLO
: HOSC CTRL 1 i
8-48 MHz Crystal Oscillators XOSCO ‘GCLK Generator O Main Qock
‘ X0sC1
> CPU
XOSCx
L] —f—-—> DEE 120,000,000 Hz
Crystal Osciffator cro | [ FOPLLO
e R |
P FOPLLY
|CRYSTAL v — 120,000,000 Hz
= OSCULP32K
XOSC3K : = Peripheral Clock Selection
Clock e ! = GCLKO
Source Digital Frequency Locked Loop (DFLL) (=] sav g GCLK1
GCLKI o SOCORL GOk s
DAL = GO
48,000,000 Hz > sake
GCLKS
XOSCO ‘ GCLK Generator 1 GCLKE I~ =
) i Peripherals
xosc1 |
GCLKS |
DAL T -
1= &3 ) Peripheral Clock
FOPLLO S GCLK1O Configuration
FOPLL1 GOLK11 B
oscuPa| 60,000,000 Hz ‘
Fractionl Digital Phase Locked Loop k| PPRLO o | EIC
X0sC32K FDELL 1 | [ 32,768 Hz
SClock GOLK_IN[1] | ,—» WDT
ource 1,000,000 He FoPLLx 1,024 Hz
~ GCLK_DPLL: 8 K "
[ocikz o} = e ‘ [DELLO o] @ il |
S 120,000,000 Hz |
XOSC OSCULP32K
. — XOSC1K
XosCo GCLK Generator x (x=2-11) oLk — RTC
Jo Gebles b 1,024 Hz
X0sC1 4
Calculate & GCLK 4
oAL GCLK 5
FOPLLO GCLK 6 Py
on
FoPLLL zzzi ; OSCULEIK
: >
32 KHz Oscillators Controller OSCULP32K GCLKO 1,000,000 Hz
OSCULPIK XOSC3K | GCLK Input Output (10}
GCIKI0 ooy iy
32K Ultra Low Power 1,024 Hz GOLK_INX] g GCLK11
internal Oscillator p— = =l P—
> / . > [ ceuk ol
32,768 Hz DFLL & bl ‘
[Ecn | GELK 10 Configunt ‘
l )(O&:BZKA .
XIN32 . L
32K Crystal Oscillator
xouT32 ¥ XOSC1K
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Clock Setting Use MCC Harmony

* Clock Generator

Clock Source Clock Generator

OSCCTRL

g_ XOSCO 8~48MHz
g_ > Xosci 8™4EMHz
DFLLA8M  [w] #EMBE

FDPLLO 200M [w] —{Z5"2000Hz ,

FDPLLI 200M [w] | 257200Mbz

|
—
—

OSC32KCTRL

— XOSC32K 32Kz
OSCULP32K | E2KhE

GCLK I/O
GCIK_0UTI0] / GELK_IN[O] 4]
GCIK_OUTIL] / GELK NI 45
GCLK_OUT[2] / GELK_INZ] 5
GCLK_OUT[7] / GELK_INZ] 5

EEHE

O5CULPIK

—| MCLK =]

Main Clock Cantrofler

CPU & Peripherals

CLK_CPU

CLK_AHBX,
CLK_APBx

Synchronous Clock

k)

Reference Clocks

OSCCTRL_DFLL48
OSCCTRL_FDPLLO

CPU

OSCULP32K

005 100 oy

HOSCCTRLO
HOSCCTRL 1

843 MHz Crystal Oscillators X0s¢0 GOLK Generator O
X0sC1
L DAL
Crystal Oscillator FOPLLO
FOPLLL
OSCULP32K
XOSC3K
Clock e
Source Digital Frequency Locked Loop (DFLL) (%] Sar Y
[ocLk1 o} ok oAl GOk
DAL
FDPLLO | 8%
48,000,000 Hz el— W
oo | . GOKGenemwr1 [
X0sC1
DAL
=
2 FOPLLO
6ok
FOPLLL
OSCULP32K | 60,000,0
Fractions! Digital Phase Locked Loop & PRLO e
X0SC32K FDELL 1 XOSCIK [
GaLK_IN[1] |
1,000,000 Hz FOPLLx |
— [oRLLO O] @
120,000,000 Hz
X0sCo GCLK Generator x (x=2-11) genk2
,,,,,,, Auto GCLK 3
|GCLK_D. Calcula ‘ xosc1
| Lo v te & GCLK 4
DAL
FOPLLO
FOPLLL
32 KHz Oscilators Controller OSCULP32K
OSCULPIK X0SC3K
32K Ultra Low Power 1,024 Hz GCLK_IN[X]
Internal Oscillator
OSCULP32K Gakl
] 32,768 Hz
{ oo
l XOSCIK
XIN32 . L]
32K Crystal Oscillator
xouT32 ¥ e XOSC1K

Clock Generator

Main Qock |
i ‘ cPy
i 120,000,000 Hz
[DIvi

00 Hz

Peripheral Clock Selection

S N =
o T Peripherals

|
Peripheral Clock ‘

Configuration
Gkl h ‘

a
8
[

0 Hz

EIC
32,768 Hz

’—> WDT
1,024 Hz

OSCULPIK 1

OSCULP32K

XOSC1K

XOSC32K
1,024 Hz

RTC Clock Selection

OSCULPIK v

GCLK Input Output (10)
GOLK_IN[X

i

S
1,000,000 Hz

[ sa o1

‘ GCLK 10 Configurat.. ‘
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Clock Setting Use MCC Harmony

* CPU & Peripherals

Clock Source

Clock Generator

OSCCTRL
g__,_ XOSCO 8~48MHz
g_,_ Xosc1 3~48MHz
—F  DFLLASM  [w]-(SSMEL
" FDPLLO200M [s]{25"200Mbz,
—1  FDPLL1200M [w]{25"200Mbz,,
OSC32KCTRL
E—+{ xoscazc 32Krz
oscuLP32K  H— 22Kz,
IKH;
GCLK /0 .
GCLK_OUT[O] / GCLK_INjD] 4]
GCLK_OUT[1] / GELK_IN[1] =5
GCLK OUTLZ] / GELK INGZ] 5
GCLK_OUT[7] / GELK_INF] =

CPU & Peripherals

—  MCLK =

Main Clock Cantrofler

CLK_AHBx,
CLK_APBx

Reference Clocks
| OSCCTRL DFLL4S
OSCCTRL_FDPLLO

05 4200 oy

OSCULPIK
OSCULP32K

—*| RTC
MUX

[GCLK2 TE o
XOSC

848 MHz Orystal Oscillators

HOSCCTRLO
HOSCCTRL 1

‘xoscx

[ 8,000,003
XOuT
Clock
~ Source Digital Frequency Locked Loop (DFLL) %]
GCLKL » GCLK_DFLL
DAL
e
48,000,000 Hz
1] el
Fractions! Digital Phase Locked Loop & PRLO
X0sca2K FDELL 1
Clock
Source 1,000,000 Hz i
—

120,000,000 Hz

FOPLLY

OSCULP32K

XOSC3K

GOLK_IN[}

GOLKL

X0SC0

X0sC1

DAL

FOPLLO

FOPLLY

OSCULP32K|

XOSC3K

GELK_IN[1] |

GCLK Generator O

RO o] @

GOLK Generator 1

GOLKL

60,000,000 +z

" GCLK2

X0SCo GCLK Generator x (x=2-11)
Auto ——— GCLK 3
v Calculate {ﬁ} GCLK 4
DAL GCLK 5
FOPLLO GCLK 6
Py GCLK 7
32 KHz Oscilators Controller OsCULPa2K GELKS
GCLK 9
OSCULPIK XOSC3K GCLK 10
32K Ultra Low Power 1,024 Hz GELK_IN[x] 12 GCLK11
Internal Oscillator ]
OSCULP32K Gkl
J 32,768 Hz
{ oo
l XOSC32K 2
XIN32 . L]
32K Crystal Oscillator [p
xouT32 ¥ XOSC1K

F

CPU & Peripherals

Main Glock

> CPU
120,000,000 Hz
[DIv1 v

120,000,000 Hz

Peripheral Clock Selection

——] N
[ete)
GOLKS
Peripheral Clock
Configuration

Peripherals

@
a
[

EIC
32,768 Hz

WDT
— li 1,024 Hz

OSCULPIK

OSCULP32K

XOSC1K

XOSC32K
1,024 Hz

RTC Clock Selection
|OSCULPIK v

>
1,000,000 Hz
GCLK Input Output (10) ‘
GOLK_IN[X
T

GCLKx R

1

GCLK IO Configurat... ‘

[ cak op4
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Clock Setting Use MCC Harmony

* GCLK Input Output (10)

Clock Source

Clock Generator

OSCCTRL
§—+ XOSCo 8~48MHz
§—+ Xosc1 8"48MHz
— DFLLASM  |wi]—{#EMHz
" FDPLLO200M [w]||25"200MHz
T FDPLL1 200M [w] | 25"200Mbz,
OSC32KCTRL
§—+ XOSC32K 32KHz
OSCULP32K Ll zakHz
GCLK IfO 1KHz

GCLK_OUT[0] / GCLK_IN[O]
GCLK_OUT[1] / GELK_IN[1]
GCLK_OUT[2] / GELK_IN[2]

GCIK_OUT[7] / GELK_IN]

7

1KHz

O5CULPIK

OSCULP32K

CPU & Peripherals

Main Clock Cantrofler

—*| RTC
MUx

OSCCTRL_FDPLLO

CLK_AHBX,
CLK_APBx

Reference Clocks
OSCCTRL_DFLL48

005 100 oy

848 MHz Orystal Oscillators

HOSCCTRLO
HOSCCTRL 1

X0sco GOLK Generator O Main Clock
| X0SC1
> CPU
X0SCx
il ‘ DAL 120,000,000 Hz
[ 8,000,000 FOPLLO [DIv1
XouT T FOPLLY i
|CRYSTAL ~ —_ 120,000,000 Hz
— = OSCULP32K -
= — Soee B . Peripheral Clock Selection
Clock — 1F Gako
GOLK_IN[}
~ Source T Digital Frequency Locked Loop (DFLL) %] it GCLK1
GCLK1  « = GaKL GaLk2
DAL GO
————>
FDPLLO 8%
48,000,000 Hz e B saxs
GOLKS
X0SCO GCLK Generator 1 GCLKS R -
o T Peripherals
X05C1 —T
Gaks
DAL 1
=] &3 T s | ‘ Peripherl Clock |
S GCLK10 Configuration ‘
FOPLLY GOK11
P 60,000,000 Hz
Fractions| Digital Phase Locked Loop & PRLO Ee— EIC
xoscaaK FDELL 1 Aok 32,768 Hz
Clock GOLK_IN[1] WDT
Source ook oal 1,000,000 Hz FoPLL /| ———f—— 1,024 Hz
|6CLk2 - [P0 o] @ OSCIRTLX
120,000,000 Hz :
X0SC OSCULP32K
3 XOSC1K
Xosco GCLK Genarator x (x=2-11) oLk — RTC
[6CLKD.. e GCbE:S o 1,024 Hz
X0sC1 .
D.. v Calulate @ GCLK 4
i GCLK 5
FOPLLO GCLK 6 Py
lection
FoPULL thi ; |0SCULEIK 9
i > —_—
32 KHz Oscilators Controller OsCULPa2K GCLKo 1,000,000 Hz
OSCULPIK XOSC3K GCLK Input Output (10)
GCLK 10 GOk
32K Ultra Low Power 1,024 Hz GCLK_INDX] ) GCLK 11
Internal Oscillator p—— = P
> > [ cak i3
J O 32,768 Hz Ll/
) GCLK 140 Configurat...
XOSC32K 3
XIN32 4
] . GCLK Input Output IO
XouT32 ¥ XOSC1K

F
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Clock
___Source
GCLKL o

£8-48 MHz Crystal Oscillators

Advanced Settings

Ensbi DFLL

DAL apamton male
DAL Oa-Derond Control
Flen DPLL in Snndby Bleep lode
B Clock Recovery Mods
Wadt bt DELL ek
Bypess Cous Lock.
kI dimble

Ol Cyele Disakis

Lose Lack Afiee Mok
Swbls DL Frvaency
Coars Masimzn S
Fine Moo o

DRLL gl Fucrer

FOPLL Auto Settings Calculation
Resied FDPLL Output Frequency
Referer

Cinck Source

LR Integer part
LDR Fractional part

Achievabie FDPLL Qutput Freqency
% Error

x

DooooDpoo

R [

Clock Setting Use MCC Harmony

GCLK Generator O

* The Multiple Modules Selection and Extra Configure Dialog.

120,000,005 He

GOKDPLL (1,000,000 )~

18
0

120,000,000 Hz

0.000%

Cancel Apply

Advanced Settings ®
‘ Enabls Ganwie Chck Grasinbor 0 4 cPU
. >
XOSCx DAL OCLE shonl Jeep muig in Sy mode [ 900 G
‘Escoraal ngat (OCLE_JO] Freapuency S ’ a
roruo B—— - 0
FOPLLY OuguOCLE decksipwlm 05[]
—_— Ougut Ot Ve Logie Lewl0 7 B—
OSCULP32K Gl et Fooesey. [u]
XOSCIK Dacde Selecaon Divale sgut duwedy by dovalen Bacor n
— N Dion Pt 0
GCLK_IN[0] ‘Enable 50050 Dty Cwle o
M| — R— S
‘ GCLKL
i s
48,000,000 Hz Gaks Periphersi Clock Comfiguration x
GCLKS
Perigharal Grable  Sowce  Periphersl Gock Fraquency
GCLKE
X0SCO r3 O [|eax - - -
GCLK7 anco =T | -
X0sC1 s | ot O | - -
L1 | Ao D sakL - -
DAL =
£ Periphere] Clock - O fon - -
FoeLLO Gak1o Configurati e O i -
ror san . e
OSCULP32K 60,000,000 Hz ‘ vt O Jeax v -
- ] O ek v -
XOSC3K = G O e - - .
2% 3.
GCLK_IN[1] =
S ——
[ i = —— W
OSCULP1K
0OSCULP32K
XOSC1K |
Xosco GCLK Ganerator x (x=2-11) LA S RTC
GCLK 3 32
X0SC1 ™ 1,024 Hz
GCLK 4
DAL

Advanced Settings

e e Cod Cmloer UK B (]

ST Pt Ot M cavsTaL
Ris ol el o Male o
Oualloc O D Coil A Eonte
Bunble 130 st o

Buable 2208 et o

Couel i ke il ke
Ol T '
Eiabls Chck il Dt O

i Fubn By Cloch Froymecy Divide 3 [

Gl S ek o

32K Ultra Low
Internal Osc

o Advanced Settings

Digial Pl Loched LoopiDPLL) Ensble
'DHLL OneDitie Contiok

Pl DPLL in Shndby Sioep Mode
DFLL Losg Divider Raio Inieges Pt
'DIFLL Losp Divider Raso Frackiesl st
Eupess DL Leck?

D00 Fins Ensble

G-t DO i Slocian

DL Fust Output Enable
Fraporticnnl lasgnl Fli: mection
"DILL Referemce Clock Sonms

DML Divider

GCLK 5

GCLK 6

RTC Clock Selection

e gelbd (OSCULPIK
| GCLK 8
2 a ¢CLK g | 1,000,000 Hz
SC3K GCLK Input Output (10}
Lot v GCLK 10 GO
o . LK_IN[x] LGCLK 11
u; K1 GCLKx
(m)
[m] T
CopaeitontyF) =05 nd Budvalth P ME) =331 GCLK 110 Configurat...
u}
ot =50 Tl nd Do Focku =075
0cLE DAL v
oz
1
XOSC1K

v

GLLK YO Configuration

| Generstor IOt WFrequency(Hr)  Out Frequency(x)
0 = o o

[ = 0 9
p = 0 o
3 T 0 o
. T o [l
5 = 0 o
s 0 0 o
T = o o

Close.
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Clock Setting Use MCC Harmony

* Default System Clock routing of a new project.
« DFLL48MHz (open loop) > GCLK2 (DIV48) > FDPLLO 120MHz > GCLKO > MCLK 120MHz
* DFLL48MHz (open loop) > GCLK2 (DIV48) > FDPLLO 120MHz > GCLK1(DIV2) > Peripherals 60MHz

Clock Source Clock Generator CPU & Peripherals

MCLK ++ | 120MHz | cpy

4 )

Peripherals

120MHz

120MHz | =1 kO &

OSCCTRL

120MH.
MRz | | EDPLLO 120MHz ot Z

AN

DFLL 48MHz L

Reference Clocks

\
N
=
> OSCCTRL_FDPLLO ]
\

48MHz

)
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Clock Setting Use MCC Harmony

e Default System Clock routing of a new project. (MCC Harmony Configuration)

X0sco GCLK Generator O Main Clock
X0sC1
> > CPU
L | 120,000,000 Hz
FDPLLO [DIv1 7
FDPLL1 S
_ 120,000,0 —
OSCULP32K
e— 3k Peripheral Clock Selection
120MHz 120MHz R —
—,IZOMHZ GCLKO MCLK CPU Source T Digital Frequency Locked Loop (DFLL) —GQK'INM Gakl
GCLK1 v = GCLK1 Gak2
OSCCTRL FORLLD e
1MHz 120MHz i 48,000,000 H & Gake
FDPLLO 120MHz || +———+| GcLk1 | Peripherals 000,000 Hz —
FDPLLO $ Lol |
DFLL 48MH. s e (V] S S > e
: & P Reference Clocks The DFLL operates in open-loop operation xosc1 e T
E— GCLKS
GCLK2 (=48] OSCCTRL_FDPLLO — - oL = _
= 1ie %08 — _ Peripheral Clock
_— FOPLLO e e T
FDPLLO s 4’?——» cak1 | | ‘
™ ‘ 60,000,000 Hz |
OSCULP32K | N . "
Fractionsl Digital Phasa Locked Loop FDPLL O o f Periehers Clock Canfiguration *
XOSC32K FDPLL 1 |
Clock | Peripheral Eroble _Souwce mmuod:hqmq |
CINLy - —
Source 1,000,000 Hz e K 8] ] - |
GCLKZ Sakon > - ——> FDPLLO o 7 6] - |
120,000,000 Hz © e 0 GCLK1
,000, Brs s 0] i
GCLK2 ) 4] xox N S “(FDPLLO] | GCLK2 - |
= = e 0 -
T X0SCO GCLK Ganerator x (x=2-11) e :: H R
uto K sccrL trie 0
o= [GCLKD-. v Calculate & Xosc1 GCLK 4 T -] GCLK2
i {GCLK DPLL i DAL GCLK S el
— FOPLLO GCLK 6 - _ dlose
FOPLL Auto Settings Calculstion 120MHz k| FoPLLL GCLK 7 :
od OSCULP32K GCLKB >
REaEL RN utput Frequency 120,000,003 | iz GCLKg 1,000,000 Hz
Sgect Reference Clack Source GaK DPLL (L0000 k)~ & HOSCSK GCLK 10
GCLK_IN[X] GCLK 11
LDR Integes part 19 _— 48
LDR Fractional part [} ¢ .
Achievabie FDPLL Output Freqency 120,000,000 Hz
% Error 0.000 %
Cancel Apply
R L
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Clock Setting Use MCC Harmony

* Default System Clock routing of a new project. (MCC Harmony pseudo connect )

OSCCTRL

IMHz |, FDPLLO 120MHz

~ DFLL48MHz

120MHz

120MHz

e

120MHz
GCLKO

GCLK1 comHz

120MHz

MCLK

Peripherals

Reference Clacks
OSCCTRL_FDPLLO

Digital Frequency Locked Loop (DFLL)

X0sCo

X0sC1

DAL

FDPLLO

OSCULP32K

GCLI_IN[O)

The DFLL operates in open-loop operation.

(ST
cpPU GCLSKoluroev GCLK_DFLL
X0SC32K
Clock
Source

Fractional Digital Phase Locked Loop

1,000,000 Hz

GCLK2 B GCLK_DPLL
X0sC

48,000,000 Hz

a
FOPLL

XOSC3K

GCLK1

XOsCo

GCLK Generator 0

X0sC1

DAL

FOPLLO

o] | =

Auto
Calculate

120,000,000 H

Al
FOPLL |

OSCULP32K |

XOSC3K

GCLK_IN[1] |

X0sCo

X0sC1

DRLL

FDPLLO

FDPLL1

OSCULP32K

XOSC3K

GELK_IN]

GCLKL

GCLKO

GOLK1

60,000,000 Hz

GCLK 4
GCLK 5
GCLK 6
GCLK 7

GCLK 8

GCLK 9
GCLK 10
GCLK 11

120,000,000 Hz

Main Oock
P » cru
120,000,000 Hz
[DIvi v

Peripheral Clock Selection

GCLKO
GOkl
Gk
GOLK3
GOLKa
GOLKS
e | Peripheral;
» Peripherals
GaLa 1 d G
GCLK8
sako Peripheral Clock
GCLK10 Configurati
GCLK11 ‘
_ Peripheral Clock Configuration x
Peripheral Enable Sourt Peripheral Clock Frequency |
= - — -
|evevs s 0 |eakt - |
[evsvs 7 O [soxt v |
|everss 0O |eakt v
s s 0O Jeam |
FREQM_MR O e E
e R 0 |sam |+ B
B O s |~ E
= [ |sax -
|osccTRL orLse [ |eoxi - -
GECCRLFoALD B e 00,0002
|OSOCTRL_FOPLLDE, GOLKL hd
(ascom FoRLE,
- Close

'1,000,000 Hz
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* Lab4 System Clock

DFLL Close Loop and Clock Output
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The current system clock source is generated by DFLL48M using Open Loop, which is
an internal clock source with an RC oscillator and a Digital Frequency-Locked Loop.
Therefore, the frequency itself is less accurate and is prone to larger errors as the
temperature changes.

* In this experiment, our goal is to achieve the Close Loop of DFLL48M and use an
external 32K oscillator crystal as the Reference Frequency of the DFLL48M to achieve
higher frequency accuracy.

* The following are the steps of clock routing:

1. Enable the external XOSC32K clock source. (APP0O55 has a on-boarded external 32K oscillator)
2. Use XOSC32K as the clock source of GCLK3 and divide it by 32 to get a 1KHz frequency.
3. GCLK3 now output 1KHz to reference clock peripheral OSCCTRL DFLL48 as the clock source of

DFLL48M.
4. Enable the Close Loop of DFLL48M and input the Multiply Factor as 46,875 to calculate a more

accurate 48MHz frequency.
The following parts maintain the original clock configuration.

Let’s go !
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The default configuration of the system clock routing.

1IMHz

120MHz

OSCCTRL
FDPLLO 120MHz ||| 120M"H2
- DFLL 48MHz MUL
o 48MHz

MCLK | s 120MH:z

Peripherals

DAY

S
S

Reference Clocks

OSCCTRL_FDPLLO

CPU
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The new configuration we are going to add and modify.

1KHz |

-~ DFLL 48MHz xa6875|;

External Crystall
32.768KHz
= XOSC32K J32KHZ GCLK3 |[+37 KMz I: OSCCTRL_DFLL48 I
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The configuration of the system clock routing we want to implement.

120MHz

OSCCTRL
1VIrz FDPLLO 120MHz |y —- 222"
1 DFLL 48MHz [x6875
External Crystall
e XOSC32K 32Ktz

MCLK LU= 120MH:z

N

Peripherals

DAY

S
S

[
»

A

Reference Clocks

OSCCTRL_FDPLLO

OSCCTRL_DFLL48

)

CPU
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* Clock output configuration of the finial system clock.

-

GCLK I/O

GCLK_ouT[0]
GCLK_OUT[1]
GCLK_OUT[2]
GCLK_OUT[3]

~

1

v
X

GCLK_ourT[o]

v
X

GCLK_OUT[1]

v

GCLK_OouUT[2]

v
X

GCLK_OUT[3]

@ MICROCHIP



%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 1

* Open Clock Easy View windows in Project Graph > Plugins > Clock Configuration.

Froject Graph =

MYMCTRL
Peripheral Library
MEMORY

TCO

Paripheral Library
TMR

XICRERE ¢ | [fhens

Clock Configuration

Project Graph x | Clock Basy View x

D

HOSCCTRLO
HOSC CTRL 1

BCLK Benerstor O

FDELLO v {é}

A A X0SCOo
Double click to enlarge the window | =
KINE = DAL
|
2,000,000 -5 Crystal Oscillator FOPLLO
&
XOUT| el RO, - FOPLLL
OSCULF32K
XOSC3K
Clock
Source Digital Frequency Locked Loop [DFLL) ECcHn
GCLEL o SRR Getkt
DAL
>
48,000,000 Hz
The DELL operstes in open-loop operation.
XOSCO
X0sC1
DAL
1= &
FOPLLO
FOPLL1
OSCULP3ZK
P FDPLL 0
Fractional Digital Phasz Locked loop
XOSC32K FDELL 1 oseax
Clock GCLK_IN[1]
Source 1,000,000 Ha i
GCLkz o E e > -
120,000,000 Hz
X0sC
1195 S
XOSCO
GCLED G
v X0sC1
os . Calculate @
DAL
FOPLLO
FDPLLL
32 KHz Oscillators Contraller OSCULF32K
OSCULPLK HOSCIK
32K Ultra Low Power 1,024 Hz GELK_IN[x]
Internal Oscillator
OSCULP32K GCLK1
‘ 32,768 Hz
XOSC32K

GOLK Generator 1

FDELLO ~ {g}

DELL o &

GOLKD

Main Clock

> CPU

120,000,000 Hz

WDT
— T 1,024 Hz

120,000,000 Hz
DIV -

Peripheral Clock Selection

% » Peripherals

Feriphers] Clock
Configuration

EIC

32,768 Hz

OSCULP1K
OSCULP32K
XOSC1K
>
XOSC32K RTC
1,024 Hz
RTC Clock Selection
OSCULPIK ~
>
1,000,000 Hz

GOLK Input Output (10}
GOLK_IN[:
GOLKx

|1'> - [ ok iopg

GCLK 14 Confignrat.
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 2

XIN32

xouT32 &

| 32 kHz Oscillators Controller

32 KHz Oscillators Controller

xoscax | [xosc3zk
32,768 Hz

OSCULPIK’
32K Ultra Low Power 1,024 Hz
Internal Oscillator
OSCULP32K
»
y ] p 32,768 Hz
j { cmo |
Py ,]J
32K Crystal Oscillator RYSTAL . l
Fol o CRYSTAL | XOSC1K

(
::;:,w"g-lo{ xoscazk |

J

|
|
J

32KHz.

eeeeeee

mmmmmm

E
HEL
AL

=
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 3

GCLK Generator x (x=2-11)

7
0500 GCLE 2 ‘

GCLK Generator x [x=2-11} _
\ o GCLK 3 || GCLK3
¥OsC1
GCLE 4 23

ki % GCLE 5

FOPLLOD GCLE 6

— GCLE 7

OSCULP32K GLLES pg

- arLko 1,024 Hz

XOSC3K 1,024 Hz
XOSC32K p GCLE 10

GCLK_IN
_IN[x] | ’- I GCLE 11

GCLKL /( 32

HOSC22K o | oo

% XOSC32K 32KHz. ﬁ = 1KHz
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 4

| Digital Frequency Locked Loop (DFLL)| R 1 - [T
- =
Clock =
Source Digital Frequency Locked Loop (DFLL) M e

Coca] ([ chesk ]
1 2

mmmmmm

DAL
| >
Calib— 48,000,000 Hz

' The DFLL operates in closed-loop operation. « | 28 [ 48,000,000 Hz ]
| The DFLL operates in closed-loop operation.

=Tils
HE
M

A

O asamsis] {5
[ DFLL Multiply Factor 9

then calculate the DFLL Multiply Factor is 48000000/1024 = 46875

* To get the 48 MHz output of DFLL, the reference clock is 1024Hz (GCLK3), _"IKHI - DF“"s"”””'h g

1 | H osccrm_orias |
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 4 (DFLL48M alternative method to set the clock source.)

GCLED
GCLEL
GCLK2
GCLES
GCLES
GCLES
GCLEE
GCOLET
GCLEE

GCLES

GCLE1D
GCLK1L

Peripheral Clock Selection

\

[~

Peripheral Clock Selection

T : Peripheral Clock Configuration
Peripheral Clock -
':':'nﬂgumﬁ':'& Peripheral Enable Source Peripheral Clock Frequency
D lm FREQM_MSR 1 leck:t ~ ~
. FREQM_REF O [ler 5w -
— 2 3 L
1250 -/ O el v _
1251 Check |[] | GCLK3 | 1,024 Hz
OSCCTRL_DFLL48 || [osccRLDFu4s | |Gaks | 1,024Hz
OSCCTRL_FDPLLO | mbecu{z % 1,000,000 Hz

» Peripherals

OSCCTRL_FDPLL132K,

OSCCTRL_FOPLLO3ZK, ‘

GCLK1  w

Close

SSSSSS

0

| HEIH
HE N
=

-* OSCCTRL_DFLL48 |
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 5

GCLE Input Output (100

GCLK_IN[
< <]
GCLKx
? [ aouk_iofd
GCLE 100 Configrat. ..
) gy
GCLK I/O Configuration >
Generator InfOut In Frequency(Hz) Out Frequency(Hz)
o LUt Tog 0 120000000 ( 120 MHz )
1. Out Toy 0 60000000 60 MHz |
2| Out |Qut 0 1wo0000 [ 1MHz )
3| Out |Cut 0 w24 ( 1kHz )
4 In 0 a
2)
5 4 In 0 0
G In 0 1]
7 In 0 a
Close

g 12omHg I

X sek_ourror
3 60MH;

Geuk_ourr

1MHz

WT

1KHz

X

2
&
)
S

GCLK I/O
GCLK_ouT[o]
GCLK_ouT[1]
GCLK_ouT|[2]
GCLK_OUT([3]
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 6

* Open Pin Table by Project Graph > Plugins > Pin Configuration.

* Pin Setting > Order : Ports
* Pin Table > double click to enlarge

Project Graph xl
X SRERE | ® | .

TCRIP Configurator
Event Configurator
g

NVYMCTRL
Peripheral Library

MEMORY

HNYIC Configuration
Clock Configuration
D8 Configiration

Pin Confiznration

TCO
Peripheral Library

TMR

T Pin Configuration
Paripherar ciorary

TMR

| Order by Ports

Pin Settings

Order: Port

Table View

Jiagram x] Pin Table xl Pin Settings
B Easy view

5 9

Fin

a ]D% Custom Name

Function Mode Direction Latch Pull Up  Pull Drive
Mumber
Down Strenath
1 PADD Available Digital | HighImpedance | Low O (] |nomrmaL -
2 PaD1 Available Digital High Impedance -~ Low D D NORMAL  ~~
g PADZ Available Digital | HighImpedance | Low B (] |mnormaL -~
10 PAD3 Available Digital | HighImpedance | Low O (] | noRmaL ~
Pin Table
Project Graph xlF’in Diagram x]PinTabIe x| Pin Settings x]
Package: [ToFP128 4 1D | (Double click the [Pi Seting] to enlarge the window b a o
A
Module Function 0o|1]2 6 8|9 |10|11|12|13 |14 |15|16|17|18|19 |20 2
AC_AIND
AC_AIN1
AC_AIN2
AT
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 7

* Right-click on GCLK and View > Ports to sort by port and Isolate for all GCLK 1/0 pins.

Project Graph | Pin Disgram lein Table = | Pin Settings x|

Package: | TQFP128 .
=
[}
=
Module Function 1
GCLE_I01
- - GCLE_I02
Right-Click on GCLK
GCLE 03
GCLE
GCLE_T04
. L
Hide h

View

Isplate

Isolate 0

, 106
> 107

GMAC_GCOL

_ ! 0
ElulBlE18 é 2l
Project Graph xl Fin Diagram x] Fin Table x] Pin Settings x]

=
=
ra

=
=

=
=

-+
=
=~

wy
=
=

—

—
=
= =]

g
=
T

—
=
Ll

[==]
=
[l

[
=
[l

=
=

=
=

=
=

Package: | TQFP128 -

39|4U|41|4

‘I\iﬁ | 66 | 67 |113‘119
PORTA [,

PORT B

;‘J—‘A—'—"‘J—‘?|83|ﬂ4|85|86|8}'|98‘99

Module Function 10|11 |14 (15| 16| 17

27

30

10

11

12

13

14

15

16

17

18

19

20

21

22

23

GCLE_IOO0

GCLE_IO1

GCLK_I02

GCLK_I03

/ GCLK

GCLK_IO4

GCLK_IOS

GCLK_IO6

GCLK_IO?
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 8

* Enable GCLK I/O as below to output the clock and quit the Isolate view by Show > All.

120MHz

X
GCLK_OUT[0] @ PB22

60MH:z

1IMHz

GCLK_OUT[1] @ PB23 Right-Click

Project Graph = | Pin Diagram = | Pin Table = | Pin Zettings = | /,»Q, ,\t\ > éﬂ} Q@q?)
Package:  TQFP128 ~ 63 3/1119| 39 | 40 | 41 ‘JJ—‘D—LM—HBE 83|84 | 85| 86 | 87
PORTA PORT B
Module Function 15|16 |17 |27 |30 (10|11 (12| 13|14 | 15|16 |17 | 18|19 (20| 21|22 | 23
GCLK_I100 GCLK 100

J

GCLK_102] 1 102

Click to Enable l@@

(Green)

' # GCLK_103] coix 103
GCLK =
GCLK_OUT[2] @PA16 GCLK_]IH-
. Hide
_ 1KHz > GCLK_IOS
¢ lsolate
X GCLK_I06
GCLK_OUT[3] @ PA17 Wiew *
Show GCLE_IOY
GCLK1/O Canfiguration P Show All
Generator InfOut In Frequency(Hz) Out Frequency(Hz) ) Pirlf- % AII
= s Ports 2
Cut 3
2 o 0 1000000 Maodules J
Functions >

GCLK_I00
GCLK_l01
GCLK_|02
GCLK_|O3

PB22
PB23
PA16
PA17

Gk | _Pin_| Clock Output |

120 MHz
60 MHz
1 MHz

1 kHz
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 9

* Click on | Generate | button to generate your code after configuration.

*

- 5.9 @

I _—al

Projcts | Files | Services | Resource Management [MCC] x | =

MCC v5.5.1

Generate | Import.. | Export | e || @

Project Resources

¥ Libraries

I
%' Generate

¥ Harmomny

P00 - How doI?

fipuration Options x

ystem
Device % Project Configuration
Cortex-M4 Configuration
Paorts

b Packs [Flock
Interrupts (NVIC)
» Peripherals DME [DMAC)
WDT ‘
Device Resources aar System - - '
@< setem O | e[ o 4001
S Eitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =
S T Tole TC Datooea | Navea) AJ e LS I AT LN W { Generation Com Iete ].ll r '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-I'J.J.LU-I-I SUCLCLT DD .
Lebi12_Times_Polling_TC 15:17:58.827 INFO: P ] Executing generate hook
._PII)\DEJ\TEETWG'ADDBBBHDD-CDM@HBHDDﬂefﬁ‘ﬂt 15:17:58.843 INFQ: (FF N NN NN N NN NN NN NN AN R EEE
@égﬁ}%ﬁﬁmi _— 15:17:58.844 INFO: | Generation complete (total time: 5396 milliseconds)
@CRCEQ:U)"&‘E945C?EU 15:1?:58-844 INFD: T W0 W0 W0 0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 W0 0 0 0 0 0 0 W0 0 0 0 0 0 0 N0 0 0 0 0 0 0 0 0 0 e e
e 15:17:56.844 INFO: Generation complete.
S 15:17:51.274 INFO: HARMONY: [ python-print 1 preGenerateEvent
- K33 (4 40) [CAProgram Fileficrochiphis 3704 40bin] 15:17:51.274 INFO: HARMONY: [ python-print ] interfaceValidationEvent
Prodvetion I e ization: gee O1 g+ O1 =
B s sopont nfocomtiot PIESACE S041_DEE (L5140 15:17:51.274 INFO: HARMONY: [ python-print ] processDataModel
Me“g”ﬁgzmmxmmm 15:17:51.274 INFO: HARMONY: [ python-print ] postFinalProcessing
0%

7 Date Used: 116 (03674) Free: 270,220 (Dt F3C)
Program 1,048,576 (D1 (0000 bytes
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 10

* This Lab does not require any program modification.
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 11

to Program code to EVB.

B — O *
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help A~ |
[ o [y &l o - @ . . P 0w - How do 17
(= a T —t
Projecls Files Services Resour [MCC] x = | [ Kit Window x | Start Page = [ Project Graph = |E‘|mc x b DL Confipuration Oplions x =
MCC v5.5.1 || C:\Bscicises 2025 Suamus_Elite\Lab02, Tisus_Polling_TCusc\aming - &

Project Resources

BH“ E&% default v Izlﬁl "

w=

B bR H-Q

i 1 %
¥ Peripherals . . :
- Sy T Clcan and Build Project |IE—————— YW ||qke and Program Device
= System Microchip Technology Inc. 7-DMA (DMAC)
(- WDOT
Device Resources Content Manager L 3 A
v Ubraries File || Output x| Mews | Notifications [MCC] |
T e TEL Kits % Curiosity/Starter Kits (PKOB4) x  Scripting x  MPLAB® Code Configurator x  Lab04_SystemClock_DFLL_Closeloop *
2 Tihes Poline T - Dettiocand = et e e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -Illl..ll ULTSSIDWU —JEWALUE 3 N L 1L =
e T LabDQ_Tmlr_Po]JmIgI_TCI ' 5 Summat "C:\Program Files‘\Microchipi»xc32\vd _ 48\bin"\\xc32-bin2hex dist/default/production/Lab04_Syste
§ Project Type: Appiiion - Confignmtin: defeult Thif| make[2]: Leaving directory ‘C:/Exercises/Lab04_SystemClock_DFLL_Closeloop/Lab04_SystemClock_DFLL_Closelo
= \‘) PIC32CHEI02580341128 : l
ﬁ Checksum: 4 . .
: e: /.. \srchconfighdefault\PIC32CX18255G41128.1d
9. g £ e b { BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Loading code from C:/Exercises/Lab04_SystemClock_DFLL_Closeloop/Lab04_SystemClock_DFLL_Closeloop.X/dist/def
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Info: Loading fils

Checking for exdernal changes 4 60:21 s

ﬁ\ MICROCHIP



%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 12

* Locate the GCLK clock output pins on EVB APP055.

PA17/DS(TC2.1yX11/Y11

SOCKET3 ‘ -

OELD-APP050-Combine Socket ggggig;‘% ﬁgg A }gE
1| yospspa \Iso |16 PBOIMISO(SS 3) GCLK | Pin | Clock Output PAOAXIVS —RT0 AN IOR
£ | SCK/SCL gy 13 ECHSD COONTIA) PALGX107Y10 RTL_A'AATIOK
3| GNDiAp__ uSD_CS (13 2Co0D o GCLK 100 PB22 120 MHz | PAITXTINTLRTY NAATIOR
S OLED_RST TFT RS 513854 7T BT - PATSIXTIVIY RT3 \NANTOK
6| DS s FI-EL 1T PBJI/TSC BUSY(NIG) GCLK_101 PB23 60 MHz PAIOXISNTS R4 NN TOK
7] 5V TSC_TRQ 10 PLIOTISU nIKUUNTIU) PB04/X22/Y22 R75 AN 10K
2 A 25 Cs |9 PCIS/TSC nCS GCLK_102 PA16 1 MHz PBOSTX23V73 R76_\ANTOK

- PBOG/X24Y 24 RTT_N\NANAOK
GCLK_103 PA17 1 kHz PB07/X25/Y25 R78 AAAAK

Monochrome OLED & Display Socket
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Result

* Use an oscilloscope to observe the waveform of GCLK output and measure frequency.

aun— rm‘.',ﬂm'w.wﬂm||||u||n|‘.|,Uﬂu.'.'lrﬂm‘u - —
GCLK_I00  PB22 120 MHz
N N N .| [ o GCLK_I01  PB23 60 MHz
|’W|[I(1’|l'||l||||| "|||| o GCLK 102  PA16 1 MHz
'H L u \J ||‘ I H H I H ‘n l. I.|| | '.'|| o1 GCLK_I03  PA17 1 kHz
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* Due to the circuit filtering effect, the oscilloscope cannot measure higher frequency
signals. We try to divide the frequency of GCLKO by 4 to get a lower 30MHz and

observe it again.

XOSCO GCLK Generator 0 Main Clock /o /f‘\ el al e S X
o C 00000 Ly
X0SC1 T = = ¢ | e A s - ; _____‘)
> CPU DL USU USL 3PS
DAL 30,000,000 Hz 1 CO- CS S :
SRR T
FOPLL1
30,000,000 Hz R
OSCULP32K
XOSC3K = Peripheral Clock Selection
- d GCLKO 4
GCLK_IN[O] | A : ,A 1 f ;} ] ‘ i f 1 ‘
GCLK1 | \ I‘ fl L
GCLK3 |||‘|||'||‘||}|“LH ||.||||||||'d|ll~|"'1|'||‘uljl CH
FDPLLO N —
GCLKS
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Appendix :
Oscillator and Clock Generator

New Clock Configurator GUI
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Clock System

Multiple clock sources managed by OSCCTRL/OSC32KCTRL include External and DFLL/FDPLL.
12 Generic Clock Generators (GCLKs) create configurable clock signals from these sources.

GCLKs feed peripheral channels and DFLL input.

GCLKO dedicate provides the MCLK (maximum 120MHz) for CPU.

MCLK to generate synchronous clocks for CPU, AHB/APB buses, and peripherals.
MCLK also includes prescalers and clock masks for efficient power and clock control.

e

[o]o]
[e]e]
e
el
=i=]
k]
[t
EE
23

w

5]

=

| .

[n)
Q| | @
g2 |8|x
= | | =
Bl |8
R
(o]
2
8
=
.
.
g
g

GCLK Generator 0

Peripheral Channel 0 ]
(DFLL48M Reference)

Peripheral Channel [2:1]
(FDPLL200Mn Referen:

CLK_WDT_OSC

CLK_ULP32K
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Clock Sy

stem

-
OSCCTRL
X -
Extern;i 5;7\5]//(-/ g X__’ XOSCO 8~48MHz
Externgiilgc;\;l;é %_* XOSC1 8~48MHz
Reference Clock 48MHz "
(Close Loop) 32.768KHz DFLL 48M g
sodeneesiock ——t1 FDPLLO 200M [u]-{957200Mt,
et {1 FDPLLS 2000 ] |2 2000,
-
OSC32KCTRL
External Reagizr?;é/;();lz( %_* XOSC32K 32KHz
OSCULP32K 3oz,
g
e 1KHz
GCLK I/O 1KHz

&

GCLK_OUT[0] / GCLK_IN[O]
GCLK_OUT[1] / GCLK_IN[1]
GCLK_OUT[2] / GCLK_IN[2]

GCLK_OUT[7] / GCLK_IN[7]

to RTC EIC WDT

GCLK_IN[0]
GCLK1

GCLK Generator 1

GCLK_IN[1]

GCLK Generator 2~7

GCLK Generator 0 E

GCLK_IN[2]~[7] n0g
GCLK1 X
GCLK_OUT[2]~[7]

GCLK_ourTjo]

GCLK_OUT[1]

T

MCLK

Main Clock Controller

CLK_CPU

Asynchronous Clocks
GCLK[O]~GCLK[11]

R 22

—

OSCULP1K
OSCULP32K

-

@
[

RTC
MUX

CLK_AHBx,
CLK_APBx

Synchronous Clock (MCK)

CPU

Maximum 120Mhz

Peripherals

\\f(
Yl

Reference Clocks

OSCCTRL_DFLL48
OSCCTRL_FDPLLO
OSCCTRL_FDPLLO32K

v

OSCCTRL_FDPLL1
OSCCTRL_FDPLL132K

vV vy

RTC
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ﬂ New Clock Configurator GUI

Clock Setting Use MCC Harmony

* Open Clock Easy View windows in Project Graph > Plugins > Clock Configuration.

" Clock Configurator

E Clock Configurator %
Froject Graph = |
Double click to enlarge the window |t ssemoro
= ° B —— e ) Main Clock
R E R E $ | ® Flgns: _ S e
N - ) XOSC1 |+ 1 | =
. = - X0SCx J =
TCP/P Configurator XD a > seu )| T o
- . | 8,000000 a Orystel Oscllator o GelKL ¢ cciko v ] o
- 5 [ 1 = & 0SCULPaZK| ™ 1 b
NYMCTRL Device Family PSSt hakem XOUTE s || L I T o
. ~ Peripheral Clock Selection
Peripheral Library DFLL [1 h oo
Clock Source Digital F Locked Loop (DFLL) FDPLLO Gk ||
e ieitsl Frequency Lacked Loo
LA A OIS T Gz v soue o B " E— reTs]
e -
— DFLL
E_ IC f — GCLES
vent Configurator 28 Mz & ¢ Gake
calib GCLKS
J GCLKS
MEPU Configurator . . s anarmar = 5 peripherals
NvIc c f i i ) X0SC0 GCLKS -
onlignration . - s Peripheral
XOsC1 Clock
_/ GCLK10 .
|46487‘ {‘E} o GCLK INILL| = ey Configuration
0SCULP32K| = ——— oo
X0SC32K - Fractional Digital Phase Locked Loop i:ﬁ!n XOSC32K —» =3 — > -
3 DAL : 60 MHz 32.768 kHz
Clock Source = FOPLLA y WOT
—_— GOLK_DPLL — ——— FOPLLO | |- 3 a 1.024 kHz
Golk2 v T O x120 }——DFDPM o [ |
R <osc L ) 120 MHz ) 0SCULPIK
X0sC on xosc1 | | 19 |J£n {g,} C OSCULP32K
J XOSCIK e
@ ¢ GCLK Generator x GOIK 2 XO0SC32K 1.024 kHz
[x=2-11)
x0sc0
X081 s GoLks RICCockSelecion ()
32 KHz Oscillators Controller GCLK ING3] | GeLes
= oscuLpik GCLK1 GCLK 6 GCLK Input Output (10)
oscuLpadk |~ GCLK_INIX]
32K Uttra Low Power 1.024 kkz GOk | ———
Internal Oscillator X0SC32K
OSCULP32K GCLKs
— . oL Gaks * > ) seuciong
J 1| 32.768 khz J—
i L i GCLK In/Out
:'xescsz;( FOPLLL gae Configuration
. GCLK 11
XIN32 32KHz 32.768 kHz GCLKx ¢
| 32768 32K Crystal Oszillator 1.024 kHz
xouTs2 — 8 e ] : POSCIK & 0
O Hz
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Clock Setting Use MCC Harmony

* The Clock Easy View GUI layout.

L OSCCTRL

=T XOSCo

E— Xosc1

DFLL48M  [wu|

— | FDPLLO200M [w]—

——F|  FDPLL1200M [w|—
0SC32KCTRL

E—+ xoscazc
OSCULP32K
GCLK /O

GCLK_OUT[0] / GCLK_IN[O]
GCIK_OUT[1] / GELK_IN[1]
GCIK_OUT[2] / GELK_IN[2]
— 7
GCIK_OUT[7] / GELK_INZ]

8~48MHz
8~48MHz

48MHz

96™200MHz
—

96™200MHz
—

[ {4 GCLK Generator 1

(| cew mpz)

ek ool

Gk ouT2riT]

O5CULPIK
OSCULP32K

Main Clock Cantrofler

CLK_CPU
CLK_AHBX,
CLK_APBx

cPU

Synchronous Cloc

Peripherals

Reference Clocks h
OSCCTRL_DFLL48
OSCCTRL_FDPLLO
OSCCTRL FDPLLO32K
OSCCTRL_FDPLLL
OSCCTRL_FDPLL132K

005 40D B,

RTC

@7 Clock Configurator

E Clock Configurater

XIN ——

| 8,000000 a

Clock Source

| [ e
GCLK3 v )—z— p

8-48 MHz Crystal Oscillators XOSCCTRL1
XOSCx
Crystal Oscillator cro
XOUTH—— &
Digitsl Frequency Locked Loop (DFLL) ]
0 DFLL
pco
28 MHz
calio
- \
*a6875  [——
A J
| 4587

& ¢

XOSC32K

Clock Scurce

E— GCLK_DPLL
GCLKZ ™ E o

L X0SCO
X0SC

. Fractional Digitel Phase Locked Loop

120 MHz

XIN32 D¢

| 32,768 n

¥OUT32 ——

32 KHz Osqillators Controller

N
1KHZ

OSCULPLK

32K Ultra Low Power
Internal Oscillator

3zKHz

1.024 kHz
OSCULP32K

)
8 =

32K Crystal Oscillator

e |

i| 32,768 kHz

| ¥0s€32¢
"

32,768 kHz

XOSC1K

s

&

C’J OHz

GCLK Generator 0

New Clock Configurator GUI

X0SCO Main Clock
X05C1 )
GCLK_INIG] | 120 MHz
GCik1 | - GeLkD
0SCULP3ZK| - +1 ¢
XOSC32K h— — 120 MHz
Peripheral Clack Selection
DFLL 1
] Goko | |
FDPLLO GCLRL
FDPLL1 . GECLK3
E— GOLRG
¢ GCLKS
GCLKS,
GCLKE
GCLK Generator 1 (W ~
= GeLk7
GCLKS
Xosco e Peripheral
X051 Clock
GCLK10 .
GCLK_IN[L] |~ —n Configuration
0SCULP3ZK P .
X03C32K N B R
DFLL \ 60 MHz 32.768 kHz
FOPLLO o H 1.024 kHz
FOPLLL -
OSCULP1K
& ¢ oSCULP3AK
XOSCIK
GOLK Generator x e s X0SC32K 1.024 kHz
=2-11)
X0SC0
X0sC1 Gl RTCClockSelection ()
GCLK_IN[3] GOk S
GCLK1
. R I [ Npg| GO InputOutaut (10)
0SCULP3ZK| - A
X05C32K cows | ool
DFLL —»‘ =32
L Gk g
FDPLLO 1 GCLK In/Out
FDPLLL 32 crueie Configuration
GCLK 11
% GCLkx <
1.024 kHz

CPU

Peripherals

EIC

WDT

[ sewx_iofe]
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ﬂ New Clock Configurator GUI

Clock Setting Use MCC Harmony

° CIOCk sSource Clock Source

@7 Clock Configurator

E Clock Configurater

HE BE

EE

GCLK Generator 0
8-48 MHz Crystal Osdillators XOSC CTRL 1 XO5C0 Main Clock
X05C1 [ | =
X05C —
XINB— % GCLK_IN[O] | | 120 MHz
| 8,000,000 a Cryeal Osclstor e sakl 1= | ——— | saxe [owi v |
Clock Source Clock Generator CPU & Peripherals YOUTR—— @ osculeadd = b <1 - ¢
X0SC32K | | = L ) 120 MHz
oRLL b Peripheral Clock Selection
OSCCTRL Clock Source 1% | : Lakd ||
P~ : .- S Digital Frequency Locked Loop (DFLL) - w_o GCLK1
T Xxosco : CPU GCLK3 v = e - FOPLLL | | Gk
. > CLK_AHBx, - bro ERL GCLK3
—T* X0scC1 8748MHz B Emgwm Main Clock Cantrolier CLK_APBx | 48 MHz ¢ GCLKS,
—|gciks - caliy GCLKS,
48MHz GCLKE
e
DFLL48M  [w] - Synct —_— S Generatar e P> Peripherals
J— : 46375 I—
" FDPLLO200M [ {25-2000Hz, | { : [ B U ) xosco | |- ek Peripheral
—»| GCLK Generator 1 eripherals ) J GCLKS -
—t[  FDPLL1 200M [w] | 252000z, 1 ‘ LI g T Clock
ey B | 687 & ¢ ccu i} Srrls Configuration
Reference Clocks h OSCUP3K = | ——— | gk
OSC32KCTRL OSCCTRL DFLLA8 XOSC32K . Fractional Digital Phase Locked Loop XOSC32K| |~ =2 EIC
32KHz : = @ ) - 60 MHz 32.768 kHz
™ X05C32K { : | GCLK Generator 27 H—Jl —> OSCCTRL_FDPLLO a Clock Source - DAL - wor
: g ) 0
d =] OSCCTRL_FDPLLO32K H GCLK_DPLL FOPLLO | |- p
0SCULP32K Iz, ) |m =l = £ Goe v 1MHz O | 2 1024 kHz
T i ’ OSCCTRL_FDPLLL H [BCRe 7 ->{ x120 Fopi T I
E L 120 MHz ) OSCULP1K
GELK_OUTT217] 1 OSCCTRL_FDPLL132K - X0SCo ~ .
1KHz X0sC D) oSCULP3AK
GCLK1/0 1K — 2 ot | [110 h & C
GCLK_OUT[0] / GCLK_IN[O] o T B oscuLPIK - - XOSC1K RTC
GCLK_OUT[1] / GELK_IN] N GCLK Generator 8~11 pp— GCLK Generator x GOk 2 XOSC32K Loz4khz
GCLK_OUT[2] / GELK_IN[2] ——1| gTC RTC {3,} C, (x=2-11)
7 MUX X0SC0 :
GCLK_OUTI7]/ GELI_INGT] X0sC1 : Gl RICCockselecton ()
32 KHz Oscillators Controller GCLK_IN[4] GeLes
GCLK1 :
s OSCULE pepenn @, Gruce GCUNL| SO Input Outout 10)
32K Ultra Low Power 1.024 kHz coKT
Internal Oscillator OSCULPAZK XOSC32K | o~ — o GOLKx
32KHz J e DFLL = _.( -3 [ sewx_iofe]
a 2 _/ L | GO 9
1 = FOPLIO L4y A GCLK In/Out
' d XOSC32K, FoPLLL ~ ‘ 32 G Configuration
1 p GCLK 11
XIN32 . 32KHz o 32.768 kiz % Gol <
| 33769 n 32K Crystal Oscillator 1.024 kHz
m XOSC1K
xouT32 [— 8 e [ ] & e
C’J OHz
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Clock Setting Use

* Clock Generator

Clock Source

L OSCCTRL

=T XOSCo

E— Xosc1

DFLL48M  [wu|

— | FDPLLO200M [w]—

——F|  FDPLL1200M [w|—
0SC32KCTRL

E—+ xoscazc
OSCULP32K
GCLK /O

GCLK_OUT[0] / GCLK_IN[O]
GCIK_OUT[1] / GELK_IN[1]
GCIK_OUT[2] / GELK_IN[2]
— 7
GCIK_OUT[7] / GELK_INZ]

8~48MHz
8~48MHz
48MHz

Ea—

96™200MHz
—

96™200MHz
—

32KHz

32KHz

1KHz
1KHz

Clock Generator

__— caxoumo;

[ {4 GCLK Generator 1

| cew mpz)

— GeL ouT1]

e ouT27]

—| MCLK =]

Main Clock Cantrofler

O5CULPIK
OSCULP32K

CPU & Peripherals

CLK_CPU
CLK_AHBX,
CLK_APBx

cPU

Synchronous Cloc

Peripherals

Reference Clocks h
OSCCTRL_DFLL48
OSCCTRL_FDPLLO
OSCCTRL FDPLLO32K
OSCCTRL_FDPLL1
OSCCTRL_FDPLL132K

005 40D B,

RTC

MCC Harmony

@7 Clock Configurator

E Clock Configurater

XIN ——

| 8,000000 a

XOUTE———! &

Clock Source

coLka - E GoLk_DFLL

8-48 MHz Crystal Oscillators XOSCCTRL1
XOSCx
Crystal Oscillator cro
Digitsl Frequency Locked Loop (DFLL)
r 0 DFLL
pco
28 MHz
calio
- \
*a6875  [——
A J
| 4587

& ¢

XOSC32K

Clock Scurce

—— GCLK_DPLL
GCLKZ ™ E o

L X0SCO
X0SC

. Fractional Digitel Phase Locked Loop

XIN32

| 32,768 n

xouT32 f—»> 8 e ]

32 KHz Osqillators Controller

N
1KHZ

120 MHz

OSCULPLK

32K Ultra Low Power
Internal Oscillator

3zKHz

1.024 kHz
OSCULP32K

32,768 kHz

| ¥0s€32¢

% 80

32K Crystal Oscillator

32,768 kHz

XOSC1K

OHz

ﬂ New Clock Configurator GUI

Clock Generator

GCLK Generator 0
XOSC0 Main Clock
X05C1
. CPU
GCLK_IN[] | 120 Mz
GCik1 | = Y| Goxo | DvVi v
0SCULP32K| = 1 — —— ¢
XOSC32K L ) 120 MHz
— | Peripheral Clack Selection
—{ ! Goko | |
FDPLLO GCLKL
FDPLL1 . GCLK2
— GOLRG
¢ GCLKS
GCLKS,
GCLKE
GCLK Generator 1 (W N .
. GCLKT Peripherals
GCLKS
Xosco ke Peripheral
X0sC1 Clock
GCLK10 .
GCLK_IN[1]}~ —n Configuration
05CULP32K] — ==
XOSC32K = —r =2 — e
DFLL - 60 MHz 32.768 kHz
WwDT
FOPLLO o ‘ 2 a 1.024 kHz
FOPLLL -
OSCULP1K
& ¢ oSCULP3AK
XOSCIK -
GCLK Generator x GoKz XOSC32K 1.024 kHz
=2-11)
X0SC0
X0SC1 CELICE RTCClockSelection ()
GCLK_IN[3] GOLK 5
GCLK1
§ St Npg| GO InputOutaut (10)
0SCULP3IK |~ caxr | B
X05C32K L
caxs | oLk
DFLL =32 [ sewx_iofe]
§ L GOk 9
o - GCLK In/Out
FDPLLL ‘ 32 EEE Configuration
GCLK 11
————F  CCLKx <
1.024 kHz
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ﬂ New Clock Configurator GUI

Clock Setting Use MCC Harmony

 CPU & Periphera|s CPU & Peripherals

@7 Clock Configurator

E Clock Configurater

HE BEHE

EEHE

GCLK Generator 0
8-48 MHz Crystal Oscillators XOSC CTRL 1 XOSCO Main Clock
X05C1 ] =
X050 B
XIN * GCLk_INGa] | 120 MHz
| 8,000000 a Crystal Oscilatar cro sowa | = I (-
Clock Source Clock Generator CPU & Peripherals XoUTE—— @ OSCULPARK| - 1 ¢
XOSC32K - ’ 120 MHz
B! i Peripheral Clock Selection
OSCCTRL Clock Source 1 K e
8~48MHz : — S Digital Frequency Locked Loop (DFLL) - FOPLLO | _o GCLK1
ul Xosco : ErLEy GCLK3 v — FDPLLL GeLK
—» — MCLK A= CLK AHBx, cPU e [ beo ) DFLL — GCLES
— X0sc1 ST4EMHz B ccBomar Main Clock Controller CLK_APBx ‘ 18 MHz & ¢ GaLke
—|GrLK1 - calic GCLKS
48MHz GCLK6
e
DFLL48M  [w] — Synehronous Cloc —— GELk Generatord ol P> Peripherals
— 96~ 200MHz : L w5 | —
|| Z6T200Mbz : . . GCLKE "
FDPLLO 200M L { | eake . Peripherals L ) X0SC0 \ e
[ — enerator ¥osc1 | |- Seue Clock
T FDPLL1200M [w] s | o i | 587 / GeLKio :
- e ouT1] - . {‘.’:} C)J GCLE_IN[L] |~ e Configuration
Reference Clocks h OSCUP3K = | ——— | gk
OSC32KCTRL ot : OSCCTRL DFLL4S } XOSC32K . Fractional Digitel Phase Locked Loop X0SC32K| |= w2 _mHz e EIC
— XOSC32K ¢ | GCLK Generator 27 H—Jl — OSCCTRL_FDPLLO 2 Clock Source - DFLL = :
o | = T s ) ik GOk DPUL e o o | E——TTTR
- ClY - v
OSCULP32K - J 4 ¢ 3 OSCCTRL_FDPLL1 g ook V) Hé -’{ RE0 FoPLLL : 0SCULP1K
S o) OSCCTRL_FDPLLI2K xosco |- - 120/ MRz >
1KHz X0SC ) oscuLP3ZK
GCLK1/0 1K — 2 ot | [110 h & C
GCLK_OUT[0] / GCLK_IN[O] o T B TEFIETY - - XOSC1K RTC
TR T | GCLK Generator 811 ] ‘GOLK Generator Gz || x0scaak Lo24khz
GCLK_OUT2] / GCLK_IN[2] ———| RTC RTC {g} c)) =2-11)
oy oy %0sC0 "
GELK_OUTI7] / GELKINET] X051 = GrLes RTCOock seiecion (%
32 KHz Osqillators Controller GCLK_IN[] - GrLes
GOLKL -
e gsouLeak D) GrLee GoLNpg GO InputOutput 10)
32K Ultra Low Power 1.024 kkz ik GOKT | 4
Internal Oscillator O0SCULPIZK XOSC32K | |~ — GCLKx
s2ke J — DrLL - _,( _z GeKE [ seue_om
. z _/ L | GO 9
1 = FDPLLG D A GCLK InfOut
\ d HOSCIZK, FoPLLL ~ ‘ 32 G Configuration
M ... W ; GCLK 11
XIN32 8 = O 32.768 kiz % o ¢
| 32768 n 32K Crystal Oscillator 1.024 kHz
| XOSC1K
xouT32 f—»> 8 e ] &
A ¢, | one
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Clock Setting Use MCC Harmony

* GCLK Input Output (10)

Clock Source

HE BEHE

EEHE

OSCCTRL
— XOSCo
— X05C1
DFLL48M  [wu|
— | FDPLLO200M [w]—
——F|  FDPLL1200M [w|—
0SC32KCTRL
— XOS5C32K
OSCULP32K
GCLK /O

GCLK_OUT[0] / GCLK_IN[O]
GCIK_OUT[1] / GELK_IN[1]
GCIK_OUT[2] / GELK_IN[2]
— 7
GCIK_OUT[7] / GELK_IN]

8~48MHz
8~48MHz
48MHz

Ea—

96™200MHz
—

96™200MHz
—

32KHz

32KHz

1KHz
1KHz

Clock Genera

[ {4 GCLK Generator 1

(| cew mpz)

GCLK Generator 8711
—

tor

d
ek ool

[
GeLr_ouT)

=]
i

Gk ouT2riT]

O5CULPIK
OSCULP32K

CPU & Peripherals

Main Clock Cantrofler

CLK_CPU
CLK_AHBX,
CLK_APBx

cPU

Synchronous Cloc

Peripherals

Reference Clocks h
OSCCTRL_DFLL48
OSCCTRL_FDPLLO
OSCCTRL FDPLLO32K
OSCCTRL_FDPLL1
OSCCTRL_FDPLL132K

005 40D B,

RTC

@7 Clock Configurator

E Clock Configurater

8-48 MHz Crystal Oscillators ¥OSCCTRL 1
XOSCx
‘ 8,000,000 Crystal Oscillator cro
XOUTH——— &
Clock Source —
— J—— Digital Frequency Locked Loop (DFLL) ]
GCLK3 v - .
DFLL
DCO
48 MHz
calio
P ~
= 46375 l—
L /
| 4587

& ¢

Clock Scurce

—— GCLK_DPLL
GCLKZ ™ E o

XOSC

XOSC32K

Fractional Digital Phase Locked Loop

120 MHz

XIN32

| 32,768 n

¥OUT32 ——

32 KHz Osqillators Controller

N
1KHZ

OSCULPLK

32K Ultra Low Power
Internal Oscillator

3zKHz

1.024 kHz
OSCULP32K

32,768 kHz

| ¥0s€32¢

% 80

32K Crystal Oscillator

32,768 kHz

XOSC1K

B e[
)

C’J OHz

ﬂ New Clock Configurator GUI

GCLK Generator O
XO5C0 Main Clock
X0SC1
CPU
GCLK_IN[Q] 120 MHz
GOKL L™y ( | scko | Dwvi v
0SCULP3ZK| = 1 -1 ¢
XOSC32K L ‘ 120 MHz
DFLL | Peripheral Clack Selection
) ! Geiko | |
FDPLLO GCLKL
FDPLL1 GCLK2
- T GCLK3
¢ GCLKS
GCLKS
GCLKS
G Generator 1 (W N .
. GCLKT Peripherals
GCLKE
Xosco ke Peripheral
X0SC1 Clock
GCLK10 5
GCLK_IN[1] |~ —n Configuration
0SCULP32K| -~ —— oo
XOSC32K i ] —— e
DFLL = 60 MHz 32.768 kHz
/ WwDT
FOPLLO o ‘ 2 a 1.024 kHz
FOPLLL -
) OSCULPIK
& ¢ oscuLP3zk
XOSCIK e
GCLK Generator x GOk 2 XOSC32K 1.024 kHz
{=2-11)
X0sco
X0sC1 Gl RTCClockSelection ()
GCLK_IN[3] GEIK 5
GCLK1
_/ Gruce GCLK_INL  GCH Input Outawt (10)
0SCULP3AK |~ car -
X0SC32K |
DFLL =32 < scwx_iop
_/ L GO 9
POy GCLK In/Out
FDPLLL = ‘ 22 Gree Configuration
| GCLK 11
——  [okx ¢
1.024 kHz

GCLK Input Output 10
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ﬂ New Clock Configurator GUI

Clock Setting Use MCC Harmony

* The Multiple Modules Selection and Extra Configure Dialog.

i1 Clack Canfigurator

E Clock Configurator

8-48 MHz Crystal Oscillators Main Clock e —
- ™ s 1 | Parphenat ke | Soueen Partphara Clok Fraquency
XINDE— GCLK_IN[Q] 12« v~
CFD. L]
| 8,000,000 a — GCLK1 \ | ovi v ¢ won
XOUT . s 0SCULP32K| . B — o o v
e XOSC32K = . -
L 3 I B lpheral Clock Selection
. DRL | R - T
Clock Source | FDPLLO - . .
L scw ol —
GCLK3 Vv FDPLLL e x
—_ DFLL —
L D 48 MHz oLk E w
. ] GCLKS o
B GCLKS =
GCLKT
= X0SC0 - GCLKS -
. ) GCLK10
|46‘57- GCLK_INTLI| o
D) GCLK11
—— OSCULP32K — e | coi
XOSC32K Coees F XOSC32K) = ™ =2 ——FSDMH : n ~
Clock Source i e gy, OfLL B WOT
e GCLK_DPLL i ] % FoPLLO = | [ 1o
v = R— FOPLL 2 T02TkHE
GCLkd ’_5 . 8 FDPLLL O —
Xosc :ﬂ I 05CULPaZK
XO05C1K RTC
GCLK Generator x GCLK2 XOSC32K = 1.024 kHz
C’) [x=2-11)
XOS5C0 Y GCLK1/0 Configuration 8 x
= X0sC1 = GeLis RTCCotkSslection ()
T _ Generator | In/Out  In Frequency (Hz) Out Frequency (Hz)
32 KHz Oscillators Controller GCLK INI31 = et R [ HE ohe
T OSCULPLK GCLK1 ~ GCLK 6 =
1KHZ » _ GCLK_INX] GCLK Input Qutput (10} 1 n o B OHz
QSCULP32K |~ =
e I —— 1.024 kHz ) GCKT | +——
. ' . 2 B B -
a Internal Oscillator 05CULPI2K XOSC32K — soics GCLKx b
e °| 32768 k1 DrLL ) 3 il z K -
|3z z _/ GCLK9
fopLLO | = | - - GCLK In/Out . m - ore
cro
i EDPLLL : 32 CEEe o
I |xosca2k, ) ‘ : - JiC o
- GCLK 11
32.768 kHz A ¢ B H -
1.024 kHz 7 [~ B H -
KOSC1K e,
C)J OHz
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Clock Setting Use MCC Harmony

* Default System Clock routing of a new project.
 DFLL48MHz (open loop) > GCLK2 (DIV48) > FDPLLO 120MHz > GCLKO > MCLK 120MHz
 DFLL48MHz (open loop) > GCLK2 (DIV48) > FDPLLO 120MHz > GCLK1(DIV2) > Peripherals 60MHz

Clock Source Clock Generator CPU & Peripherals

120MHz . GCLKO = 120MHz MCLK = 120MH:z CPU
i OSCCTRL j .
120MH. .
iz FDPLLO 120MHz |y, ‘s, Peripherals

7
Reference Clocks )

&
DFLL 48MHz |wuL S
»{ OSCCTRL_FDPLLO |

48MHz

J
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ﬂ New Clock Configurator GUI

Clock Setting Use MCC Harmony

* Default System Clock routing of a new project. (MCC Harmony Configuration)

GCLK Generator 0
X0SCO Main Clock
X0SCL ‘ ’[ -1 | » CPU
GCLK_IN[O] |~ 120 MHz
GCLK1 \ GCLKD Divl ™
N N OSCULP32K y =1 |7‘ C)/
Circle on Calib xoscazk | [= L D] 120MHz
l T DFLL operates in open-loop operation FDPLLO|= [1 _a Peripheral Clock Selection
120MHz 120MHz 120MHz Clock Source - H ) GCLKD
——————* GCLKGWE—’ MCLK cPU S Digital Frequency Locked Loop (DFLL) %@ GCLK1
GCLK_DFLL V
L ! GCLK2
OSCCTRL — j e v Hp Moo | ot i ® e
IMHz 120MHz 60MHz Periph 1] L ) 43 MHz & ¢ GCLK4
FDPLLO 120MHz ——*| GCLK1 I eripherals caiin o e — GCLKS
. : g [ etk cenearor 1 (] GCLKS
‘ - DFLL48MHz [w] — e s coo > > Peripherals
48MHz K2 1= Reference Clocks | %1 J— <OSCO0 ) T o
\’ OSCCTRL_FDPLLO xOSC1 : GCLK9 T
— & C GCLK_INTLIL = 22:::12 Configuration
FDPLLO 0SCULP32K] e | o e,
XOSC32K *._ Fractional Digital Phase Locked Loop - X0O5C32K | a \ —» =3 — e
Clock Source - x120 FDPLL 1 | FDPLLO_ : \ I —_ V15 0
GCLK_DPLL FDPLLO 3
e FDPLLx Z
GCLK2 i E GCLK DPLL© %120 }——b FDPLLL @ E
GCLK2 —Xoso |- - . 120 MHz -, 2
X0SC D)
o |tn Y ® Stk
119 N )] === |
& ¢ i | o
X0SCO - GCLE esce o =~ || GCLK2
The DPLL can reach up to 200Mhz, but by default, o i
the DFLL will be used as the CPU's main clock, so i = s
so it can only be set to a maximum of 120MHz. P e
OSCULP32K|
1 GCLK 7
DFLL

DFLL P —b‘ 48 e
@ S GOLK S

FDPLLO
FDPLLL | | 48 B GeLeo
GCLK 11
48 L—» GCLix
1MHz

2 ¢
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Clock Setting Use MCC Harmony

ﬂ New Clock Configurator GUI

* Default System Clock routing of a new project. (MCC Harmony pseudo connect )

120MHz GCLKG]E% MCLK 120MH2 cpu _ Dlock Source. i
OSCCTRL -"“"“H-h__ A — ‘chﬁ - [
120MH. i) -
Wz | FDPLLO 120MHz [i] 2"+ Gaka =21 M. Peripherals
DFLL 48MHz -
- Reference Clocks ‘
LGM - (PR
XO5C32K
Clock Source
GCLK_DPLL @

X0sC

- XOSCo

"[ =2 X0SCL

> CPU
120 MHz

» Peripherals

GCLK Generator 0
XOSCo Main Clock
X0SC1 of -1 |
> -
GCLK_IN[O] | |
GeKl — GOLKD | DVl v ‘
0SCULP32K <1 N ¢
XOSC32K - 4 120 MHz
DFLL | Peripheral Clock Selection
—_— ! GCLKO
Digital Frequency Locked Loop (DFLL) —LOPLL0 GCLK1
> - FDPLLL Gek2 ||
DCO DrLL GCLK3
48 MHz &8¢ GCLKS
caiin GCLKS,
GCLK Generator 1 GCLKS [ T
( i GCLKT [ 1
x1 i—
- / X0sco coree Peripheral
GCLKY
X0sC1 Clock
GCLK10 5
@} C)J GCLK_IN[L] p— Configuration
CSCULP32K] P —
Fractional Digital Phase Locked Loop - IFoPLLO | XO5C32K P -2 = Fipharal Chack Canfiguration
L 60 MHz
FDPLLT | DFL B — ersrss
( | FDPLLx FOPLLO 2 a v,
1y | > FDPLLL -
- ~ 120 MHz FREQM MSR
~ e, ety
Itﬂ @
s
GCLK Generator X CLK 2 ‘ S
& ¢ (x=2-11) LoFLLs
Y05C0 GCLK 3
¥0SC1 GCLK 4 -
GCLK_IN[2] | GCLK 5
BCLKL GCLK 6
OSCULP32K| GOk T
XOSC32K
— GCLK 8
DFLL | :)/,-+ _ag h
FDPLLO || coxs
FDPLL1 48 B GCLK 10
L GOLK 11
—————GCLKx
1 MHz
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* Lab4 System Clock

DFLL Close Loop and Clock Output
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The current system clock source is generated by DFLL48M using Open Loop, which is
an internal clock source with an RC oscillator and a Digital Frequency-Locked Loop.
Therefore, the frequency itself is less accurate and is prone to larger errors as the
temperature changes.

* In this experiment, our goal is to achieve the Close Loop of DFLL48M and use an
external 32K oscillator crystal as the Reference Frequency of the DFLL48M to achieve
higher frequency accuracy.

* The following are the steps of clock routing:

1. Enable the external XOSC32K clock source. (APPO55 has a on-boarded external 32K oscillator)
2. Use XOSC32K as the clock source of GCLK3 and divide it by 32 to get a 1KHz frequency.
3. GCLK3 now output 1KHz to reference clock peripheral OSCCTRL DFLL48 as the clock source of

DFLL48M.
4. Enable the Close Loop of DFLL48M and input the Multiply Factor as 46,875 to calculate a more

accurate 48MHz frequency.
The following parts maintain the original clock configuration.

Let’s go !
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The default configuration of the system clock routing.

1IMHz

120MHz

OSCCTRL
FDPLLO 120MHz ||| 122M"H2
- DFLL 48MHz MUL
o 48MHz

MCLK | s 120MH:z

Peripherals

DAY

S
S

Reference Clocks

OSCCTRL_FDPLLO

CPU
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The new configuration we are going to add and modify.

1KHz |

-~ DFLL 48MHz xa6875|;

External Crystall
32.768KHz
= XOSC32K J32KHZ GCLK3 |[=37 KMz I: OSCCTRL_DFLL48 I
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* The configuration of the system clock routing we want to implement.

120MHz MCLK =1 120MHz | o
OSCCTRL y i
1IMH 120MH. -
: FDPLLO 120MHz [y, : Peripherals
\_
1KHz S 7
aseor  DFLL 48MHZ |x46375 [ Reference Clocks Y
. ) L 48MHz | Gelk2 = OSCCTRL_FDPLLO
External Crystall
32.768KHz
| XOSC32K Sedileld 1KHz . OSCCTRL_DFLL48 )
| G
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* Clock output configuration of the finial system clock.

-

GCLK I/O

GCLK_ouT[0]
GCLK_OUT[1]
GCLK_OUT[2]
GCLK_OUT[3]

~

1

v
X

GCLK_ourT[o]

v
X

GCLK_OUT[1]

v

GCLK_ouUT[2]

v
X

GCLK_OUT[3]
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New Clock Configurator GUI

[
%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 1

* Open Clock Easy View windows in Project Graph > Plugins > Clock Configuration.

Proest Ciranh 87 Clock Configurater
roject graph = )
! P E Clock Configurator
JIl H | B f &l | Pluoging: v . . —-—
X | | - | Double click to enlarge the window e
TCHEIP Configrator T e -
XOSCx -
ng——+ O |, | o GCLK_ING) _J 120 MHz
N‘JM CTR.L 8,000,000 n Crystal Oscillator GOLKL ceie o1
XOUTER: & e 05CULP3IK -1 e
i i XOSC32K 120 MHz
Peripheral Library | P : I B eriphers ClockSelacion
GCLKO
MEHORY —_— = = Clock Source ~ Digital Frequency Locked Laop (DFLL) FOPLLO GCLKL
o or
I k . ° GCLK3 v N FDPLLL GCLk2
Clock Configuration o oo s
28 MHz
GCLKS
" [ Gtk Generator 1 WA GCLK6
TCO MPT Configurator p : GOk Generrd e > Perpherals
ioh | Lib . . | S X0SCO GCLKS
Paripheral Library Peripheral Library [ vosct || eeLes e
oc!
TMR 46,87! n & ¢ Ger | zzt:i‘: Configuration
DS[ULP}E r GCLK1 C
X0SC32K Fractional Digital Phase Locked Loop X0sC32k 2 I EIC
orL || J 60 MHz 32.768 kHz
Clock Source FDPLLT | ! I WOT
GCLK_DPLL p . FDPLLO n [ romw
| COKDPL &y |imm o |2 1,024 kHz
cClke v : 120 o FDPLLL l
vosc0 | 120 MHz B OscuLpyl
xosc’| 22 s | o b . B s ¢ 0SCULP3K
—_— XOSC1K RTC
o B {9 C GCLK[iEznVelrla]\w x GCLK 2 X0SC32K 1.024 kHz
asco
xosc1 ek 4 RTC Clock sefection ()
32 KHz Oscillazors Contraller GCLK_IN(3) oeues
OSCULP1K GCLKL GCLKE
Py — GCLK Input Output (10)
31KUInauw4vaelr 1.024 khz SECULPEZK 6o 7 M
Internal Oscillator 0SCULP32K XOSC32K
| o oFL ] coks | SO > 5 seveon
| 32768 kHz cos
| FOPLD ! A GCLK InfOut
I xoscaax FoeLLL 32 gexo Configuration
- N GCK 11
XIN32 2z 32.768 kHz ——— Gox ¢
32768 B 32K Crystal Oscillator 1024 kHz
xoUT32 [—+ & e 7@1 ROSCIK & ¢
0H:
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New Clock Configurator GUI

[
%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 2

% Clock Configurator

E Clock Configurator

| xouT!

| 32 kHz Oscillators Controller

32 KHz O=cillators Contraller o
) OSCULP1K S JO e S -
1KHz > . N - O |
0 ' > / e
32K Ultra Low Power 1.024 kHz °c N
Internal Oscillator OSCULP32K e E
32 KMz . > e
. — - e
o /l — A i| 32.768 kHz W oo 1]
AL A Tt | =
| cro | <'B g o
| xnscak XOSC32K =

D Check Check

2 -
A . >
32 KHz -{Q 32.768 kHz 32,768 Hz
| 32768 p=tal Oscillator :
o Circle source from

M5C1K

LI
xouT32 f— & 1w | 32K Crystal Oscillator

Hz

el ol g‘!' XOSC32K J 32KHz.
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New Clock Configurator GUI

[
%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 3 (New MCC core GUI)

1 Clock Configurator

E Clock Configurator

GCLK Generator x (x=2-11)
Check

GELK[ iezn_ﬂlrf]mr X J GCLE 2 {‘
sco % | == GCLK3
NOSC1 GCLE 4 @
GCLK_IN[3 GELE S
GCLK1 GCLK 6
0SCULP32 colkT
[ 32,768 Hz ] XOSC32K -
Circle on XOSC32K
FDPLLOD sekes
FDPLLL GeLkag
GCLE 11
———— GCLEx
1.024 kHz
ﬁ} 6 1;024 Hz 32KHz (35 —2KHZ
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% Lab4 System Clock - DFLL Close Loop and Clock Outpu

Step 4 (New MCC core GUI)

| Digital Frequency Locked Loop (DFLL) |

Circle on Clock Source from GCLK_DFLL for
DFLL operates in closed-loop operation.

Digital Frequency Locked Loop (DFLL
g 'Eq, v p (DFLL) DFLL
@] DFLL
p DCO >
48 MHz

48 MHz

Clock Source

| COLKS — b GECLK_DFLL
GCLK3

D Check calib
2

Ny

| 45,87! {;:} G

46,875 4

[ DFLL Multiply Factor]

* To get the 48 MHz output of DFLL, the reference clock is 1024Hz (GCLK3),
then calculate the DFLL Multiply Factor is 48000000/1024 = 46875

_i“‘”l ~ DFLL 48MH1‘h
48M

New Clock Configurator GUI

t

‘ OSCCTRL_DFLL48 '
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New Clock Configurator GUI

[
%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 4 (DFLL48M alternative method to set the clock sourcef)

Clock Configurator

E Clock Configurator
Peripheral Clock Selection
Peripheral Clock Selection w0 | om0 T ErEmIg

GCLED ok RN
GCLK1 g e
GCLE2Z
GCLKS
GCLEL . i
GCLKS = 1 5™
GCLKS e e
ey » Peripherals
GCLKE X
v Peripheral =

Clock —
GELRID Cnnﬁgurat'lor} =
GCLKIL Peripheral Clock Configuration ) (X

1251 ”‘j - )
- Check GCLK3 1,024 Hz
OSCCTRL DFLL48 | || osccTRLDFLLA8 ‘ GCLK3 v ‘ 1.024 kHz

o\ |

ek 1KHz
OSCCTRL_FDPLLO GCLK2 v 1 MHz _i’ - LA 43"’""1"" .

OSCCTRL_FDPLLO32K
OSCCTRL_FDPLL132K
SDHCO_SLOW
SDHC1_SLOW

‘ OSCCTRL_DFLL48 '
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 5

GCLE Input Qutput {10)

GCLK_IN[x] .

GCLEx

GCLK In/Out

Configuration

B ecLe_io[x]

GCLK 1/0 Configuration

Generatar

In/Out

Out

QOut

Out

Out

Out

QOut

Out

Qw

=

QOut

In Frequency (Hz)

mmmD

B (X

Out Frequency (Hz)

1.024 kHz

0 Hz

0 Hz

0 Hz

0 Hz

1 Clock Configurator

E Clock Configurator

o 0 xosox
8000000 GOt |
XouTE— & °
Clocksource B ey e loon OR) | (|

GCLK3 v S N c >
oo
b o
L P

687 @ e
soscaz Frachons il P ockeaLocp

Clock so. roRLLt
e v o FoPLLs
120z

xosc | f
—— X5, s

——

0

oscutex

Tozkiz
oscutpaz

32768 k2

roscsax,

32768 k2

woscix

onz

GCLK I/0
GCLK_oUT[0]
GCLK_oUT[1]
GCLK_ouT2]
GCLK_OUT(3]

osccmLt

ks 1‘1‘6 fim S e

wor
2 Lozakiz
L oscutp %)

New Clock Configurator GUI

o

> Peripherals

Ec
32768 k2

RTC
ca | xosca Lo2ekHz

sas
N GCLK In/Out
il Configuration

sou <

1028 ket

- 120M

X sek_ourror
=1 60MH.

X scux.our
1MHz

GaLK_outz

1KHz

X setouns)
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 6

* Open Pin Table by Project Graph > Plugins > Pin Configuration.

* Pin Setting > Order : Ports
* Pin Table > double click to enlarge

Project Graph xl
X SRERE | ® | .

TCRIP Configurator
Event Configurator
g

NVYMCTRL
Peripheral Library

MEMORY

HNYIC Configuration
Clock Configuration
D8 Configiration

Pin Confiznration

TCO
Peripheral Library

TMR

T Pin Configuration
Paripherar ciorary

TMR

| Order by Ports

Pin Settings

Order: Port

Table View

Jiagram x] Pin Table xl Pin Settings
B Easy view

5 9

Fin

a ]D% Custom Name

Function Mode Direction Latch Pull Up  Pull Drive
Mumber
Down Strenath
1 PADD Available Digital | HighImpedance | Low O (] |nomrmaL -
2 PaD1 Available Digital High Impedance -~ Low D D NORMAL  ~~
g PADZ Available Digital | HighImpedance | Low B (] |mnormaL -~
10 PAD3 Available Digital | HighImpedance | Low O (] | noRmaL ~
Pin Table
Project Graph xlF’in Diagram x]PinTabIe x| Pin Settings x]
Package: [ToFP128 4 1D | (Double click the[Pi Seting] to enlarge the window b a o s
A
Module Function 0o|1]2 6 8|9 |10|11|12|13 |14 |15|16|17|18|19 |20 2
AC_AIND
AC_AIN1
AC_AIN2
AT
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 7

* Right-click on GCLK and View > Ports to sort by port and Isolate for all GCLK 1/0 pins.

Project Graph | Pin Disgram lein Table = | Pin Settings x|

Package: | TQFP128 .
=
[}
=
Module Function 1
GCLE_I01
- - GCLE_I02
Right-Click on GCLK
GCLE 03
GCLE
GCLE_T04
. L
Hide h

View

Isplate

Isolate 0

, 106
> 107

GMAC_GCOL

—
=
=

~ 0 o
SPERETEn e 218 lp

=
=

=
=

-+
=
=~

wy
=
=

—

[

Project Graph xl Fin Diagram x] Fin Table x] Pin Settings x]

g
=
T

—
=
Ll

[==]
=
[l

[
=
[l

=
=

=
=

=
=

Package: | TQFP128 -

{i‘a | 66 | 67 |113‘119
PORTA [,

PORT B

;‘J—‘A—'—"‘J—‘?|83|ﬂ4|85|86|8}'|98‘99

Module Function 10|11 |14 (15| 16| 17

27

30

10

11

12

13

14

15

16

17

18

19

20

21

22

23

GCLE_IOO0

GCLE_IO1

GCLK_I02

GCLK_I03

/ GCLK

GCLK_IO4

GCLK_IOS

GCLK_IO6

GCLK_IO?
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New Clock Configurator GUI

%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 8

* Enable GCLK I/O as below to output the clock and quit the Isolate view by Show > All.

Project Graph lemDia.g:ram = | Pin Table = | Pin Zettings x| /'»Q, ,;\) /6‘} 61?)
L3 bidn Package: | TQFP128 ~ Py 63 3|119| 30| 40| a1 e—vi-ga’#fjaz 83| 84| 85| 86 | 57 (/LR
X | B
GCLK_OUT[0] @ PB22 .
COMH Module Function 15|16 17| 27| 30| 10|11 |12|13|14|15|16| 17| 18| 19| 20| 21| 22| 23
z 7 GCLK_I00] 1« 100

GCLK_OUT[1] @ PB23 Right-Click
= GCLK_102] -« 102 Click to Enable | XY
1MHz (Green)
GCLK_103] ¢y 103

# GCLK —
GCLK_I04
1KHz .9 i

GCLK_OUT[2] @PA16

¢ > ::::te GCLE_IOS
L Shon e GCLK_I00  PB22 120 MHz
e J—L— Pins Dgg All GCLK |01  PB23 60 MHz
f | - vosies | ED GCLK_I02  PA16 1 MHz
- Functions > GCLK_103 PA17 1 kHz
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Step 9

* Click on | Generate | button to generate your code after configuration.

Projcts | Files | Services | Resource Management [MCC] x | =

P00 - How doI?

MCC v5.5.1

ipuration Oplions

Generate

Project Resources

Impaort... | Export | e || @ 1
yotem

¥ Libraries
¥ Harmomny
b Packs

» Peripherals

Device Reseurces 1 v E}FStEm
v Libraries
> = Harmon, o =+ System

b02 Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer_Polling T
Froject Type: Application - Configuration: defanlt
i Device
g PIC32CK 10255041128
Checksnm: Blank, no code loaded
EA CRC3Z: 0x8946C7ED
& o5 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

[
% Generate Device % Project Configuration

Cortex-M4 Configuration

I I I I O O R e

15:17:58.843 INFO:
15:17:58.844 INFO:
15:17:58.844 INFO:
15:17:58.844 INFO:
15:17:51.274 INFO:
15:17:51.274 INFO:
15:17:51.274 INFO:
15:17:51.274 INFO:

Generation complete (t
Generation complete.
HARMONY: [ python-print
HARMONY : python-print

[
HARMONY: [ python-print
[ python-print

HARMOMY :

15:17:50.827  INFo: (__Generation complete |

Forts
Clock
Interrupts (NVIC)
DA (DMAC)
WOT i

Outpul x| News | Motifications [MCC] |

Eitt = Curiosity/Siarier Kits (PKOB4) = Scripting ®  MPLAB® Code Conhguralor =

A e L7 o I AP LN . nr '\I..IJ.U \FLLJLLAJ.ULJJE‘-I-J.J.LU-II SULLTES D .

] Executing generate hook

O I I I I OO 0N D0 O 0O 0 N0 D0 0 N0 N0 N0 0

otal time: 5396 milliseconds)

R

1 preGenerateEvent

] interfaceValidationEvent
] processDataModel

] postFinalProcessing
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 10

* This Lab does not require any program modification.
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 11

to Program code to EVB.

B3 MpLa — O *
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
5 — = P00 - How doI?
= C
Projots Files Services Resource Management [MCC] x ) || Kit Window x| StartPage = | ProjectGuaph x | 59 mane x| b il Confiourition Options x o
MCC v5.5.1 || Ci\Esercises._2025_Susmwes_ElitehLb02_Tiaer_Polling_TChecureing =i

Project Resources

- : I Il
. — . T 4
¥ Libraries i '|.|:| i D-\' F o
;?t@;default o |mi:|'3di{"|%' D'%"'@EI
Packs i i [ I 2
¥ Peripherals | M o . K 1
v System —w Clean and Build Project m Make and Program Device
oo Microchip Technology Inc. -DMA (DMAC)
Device Resources (% Content Manager o e |
v Ubraries File || Output x| Mews | Notifications [MCC] |
P e mail| Kis x Curiosity/Starter Kits (PKOB4) = Seripting = = MPLAB® Code Configurator x Lab04_SystemClock_DFLL_Closeloop *
57 Tomer Tollos TC - Datiood x| maing - Mavigalor = e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL_ELL = TAT _Illl.nll ULTSSIDWU —JEWALUE 3 N L 1L =
' A T polg e : T summat|  "C:wProgram Files\Microchipixc32hw4.48\bin"\\xc32-bin2hex dist/default/production/Lab04_Syste
§ Project Type: Appiiion - Confignmtin: defeult Thif| make[2]: Leaving directory ‘C:/Exercises/Lab04_SystemClock_DFLL_Closeloop/Lab04_SystemClock_DFLL_Closelo
= \‘) PIC32CHEI02580341128 I
Checkenm: N4 .
? _ Egkcaz:umgwmn { BUILD SUCESSFUL }E: . 1'-.,5FC"-.,CDn‘Flg\dE‘Fault\PICEECKlBEESGﬂ-llEB .1d

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
| 0%
! mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

|
|
Checking for exdernal changes 4 60:21 s

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Loading code from C:/Exercises/Lab04_SystemClock_DFLL_Closeloop/Lab04_SystemClock_DFLL_Closeloop.X/dist/def
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Info: Loading fils
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output
Step 12

* Locate the GCLK clock output pins on EVB APP055.

PA17/DS(TC2.1yX11/Y11

SOCKET3 ' 1
OELD-APP0350-Combine Socket ﬁggg,ﬁ;g;‘% Egg AN igE\
1| Jiospspa 5o |16 PBOIMISO®SS 3) GCLK “ Clock Output PA0L X3Y3 R0 m TOK
3 SCRISCL usD_cp (—2-FLILueD COUNTLY PALGX107Y10 RTL_A'AATIOK
7 GND/AD _ wSD_CS |55 T RS GCLK_100 PB22 120 MHz | PA17/X11/Y1l R72 AAA 10K
5 OLED_RST TFT RS AT o PA18/X12/Y12 R73 VYN 10K
6| DS s FI-EL 1T PBJI/TSC BUSY(NIG) GCLK_101 PB23 60 MHz PAIOXISNTS R4 NN TOK
T 5#’ TSC_TRQ 10 PLIOTISU niRUUNTIU) PB04/X22/Y22 R75 I\/\/\( 10K
[N ISC Cs |9 PCIS/TSC nCS GCLK_102 PA16 1 MHz PB05/X23/Y23 R76 AN 10K
- PB06/X24/Y24 R77 AN 10K
GCLK_103 PA17 1 kHz PB07/X25/Y25 R78 AAAAK

Monochrome OLED & Display Socket
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

Result

* Use an oscilloscope to observe the waveform of GCLK output and measure frequency.

GCLK | Pin | Clock Output
GCLK_I00  PB22 120 MHz
m | '} M '\ H ‘l H‘ ] |4 | ||| )| ||| [ GCLK_101  PB23 60 MHz
|| | [' ‘| "' ||'|||||‘|||||.|||| Sell | GCLK 102 PAl6 1 MHz
\ | ‘ L | g

‘,“ |‘ ‘I |‘ I| '|‘ ; I| |‘ || 50,61 MHz GCLK 103 PA17 1 kHz
|
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%€ Lab4 System Clock - DFLL Close Loop and Clock Output

* Due to the circuit filtering effect, the oscilloscope cannot measure higher frequency
signals. We try to divide the frequency of GCLKO by 4 to get a lower 30MHz and
observe it again.

X0SC0
XO5C1
GCLE_IN[O]
GCLKL
OSCULP3 2K
XOSC32K
DFLL
FDPLLO
FDPLL1

GCLE Generator 0

_-h. _:4

& ¢

GCLKD

30 MHz

MWain Clock
o = 1
| 30 MHz
DIV1 ¥
<
Peripheral Clock Selection

GCLED
GCLK1
GCLEZ
GCLKS
GCLES
GCLES

f|f1f;'

|\

"IJIA 14’2 ]‘ ‘
|||"|l'|||'\

4| \|\|
|l||“||‘| ‘

I| \ lI} | ‘v ‘L ‘J ll Y U ‘| l || || l'q Ll ‘ 'IJ
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SERCOM Introduction

Serial Communication Interface
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SERCOM! Introduction

* The Serial Communication Interface (SERCOM) can be
configured to support a number of modes, 12C, SPI,
USART (RS232, RS485, LIN, IrDA, 1SO7816).

* There are up to eight instances of the SERCOM in
PIC32CX MCU.

* The SERCOM serial engine consists of a transmitter and
receiver, baud-rate generator and address matching
functionality. It can use the internal generic clock or an
external clock.

* Using an external clock allows the SERCOM to be
operated in all Sleep modes.

* Using the SERCOM 1/0 lines requires the 1/0 pins to be
configured using port configuration (PORT).

* The SERCOM has four internal pads, PAD|[3:0], and the
signals from 12C, SPI and USART are routed through
these SERCOM pads through a multiplexer.

SERCOM
Register Interface
Mode Specific Serial Engine

_ Baud Rate
Mode 1 Transmitter Generator

PAD[3:0]
Mode 0 PR +——

Address
Match

Receiver

Transmitter Address Match

Equal

»[  staus RX Buffer
Baud Rate Generator
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SERCOM! Introduction

* For USART
* Up to 33Mb/s
* Full-duplex operation
* Sync and Async operation
* Protocol support Async :RS232, RS485, LIN, IrDA and Sync/Async : ISO7816

* For 12C
* Mode supported (100k/400k/1M/3.4MHz)
* Master or Slave operation
* SMBUS compatible
* Wake on address match
* For SPI
* Up to 20Mb/s
* Supports all four SPI modes

* Full-duplex operation
* Single data direction mode frees
unused MISO or MOSI pin
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SERCOM! Introduction

* Pin Multiplex in MCC Harmony (Clear)

Parkage: | TOFPLZE o 21|22|23|24|33|34|35|35 1nn|1n1 ?D|?1|?2|?3|108|109 Packnge: | TOFFIZE o 60|61|62|63 19|20|39|4n|41|42|43|44|102|103|104|105
i B c i B
Module Funstion als|a|7|a|o|w|unfaa|es|16|17|a]19]|2|s Module Fnstion 121314 |15| 8o |to|uf1zf1z|1a|15| |27 28]
SERCOMD_PADD SERCOM4_PADD
SERCOMN_PADI SERCOM4_FADI
SERCOMD SERCOM4
SERCOMD_PAD2 SERCOM4_PAD2
SERCOMD_PAD3 SERCOM4_PAD3
Package: [ TOFPIZE o 1 |2|66|6?|68|69|119|120 98|99 ?s|??|111|112 BD|81 Parkage: [TOFPIZE o 88|89|92|93|94|95 125|126|12?|128|82|83|84|85|98|99|121|122
i B c D i B
Moduls Finction 0|1 |16|17 |19 30|35 |22|23|22|as|27|28|20]|m Module Funstion o0 |21 |22 |23 |2a|as|o| 1|23 [s|17|18]19]22|23]30]|m
SERCOM1_PADD SERCOMS_PADD
SERCOM1_PAD1 SERCOMS_PAD1
SERCOMI SERCOMS
SERCOM1_PAD2 SERCOMS_PAD2
SERCOM1_PAD'3 SERCOMS_PAD3
Package: | TOFFIZ  © 33|34|35|36|60|61|62|63 100|101|102|103|1n4|105 108|109 Pockage: | TOFFIZE 2?|28|29|30|52|55|56|5?|58|59|?D|?1|?2|?3 4?|48|49|5D
i B c c D
Module Fimetion 8|9 |m|1n|1z|13|1a]15]2e |25 26|z |2 20|25 Module Frnstion als |67 w|u|1z|s]wfs|16|]wf9|a]o]w|n
SERCOMZ_PADO SERCOME_PADD
SERCOM2_PADI SERCOME_PAD1
SERCOM2 SERCOMS
SERCOMZ_PAD2 SERCOME_PAD2
SERCOMZ_PAD3 SERCOME_PAD3
Pockage: | TOFFIZE & 66|6?|68|69|88|89|92|93|94|95 86|8? ?s|?? 80|81 Pockage: | TOFPIZ o 119|120 84|85|86|8?|121|122 52|55|56|5?|58|59 4?|48|49|5D
i B c D i B c D
Moduls Frnction t6 |17 |18 |19 |20 |21 |22 |23 |2¢ |25 |20 |21 |22 |23 | 20| 2 Bodnle Fimetion a0 |31 (18|19 20|21 |30 |3 | w|u|z|3|afis]s|a|w|n
SERCOM3_PADD SERCOMT_PADO
SERCOM3_PAD1 SERCOM?T_PADL
SERCOM3 SERCOM?
SERCOM3_PAD2 SERCOMT_PAD2
SERCOM3_PAD3 SERCOMT_PAD3
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SERCOM-USART Architecture
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SERCOM-USART

* Full-duplex communication, supports both asynchronous and synchronous modes.

* Flexible clocking: internal or external clock sources.

* Configurable data frame: 5~9 data bits, 1~2 stop bits, with optional parity.

* LSB/MSB-first transfer selection.
* Error detection: buffer overflow, frame error, parity check.

* Noise filtering with false start bit detection. e | = |
* Collision detection and sleep mode compatibility.

* Operates up to % system clock or full system clock.

* Hardware flow control (RTS/CTS).

Baud Rate Generator |

TX DATA

CTRLA.MODE M-i2 -16 [
————»|  TXShift Register }—»K XD

CTRLAMODE ———| RX Shift Register }4—% RxD

* Advanced protocol support:

Y

* IrDA (up to 115.2 kbps), LIN (host/client), ISO 7816 (smart cards), RS-485. s

RX Buffer

RX DATA

* Start-of-frame detection, two-level RX buffer, and DMA support.
* 32-bit interface for efficient system bus usage.
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What’s UART ?

 Universal Asynchronous Receiver/Transmitter (UART)
A widely used module for asynchronous serial communication between two devices. It does not require a
shared clock. Instead, both devices agree on a baud rate for data transfer.
Data is transmitted through the TX (transmit) line and received through the RX (receive) line.
* Each UART transmission typically consists of:
Start Bit : 1 bit, signals the beginning of data (logic low).
Data Bits : 5 to 9 bits, usually 8 bits (configurable). X - RX
Parity Bit (Optional) : Used for basic error checking (optional). UARTA X X UARTB
Stop Bit(s) : 1 or 2 bits (logic high), marks the end of data.
* Key Features
Simple and cost-effective point-to-point communication.
Only two wires required: TX and RX, optional flow control lines : RTS (Request To Send) and CTS (Clear To Send).
Commonly used in microcontrollers, sensors, GPS modules, and wireless communication.
Ideal for applications where synchronous communication is not required.

m Bit1 ) Bit2 Y Bit3 ) Bit4 } Bit5 ( Bit6 ) Bit7 ) Bit8 ) Bit9 )/ 4 P
A A : :

Start Bit Data Bits (5 to 8) + Parity Bit (1) or Data Bits (5 to 9) + no Parity Bit Stop Bits (1 or 2)
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Schematic of APP055 for SERCOM-USART to USB CDC

U1
PIC32CX10258G41128T-I/Z2X

Rl E70 PDI19/UTXD4
{ AN— |
$ R2 W\r E70 PDI18/TUURXD4
= )
= z
& p E E
) [70] M e B
— — —_ - :)‘
<R | [ EEER
il v Nt | | =S l=1ee
A
1 o e 2
i asE1REEE | RIEEEEERE
i =R | EEEEEEEE
W == 2EEEERFEEEEIEEEEEEE I 2l
= 2 o0 I~ ND Wy SfP OO0~ 'O v = o
A B ERA N SAdR338aS4a8a8
3>3§§EEEEEQ>EEEEEEEEE
B VSS i
> o [EEE D P
94 DN
PM4 n?2 A D2 [T
USB CDC PKoB4 & 5
USB CDC Bridge PIC32CX PC27 SERCOM1_PAD® TX (Transmit)
X SERCOM1_PAD1 (RX) PC28 SERCOM1_PAD1 RX (Receive)
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UART Transmit by Polling

SERCOM-USART Blocking Mode
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* Lab5 COM Port TX by polling -
SERCOM-USART
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% Lab5 COM Port TX by polling - SERCOM-USART

* In this Lab, we will use TCO Timer to send the string "Hello World!" to the Tera Term terminal
at 500ms intervals.

* We will use the SERCOM-USART interface to perform UART COM Port string transmission in
Polling mode.

* The built-in UART to USB CDC bridge of the PKoB4 programmer on APP055 to send and receive
data with the computer, so just connect the USB port below the OLED to the PC to get a
simulated UART COM Port interface.

* We have designed the circuit to connect MCU's PIN PC27 and PC28 to the USB CDC bridge.
These two PINs will be set as SERCOM1 PAD|[0] and SERCOM1 PAD[1] in MCC Harmony as the
TX and RX of UART communication on the MCU side

* The default UART transmission parameters will used for communication:

* Baudrate 115200 bps, Non parity check, 8 Bits data size, 1 stop bit. (115200-n-8-1).

* The pre-installed terminal software Tera Term on the computer will display the string we send
from the MCU. Similarly, Tera Term also needs to be set to 11520-n-8-1 to connect to the UART
communication settings on the MCU side.

Let’'sgo !
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% Lab5 COM Port TX by polling - SERCOM-USART
Step 1

* Find SERCOM1 component in Device Resources.
* Click on jgg to add the SERCOM1 module to your Project Resources.

i | ( | Project Resources )
_D[Efr?‘ggﬁgggijjrces (Z Content Manager Project Resnu;ces | Generate || Import... || Export | W || &
» SDHC i ¥ Libraries
v SERCOM v Harmony
@ E§ = SERCOMO b Packs
SERCOM1 SERCOM1 ¥ Peripherals
(7] % Click @ \M2 b EVEYS
@ E5 = SERCOMS3 \ » NVMCTRL
@ [ = strcoM4 3 / ¥ SERCOM
@ G5 = SERCOMS SERCOM1 @ = SERCOMT
@ E3 = SERCOMSG b TC
& B3 = SERCOMT ¥ System
» SUPC
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% Lab5 COM Port TX by polling - SERCOM-USART

Step 2

* Configure the SERCOM1-USART to Blocking mode (Polling Mode).

Confguration Oplions =

[=] [+

=HSERCOML

~Dperating Mode
—~Receive Enable
~Transmit Enable
~Frame Format
—~Baud Rate in Hz

-~ Use fractional baud?
~Parity Mode

-~ Character Size

-~ Stop Bit Mode

E}--Sehg.;t SERCOM Operation Maode TEAE T with tnternal Clock! [ USRT with internal Clock]

‘ Elocking mode w (Blocking mode}

* We switch operating mode to “Blocking”
for study of Polling Mode firstly.

TEART frame v
115,200 /2
|:| * Default Settings are Correct for use
oty

One stop Bit | | One Stop Bit

SERCOM PAD[1] iz nzed for data recephion -
~Transmit Pinout PAD[O] = T=D; PAD[] = XCK
~Enable Run in Standby [

-~ Receive Pinout

SERCOM PAD([1] is used for data reception

« |( PAD[O] = TxD ; PAD[1] = XcK |
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% Lab5 COM Port TX by polling - SERCOM-USART
Step 3

* Pin Settings of the SERCOM1-USART.

Pin Settings

Project Graph = | Pin Settings = | Pin Diagram = | Pin Table =
Opder: |Parts (O™ y Table View | [ Easy View

ilﬂutnher Fin ID Zustom Name Function Mode Direction Latch FollUp  Pull Down  Dirove Stength

, _ _

110 PC26 Available v| Digital High Impedance -~ | Low [] [] NORMAL -~

111 PC27 | PC27 SERCOM1_PADO (SERCOMI_PADO | High Impedance nda ] ] NORMAL -

112 (Pc23 | pcas SERCOM1_PAD1 SfRCO’V’{—PA”l High Impedance . ] [] | NORMAL

123 PC30 Available v Digatal High Impedance - Low [] [] NMORMAL -~

USB CDC T | PinID | UART Pin

USB CDC Bridge PIC32CX PC27 SERCOM1_PAD® TX (Transmit)
2 SERCOM1_PAD1 (RX) PC28 SERCOM1_PAD1 RX (Receive)
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% Lab5 COM Port TX by polling - SERCOM-USART
Step 4

* Click on | Generate | button to generate your code after configuration.

Projects I Files [sm'm; r Resource Management [MCC] x]

=

P00 - How doI?

MCC v5.5.1

fipuration Options x =

Generate | Import.. | Export | 0 || @

Project Resources

ystem

¥ Libraries
¥ Harmomny
b Packs

» Peripherals

Device Reseurces b S}I’StE m

v L

b2

r

@ = System

nony

Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer_Polling T
Froject Type: Application - Configuration: defanlt
“ Devvice
g PIC32CK 10255041128
Checksnm: Blank, no code loaded
EA CRC3Z: 0x8946C7ED
o5 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

[
%' Gene

rate

Device % Project Configuration
Cortex-M4 Configuration
Paorts

Clock

Interrupts (NVIC)

DA (DMAC)

WDT

Output x[ Mews T Motifications [MCOC] l

Eitz »
15:
15:
15:
15:
15:
15:
15:
15:
15:

Curiosity/Starter Kits (PKOB4) = Scripting * = MPLAB® Code Confliguralor =

4F

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
ta.
ta.
ta.
56.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

{ Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)

[ R R R

Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing
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SERCOM-USART Blocking Mode (Polling Mode)

Interface Functions

SERCOM1_USART _Initialize
SERCOM1_USART SerialSetup
SERCOM1_USART_Enable
SERCOM1_USART_Disable
SERCOM1_USART_TransmitterEnable
SERCOM1_USART_TransmitterDisable
SERCOM1_USART_Write
SERCOM1_USART_TransmitComplete
SERCOM1_USART_ TransmitterlsReady
SERCOM1_USART_WriteByte
SERCOM1_USART_ReceiverEnable
SERCOM1_USART_ReceiverDisable
SERCOM1_USART_Read
SERCOM1_USART_ReceiverisReady
SERCOM1_USART_ReadByte
SERCOM1_USART_ErrorGet
SERCOM1_USART_FrequencyGet

: Initialize the USART module

: Configure baud rate, parity, stop bits
: Enable USART operation

: Disable USART operation

: Enable data transmitter

: Disable data transmitter

: Send data buffer

: Check if transmission is complete
: Check if ready to transmit

: Send one byte

: Enable data receiver

: Disable data receiver

: Read received data buffer

: Check if data received

: Read one received byte

: Get error status

: Get USART clock frequency
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SERCOM-USART Blocking Mode (Polling Mode)

The interface functions we will use in this Lab

void SERCOM1_USART_Write( const void *buffer, size_t size)
* Description:
* Transmit a data buffer via SERCOM1-USART.
* Parameter:

* buffer : Pointer to the data to transmit.
* size : Number of bytes to write.

* Example:

const char msg[] = "Hello World!\r\n";
SERCOM1_USART_ Write( msg, strlen(msg) );
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% Lab5 COM Port TX by polling - SERCOM-USART
Step 5

* Open main.c and finish TODO 5.01 for output the “Hello World!” to Tera Term.

int main ( void )

{
/* Initialize all modules */
SYS Initialize ( NULL );

TCO TimerCallbackRegister (TCO TimerExpired, (uintptr t) NULL);
TCO TimerStart();

TCl TimerCallbackRegister (TCl TimerExpired, (uintptr t) NULL);
TCl TimerStart();

while ( true )

{
/* Maintain state machines of all polled MPLAB Harmony modules. */
SYS Tasks ( );

if (TCO HasExpired)
{
TCO HasExpired = 0;
LED1 Toggle ()
// TODO 5.01
SERCOM1 USART Write("Hello world!'\r\n", 14);

}

if (TCl HasExpired)
{

TCl HasExpired = 0;
LEDZ2 Toggle();
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% Lab5 COM Port TX by polling - SERCOM-USART

Step 6

to Program code to EVB.

- O x
View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
| o - . . . 7
™ 7 ol B @ T @ @ PC:0x0) - How da 7
Projects Files Services Resour [MCC] = o || Kit Windaw x| Start Page = ‘ Project Graph = |E‘|mc x b DL Confipuration Oplions x =

MCC v5.5.1 ll-‘..L-.L Giacs_2025_ Suupes_Elii\Lab02_Tier_Polling_TCkss\agia

: - : : (== I
Project Resources
¥ Libraries _'l-l:l - - - - - F - -
© ) et BBy -E- DR @I
» Peripherals [ [ [
S YW Clean and Build Project | —————————"Y \Iake and Program Device

oo Microchip Technology Inc. 4-DMA (DMAC)
- WDT
Device Resources Content Manager L 3 A
v Ubraries File || Output x| Mews | Notifications [MCC] |
o mail| Kits x Curiosity/Starter Kits (PKOB4) = Seripting x ~ MPLAB® Code Configurator x  Lab05_COM_TX_Polling SERCOM_Ux

07 Timer Polling TC - Dashboard % | main®) - Navigator e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -Illl..ll ULTSSIDWU —JEWALUE 3 N L 1L =

i i o g T ' i summat|  "C:WProgram Files‘\Microchipixc32hw4.48\bin"\\xc32-bin2hex dist/default/production/Lab05_COM
4 P;';jjf::”e'”"”‘:m“'cn“ﬁg‘m”“ fefnlt Thij make[2]: Leaving directory ‘C:/Exercises/Lab05_COM_TX_Polling_SERCOM_USART/ Lab05_COM_TX_Polling_SERC

= \‘) FICHCEI0258041125 : l

ﬁ Checksum: 4 . . =

: e: .J/..\srchconfighdefault\PIC32CK18255G41128.1d
9. £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program
make[2]: Leaving

BUILD SUCCESSFUL (total time: 1s)
ofo: Lossine 11| LOAding code from C:/Exercises/Lab05_COM_TX_Polling_SERCOM_USART/ Lab05_COM_TX_Polling_SERCOM_USART.

Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
BUILD SUCCESSFUL . -
Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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Tera Term : The Terminal Console Software

* Tera Term is a popular and free to use terminal console software, you could download it from

https://teratermproject.github.io/index-en.html T
Execute the Tera Term by double Click on the Icon /~— on your PC’s desktop.
Choice a New Connection “Serial” and select correct COM Port of your EVB,

* |t might show as COMxx: Pickit 4 On Board Vritual COM Port (COMxx)

Go to the top menu and enter “Setup” tab.

Config the “Serial Port” to 115200-n-8-1.

Serial

Tera Term: Mew connection

O TCR/IP

@ESgrial

myhost.example.com

Add host list
Telnet =
S5H SE5H2

Other
AUTO

Ok Cancel Help

X

)
Port:| (COM4: PICkit 4 On Board Virtual CON ~ |

COMxx: Pickit 4 On Board Virtual COM Port (COMXxx)

¥ COM4 - Tera Term VT

File Edit Setup Windu:uw Help

Terminal...
Window...
Font...

el s Serial Port

Serial port...
Prooy. %

SSH.

Tera Term: Additional settings et
General Control Serial Port | Encoding
Font Terminal Serial port Window

Port: COM4: PICkit 4

Speed: 115200 115200

/ Data: 3 bit 8 bit

Parity: none none
Stop bits: 1 bit 1 bit
Elow contral: none none

i :! i Skt
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% Lab5 COM Port TX by polling - SERCOM-USART

Result

W COMA4 - Tera Term VT — O >

File Edit Setup Control Window Help
world!
world!
world!
world!
world!

wor 1d l Output in 500ms interval
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UART Receive by Interrupt

SERCOM-USART Non-Blocking Mode
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% Lab6 COM Port RX by interrupt -
SERCOM-USART
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% Lab6 COM Port RX by interrupt - SERCOM-USART

In the previous LAB, we used Polling Mode(Blocking) to implement SERCOM-USART
transmission. Since we can decide when to start the transmission, once the transmission starts,
we can wait in place (Blocking) for the transmission to complete before continuing with the
following actions.

However, when receiving data, since we don't know when the data will be received, waiting in
place (Blocking) or constantly querying (Polling) will cause program flow blockage and waste
of resources. Therefore, using Interrupts(Non-Blocking) to handle UART Receive will improve
these shortcomings and is also the normal way to use UAR Receive.

In this LAB, we will change the operation mode of SERCOM-USART to Non-Blocking Mode
(Interrupt) to receive a character c from Tera Term and reconstruct the received characters
into the string "Received Data : c \r\n" and then respond to Tera Term.

Similar to the previous interrupt usage, we will create two custom functions, register them as
the callback functions when the UART transmit and receive interrupts occur, and set two
software flags in these two callback functions to serve as the basis for the main loop of the
program to determine whether an interrupt has occurred.

Let’s go !
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% Lab6 COM Port RX by interrupt - SERCOM-USART

Step 1

* Configure the SERCOM1-USART to Non-blocking mode (Interrupt Mode).

Confguration Oplions =

[=] [+

- Qperating Mode

~Stop Bit Mode
- 5tart-of-Frame Detection Enable [ ]
~Recelve Pinout
~Transmit Pinout
~Enable Run in Standby []

= SERCOM1
£ Select SERCOM Cperation Mode | USART with internal Clock

‘I'Inn—bluckjng mode - ’(Non-Blocking mode}

—Reraive Enahkle * The default operating mode.
~Transmit Enable

~Frame Format USART frame ol
~Baud Rate in Hz 115,200 -2

~se fractional baud? ]

-~ Parity Mode NoParity

-~ (haracter Size 5 Bits ~

Cne 3top Bit -

SERCOM PAD[1] iz vsed for data reception -
PAD[O] = TxD; PAD[1] =ECE “
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% Lab6 COM Port RX by interrupt - SERCOM-USART
Step 2

* Click on | Generate | button to generate your code after configuration.

Projects I Files [sm'm; r Resource Management [MCC] x]

=

P00 - How doI?

MCC v5.5.1

fipuration Options x =

Generate | Import.. | Export | 0 || @

Project Resources

ystem

¥ Libraries
¥ Harmomny
b Packs

» Peripherals

Device Reseurces b S}I’StE m

v L

b2

r

@ = System

nony

Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer_Polling T
Froject Type: Application - Configuration: defanlt
“ Devvice
g PIC32CK 10255041128
Checksnm: Blank, no code loaded
EA CRC3Z: 0x8946C7ED
o5 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

[
%' Gene

rate

Device % Project Configuration
Cortex-M4 Configuration
Paorts

Clock

Interrupts (NVIC)

DA (DMAC)

WDT

Output x[ Mews T Motifications [MCOC] l

Eitz »
15:
15:
15:
15:
15:
15:
15:
15:
15:

Curiosity/Starter Kits (PKOB4) = Scripting * = MPLAB® Code Confliguralor =

4F

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
ta.
ta.
ta.
56.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

{ Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)

[ R R R

Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing
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SERCOM-USART Non-Blocking Mode (Interrupt Mode)

Interface Functions

@ b b o o o o o o o o

SERCOM1_USART _lInitialize
SERCOM1_USART_SerialSetup
SERCOM1_USART_Enable
SERCOM1_USART_Disable
SERCOM1_USART_TransmitterEnable

SERCOM1_USART_TransmitterDisable

SERCOM1_USART_Write

SERCOM1_USART_TransmitComplete

SERCOM1_USART_WritelsBusy
SERCOM1_USART_WriteCountGet

SERCOM1_USART_WriteCallbackRegister

SERCOM1_USART_ReceiverEnable
SERCOM1_USART_ReceiverDisable
SERCOM1_USART_Read

SERCOM1_USART_ReadlIsBusy
SERCOM1_USART_ReadCountGet
SERCOM1_USART_ReadAbort

SERCOM1_USART_ReadCallbackRegister

SERCOM1_USART_ErrorGet
SERCOM1_USART_FrequencyGet

: Initialize the USART module

: Configure baud rate, parity, stop bits
: Enable USART operation

: Disable USART operation

: Enable data transmitter

: Disable data transmitter

: Send data buffer

: Check if transmission is complete

: Check if write is ongoing
: Get number of bytes written

: Set callback for write complete

: Enable data receiver
: Disable data receiver
: Read received data buffer

: Check if read is ongoing
: Get number of bytes read
: Abort current read operation

: Set callback for read complete

: Get error status
: Get USART clock frequency
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SERCOM-USART Non-Blocking Mode (Interrupt Mode)

The interface functions we will use in this Lab

typedef void (*SERCOM_USART_CALLBACK)( uintptr_t context );

void SERCOM1_USART_ReadCallbackRegister( SERCOM_USART _ CALLBACK callback, uintptr_t context )
* Description:
* Register a callback function for receive complete event.
* Parameter:

* callback : Function to call when read is complete.
* context : User-defined data passed to callback.

* Example:
void MyReadHandler(uintptr_t context)

{

// Handle received data here

}
SERCOM1_USART_ReadCallbackRegister( MyReadHandler, (uintptr_t)NULL );
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SERCOM-USART Non-Blocking Mode (Interrupt Mode)

The interface functions we will use in this Lab

typedef void (*SERCOM_USART_CALLBACK)( uintptr_t context );

void SERCOM1_USART_WriteCallbackRegister( SERCOM_USART_ CALLBACK callback, uintptr_t context )
* Description:
* Register a callback function for transmit complete event.
* Parameter:

* callback : Function to call when write is complete.
* context : User-defined data passed to callback.

* Example:
void MyWriteHandler(uintptr_t context)

{

// Handle transmit data here

}
SERCOM1_USART_WriteCallbackRegister( MyWriteHandler, (uintptr_t)NULL );
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SERCOM-USART Non-Blocking Mode (Interrupt Mode)

The interface functions we will use in this Lab

void SERCOM1_USART_Read( void *buffer, const size_t size )
* Description:
* Receive a data buffer via SERCOM1-USART.
* Parameter:
* buffer :Pointerto the data to receive.
° size : Number of bytes to read.
* Example:

const char msg[14];
SERCOM1_USART_Read( msg, 14 );

void SERCOM1_USART_Write( void *buffer, const size_t size )
* Description:
* Transmit a data buffer via SERCOM1-USART.
* Parameter:
* buffer :Pointerto the data to transmit.
° size : Number of bytes to write.
* Example:

const char msg[] = "Hello World!\r\n";
SERCOM1_USART_Write( msg, strlen(msg) );
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% Lab6 COM Port RX by interrupt - SERCOM-USART
Step 3

* Open main.c to include the C string header, declare the buffer, software flags, and two callback functions for TX/RX.

#include <stddef.h> // Defines NULL
#include <stdbool.h> // Defines true
#include <stdlib.h> // Defines EXIT FAILURE

// TODO 6.01

#include <string.h>

#include <stdio.h>

#include "definitions.h" // SYS function prototypes

uint32 t i = 0;

volatile uint8 t TCO HasExpired =
volatile uint8 t TCl HasExpired = 0
// TODO 6.02

uint8_ t USART1 TransmitData[100];
uint8_ t USART1_ ReceiveData[l];
volatile uint8 t USART1 IsReceived = 0;
volatile uint8_ t USART1 IsTransmitted = 1;

o

~e N

void USART1 Transmit (uintptr_ t context)

{
USART1 IsTransmitted = 1;

}

void USART1 Receive (uintptr_ t context)
{

USART1 IsReceived = 1: * We will do the processing in the main loop to exit the interrupt as soon as possible

} ﬁ Raise the Rx software flag in the callback |

void TCO TimerExpired(TC TIMER STATUS status, uintptr t context)
{
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% Lab6 COM Port RX by interrupt - SERCOM-USART
Step 4

* Register two callback functions, start UART receive on byte, once the Rx flagged in callback then echo received char.

int main ( void )

{
TCl TimerStart();

// TODO 6.03
SERCOM1_USART ReadCallbackRegister (USART1 Receive, (uintptr_ t) NULL);
SERCOM1 __USART erteCallbackReglster(USARTl Transmit, (uintptr_t) NULL);

SERCOM1 | __USART Read (USART1_ReceiveData, 1),T

Note! You must first execute the UART read function,

hil t . . . .
vhite [ true Otherwise, no characters will be read and no interrupt will occur.

{

if (TCl HasExpired)

{
TCl HasExpired = 0;
LED2 Toggle();

}

// TODO 6.04
if (USART1_IsReceived)
{ J Remember to clear the Rx software flag ’
USART1 IsReceived = 0;

sprintf( (char*)USART1 TransmitData, "Received Data : %lc\r\n", USART1 ReceiveData[0] );
SERCOM1_USART Write ( USART1 _TransmitData, strlen((char*)USART1 TransmltData) ) ;
SERCOM1 | _USART Read( USART1 ReceiveData, 1 );

b If you need to read characters again after the interrupt is
if ( BT1 Get() ) LED3 Clear(); completed, you must execute the UART read function again.
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% Lab6 COM Port RX by interrupt - SERCOM-USART

Result

I COMA4 - Tera Term VT — O pd
File Edit Setup Control Window Help

Hello world!
Received Data :
Received Data :
Hello world!
Received Data :
Received Data :
Hello world!

Hello world!
Hello world!
Hello world!
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myprintf

Implementing a custom printf function using SERCOM-USART
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* Lab7 myprintf - SERCOM-USART
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* Lab7 myprintf - SERCOM-USART

* In the previous LAB, we noticed that sending strings to Tera Term wasn't as convenient as
using the standard C printf() function. Specifically, it lacked the ability to format variable
outputs and display text at fixed screen positions.

* In this LAB, we will implement a custom myprintf() function that offers similar formatting
capabilities to C's printf(), allowing you to define variable types in the string and print them
accordingly.

* Additionally, we will introduce the classic VT100 console commands, enabling features such as:
* Clearing the screen

* Printing text at specified coordinates
* Changing text color and other effects

* Since VT100 commands can be complex, we’ve integrated a simple command parser within
myprintf() to interpret custom, simplified directives that execute VT100 control sequences
easily and intuitively.

* All of this has been pre-designed for you — simply add the myprintf.c and myprintf.h files to
your project to start using it right away.

Let’s go !
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€ Lab7 myprintf - SERCOM-USART

Step 1

* Copy all pre-developed files
in \Labs\Resource\Lab07 myprintf\ to the project folder \[Your Project]\src\

* Custom printf Function Header File :  myprintf.h
* Custom printf Function Source File :  myprintf.c

> Labs > Resources > Lab7_myprintf > > [Your Project] > src >

> Labs » Resources > Lab07_myprintf > »  Lab07_myprintf > src >

| C myprintf.c ‘ config C main.c
| c| myprintf.h ‘ packs

/ | c| myprintf.c ‘

# | ¢ myprintth ‘

o CE
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€ Lab7 myprintf - SERCOM-USART

Step 2

* In MPLAB X IDE, add new Source Files (*.c) under \[Your Project]\src\ to your project.

- FLELEE:

mﬁhd31|ﬁh5 |H&mumeMamme

ﬁ Lab07_ryprintt
. . Header Files

D ¥ Loananles ﬁ

New
New Logical Folder

Add Existing ltem... J I

Add Existing Item...
Find..

Cut

Copy
Paste

Remove From Project
Rename..

Properties

Fols

—_

ﬁ Select ltem

Ha(D:

heaks

X

8 5rc

> [Your Project] > src >

_ config
_ packs

£ main.c

myprintt.c

Select myprintf.c

Store path as:
() Auto

O Relative
i) Absolute

(] Copy

1B FEHT(T):

LN myprintic

Select

C Source Files (.5 .c .i .m)

C Source Files (.S .c.i.m)
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€ Lab7 myprintf - SERCOM-USART

Step 3

* In MPLAB X IDE, add new Header Files (*.h) under \[Your Project]\src\ to your project.

PSS DC TG

Projects x| Files TOOIJI'CE Manage

== Header Files

-- Header Fﬂri

' Right click | "‘“ﬁ
] Lnker riles

-- wmionrce Fi *
G- [[E Libraries
[l Loadables

Mew

ﬁ Select ltem

Ha(D:

New Logical Folder %
Add Existing Item... e | FREETEH

Add Existing Item...
Find...
Cut

Copy
Paste

Remove From Project
Rename..

M Header Files (.H .SUNWCCh .h .hpp .hxx ,tcc ,inc ,INC....)

Fole

F@

=

heaks

X

> [Your Project] > src >

M SIC

_ config
_ packs

myprintt.h

Select myprintf.h

Store path as:
() Auto

O Relative
i) Absolute

(] Copy

EEAEN):  mypoth

EEHT(T): | Header Files (.H .SUNWCCh .h .hpp .hsx .tcc .inc .INC)
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€ Lab7 myprintf - SERCOM-USART
Step 4

* In MPLAB X IDE, check below files been added to your project.

Projects = | Files | Services
-l Lab07_moprintf
| HeaderFiIE E} Header Files
o o
------ s Wy printt h
@@ puks
-- [mportant Files
'. (5] Linker Files

| Source Fl@ E} . monrce Files

- . u:u:un.ﬂg

: o D pin_confignrations cay
. (5 Libraries
i[5 Loadables
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VT100 Terminal

The Legacy Terminal

* Introduction
* Manufacturer: Digital Equipment Corporation (DEC).
* Release Year: 1978.
* Type: Video Display Terminal (VDT).
* Standard: First to implement ANSI X3.64 (ANSI escape codes).
* Key Features
* Screen Size: 80 columns x 24 rows (25th row for status).
* Display: Text-based, monochrome CRT.
* Scroll & Cursor Control: Via ANSI escape sequences.
* Keyboard: Full-sized with function keys.
* Connection: RS-232 serial port.
 Why 80x24?
* 80 columns from IBM punch card standard.
* 24 rows due to screen readability and hardware limitations.
* Became a de facto layout for CLI interfaces.

O
SIS

'l.eft.
o

I

| IR Y
r

Veie
A N

|

§ %1
—
EZ
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Custom VT100 Command

Pre-designed custom VT100 command usage in this Lab

* #RST; VT100 Command : "\@33[em"

* Description :
* Reset VT100 console formatting to default.

* Example :
myprintf( "#RST;" );
* HCLS; VT100 Command : "\@033[2J\033[H"

* Description :

* Clear the entire screen and move the cursor to the home position (top-left).

* Example :
myprintf( "#CLS;" );
* #HID; VT100 Command : "\@33[?251"

* Description :
* Hide the cursor from view.

* Example :
myprintf( "#HID;" );
° @x,y; VT100 Command : "\@33[y;xH"

* Description :

* Move the cursor to the specified column x and row y (1-based position).
* Example :

myprintf("@10,5;Hello World!!");

myprintf.c

* Appendix for more command

¥ COM4 - Tera Term VT - O >
File Edit Setup Contral Window Help

VT100 console size

* The VT100 console in Tera Term v5 could up to 118x28
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€ Lab7 myprintf - SERCOM-USART

Step 5

* Open main.c, include myprintf.h and send custom VT100 command to reset console, clean screen and hide cursor.

#include
#include
#include
#include
#include
#include

<stddef.h>
<stdbool.h>
<stdlib.h>
<string.h>
<stdio.h>
"definitions.h"

// TODO 7.01

#include

uint32 t

int main

{

"myprintf.h"

i = 0;

( void )

SYS Initialize ( NULL );

// Defines NULL
// Defines true
// Defines EXIT FAILURE

// SYS function prototypes

TCO TimerCallbackRegister (TCO TimerExpired, (uintptr t) NULL);
TCO TimerStart ();

TCl TimerCallbackRegister (TCl TimerExpired, (uintptr t) NULL);
TCl TimerStart();

SERCOM1 USART ReadCallbackRegister (USART1 Receive, (uintptr t) NULL);
SERCOM1 USART WriteCallbackRegister (USART1 Transmit, (uintptr t) NULL);
SERCOM1 USART Read (USART1 ReceiveData, 1);

// TODO 7

myprintf ( "#RST;#CLS; #HID;" ),

while

.02

( true )

// Reset Console, Clear screen and Hide cursor

@ MICROCHIP



€ Lab7 myprintf - SERCOM-USART

Step 6

 Comment out the original SERCOM1_USART_Write() and sprintf() functions and use the myrpintf() function instead.

while

{

// TODO

(

true )

/* Maintain state machines of all polled MPLAB Harmony modules.

SYS Tasks ( )7

if (TCO HasExpired)
{
TCO HasExpired = 0;
LED1 Toggle();
7.03
//
myprintf( "Q@1l,1;Hello World!!" );
}

if (TCl HasExpired)

{
TCl HasExpired = 0;
LED2 Toggle();

}

if (USART1 IsReceived)

{
USART1 IsReceived = 0;

// TODO 7.04

//
//

myprintf( "@l,5;Received Data : %1lc", USART1 ReceiveData[0] );

SERCOM1 USART Read( USART1 ReceiveData, 1 );
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* Lab7 myprintf - SERCOM-USART

Result
I COMA4 - Tera Term VT — O pd M COM4 - Tera Term VT — O pd
File Edit Setup Control Window Help File Edit Setup Control Window Help

Hello World!!

N
AN
(@)
o
Q
—
(%)

Received Data : m

80 chars = =&

VT100 console size

o = o - - = —

* The VT100 console in Tera Term v5 could up to 118x28
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Appendix :
Custom VT100 command

myprintf
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Custom VT100 Command

Pre-designed custom VT100 command

* #RST; VT100 Command : "\@33[em"

* Description :
* Reset VT100 console formatting to default.

* Example :
myprintf( "#RST;" );
* HCLS; VT100 Command : "\@033[2J\033[H"

* Description :

* Clear the entire screen and move the cursor to the home position (top-left).

* Example :
myprintf( "#CLS;" );
* #HID; VT100 Command : "\@33[?251"

* Description :
* Hide the cursor from view.

* Example :
myprintf( "#HID;" );
° @x,y; VT100 Command : "\0©33[y;xH"

* Description :

* Move the cursor to the specified column x and row y (1-based position).
* Example :

myprintf("@10,5;Hello World!!");

W COM4 - Tera Term VT

File Edit Setup Contral Window Help

(1,1)

(10,5)
Hello World!!

4= — = = 80 chars

VT100 console size
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Custom VT100 Command

Pre-designed custom VT100 command

* #C2E; VT100 Command :

* Description :

* Clear from the current cursor position to the end of the line.

* Example :
myprintf( "#C2E;" );

* #CLR; VT100 Command :

* Description :

* Clear the entire current line(Row).
* Example :

myprintf( "#CLR;" );

* #BOL; VT100 Command :

* Description :
* Set text to bold style.
* Example :
myprintf( "This is a #BOL;Bold Text" );

* #UND; VT100 Command :

* Description :
* Set text to underline style.

* Example :

myprintf( "Text with #UND;Underline" );

"\033[K"

"\@33[2K"

"\@33[1m"

"\@33[4m"

W COM4 - Tera Term VT — O o

File Edit Setup Contral Window Help

This 1s a Bold Text
Text with Underline

ﬁ\ MICROCHIP



Custom VT100 Command

Pre-designed custom VT100 command

#INV; VT100 Command : "\@33[7m"

* Description :
* Enable inverse video (swap foreground and background colors).

* Example :
myprintf( "Text in #INV;Invert" );
* #DIM; VT100 Command : "\@33[2m"

* Description :
* Set text to dim (faint brightness).

T COMA4 - Tera Term VT — O >
* Example : _ _ o
myprintf( "Set #DlM,’tEXt to dim" )’_ File Edit Setup Contral Window Help
* #FGC:RRGGBB; VT100 Command : "\©33[38;2;RR;GG;BBm" Text in
* Description : .
* Set the foreground color of text using 24-bit RGB format. Set tEXt to dim
» Example : Text 1n

myprintf( "Text in #FGC:FFO000;Red" );
#BGC:RRGGBB; VT100 Command : "\©33[48;2;RR;GG;BBm"
* Description :

* Set the background color of text using 24-bit RGB format.

* Example :
myprintf( "Text background in #BGC:00FF00;Green" );

Text background in Green
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Custom VT100 Command

Rainbow Color Text example (copy code from \Labs\CopyPaste\Lab07_myprintf.txt)

// Reset Console, Clear screen and Hide cursor

myprintf ( "#RST;#CLS;#HID;" );

myprintf (

) ;

"#FGC:FF0000;R"
"#FGC:FF7F00 ;A"
"$#FGC:FFFFO0O0;I"
"$#FGC:00FFO00;N"
"$#FGC:0000FF;B"
"#FGC:4B0082 ;0"
"#FGC:8BOOFF;W"
"$#RST; \r\n"

myprintf (

"#BGC: FF0000 ;R"
"#BGC:FF7F00 ;A"
"#BGC:FFFFO00;I"
"#BGC: 00FF00 ;N"
"#BGC:0000FF;B"
"#BGC:4B0082 ;0"
"#BGC: 8BOOFF;W"
"#RST;\r\n"

VI COM4 - Tera Term VT
File Edit Setup Control Window Help
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Custom VT100 Command

Microchip Logo Text example (copy code from \Labs\CopyPaste\Lab07_myprintf.txt)

M COM4 - Tera Term VT

// Picture to Text (Please use monochrome PNG images, the maximum output size is 118x28 pixels as ASCII image)

// http://www.digole.com/tools/PicturetoC_Hex converter.php File Edit Setup Control Window

#define ASCII_IMAGE WIDTH 32 // 32 pixels is 32/8 = 4 bytes per Row
#define ASCII_IMAGE_HEIGHT 16 // 16 pixels

#define ASCII_IMAGE PIXEL ' ' // The ASCII pixel character

#define ASCII_PIXEL COLOR "#BGC:FF0000;" // The color "l1" of image
#define ASCII_BKGND_COLOR "#BGC:FFFFFF;" // The color "0" of image
uint8_t ImageArray[ (ASCII_IMAGE_WIDTH/8) *ASCII_IMAGE HEIGHT] =

{

0x00,0x3f,0xfc,0x00,0x01,0xff, 0xff,0x00,0x0f,0xff,6 Ox£ff,60x80,0x3f,0x8f,0xfl, 0xcO,
0x7f£,0x07,0xe0,0xe0,0xfc,0x01,0xc0,0x70,0xfe,0x00,0xc0,0x1lc,0x£3,0x80,0x60,0x0e,
Oxcl,0xc0,0x38,0x07,0x80,0x60,0x1lc,0x03,0x00,0x70,0x0e,0x00,0x01,0xfc,0x1f,0x80,
0x07,0xfe,0x3f,0xc0,0x07,0xff, 0xff,0xe0,0x01,0x£ff,0x£ff,0x80,0x00,0x3f,0x£8,0x00

};

// Reset Console, Clear screen and Hide cursor

myprintf ( "#RST; #CLS;#HID;" ) ;

// ASCII Image Decode

for (int y = 0; y < ASCII_IMAGE_HEIGHT; y+t+)

{
for (int byte idx = 0; byte_idx < (ASCII_IMAGE WIDTH/8); byte_idx++)
{

uint8 t byte ImageArray[y * (ASCII_IMAGE WIDTH/8) + byte idx];
for (int bit = 0; bit < 8; bit++)
{

int x = byte idx * 8 + bit + 1;
myprintf ("@%d,%d;%s%c", x, y+l, (byte&(0x80>>bit)) ? ASCII_PIXEL COLOR : ASCII_BKGND COLOR, ASCII_IMAGE PIXEL);

}
}
// Reset Console
myprintf ( "#RST;" );

// Microchip Logo Copyright circle

myprintf( "@29,1;#BGC:000000; @28,2;#BGC:000000; @30,2;#BGC:000000; @29,3;#BGC:000000; " );
// Microchip Logo Copyright R

myprintf( "Q@29,2;#INV;R#RST;" );

* The better Font for this demo is using “Consolas” or “Courier”.
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High Speed ADC Architecture
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What’s ADC ?

* The Analog-to-Digital Converter (ADC) converts a signal from the time continuous
/amplitude continuous domain into a time discrete/amplitude discrete domain.

Quantify

A

111
110
101 \
100
011
010

001

b | | | |

Sample Time

>
>
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Resolution

* The resolution of the converter indicates the number of discrete values. The resolution
determines the magnitude of the quantization error. (wiki)

Quantify

A
1111

1110
1101
1100
1011
1010
1001
1000
0111
0110
0101 ©
0100
0011
0010
0001
0000 | | | >

Sample Time
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Sample Rate

* The analog signal is required to define the rate at which new digital values are
sampled from the analog signal.
* This faithful reproduction is only possible if the sampling rate is higher than twice the
highest frequency of the signal. (wiki)

Quantify

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

/ﬂ

N

J

)E\\\?t\\\\
4

!

>
| "

Sample Time
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PIC32CX-SG Analog-to-Digital Converter

* The PIC32CX-SG Analog-to-Digital Converter (ADC) converts analog signals to digital
values, has up to 12-bit resolution, and is capable of a sampling rate of up to 1Msps.

* The ADC has two core (ADCO and ADC1) with separate dedicated circuit, and up to 23
analog inputs per ADC core, including single-ended and differential modes, and can
measure external or internal signals. Both signed and unsigned results are supported.

 ADC Advanced Features :
* Windowing monitor with selectable channel
* Built-in internal reference and external reference options
* Event-triggered conversion for accurate timing
* Optional DMA transfer of conversion settings or result
* Hardware gain and offset compensation
* Averaging and oversampling with decimation to support up to 16-bit result
* Selectable sampling time
* Flexible Power or Throughput rate management
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Voltage

ADC Block Diagram

Conversion Result Resolution ‘

AVGCTRL ‘
Sampling Time LengtE

Positive MUX Input Selection
Negative MUX Input Selection

EVCTRL ‘

Differential Mode Switch

SWTRIG ‘

> - - —P

Time ADCO l' L
— Positive
Analog Positive Input | .nc,
INT.SIG
3 ADCO l_ i
Analog Negative Input Negative
ADCn
T
INTREF Prescaler
INTVCCO V " .
VREFA v
VREFn T | PRESCALER
Reference Selection CLK_ADC

DSEQCTRL
WINLT
WINUT

OFFSETCORR

GAINCORR

POST

PROCESSING

ADC Result

1

DSEQSTAT

* ADC contains powerful functional, the course only focus on basic controls.
* For more information, please refer to the datasheet.

Result pc =

2

BEBEEEZZBEEEREEE

AIN+ o AIN—

x2h | -1

VRef+ o VRef—

* single-ended mode Vs and A y_ is AV

ey ¥ M= resolution

sample Time

ﬁ\ MICROCHIP



ADC Reference Voltage

* Select the ADC reference suitable for your analog input range.

[ Y
[ Conversion range:
S/ — Single-ended mode
OV ~ VREF
— — Differential mode
ati Al -VREF ~ VREF
VREFA ~ VREFC range
’\ 2.4V ~ (AVDD - 0.4V)
yY * VREFA ~ VREFC is external ADC reference
—
| 0x0 INTREF internal bandgap reference, refer to the VREF.
Ox1 Reserved
Virer 0x2 INTVCCO | 1/2 AVDD (only for AVDD > 2.0V)
0x3 INTVCC1 | AVDD *DC Characteristics of AVDD is 1.71v ~ 3.63v
Ox4 VREFA External reference
0x5 VREFB External reference
VREFC | — 0x6 VREFC External reference (ADC1 only)
* VREFA ~ VREFC is external ADC reference other - Reserved
* VREFC is ADC1 only \_ _J
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ADC Input Clock Pre-scaler

* Select the ADC prescaler to ensure the ADC input clock less than or equal to 16MMHz.

ADC

* The ADC maximum
input clock is 16 MHz,
TAD 2 62.5ns (min)

13|D2s3ld

PRESCALER[2:0] Name Description

0x0 DIV2 Peripheral clock divided by 2
Ox1 DIV4 Peripheral clock divided by 4
Ox2 DIV8 Peripheral clock divided by 8
0x3 DIV16 Peripheral clock divided by 16
Ox4 DIV32 Peripheral clock divided by 32
0x5 DIV64 Peripheral clock divided by 64
0x6 DIV128 Peripheral clock divided by 128
Ox7 DIV256 Peripheral clock divided by 256

* The minimum prescaling factor is DIV2.

* The input clock is determined by the Clock System.
* The maximum GCLK_ADC is 100MHz, so the minimum division ratio is 100M/16M = 6.25 = DIV 8

Symbol Characteristics Min. Typ. Max. Units

fGCLK_ADCx| DX Module GCLK 100 | MHz
max input freq

TAD ADC Clock Period |62.5| - [6250| ns
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ADC Trigger Source

* There are three way to be started data conversion.

* Software Trigger
One shot conversion control via software.

* Free Run
A free-running mode can be used to continuously convert an input channel. When
using free-running mode the first conversion must be started, while subsequent
conversions will start automatically at the end of previous conversions.

* HW Event Trigger
Through Event System peripheral to automatically conversion.
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Add or Remove MCC Harmony Module

* Find required component in Device Resources.
* Click on [ to add the module to your Project Resources.

— Device Resource ( Project Resources |
Device Resources | 2 Content Manager Project Resources | Generate | Import... || Export |£| |@
¥ Libraries - ¥ Libraries B
¥ Harmony ‘ ‘ ¥ Harmony
¥ Peripherals | # Packs
» AC ¥ Peripherals
v ADC v ADC |
apco | @) BR = ADCO | | apco © = Apco
T click g T/ b EVSYS I
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MCC Harmony Module Configuration Options Example

ADC Configuration Example (Configuration Options)

:( Project Resources }

Project Resources | Generate || Impaort... | Export | W || &)

¥ Libraries
¥ Harmony

b Packs

¥ Peripherals

v ADC
ADCO @ = Apco
b EVSYS

Py

[ Configuration Options ]

] X
Configuration Options x]
= #
=-aDC0
- Select Prescaler Peripheral dock dividedby 8
- Select Sample Length (cycles) 4=
- HEEE Conversion Time is 2.13333333333 us ****
--Select Reference AVDD
- Select Conversion Trigger SW Trigger -
--Enable DM& Sequencing O
B Channel Configuration
- Select Positive Input | ADCAIN7 Pin v

--Select Negative Input | Internal Ground -
E-Result Configuration

- Select Result Resolution 12-hit result
- Left Aligned Result O

-Enahble Result Ready Interrupt [
- Enahble Result Ready Event Out [

E-wWindow Mode Configuration
‘..Select Windaw Monitor Made | No window mode (default)

E-Sleep Mode Configuration
Run During Standby [
“..0n Demand Control [

LY

ﬁ\ MICROCHIP



MCC Harmony Module Configuration Options Example

ADC Configuration Example (Easy View Configuration)

|Plugir15:

[ ADC Easy View Configuration ]

B ADC Configuration-ade0

| E ADC Configurator

Conversion Trigzer

[ ] Runinstandey |

MPLU Configurator

Pin Configuration

P/IP Configurator
DMA Configuration

Clock Configuration
ADC Configuration-adcO

8

| Prescaler

Peripheral clock divided by &

~ |

software Trigger
W -
s b
) On demand control
‘ Automatic Window Compar
2 res|

MVIC Configuration
Event Configurator

* ADC Configuration will not show in a new project

aaaaaaaaa

ADC T
S E— [
o e WINMON Intermupt
L I 213333333333 us I
1
| Internal Ground ™ | | 4 | AVDD ~ | |7|
sampislength  SelectReference WINMION EVENT

EEEEE

Resuit intermupt

GCLK

* The setting values of Easy View Configuration and Configuration Options will be changed synchronously.
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ADC PINMUX Configuration Example

* Remember assign Positive Input and Negative Input pin in ADC module, MCC will
automatically switch to single-ended mode or differential mode according to the

settings.

* For example : Positive Input Pin as ADCO AIN7 Pin (PAO7)
Negative Input Pin as Internal Ground

E-aADC0
- Selact Prescaler Peripheral dock divided by 8
~5elaect Sample Length (cycles) 4=
woHEEE Conversion Time is 2,13333333333 us *hr
- Select Reference AVDD v
~Select Conversion Trigger SW Trigger v
~Enable DMA Sequencing ]
- Channel Configuration
- Select Positive Input | ADC AINT Fin ~ | | ADCO AIN7 Pin
- Select Megative Input | Internal Ground -~ Internal Ground
- Result Configuration
~Select Result Resolution 12-bit result e
- Left &ligned Result ]

-Enable Result Ready Interrupt [
~Enable Result Ready Event Out [
F-Window Mode Configuration

F-Sleep Mode Configuration
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ADC PINMUX Configuration Example

* Analog pins will all belong to PINMUX function group B.

* Forexample: PAO07 as ADCO AIN[7] (ADC Core 0 analog input Channel 7)
PC0O0 as ADC1 AIN[10]  (ADC Core 1 analog input Channel 10)
PCO1 as ADC1 AIN[11] (ADC Core 1 analog input Channel 11)

128Pin PortGroup] A Oy
TQFP PadName| EIC | ANAREF | ADCO&\DM
PA07 EXTIN[7] i AIN[7] IN[3] i X5/Y6
3 PCO0  EXTINT[O] ] ] AIN[10 & ] i i
4 PCO1  EXTINT[1] - i AIN[11] i i i
; » 4
PinTable = Q Q('Q - Q?’Q,
package: (TGP IS " - V| V]
Mu:udule@ Function 3 4 g | 24
ADCO \%\) ADCO_AINTX5/Y5 AIN[7]
o <?/ ADC1_AIN10 | AIN[10] '
ADC1_AIN11 [T[ll])
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€ Lab8 ADC Polling Software
Trigger
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% Lab8 ADC Polling Software Trigger

* Try to add ADC-0 module to project.

* Initialize the ADC and get the conversion value from VR1 (ADCO AIN|[7])
periodically, and then send it to PC by using UART .

* ADC set to Software Trigger, 12 bits resolution, Single-End mode.

Potentiometer

(VR1) PAO7 ADCO CH.7

Let’s go !
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% Lab8 ADC Polling Software Trigger

Check Schematic

Potentiometer
(VR1)

3.3V
PAO7 ADCO CH.7

VRI1
10K
BS12

VWV
PAO7/AIN(ADCO.7)

GND
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% Lab8 ADC Polling Software Trigger

Step 1

* Find ADCO component in Device Resources, we use it for sample analog input pin.
* Click on jgg to add the ADCO module to your Project Resources.

- )
:( Device Resource |

Device Resources | (2 Content Manager

(orr: )
| Project Resources |

Project Resources | Generate || Import... || Export |£| |@

¥ Libraries
¥ Harmony

¥ Peripherals

B AC

v ADC (ABE )

T

apco | ) B = ADCO | .
7 click @3 ‘ ‘

¥ Libraries
¥ Harmony

P Packs

¥ Peripherals
¥ ADC
ADCO ﬂ = ADCO
» EVSYS
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% Lab8 ADC Polling Software Trigger

Step 2 (Use Configuration Options)

] X

Configuration Options = |

ADCO

= ADCO

-~ Select Prescaler Peripheral dock divided by 8 [ Prescaler : divided by 8 ]
-Select Sample Length (cycles) 4= [Sample Length “1]

- HEEE Conversion Time is 2,13333333333 g e

-Select Referance AVDD w VREF : AvDD

~Select Conversion Trigger S\ Trigger v SW Trigger
-Enable DM& Sequencing |

- Channel Configuration ||
- Select Positive Input | ADC AINT Pin ~ | ADCO AIN7 Pin
-~ Select Negative Input | Internal Ground - || nternal Ground

=+ Result Configuration \L
~Select Result Resolution 12-hit result e [ 12-bit result ]
- Left aligned Result _J

~Enable Result Ready Interrupt [

-Enable Result Ready Event Out [

F-Window Mode Configuration

F-Sleep Mode Configuration

* The setting values of Easy View Configuration and Configuration Options will be changed synchronously.
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% Lab8 ADC Polling Software Trigger

Step 2 (Use Easy View)
87 ADC Configuration-adc0

E ADC Configurator

v
I: P LN
Flush event [} ‘ g

‘Conversion Trigger
Disable: Channel
Free Run J— =Lt
. )|
Software Trigger
—l Hardware TI'I@E\' | |_
StartEvent  [<; / -
DMIA Sequencer

SW Trigger J
A

-

on demand contral |_|

Run in standby |_|

GCLK

Prascaler

Peripheral clock divided by &

- ( Prescaler : divided by 8 )

Automatic Window Comgparison

Left-glignad result
Result Interrupt

Resu’t Register il

WINMON Interrupt

| Mo window mode (default) ™ |

o
Resu’t Resolution |
| 12-bit resuit v | [ 12-bit result ]
(ADCO AIN7 Pin | |[rocansze -
——+—
Anzlog Input +ve 4 ‘
. 4 ADC
analog input =3
Comwversion Time
i WLo
X ! 213333333333 us t VREF : AVDD j
[Internal Groundj Internal Ground b ‘ | 4 AVDD w
Sampie Length Select Reference

Comparsion Mode

WINMON Intermupt

WINMON EVENT OUT

— EVENT

l Sample Length : 4]

*The setting values of Easy View Configuration and Configuration Options will be changed synchronously.
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% Lab8 ADC Polling Software Trigger

Step 3
* Pin Settings of the VR1 (ADCO AIN|[7]).
Pin Settings —
Project Graph = ﬁn Settings q Pin Diagram xl Pin Table x] 4] »] E] @
Order: |Ports Ports —| Table View B Easy View
Eligmber Fin ID Custom Mame Function Mode Direction Latch Pull Up  Pull Down Drive Strength
23 PADG ADCO_AIN7 o Digital High Impedance -~ Laow (] (] MORMAL -~
24 u?A07 PADT ADCO_AIN7X5/¥5 -~ Analog High Impedance n/a MORMAL -
33 PADS Available w Digital High Impedance -~ Low (] (] NORMAL -~
34 PADY Available w Digital High Impedance - Low ] (] NORMAL -~

Potentiometer
(VR1)

PAO7 ADCO CH.7
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% Lab8 ADC Polling Software Trigger

Step 4

* Click on | Generate | button to generate your code after configuration.

1D @ Y

- O X

Projects I Files [sm'm-, rﬂmmhimagtmt [MCC] x]

I _—al

=

P00 - How doI?

MCC v5.5.1

puration Options X =

Project Resources | Generate | Import... || Eport || @ || ©

ystem

v LI-IJFE ries m| Generate Device & Project Configuration
Cortex-M4 Configuration
¥ Harmomny -
b Packs r1ock
Interrupts (NVIC)
3 F'Efipherﬂ's DM& (DMAC)
- WDT

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:

Eitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

( Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)
Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing

Device Resources b S}"stem ], l, l
v Libraries i | Output = | Mews Motifications [MCC]
Lipranes A
» = Harmony o # S}I"Stﬂm
A e L7 o I AP
b02_Timer_Polling TC - Dashboard X | Mavigator
= [T Lab02_Timer_Folling 1= 15:17:568.827
i Prrijs;teType'Apphcamn-Cnnf@mmn default 15 . 1? . SB . 843
G FIC3ICH10255G 41133 15:17:58.244
ﬁ Checksnm: Blank, no code loaded

ER CRC32: 0x8946CTED 15:17:56.844

9| bk [y
& PIC32CK-5G41_DEP (15140 15:17:56.844
& CMEE A0 15:17:51.274

1" Compiler Toolchain

T EC32 (44 40) [C Program File#bicrochiphus 324 40tin] 15:17:51.274

1 Production Image: Optimization: gec O1 g+ 01 N .
o Device support informstion: PIC32CE-$G41_DFP (1.5.140) 15:17:51.274

Memory - -
Dats 270,536 (42000 bvtes 15:17:51.274

0%

Program 1,

7 Detn Used: 116 (15¢74) Free: 270,220 (Dt 1FAC)

048,576 (D31 00000) bites
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ADC Polling

ADCn Interface Functions

 ADCrn_lInitialize
ADCn_Enable
ADCn_Disable
ADCrn_ChannelSelect
ADCn_ConversionStart
ADCn_ConversionStatusGet
ADCrn_ConversionResultGet

: Initialize ADCn module

: Enable ADCn module

: Disable ADCn module

: Configure channel input

: Start the ADCn conversion by Software
: Check whether result is ready

: Read the conversion result
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ADC Polling

ADCn Interface Functions

void ADCn_Enable ( void )
* Description:
* Enable ADCn module.

void ADCn_ConversionStart ( void )
* Description:
* Start the ADCn conversion by Software.

bool ADCn_ConversionStatusGet ( void )
* Description:
* Return ADCn conversion status.

uintl6_t ADCn_ConversionResultGet ( void )
* Description:
* Return ADCn conversion result.
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ADC Polling

ADCn Interface Functions

void ADCrn_ChannelSelect ( ADC _POSINPUT positivelnput, ADC_NEGINPUT negativelnput )
* Description:
* Configure channel input.
* Parameter:
* positivelnput : Positive analog input pin.
* negativelnput : Negative analog input pin.

* Example :
uintl6_t ADC value;
ADCn_Enable();

ADCn_ChannelSelect( ADC_POSINPUT AINx, ADC_INPUTCTRL_MUXNEG_AVSS );
ADCn_ConversionStart();

while( ADCO_ConversionStatusGet() != ADC_STATUS RESRDY ){}

ADC_value = ADCn_ConversionResultGet();
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ADC Polling Code Example
ADC Polling method Software Trigger Example

* Use functions to enable the ADC module and periodically sampling ADC input.

int main ( void )

{

J_Enable ADCO module )
ADCO_Enable() ;

while ( true )

{

J Switch the input channel of ADCO to Channel x ]

ADCO ChannelSelect( ADC_POSINPUT AINx, ADC_ INPUTCTRL MUXNEG AVSS ) ;

ADCO_ConversionStart(); < ADCO start sampling and conversion. |

while ( ADCO_ConversionStatusGet() !'= ADC_STATUS RESRDY ) {} < Waitfor the ADCO conversion to complete. ]
ADCO_Result = ADCO_ConversionResultGet() ;

ﬁ Get the ADCO conversion result ]

}

/* Execution should not come here during normal operation */

return ( EXIT FAILURE );
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ADC Factory Calibration

* ADC Factory calibration value will auto load and applicate in MCC Harmony generated
ADC initial function.

void ADCx Initialize (

{

void )

/* Writing calibration values in BIASREFBUF, BIASCOMP and BIASR2R */
ADCx REGS->ADC_CALIB =(uintl6_t) ((ADC_CALIB BIASCOMP ( ( ((* (uint32_t*)SWO ADDR) & ADCx BIASCOMP Msk) >>
ADCx BIASCOMP POS) )\

| ADC_CALIB BIASR2R((((* (uint32_ t*)SWO ADDR) & ADCx BIASR2R Msk) >> ADCx BIASR2R POS))

| ADC CALIB BIASREFBUF(((*(u:Lnt32 t*)SWO ADDR) & ADCx BIASREFBUF Msk) >> ADCx BIASREFBUF POS ));

Table 9-5. NVM Software Calibration Area Mapping

1:0
4:2
7:5
10:8
15:11
18:16
21:19
24:22
35:25

AC BIAS

ADCO BIASCOMP
ADCO BIASREFBUF
ADCO BIASR2R
Reserved

ADC1 BIASCOMP
ADC1 BIASREFBUF
ADC1 BIASR2R
Reserved

AC Comparator 0/1 Bias Scaling. To be written to the AC CALIB register.
Bias comparator scaling. To be written to the ADCO CALIB register.
Bias reference buffer scaling. To be written to the ADCO CALIB register.

Bias rail-to-rail amplifier scaling. To be written to the ADCO CALIB register.

Reserved
Bias comparator scaling. To be written to the ADC1 CALIB register.
Bias reference buffer scaling. To be written to the ADC1 CALIB register.

Bias rail-to-rail amplifier scaling. To be written to the ADC1 CALIB register.

Reserved

( ADco_siascomp )

(ADCO_BIASREFBUF)
| ADCo_BIASR2R |

( ADc1_BIASCcOMP )

(ADC1_BIASREFBUF)
| ADC1_BIASR2R |

plib_adcX.c
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% Lab8 ADC Polling Software Trigger
Step 5

* Open main.c and finish TODO 8.01 to 8.03 for output the ADC value to Tera Term.

uint32 t i = 0;

// TODO 8.01
uintlé_t ADCO_Result;

int main ( void )

{

// Topo 8.02 J_Enable ADCO module ]
ADCO_Enable() ;

while ( true )

{
/* Maintain state machines of all polled MPLAB Harmony modules. */

SYS Tasks ( );

if (TCO HasExpired)
{
TCO HasExpired = 0;

) S OGS J Switch the input channel of ADCO to Channel 7 )

ADCO_ChannelSelect( ADC_POSINPUT AIN7, ADC_INPUTCTRL MUXNEG AVSS ) ; - g
ADCO ConversionStart () ; "'l ADCO start sampling and conversion|

while ( ADCO _ConversionStatusGet () '= ADC_STATUS_ RESRDY ) {} < Wait for the ADCO conversion to complete ]
ADCO_Result = ADCO Convers1onResu1tGet(),

myprintf( "@1,2;VRL Value : %4d", ADCO Result );\L Get ADCO conversion result and output to the terminal }
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% Lab8 ADC Polling Software Trigger
Step 6

* Click on icon Tﬁ\ to Clean and Build Project and then to Program code to EVB.

B3 MPLAB X IDE - O o
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help bt |
i sy =l A E 3 0 " - - - . 7
1 2 € y it i @ @ PC: 05 How doT
Prajcls Files Services Resour [MCC] = o || it Window x| Btart Page = | Project Graph = |E‘|mc x| b DL Confipuration Oplions x =

|| Ci\Esercises._2025_Susmwes_ElitehLk02_Tianes_Polling_TChumeis
i : :

- : : (== I
=1 E 3
— B [t SR TR R A TR E
. —@ Clean and Build Project m Make and Program Device

Project Resources

¥ Libraries

¥ Harmaony

= System Microchip Technology Inc. -DMA (DMAC)
[F-WDT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOB4) = Seripting x ~ MPLAB® Code Configurator x  Lab08_VR1_Single_Polling_ ADC (Cleax
1 Sl el ADC - Do [T e W1 UE' am 1 LATD atiaen ULlIJ.IJ RAL JE WS LU LA '\ALJL-ELL-EAE -IlllJl ULESDUN —J8 WALV I N L8 =
B 18 L VR-Sigk Poliee ADC : = Summat|  "C:\Program Files‘\Microchip\xc32\v4.48\bin"\\xc32-binzhex dist/default/production/Lab08_VR1
g | 8 Pt e opton- Congir: Thit| make[2]: Leaving directory 'C:/Exercises/Lab08_VR1_Single_Polling_ADC/Lab08_VR1_Single_Polling_ADC.X'
\") PIC32CE10253041128 :
Checksnm: NA
: e: /.. srchconfighdefault\PIC32CX16255G41128.1d
8 |, g B ( BUILD sucEssFuL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

mﬂqﬂ:Lﬁﬁﬂg; BUILD SUCCESSFUL (total time: 1s)

Loading code from C:/Exercises/Lab08_VR1_Single_Polling_ADC/Lab08_VR1_Single_Polling_ADC.X/dist/default/producti
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Info: Loading fils

Checking for exdernal changes 4 60:21 s
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% Lab8 ADC Polling Software Trigger

Result

W COMA4 - Tera Term VT — O >

File Edit Setup Control Window Help
Hello World!!
R1 Value : 4895

Output in 500ms interval

gul
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Daul ADC Instances

ADCO and ADC1
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Daul Core ADC

* The PIC32CX-SG has two ADC core,
ADCO and ADC1.

* The two inputs can be sampled simultaneously, as
each ADC includes a dedicated sample and hold
circuit.

e Each ADC core has independent register space, socs
allowing set ADC configuration separately. TV *
* User can optionally set the partial configuration e
of two ADC core at the same time,
and obtain the conversion values simultaneously
or interleaved of two analog inputs after trigger

ADC sampling once.

L

ADCO

ADCn
INT.SIG

POST
PROCESSING

VREFnN:

PRESCALER

POST
PROCESSING

ADCn

CCCCCC
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ADCO/ADC1 Configuration Example

Configuration Options Example

* Each ADC core has independent register space, allowing set ADC configuration

separately.

1]

Configuration Options x

ADCO )

=-aDC0
- Select Prescaler Peripheral dock divided by 8~
~Select Sample Lenath (cycles) 4=
- HREEE Conyersion Time is 2,.13333333333 usg *H**
- Select Reference AVDD w
- Select Conversion Trigger SW Trigger ~
+Enable DM& Sequencing O

- Channel Configuration
- Sglect Positive Input | ADC AINO Pin -

- Select Negative Input | Internal Ground -
E-Result Configuration
- Select Result Resolution 12-bit result v
- Left aligned Result [l
~Enahle Result Ready Interrupt  [J
--Enable Result Ready Event Out [
E-wWindow Mode Configuration
- Select Window Monitor Mode | No window mode (default)
- Sleep Mode Configuration
Run During Standby [
“..0n Demand Control O

1]
Configuration Options x
ADC1 |

Er-ET
~Enahle Slave O
-~ Select Prescaler Peripheral dock divided by &
~5Select Sample Length (cycles) 45
- REER Conversion Time is 2,13333333333 ug ****
~Select Reference AVDD
- Select Conversion Trigger SW Trigger w
-Enahble DMA Sequencing [l

- Channel Configuration
- Select Positive Input | ADC AINO Pin w

~Select Megative Input |Internal Ground -

E-Result Configuration

-Select Result Resolution 12-hit result

- Left &ligned Result O

-~ Enable Result Ready Interrupt [

?----Enable Result Ready Interrupt [

E]"'\-'\;'iﬂC:JDW Mode Configuration

\Select Window Monitor Mode | No window mode {default)

E-Sleep Mode Configuration
Run During Standby [
“.0n Demand Contral [

.-

B
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% Lab9 Dual ADC Core Polling
Software Trigger
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%€ Lab9 Dual ADC Core Polling Software Trigger

* Try to add ADC-1 module to project.

* Initialize the ADC and get the conversion value from
Temperature Sensor (ADC1 AIN[10]) and Light Sensor (ADC1 AIN[11])
periodically, and then send it to PC by using UART .

* ADC set to Software Trigger, 12 bits resolution, Single-End mode.

| schematic | _Pin | Analoginput

Temperature Sensor

(MCP9700A) PCOO ADC1 CH.10

Light Sensor PCO1 ADC1 CH.11

(TEMT6000X01) L e t, S g o !

@ MICROCHIP



%€ Lab9 Dual ADC Core Polling Software Trigger
checkschematic e Schematic | Pin | Ansloginput

Temperature Sensor PCOO ADC1 CH.10

(MCP9700A)
Light Sensor
(TEMT6000) PCO1 ADC1 CH.11
3.3V
Q12
Ul10 TEMT6000X01
3.3V MCPO9700AT-E/TT
1 | VIN XOUT 2 . PCOO/AIN(ADCI1.10) PCO1/AIN(ADCI.11)
Z R79
(? 10K
== C59 - == C60
0.1uF 0.1uF
GND GND GND GND
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%€ Lab9 Dual ADC Core Polling Software Trigger
Step 1

* Find ADC1 component in Device Resources, we use it for sample analog input pin.
* Click on jgg to add the ADC1 module to your Project Resources.

:( Device Resource } _(Project Resources}
Device Resources | 2 Content Manager Project Resources | Generate || Import... | Export | | @ || @
¥ Libraries - ¥ Libraries -

¥ Harmony

 Packs

¥ Harmony | |

¥ 2= Peripherals

AL ¥ Peripherals
v ADC(CABE ) v aDC _
aoc: | @) ER = ADCH apco ) B4 @ = ADCD

ADC1 © = ADCH
P EVSYS

b CAN click 8

* The setting values of Easy View Configuration and Configuration Options will be changed synchronously.

@ MICROCHIP



%€ Lab9 Dual ADC Core Polling Software Trigger

Step 2 (Use Configuration Options)

B X
Configuration Options =
ADC 1 |
=-ADCl * ADC1 has additional Enable Slave feature
--Enable Slave ]
-Select Prescaler Feripheral dock divided by 8~ [ Prescaler : divided by 8 ]
~Select Sample Length (cycles) 4= [Sample Length “1]
- HEERE Copversion Time is 2,.13333333333 us *E*E
- Select Reference AVDD VREF iAVDD
~Select Conversion Trigger SW Trigger e SW Trigger
-Enable DMA& Sequencing ] “
E-Channel Configuration
- Select Positive Input | ADC AIN10 Fin +« | ADC AIN10 Pin
-Select Negative Input |Internal Ground - || Internal Ground n
E-Result Configuration
- Select Result Resalutian 12-hit result v [ 12-bit result ]
- Left aligned Result ]
-Enable Result Ready Interrupt [
-Enable Result Feady Event Out [
F-Window Mode Configuration
- Sleap Mode Configuration

* The setting values of Easy View Configuration and Configuration Options will be changed synchronously.
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%€ Lab9 Dual ADC Core Polling Software Trigger

Step 3
* Pin Settings of the Temperature Sensor (ADC1 AIN[10]) and Light Sensor (ADC1 AIN[11]).
Pin Settings —
Project Graph x[ Pin Settings xl Pin Diagram xl Pin Table x] |L_F|E]
Order: |Ports| Ports | .. Table View @ Easy View
Eliﬂmber Pin ID Custom Mame Function Mode Direction Latch Pull Up  Pull Down Crive Strength
122 PE31 Available v| Digital High Impedance -~ Low (] (] NMORMAL -~
3 PC00 | PCOO ADC1_AIN10 ADC1_AIN16 | pjigh Impedance n/a NORMAL -
4 (pco1)Pco1 apci_AN1l  \APCRLEIE | High Impedance n/a NORMAL -~

7 PCO2 Available W Digital High Im L ciiu [ [ MOIRMAI

Temperature Sensor

(MCP9700A) PCOO0 ADC1 CH.10

Light Sensor

(TEMT6000) PCO1 ADC1 CH.11

ﬁ\ MICROCHIP



%€ Lab9 Dual ADC Core Polling Software Trigger
Step 4

* Click on | Generate | button to generate your code after configuration.

Projects I Files [sm'm; r Resource Management [MCC] x]

=

P00 - How doI?

MCC v5.5.1

fipuration Options x =

Generate | Import.. | Export | 0 || @

Project Resources

ystem

¥ Libraries
¥ Harmomny
b Packs

» Peripherals

Device Reseurces b S}I’StE m

v L

b2

r

@ = System

nony

Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer_Polling T
Froject Type: Application - Configuration: defanlt
“ Devvice
g PIC32CK 10255041128
Checksnm: Blank, no code loaded
EA CRC3Z: 0x8946C7ED
o5 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

[
%' Gene

rate

Device % Project Configuration
Cortex-M4 Configuration
Paorts

Clock

Interrupts (NVIC)

DA (DMAC)

WDT

Output x[ Mews T Motifications [MCOC] l

Eitz »
15:
15:
15:
15:
15:
15:
15:
15:
15:

Curiosity/Starter Kits (PKOB4) = Scripting * = MPLAB® Code Confliguralor =

4F

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
ta.
ta.
ta.
56.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

{ Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)

[ R R R

Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing
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%€ Lab9 Dual ADC Core Polling Software Trigger
Step 5

* Open main.c and finish TODO 9.01 to 9.02 for enable ADC-1 module.

uint32 t i = 0;

volatile uint8 t USART1 IsReceived = 0;
volatile uint8 t USARTI1 IsTransmitted = 1;
uintl6é t ADCO Result; N

// TODO 9.01 J Two 16bits result buffers for ADC1 Channel 10 and 11 ]
uintlé_t ADC1l_Result[2];

void USART1 Transmit (uintptr t context)
{

USART1 IsTransmitted = 1;
}

int main ( void )

{

myprintf ( "#RST; #CLS; #HID;" ); // Reset Console, Clear screen and Hide cursor

ADCO Enable();
// TODO 9.02 J_Enable ADCI module )
ADC1l_Enable() ;

while ( true )
{

/* Maintain state machines of all polled MPLAB Harmony modules. */
SYS Tasks ( );

@ MICROCHIP



%€ Lab9 Dual ADC Core Polling Software Trigger
Step 6

* Open main.c and finish TODO 9.03 to 9.04 for output the ADC value to Tera Term.

while ( true )
{ .
if (TCO HasExpired)
{
TCO HasExpired = 0;
LED1 Toggle();

myprintf( "@1,1;Hello World!!™ );

ADCOiChannelSelect( ADCiPOSINPUTiAIN7, ADC INPUTCTRL MUXNEG AVSS ) 8
ADCO ConversionStart();

while ( ADCO ConversionStatusGet () != ADC STATUS RESRDY ) ({}

ADCO _Result = ADCO ConversionResultGet () ;

myprintf( "@1,2;VR1l Value : %4d", ADCO Result );

// TODO 9.03
ADC1l_ChannelSelect( ADC_POSINPUT AIN10, ADC_INPUTCTRL MUXNEG_AVSS ) ;

ADC1:ConversionStart();_ . .
while ( ADC1_ConversionStatusGet() != ADC_STATUS RESRDY ) {} Switch the input channel of ADC1 to 10
ADC1_Result[0] = ADCl_ConversionResultGet() ; (Temperature Sensor)

myprintf( "@1l,3;Temperature Value : %4d", ADCl_Result[0] );

// TODO 9.04
ADC1l_ChannelSelect( ADC_POSINPUT AIN11l, ADC_INPUTCTRL MUXNEG_AVSS ) ;

ADC1_ConversionStart(); Switch the input channel of ADC1 to 11
while( ADCl_ConversionStatusGet() != ADC_STATUS RESRDY ) {} iah
ADC1l_Result[l] = ADC1l_ConversionResultGet(); ﬂJg tSensor)

myprintf( "@1l,4;Lightness Value : %4d", ADCl_Result[1l] );
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%€ Lab9 Dual ADC Core Polling Software Trigger
Step 7

to Program code to EVB.

- O X

(v @ - - FC:0x) - How do 7

Projects | Fikes | Services 4| Resous [MCC] x ) || Kit Window x| StartPage = | ProjectGraph = |5 maine x ko™ L Conliguration Options x

|| Ci\Esercises._2025_Susmwes_ElitehLk02_Tianes_Polling_TChumeis
i :

- : : (== I
Project Resources
¥ Libraries _'l-l:l - - - - - F - -
© ) et BBy -E- DR @I
» Peripherals [ [ [
S YW Clean and Build Project | —————————"Y \Iake and Program Device

=)

oo Microchip Technology Inc. 4-DMA (DMAC)
[F-WDT
Device Resources Content Manager L 3 A
v Ubraries File || Output x| Mews | Notifications [MCC] |
o Mall| Kits x Curiosity/Starter Kits (PKOB4) = Seripting x ~ MPLAB® Code Configurator x  Lab09_TempSens_LightSens_DualCore *
- Dashboard] % | main() - Navigator few AT LD SN0 LATD AT L] WL AL D WS e U AL AL IS T R TAT TR VLTSSV s ALUE I L L s =
:‘U:MullI;;;I);ﬁlj;:}iS’cllwsll).ilghl;clnsil')xml(‘0ch\1u]li;PollingiAD(‘ g Summat "C:\Program Files‘\Microchipixc32hvd 48%\bin"\\xc32-bin2hex dist/default/production/Lab09_Temp
§ Project Type: Appiiion - Confignmtin: defeult Thif¢| make[2]: Leaving directory 'C:/Exercises/Lab09_TempSens_LightSens_DualCore_Multi_Polling_ADC/Lab09_Temp
] \‘) PIC32CE10253041128 :
ﬁ Checkenm: N4 . .
; e: /.. srchvconfighdefault\PIC32CX16255G41128.1d
9. £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fiy| LoOading code from C:/Exercises/Lab09_TempSens_LightSens_DualCore_Multi_Polling_ADC/Lab09_TempSens_LightSens
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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%€ Lab9 Dual ADC Core Polling Software Trigger

Result

W COMA4 - Tera Term VT — O >

......

File Edit Setup Control Window Help
Hello World!!

R1 Value : 4895

Temperature Value : 974
Lightness Value : 1138

Output in 500ms interval

| BNl Sample regularly and get the VR1 (ADCO AIN([7]),
SR R e Temperature Sensor (ADC1 AIN[10])
and Light Sensor (ADC1 AIN[11]) value
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ADC Interrupt Method

ADCO and ADC1
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ADC Interrupt

Configuration Options Example

* The ADC has the following interrupt sources :

 RESRDY (Result Conversion Ready)

* WINMON (Window Monitor)
* OVERRUN

1
Configuration Options =
= &
E-aDC0

- Select Prescaler Peripheral dock dividedby 8~

—~Select Sample Length (cycles) 4=

- HEEE Copyersion Time is 2,13333333333 ug *HE*

~Select Reference AVDD

~Select Conversion Trigger SW Trigger w

~Enable OM& Sequencing [}
- Channel Configuration
- Select Positive Input  |ADC AINO Pin V

~Select Negative Input |Internal Ground

=+ Result Configuration

~Select Result Resolution 12-bit result
- Left aligned Result O

e

~Enable Result Ready Interrupt [Check Enable Result Ready Interrupt]

~Enable Result Ready Event Out ||
E-Window Mode Configuration
- Select Window Monitor Made | No window mode (default)
= Sleep Mode Configuration

Run During Standby [

‘on Demand Contral O

s

* Yes! That’s all you need to do for'EnabIe Interrupt in MCC.
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ADC Interrupt

Easy View Configuration Example

T ’ Check Enable Result Ready Interrupt)

* Yes! That’s all you need to do for enable Interrupt in MCC.

7 ADC Configuration-adcD — O
E ADC Configurator
Conversion Trigger
Channel
Sequence
- -
. 8 Ir_ GCLK
coart 1 | —— FRuninstandby |_|
Prescaler
©on demand control | | Peripheral clock divided by & o~ |
Flush Event [3}— o
Left- allgned result
Result Imterrupt
Disabled Automatic Window Comparizon
Result Resolution
| 12-bit result -
| ADC AINO Pin ~ |
VHi Result Register L
b
| 1,024 [ ]
anzloginput ¢ +ve _,'" M‘SEE\EG“
[ {\: WINMON Inerrupt
= 1
R—— = | 512 m |_|
TR i WINMON Intemupt
B 213333333333 us P
> EVENT
I L g
| Internal Ground ~ || ‘WDD | Mo window mode (default) | |—|
Sample Length Select Refarance Comparsion Mode WINMON EVENT OUT
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%€ Lab10 Dual ADC Core Interrupt
Software Trigger
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% Lab10 Dual ADC Core Interrupt Software Trigger

* Change ADC polling to Interrupt mode.

* Get the ADC conversion value from VR1, Temperature Sensor and Light
Sensor with one second period and then use UART to output ADC values
to PC.

| schematic | _Pin | Analoginput

Potentiometer
(VR1)

Temperature Sensor
(MCP9700A)

Light Sensor
(TEMT6000)

PAO7 ADCO CH.7
PCOO ADC1 CH.10
PCO1 ADC1 CH.11

Let’s go !
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% Lab10 Dual ADC Core Interrupt Software Trigger

Step 1

* Configure the ADCO and ADC1 to Enable Result Ready Interrupt.

- Select Negative Input | Internal Ground -
F-Result Configuration

-Select Result Resolution 12-hit result
- Left aligned Result O

--Enable Result Ready Event Out [
E-wWindow Mode Configuration
‘Belect Window Monitar Made  |No window mode (default)

-Sleep Mode Configuration
Run During Standby ()
“-0n Demand Caontrol (]

1]
,CnnﬁguraﬁnnOpﬁuns =
ADCO |
=-aDC0
-~ Select Prescaler Peripheral dock dividedby 8
- Gelect Sample Length (cycles) EIe=
X Conyversion Time is 2,13333333333 us ***
--Select Reference AVDD
- Select Conversion Trigger SW Trigger -
--Enable DM& Sequencing [l
=+ Channel Configuration
- Select Positive Input | ADC AINT Pin v

~Enable Result Ready Interrupt Check Enable Result Ready Interrupt

L

1%}
Configuration Options =
ADC1 |
=-aDC1 }
~Enahle Slave [l
- Select Prescaler Peripheral dock dividedby 8~
~Select Sample Lenath (cycles) 4=
- HEEE Copyersion Time is 2,.13333333333 ug wHH*
~Select Reference AVDD
~Select Conversion Trigger SW Trigger ~
-Enahble DM& Sequencing O
=+ Channel Configuration
-Select Positive Input | ADC AIN10 Pin -

~Select Negative Input | Internal Ground -

E-Result Configuration

~Select Result Resolution 12-bit result v
- Left aligned Result

- Enable Result Ready Event COut
E-Window Mode Configuration
- Select Window Monitor Mode | No window mode (default)
- Sleep Mode Configuration
Run During Standby [JJ
“.on Demand Control O

]
- Enable Result Ready Interrupt Check Enable Result Ready Interrupt
O
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% Lab10 Dual ADC Core Interrupt Software Trigger
Step 2

* Click on | Generate | button to generate your code after configuration.

Projects I Files [sm'm; r Resource Management [MCC] x]

=

P00 - How doI?

MCC v5.5.1

fipuration Options x =

Generate | Import.. | Export | 0 || @

Project Resources

ystem

¥ Libraries
¥ Harmomny
b Packs

» Peripherals

Device Reseurces b S}I’StE m

v L

b2

r

@ = System

nony

Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer_Polling T
Froject Type: Application - Configuration: defanlt
“ Devvice
g PIC32CK 10255041128
Checksnm: Blank, no code loaded
EA CRC3Z: 0x8946C7ED
o5 Packs
o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
1" Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

[
%' Gene

rate

Device % Project Configuration
Cortex-M4 Configuration
Paorts

Clock

Interrupts (NVIC)

DA (DMAC)

WDT

Output x[ Mews T Motifications [MCOC] l

Eitz »
15:
15:
15:
15:
15:
15:
15:
15:
15:

Curiosity/Starter Kits (PKOB4) = Scripting * = MPLAB® Code Confliguralor =

4F

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
ta.
ta.
ta.
56.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

{ Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)

[ R R R

Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing
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ADC Interrupt

ADCn Interface Functions

 ADCrn_lInitialize : Initialize ADCn module

 ADCrn_Enable : Enable ADCn module

* ADCn_Disable : Disable ADCn module

 ADCn_ChannelSelect : Configure channel input

* ADCn_ConversionStart : Start the ADCn conversion by Software

. * Available only in ADC polling mode.
 ADCn_ConversionResultGet : Read the conversion result
 ADCrn_CallbackRegister : Register callback function

* Available in ADC Interrupt mode.
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ADC Interrupt

ADCn Interface Functions

void ADCn_CallbackRegister ( ADC_ CALLBACK callback, uintptr t context )
* Description:
* Register callback function.
* Parameter:

* callback :Pointer to the callback function to be called on adc event.
* context : A user-defined value (typically a pointer) passed to the callback when invoked.
* Example :

uintl6_t ADC_value;
void ADCn_Complete ( ADC_STATUS status, uintptr_t context ){

if( status & ADC_STATUS RESRDY ) ADC_Result = ADCrn_ConversionResultGet();
}

ADCn_CallbackRegister( ADCn_Complete, (uintptr_t JNULL );
ADCn_Enable();

ADCrn_ChannelSelect( ADC_POSINPUT AINx, ADC_INPUTCTRL_MUXNEG_AVSS );
ADCn_ConversionStart();

c\ MICROCHIP



% Lab10 Dual ADC Core Interrupt Software Trigger
Step 3

* Open main.c and finish TODO 10.01 to comment out or remove the previous lab code.

while ( true )
{
if (TCO HasExpired)
{
TCO HasExpired = 0;
LED1 Toggle();

myprintf( "@1,1;Hello World!!™ );

// TODO 10.01 *These codes are suitable for ADC polling mode; We will modify to interrupt mode in the following steps.
// ADCO ChannelSelect( ADC_POSINPUT AIN7, ADC INPUTCTRI, MUXNEG AVSS ) ;
// ADCO ConversionStart();
// while( ADCO ConversionStatusGet() != ADC STATUS RESRDY ) {}
// ADCO Result = ADCO ConversionResultGet () ;
// myprintf( "Q@1,2;VR1 Value : %4d", ADCO Result );

// ADC1 ChannelSelect( ADC_POSINPUT AIN10, ADC_INPUTCTRL MUXNEG AVSS );
// ADC1l ConversionStart();

// while( ADC1l ConversionStatusGet () != ADC STATUS RESRDY ) {}

// ADCl Result[0] = ADCl ConversionResultGet () ;

// myprintf( "@1l,3;Temperature Value : %4d", ADC1l Result[0] );

// ADC1 ChannelSelect ( ADC_POSINPUT AIN11, ADC_ INPUTCTRL MUXNEG AVSS ) ;
// ADC1l ConversionStart();

// while( ADC1l ConversionStatusGet () != ADC STATUS RESRDY ) {}

// ADCl Result[l] = ADCl ConversionResultGet () ;

// myprintf( "@1l,4;Lightness Value : $%$4d", ADCl Result[1l] );
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% Lab10 Dual ADC Core Interrupt Software Trigger
Step 4

* Finish TODO 10.02 for create variables and calculate the ADC1 Channel Counts.

uint32 t i = 0;

volatile uint8 t TCO HasExpired
volatile uint8 t TCl HasExpired
uint8 t USART1 TransmitData[1l00];

uint8 t USART1 ReceiveDatalll];

volatile uint8 t USART1 IsReceived = 0;
volatile uint8 t USART1 IsTransmitted = 1;
uintl6 t ADCO Result;

uintlé t ADCl Result[2];

// TODO 10.02

volatile uint8 t ADCO_IsCompleted = 0
volatile uint8 t ADCl1l_IsCompleted = 0 -
volatile uint8 t ADCI_ChanielIdx =0; J Assign ADC1 Channels)

volatile uintlé_t ADC1l _Channel[] = { ADC_POSINPUT AIN10, ADC_POSINPUT AIN11 };

volatile uint8_t ADC1l_ChannelCount = sizeof (ADC1l_Channel) / sizeof (ADC1l_Channel[0]); * Thjs exercise ADC1_ChannelCount is 2.

Ne N

void USART1 Transmit (uintptr t context) T Calculate ADC1 Channel Counts ]
{

USART1 IsTransmitted = 1;
}

void USART1 Receive (uintptr t context)
{

USART1 IsReceived = 1;
}

void TCO TimerExpired(TC TIMER STATUS status, uintptr t context)
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% Lab10 Dual ADC Core Interrupt Software Trigger

Step 5

* Finish TODO 10.03 to 10.04 for ADCO and ADC1 callback functions.

// TODO 10.02

volatile uint8 t ADCO_IsCompleted = 0
volatile u:|.nt8 t ADC1l_IsCompleted = 0
volatile u:|.nt8 t ADC1 _Channelldx = 0

Ne Ne N

volatile u1nt16 t ADC1 Channel[] = { ADC_POSINPUT AIN10, ADC_POSINPUT AIN11l };
volatile u1nt8_t ADC1_ChannelCount = sizeof (ADC1l_Channel) / sizeof (ADC1_Channel[0]) ;

// TODO 10.03
void ADCO_Complete ( ADC_STATUS status, uintptr_ t context )

{

if ( status & ADC_STATUS_RESRDY )< Check for interrupt flags. l

{

}

ADC1_Channelldx will cycle sequentially
ADCO_Result = ADCO_ConversionResultGet() ; from 0 to (ChannelCount - 1),

ADCO_fsCompleted = 1; T Store the ADCO conversion result. ) result of AIN10 is stored in ADC1_Result[0]

Set the SW flag to know that the ADCO conversion is completed ) result of AIN11 is stored in ADC1_Result[1]
When the all-channels results are obtained

// TODO 10.04 .
void ADC1l Complete( ADC_STATUS status, uintptr t context ) ADC1_IsCompleted will be set

{

if( status & ADC_STATUS_RESRDY )< Check for interrupt flags. l

{

ADC1l_Result[ADCl_Channelldx] = ADCl_ConversionResultGet() ;

ADC1l_ChannelIdx = ( ADCl_Channelldx + 1 ) % ADC1l_ChannelCount; * This exercise ADC1_ChannelCount is 2.
ADC1l ChannelSelect( ADC1 Channel [ADC1 ChannelIdx] , ADC_INPUTCTRL_ MUXNEG_AVSS ) ;
if( ADC1 _Channelldx != 0 ) ADC1l Convers1onStart()

< Continue sampling and converting the next until all channels are completed. J

else ADCl_I sCompleted = 1;

Set the SW flag to know that the ADC1 all-channels conversion is completed. J
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% Lab10 Dual ADC Core Interrupt Software Trigger
Step 6

* Finish TODO 10.05 to 10.06 for callback register and start ADC conversion.

int main (void)
{ -
SERCOM1 USART Read (USART1 ReceiveData, 1);

myprintf ( "#RST; #CLS; #HID;" ); // Reset Console, Clear screen and Hide cursor

// TODO 10.05 J Register the Callback function for ADCO ]
ADCO_CallbackRegister ( ADCO_Complete, (uintptr_ t )NULL );

ADC1:CallbackRegister( ADCl:bomplete, (uintptr_t )NULL );

ADCO_FEnable () ; T Register the Callback function for ADC1. ]
ADC1 Enable();

while ( true )
{ .
if (TCO HasExpired)
{
TCO HasExpired = 0;
LED1 Toggle();

myprintf( "@1,1;Hello World!!"™ );

// TODO 10.06
ADCO_ChannelSelect( ADC_POSINPUT AIN7, ADC_INPUTCTRL MUXNEG_AVSS ) ;
ADCO_ConversionStart() ;

T ADCO start sampling and conversion. ]

ADC1l_ChannellIdx = 0;
ADC1l_ChannelSelect( ADCl_Channel [ADC1l_ChannelIdx], ADC_INPUTCTRL MUXNEG_AVSS ) ;
ADC1_ConversionStart() ;

} T ADC1 start sampling and conversion. ]
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% Lab10 Dual ADC Core Interrupt Software Trigger
Step 7

* Finish TODO 10.07 to 10.08 for output the ADC values to Tera Term.

while ( true )

{

if (USART1 IsReceived)

{
USART1 IsReceived = 0;

myprintf ( "@1l,5;Received Data : %1lc", USART1 ReceiveDatal[0] );
SERCOM1 USART Read( USART1 ReceiveData, 1 );
}

// TODO 10.07
if ( ADCO_IsCompleted )
{
ADCO_IsCompleted = O;
myprintf( "@1,2;VR1l Value : %4d", ADCO_Result );
}

// TODO 10.08
if ( ADC1_IsCompleted )
{
ADCl1l_IsCompleted = O;
myprintf( "@1,3;Temperature Value : %4d", ADCl_Result[0] );
myprintf( "@1l,4;Lightness Value : %4d", ADCl_Result[1l] );
}

if ( BT1 Get() ) LED3 Clear();
else LED3 Set();
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% Lab10 Dual ADC Core Interrupt Software Trigger
Step 11

to Program code to EVB.
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% Lab10 Dual ADC Core Interrupt Software Trigger

Result

W COMA4 - Tera Term VT — O >

LAk Ak

File Edit Setup Control Window Help
Hello World!!

R1 Value : 4895

Temperature Value : 974
Lightness Value : 1138

Output in 500ms interval

| BNl Sample regularly and get the VR1 (ADCO AIN([7]),
SR R e Temperature Sensor (ADC1 AIN[10])
and Light Sensor (ADC1 AIN[11]) value
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Appendix :
ADC DMA Sequencing

Automatic Channel ADC Conversion by Sequence
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ADC DMA Sequencing

* The ADC can sequence a series of conversion.
* When DMA sequencing is enabled, a set of ADC configuration registers can be

automatically refreshed using the DMA controller.
eeeeeeeeeee A

O

C

DMA
Controller

A
Peripheral Bus
\4

f
!
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ADC DMA Sequencing

* Enable the DMA Sequencing of ADC1 to
automatic conversion both Channel 10

and Channel 11 by DMAC.

* Many of ADC registers could be auto
apply by DMA automatically but we will
use only the Input Control Register for
the demonstration of Channel Scanning.

ADC 1

.....

=-Enahble DMA Sequencing
~Enable Input Control
~Enable Control B
~Enable Reference Control
~Enable Average Control
~Enahle Sampling Time Control
- Enable Windaw Monitar Lower Threshold [
- Enable Windaw Monitor Upper Threshald []
- Enable Gain Correction |
-Enable Offset Correction |

- Channel Configuration

E-aDC1
~Enable Slave O
~Select Prescaler Peripheral clock divided by 8
-~Select Sample Length (cycles) 412
- FEEE Conversion Time is 2.13333333333 ug ****
--Select Reference AVDD
--Salect Conversion Trigger SW Trigeer e

ooooE)

Select Positive Input | ADC AIN10 Pin "
Select Megative Input | lnfemal Grownd

E-Result Configuration

Select Result Resolution 12-hit resnlt
Left aligned Result ]
Enable Result Ready Interrupt
Enable Result Ready Event Out [

E-Window Mode Configuration

Select Window Monitor Mode | Nowindow mode (defanlt)

=-5leep Mode Configuration

Run During Standby [
on Demand Contral []

L

b4

S

Check Enable DMA Sequencing
Check Enable Input Control
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ADC DMA Sequencing

* Configure the DMA channel for the DMA Sequencing of ADCI1.

Eit Window x| Start Page x| Project Graph x|

TCO

XCRERE | e

MVMCTRL
Peripheral Library

MEMORY

Paripheral Library
TMR

w Profiles:

S vetong
oY

Fin Configurstion
TCPAP Configurator
| Event Confi
Lomac

Y5

8] DMA Configuration

Active Channels List

Channel Number Trigger e
DMAC Channel 0 | ADC1_SEQ ADC1_SEQ
e Add Channel Remove Selected Channel 0

Add Channel

r
F

| Use Linked List Mode

Enable Interrupt

Trigger Acticn

Source Address Mode

Destination Address Mode

Beat Size

Burst Length

FIFC Thrashold

DMA Channel 0 Settings

One Beat Transfer per DMA Request

'

Increment Address After Every Transfer | Increment Address After

Fixed Address Mode Fixed Address v
32-bit bus transfer 32-bit bus transfer |
SINGLE hd
1BEAT A

Every Transfer
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ADC DMA Sequencing

* Define the Input Control Register of ADC1 for DMA transfer by sequence.

uintle t ADCO Result;

uintlée t ADC1l Result[2];

volatile uint8 t ADCO IsCompleted = 0;

volatile uint8 t ADC1l IsCompleted = 0;

volatile uint8 t ADC1l Channelldx = 0;

volatile uintl6é _t ADCl Channel[] = { ADC POSINPUT AIN10, ADC POSINPUT AIN11l };
volatile uint8 t ADCl ChannelCount = sizeof (ADCl Channel) / sizeof (ADCl Channel[0]);

// TODO 10.1.01
volatile uint32 t ADC1_SEQREG[2] = { (ADC_POSINPUT AIN10|ADC_NEGINPUT AVSS), (ADC_POSINPUT AIN11|ADC_NEGINPUT AVSS)};

void ADCO Complete( ADC STATUS status, uintptr t context )
{
if( status & ADC STATUS RESRDY )
{
ADCO Result = ADCO ConversionResultGet();
ADCO IsCompleted = 1;

}

void ADC1 Complete( ADC STATUS status, uintptr t context )
{
if( status & ADC STATUS RESRDY )
{
ADC1 Result[ADCl ChannelIdx] = ADCl ConversionResultGet ()
ADC1 ChannelIdx = ( ADCl ChannelIdx + 1 ) % ADCl ChannelCount;
ADC1 ChannelSelect( ADC1l Channel [ADC1 ChannelIdx], ADC INPUTCTRL MUXNEG AVSS );
if ( ADC1l ChannelIdx != 0 ) ADC1l ConversionStart();
else ADC1l IsCompleted = 1;
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ADC DMA Sequencing

e Remove the software Channel Select and Conversion Start functions in ADC1 callback.

uintleé t
uintleé t
volatile
volatile
volatile
volatile
volatile

// TODO
volatile

void ADC
{
1f(
{

}
void ADC
{
1f(
{

// TODO

}

(ADC_POSINPUT AIN11|ADC NEGINPUT AVSS)};

ADCO Result;

ADC1 Result([2];

uint8 t ADCO IsCompleted = 0;

uint8 t ADC1l IsCompleted = 0;

uint8 t ADCl1 ChannelIdx = 0O;

uintl6 t ADC1l Channel[] = { ADC_POSINPUT AIN10, ADC POSINPUT AINI11l };
uint8 t ADC1l ChannelCount = sizeof (ADC1l Channel) / sizeof (ADCl Channel[O0]);
10.1.01

uint32_t ADC1l_SEQREG[2] = { (ADC_POSINPUT AIN10|ADC_NEGINPUT_ AVSS),

0 Complete( ADC STATUS status, uintptr t context )

status & ADC STATUS RESRDY )

ADCO Result =
ADCO IsCompleted =

ADCO ConversionResultGet () ;
g

1 Complete( ADC STATUS status, uintptr t context )
status & ADC STATUS RESRDY )

ADC1 Result[ADCl ChannelIdx] = ADCl ConversionResultGet ()
ADC1 ChannelIdx = ( ADCl ChannelIdx + 1 ) % ADCl ChannelCount;

10.1.02
if ( ADC1_Channelldx == 0 ) ADCl_IsCompleted = 1;
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ADC DMA Sequencing

e Add DMA Channel Transfer before ADC1 Conversion Start to instead of Channel select.

int main ( void )
{
SYS Initialize ( NULL );

ADCO CallbackRegister ( ADCO Complete, (uintptr t )NULL );
ADC1 CallbackRegister ( ADC1l Complete, (uintptr t )NULL );
ADCO Enable();
ADC1 Enable();

while ( true )

{
SYS Tasks ( );

if (TCO HasExpired)

{
TCO HasExpired = 0;
LED1 Toggle();

myprintf( "@1l,1;Hello World!!"™ );

ADCO ChannelSelect ( ADC POSINPUT AIN7, ADC INPUTCTRL MUXNEG AVSS );
ADCO ConversionStart();

// TODO 10.1.03
DMAC_ChannelTransfer( DMAC_ CHANNEL O,
(const void *)ADC1l_SEQREG, (const void *)&ADC1_REGS->ADC_DSEQDATA, sizeof (ADC1l_SEQREG) ) ;
ADC1 ConversionStart();
}

if (TCl HasExpired)
{
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ADC DMA Sequencing with DMA Conversion Result

* In the previous steps, we still used software index switching in the callback to store the
conversion results. Now we will try to use an additional DMA channel to automatically
transfer the ADC1 conversion results to the result buffer.

i | DMA Configuration
Active Channels List

Channel Number Trigger
DMAC Channel 0 ADCT1_SEQ A
[ ADC1_RESRDY
DMAC Channel 1 v | ADC1_RESRDY W
Add Channel Remove Selected Channel
Add Channel

— d >
Use Linked List Mode
DMA Channel 1 Settings
Enable Interrupt
Trigger Action One Beat Transfer per DMA Request g
source Address Mode Fixed Address Mode Fixed Address v

Destination Address Mode ||, o yant Address After Every Transfer Increment Address After Every Transfer

Beat Size 16-bit bus transfer 16-bit bus transfer | ~
Burst Length SINGLE '
FIFQ Threshold 1BEAT ~
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ADC DMA Sequencing with DMA Conversion Result

* Define the ADC1 DMA RESRDY finish flag and callback.

uintle t ADCO Result;

uintlée t ADC1l Result[2];

volatile uint8 t ADCO IsCompleted = 0;
volatile uint8 t ADC1l IsCompleted = 0;
volatile uint8 t ADC1l Channelldx = 0;

volatile uintl6 t ADC1 Channel[] = { ADC POSINPUT AIN10, ADC POSINPUT AINI11 };

volatile uint8 t ADC1l ChannelCount = sizeof (ADC1l Channel) / sizeof (ADC1 Channel([0]);

volatile uint32 t ADC1l SEQREG[2] = { (ADC_POSINPUT AIN10|ADC NEGINPUT AVSS), (ADC POSINPUT AIN11|ADC NEGINPUT AVSS)};
// TODO 10.2.01

volatile bool ADC1_DMA RESRDY Done = false;

void ADC1_DMA RESRDY Callback (DMAC TRANSFER EVENT event, uintptr_ t contextHandle)
{
if (event == DMAC_TRANSFER EVENT COMPLETE)
{
ADC1l DMA RESRDY Done = true;
}
}

void ADCO Complete( ADC STATUS status, uintptr t context )

{
if ( status & ADC_STATUS RESRDY )

{
ADCO Result = ADCO ConversionResultGet();
ADCO IsCompleted = 1;

}
void ADC1l Complete( ADC STATUS status, uintptr t context )

{
if( status & ADC_STATUS RESRDY )
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ADC DMA Sequencing with DMA Conversion Result

* Remove ADC1 callback to instead of DMA Channel callback and add DMA Channel 1 Transfer then output.

int main ( void )
{ ..
ADCO CallbackRegister ( ADCO Complete, (uintptr t )NULL );
// TODO 10.2.02
//
DMAC ChannelCallbackRegister ( DMAC CHANNEL 1, ADC1_DMA RESRDY Callback, 0 );
ADCO Enable();
ADC1 Enable();

while ( true )

{

if (TCO HasExpired)
{ .
ADCO ChannelSelect ( ADC_POSINPUT AIN7, ADC INPUTCTRL MUXNEG AVSS );
ADCO_ ConversionStart();
// TODO 10.2.03
DMAC ChannelTransfer( DMAC_ CHANNEL 1,
(const void *)&ADCl1_REGS->ADC_RESULT, (const void *)ADC1l_Result, sizeof (ADCl1l_Result) );
DMAC ChannelTransfer( DMAC CHANNEL O,
(const void *)ADC1l SEQREG, (const void *)&ADC1l REGS->ADC DSEQDATA, sizeof (ADCl SEQREG) );
ADC1 ConversionStart();
}

// TODO 10.2.04
if ( ADC1_DMA RESRDY Done )
{
ADC1_DMA RESRDY Done = false;
myprintf( "@1,3;Temperature Value : %4d", ADCl _Result[O0] )
myprintf( "@1l,4;Lightness Value : %4d", ADCl_Result[1l] );
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Appendix :
ADC Host-Client Operation

Simultaneously or Interleaved Conversion on ADCs
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ADC Host-Client Operation with DMA Sequencing

* ADC support the Host and Client
operation of two ADC Cores, here we
will provide the simple steps and

important note about how to enable
Host-Client mode of ADC.

ADC1

=-ADCL
Enable Slave Enable Slave
-~Select Sample Length (cycles) 4=

- REEE Conversion Time is 2,13333333333 us #***
--Select Reference AYDD
E-Enable DMA Sequencing

-Enable Input Control

--Enable Control B

--Enable Reference Control

-Enable &verage Control

-~Enable Sarmpling Time Control

--Enable Window Monitor Lower Threshold
-Enable Window Monitor Upper Threshold
--Enable Gain Correction

--Enable Offset Carrection

Oooooooda

- Channel Configuration

- Select Positive Input | ADC AIN10 Pin w
--Select Megative Input |Intemal Ground -

- Result Configuration

- Select Result Resolution 12-bit result

-Left aligned Result |

-Enable Result Ready Interrupt

--Enable Result Ready Event Out [

E-Window Mode Configuration

- Select Window Monitor Mode | No window mode {fefaulf)
=-Sleep Mode Configuration

Run During Standby [

--On Demand Cantrol []

f
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ADC Host-Client Operation with DMA Sequencing

* In Host-Client mode, ADC1 will trigger by ADCO then you will not need ADC1 Enable and Conversion Start.

e maie (ol |

{ Enable Slave Eﬂ‘-ﬁbf«e -S.Fﬁ've
SYS Initialize ( NULL ); <= Seleck Sample Length {cycles) 4.2
**** Conversion Time is 2,13333333333 ug *#***
ADCO CallbackRegister ( ADCO Complete, (uintptr t )NULL );

DMAC ChannelCallbackRegister ( DMAC CHANNEL 1, ADC1 DMA RESRDY Callback, 0 );

// TODO 10.3.01 In this mode of operation, the Client ADC1 is enabled by accessing the CTRLA register of the Host
ADC1_REGS->ADC_DSEQCTRL &= ~ADC_DSEQCTRL INPUTCTRL Msk; | ADCO.In the same way, the Host ADC event inputs will be automatically routed to the Client ADC,
. meaning that the input events configuration must be done in the Host ADC (ADCO.EVCTRL).
(Clean ADC_DSEQCTRL bit before ADCO Enable ) Note: To enable DMA sequencing for the ADC1 (Client), the ADCO (Host) must be enabled first
(ADCO.CTRLA.ENABLE = 1) before DMA seguencing is enabled (ADC1.DSEQCTRL ! = 0).

ADC measurements can either start simultaneously on both ADCs, or be interleaved. The trigger

ADCO Enable();

// TODO 10.3.02

ADC1_REGS->ADC_DSEQCTRL |= ADC_DSEQCTRL INPUTCTRL_Msk; mode selection is available in the Host ADC Control A register (ADCO.CTRLA.DUALSEL).

// TODO 10.3.03 [ Set ADC_DSEQCTRL bit after ADCO Enable ] Note: The interleaved sampling is only usable in single conversion mode (ADC.CTRLB.FREERUN = 0).
//
while ( true )

{
if (TCO HasExpired)
{
ADCOiChannelSelect( ADCiPOSINPUTiAIN7, ADC INPUTCTRL MUXNEG AVSS ) 8
DMAC ChannelTransfer( DMAC CHANNEL 1,

(const void *)&ADC1 REGS->ADC RESULT, (const void *)ADCl Result, sizeof (ADC1l Result) );
DMAC_ ChannelTransfer ( DMAC CHANNEL O, B B B

(const void *)ADCl SEQREG, (const void *)&ADC1 REGS->ADC DSEQDATA, sizeof (ADC1 SEQREG) );
// TODO 10.3.04

Z/kl;CO_ConversionStart 0 ADCO will trigger both ADCO and ADC1 to Start Conversion,

| then you need put the ADCO_ConversionStart after the DMA configuration of ADC1
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ADC Host-Client Operation with DMA Sequencing Interleave

* In Host-Client mode, ADC measurements can either start simultaneously on both ADCs or be interleaved.

int main ( void )
{
SYS Initialize ( NULL );

ADCO CallbackRegister ( ADCO Complete, (uintptr t )NULL );
DMAC ChannelCallbackRegister ( DMAC CHANNEL 1, ADC1 DMA RESRDY Callback, 0 );

ADC1 REGS->ADC_DSEQCTRL &= ~ADC_DSEQCTRL INPUTCTRL Msk;

Start Tngger
(Software or Event)
// TODO 10.4.01
ADCO_REGS—>ADC_CTRLA |= ADC_CTRLA;DUALSEL_INTERLEAVE;
ADCO Start Conversion ADC1 Start Conversion ADCO Start Conversion ADC1 Start Conversion

ADCO Enable();

Bits 4:3 - DUALSEL[1:0] Dual Mode Trigger Selection
These bits define the trigger mode, as shown in Table below. These bits are available in the Host ADC

SIDCL REES=PDC DRIBUCIL = 2I0€ DRIBoCUiL JINEUCIRIL Wisl<y and have no effect if the Host/Client operation is disabled (ADC1.CTRLA.SLAVEEN = 0).
Value Name Description
while ( true ) 0x0 BOTH Start event or software trigger will start a conversion on both ADCs
{ 0x1 INTERLEAVE START event or software trigger will alternatingly start a conversion on ADCO and ADC1.
if (TCO Ha SEXpi red) Note: The interleaved sampling is only usable in single conversion mode (ADC.CTRLB.FREERUN =

0).

{
ADCO ChannelSelect ( ADC POSINPUT AIN7, ADC INPUTCTRL MUXNEG AVSS );
DMAC ChannelTransfer( DMAC CHANNEL 1,

(const void *)&ADC1 REGS->ADC RESULT, (const void *)ADCl Result, sizeof (ADC1l Result) );
DMAC ChannelTransfer( DMAC CHANNEL O,

(const void *)ADCl SEQREG, (const void *)&ADC1 REGS->ADC DSEQDATA, sizeof (ADC1 SEQREG) );
ADCO_ ConversionStart();

}
if ( ADC1 DMA RESRDY Done )

{
ADC1 DMA RESRDY Done = false;
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Appendix :
ADC Throughput Rate

Sample Time and Conversion Time
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ADC Throughput Rate

* The maximum ADC throughput rate depends on the sample time and conversion time,
lower input impedance and resolution can improve the throughput rate.

 When connecting to a typical input impedance source, the maximum ADC throughput
rate is 1M samples/second by 12-bit resolution.

* 1Msps = 16MHz / (4+12)
*4T,,and 12 T,, (12-bit resolution)

[ADC Throughput Rate Requirements ]

I ADC Throughput Time | . Characteristics Min. Typ. Max. Units Conditions
12-bit resolution,
Rsource < 6,560 O
SAMPCTRL.OFFCOMP=1, *1,,=4
SAMPCTRL.SAMPLEN=N/a
&) ' 12-bit resolution,

| FT.PR Throughput Rate 10 - |1000| ksps Rsource < 6,560 Q )
(Differential Mode) | (Differential Mode) SAMPCTRL.OFFCOMP=1, *T,p=4
SAMPCTRL.SAMPLEN=N/a

‘g Frpr Throughput Rate

: 10 | - |[1000| ksps
(Single-Ended Mode) | (Single-Ended) >

v

Sample Conversion
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ADC Sample Time Requirement

* The minimum ADC Sample Time depends on the resolution and impedance of the
input source, lower input impedance and resolution can improve the sample rate.

* When connecting to a typical input impedance source, the minimum ADC Sample Time
is 4 T,, by 12-bit resolution.

[ADC Sample Electrical Requirements ]

ADC Throughput Time | Characteristics Min. Typ. Max. Units Conditions

TAD(min) of 12-bit resolution,

9] Tsamp ADC Sample Time | 4 Tap | eyt Analog Input Rsource < 6,560 Q

Y

»

Sample Conversion
Time

\4
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ADC Conversion Time Requirement

* The Conversion Time depends on the resolution, refer to the ADC Sample Timing
Requirements table in datasheet to get the different conversion time for 8-bit, 10-bit,

and 12-bit resolution.

* When the ADC in 12-bit resolution, required conversion time is 12 T, .

ADC Throughput Time

Sample Conversion
Time

\4

[ADC Sample Electrical Requirements ]

Teny

Characteristics

Conversion Time
(Single-Ended)

Min. Typ.

- | 12
11

Max. Units Conditions

Conversion Time
(Differential Mode)

- | 12

11

12-bit resolution

10-bit resolution

8-bit resolution
12-bit resolution

10-bit resolution

8-bit resolution

ﬁ\ MICROCHIP



Register of ADC Sample Time and Conversion Time

Discuss how to set the register of sample time and conversion time

* The ADC Sample Time Length can be set on SAIMIPLEN or OFFCOMP register, depending
on the setting method, it can be (SAMPLEN+1) x T, or fixed to 4 T,..

* The ADC Conversion Time depends on the resolution, can be set on RESSEL register,
when the ADC in 12-bit resolution fixed to 12 T, .

CLKADC:\:)|||||||||||[||||||[|||||||||||||||||||
smrr | Tap Ie 1(12-bit Resolution] > ( CTRLB.RESSEL = 0 (12-bit) ]
hY ] I )
STATE X;SAMPLING msB Y 10 ¥ o X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 }{ LSB K
<+—l |
I (SAMPCTRL.SAMPLEN = 0 (1 T,,) |
< Ty % 12) o
i ( "AD ) I
STATE )i SAMPLING Y owse ¥ 0 o Y & Y 7 ¥ s X 5 X 4 X 3 X 2 X 1 X LSB }(
| |
e (Tap X6 | 4 (SAMPCTRL.SAMPLEN = 5 (6 T,,) |
STATE k Offset Compensation and Sampling j MSB X 10 X 9 X 8 X 7 X 3 ){ 5 x 4 .:':l 3 I}(: 2 ",l:l 1 :‘,v{l LSB f(
| |
HFixed 4 TAD]—>i (SAMPCTRL.OFFCOMP = 1, (ADC sampling time is fixed to 4 T,) )
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ADC Sample Time Calculation

Discuss how to calculate ADC Sample Time

* In PIC32CX-SG datasheet, we can get the specifications and calculation formulas of
ADC and calculate the ADC Sample Time.

r

Tsamp(mMinimum , 12-bit)

= (( (Rsampre * Rsource) * Csampie * (#BitsResolution +2) *In(2) ) / T,p) +1

(Specticaton) ‘
#BitsResolution = 12 (maximum, 12-bit)

Reource =6560 Q (typical, Rggypee < 6560 Q)
Tapo =62.5 ns (minimum, 62.5 ~ 6250 ns)
Coampe =3 PF (PIC32CX-SG Specification)

| Rsampe ~ =2000 Q (PI1C32CX-SG Specification))

Target
Calculate the minimum ADC Sample Time by the maximum resolution.

Calculate

Tsamp(Minimum , 12-bit)
= (( (Rsampie * Rsource) * Csampie ¥ (#BitsResolution +2) *In(2) ) / T,p) +1
=((( 2000+ 6560 )* 3*10-12* (12 +2) *In(2) ) / 62.5%10°°) + 1
= 4.9872 = 4 (rounded down to nearest whole integer)

Sampling Time Length
SAMPCTRL.SAMPLEN = (To,yp-1)=(4-1)=3
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Pulse-Width Modulation - TCC
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Pulse-Width Modulation, PWM

* PWM is a technique used to control the average power delivered to a load by rapidly
switching a digital signal ON/OFF rapidly.

* This method allows digital signals to simulate analog voltage levels by adjusting the
"Duty Cycle" ratio.

The "Duty Cycle" is defined as the ratio of the "On Time" to the "Total Cycle Time".

* By adjusting the
"Total Cycle Time", the PWM frequency can be changed.

* By adjusting the
"On Time", the "Duty Cycle" ratio is modified.

Voltage

On Time
Total Cycle Time

— Duty Cycle (%) = < ) X 100%

On Time Time

Total Cycle Time
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Pulse-Width Modulation, PWM

* This is an example for difference duty cycle ratio and simulate analog average power.

Duty

Cycle 3.3v T

0%

Total Cycle Time

0
Duty Cycle (%) = 0% = <1m

Duty

Cycle 3.3v

60%

On Ti

Time

) X 100%

Total Cycle Time

600uS
0/) — 0 —
Duty Cycle (%) = 60% ( TS

Time

) X 100%

Duty
Cycle 3.3v W

20%

:

Total Cycle Time

Time

Duty Cycle (%) = 20% = 200u5 X 100%
uty Cycle (%) = o =\"Tms 0
Duty
Cycle 3.3v
80%
On Ti J Time
Total Cycle Time
800uS
Duty Cycle (%) = 80% = TS X 100%

Duty
Cycle 3.3v
40%
A Time
Total Cycle Time
400uS
Duty Cycle (%) = 40% = TmS X 100%

Duty
Cycle 3.3v
100%
onTi Time
Total Cycle Time

1mS
Duty Cycle (%) = 100% = <m> X 100%
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Pulse-Width Modulation, PWM

* This is an example for difference duty cycle ratio and simulate analog average power.

Average
Power 3.3v

/) 4

Time

Total Cycle Time

0
Duty Cycle (%) = 0% = <ﬁ> X 100%

Average
Power 3.3v 7
1.98V
On Ti ‘ Time
Total Cycle Time !
600uS
Duty Cycle (%) = 60% = TS X 100%

Average
Power 3.3v 7

0.66V

Total Cycle Time

200uS
Duty Cycle (%) = 20% = < e

Average

Power 3.3v 7

Time

) X 100%

2.64V

On Ti

Total Cycle Time

VAN

800usS
0/) — 0 —
Duty Cycle (%) = 80% < TS

Time

) X 100%

Average

Power 3.3v 7

1.33V

A I Time
Total Cycle Time ‘
Duty Cycle (%) = 40% = 4005 X 100%
uty Cycle (%) = o =\"Tms 0
Average
Power 3.3v
3.3V
onTi Time

Total Cycle Time

1mS
Duty Cycle (%) = 100% = <—> X 100%

ImS
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Timer/Counter for Control Applications, TCC

* The device provides five instances of the TCC, [TCCO - TCC4]
and provide feature,

* Up to six Compare/Capture Channels (CC) e
* Waveform : - [Pesaar ]
PWM, Frequency Generation T P 1> oV NTEventou e
* Input Capture | Lm‘ oo v roet
Event, Frequency, PWM Capture ¥ o 11 oo TR
* Waveform Extensions = corow |38 —
Configurable Outputs, Dead-time, ] L mwor
Waveform Swap, Pattern Generation, tclini'ﬁazgﬁm i N o
Dithering Support - R NEH e
* Fault Protection =i
* 3 x Input Events, 4 Output Event - w"“r’; L
- Support Interrupt, DMA, Event — > B
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Timer/Counter for Control Applications, TCC

* Each TCC module supports a different subset of features, as shown in the figure below.

* TCCO, TCC1 are high-end modules with:

* 24-bit counters and more compare/capture channels.

* Full feature set : fault protection, dithering, output matrix,
dead-time, SWAP, and pattern generation

* TCC2, TCC3, TCC4 are simplified modules with:

* 16-bit counters and fewer compare/capture channels.
* Basic fault support only no advanced waveform features

TCC# Channels Waveform Counter Dithering Output Dead Time Pattern
(CC_NUM) Output size matrix Insertion generation
(WO _NUM) (DTI)
8 Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes

0 6 24-bit Yes
1 4 8 24-bit Yes
2 3 3 16-bit Yes - Yes
3 2 2 16-bit Yes
4 2 2 16-bit Yes
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Timer/Counter for Control Applications, TCC

* TCC provides 7 difference operation mode for Timer, Counter and

Compare.
* Normal Frequency Generation (NFRQ)
toggled on each compare match

* Match Frequency Generation (MFRQ)
toggles on each update condition

* Normal Pulse-Width Modulation (NPWM)
toggles on each match & update condition

* Dual-slope, interrupt/event at TOP (DSTOP)
toggles on each match & clear on update condition

* Dual-slope, interrupt/event at ZERO (DSBOTTOM)
toggles on each match & clear on update condition

* Dual-slope, interrupt/event at Top and ZERO (DSBOTH)
toggles on each match & clear on update condition

* Dual-slope, critical interrupt/event at ZERO (DSCRITICAL)
toggles on each match & clear on update condition
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Normal Pulse-Width Modulation, NPWM

* For NPWM,

the Total Cycle Time is controlled by the PER register; the ON Time is controlled by the
CC register, WO[x] is set at start and cleared on compare match.

TCC’s Counter
PER
CC’ ’

cC
CCHv

WO[n]

On Time
Total Cycle Time

OVF

Time

TCC's Counter =CC —» WO0|[n] Clear to Low
TCC's Counter =PER — W0[n] Set to High
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Add or Remove MCC Harmony Module

* Find TCCn component in Device Resources.
* Click on [ to add the module to your Project Resources.
* Click on 4 could remove the module from Project Resource.

[ Device Resource ]

Device Resourc...| (Z Content Mana... (Project Resources =
o Project Resources | ©enerate || Import.. || Export @
» SERCOM v Harmony
» SUPC » Packs
¥ Peripherals
» TC » ADC
v TCC » EVSYS
g .|. £ TCCO » NVMCTRL
o < TCC ‘ » SERCOM
g : » TC
C/le — / v TCC
@ L3 = 1CC3
© L = TCC4
» TRNG
» Tonls
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MCC Harmony Configuration Example - TCC1

Configuration Options =

==

E-TCC1 )
. Enable Slave O

‘Run during Standby O
‘Select Prescaler No division “

»~Prescaler and Counter Synchronization | Reload or reset counter on next presealer clock w
I'él--Operating Mode PWM
Iél"F‘WM
- Select PWM Type NEWM v
- PWM Direction - Count Down [ ]
- Period Value 39,593 .=
coREEE DWIM Frequency is 1000 Hz #*%*
--Enable Period Interrupt O
~Enable Period Event Out |
- Selact Output Matrix Defanlt Channel Crtputs w

- Channel Configurations
--Channel 0
--Channel 1
--Channel 2

E-Channel 3
—Duty Yalue 12,000+
- Qutput Polarity Output is ~DIE and zet to DIE when counter matches CCx value
-Enable Dead Time [l
S ap Outputs O
-Enable Compare Match Interrupt []
~Enable Campare Match Event OUT [
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TCC1 Polling

TCC1 Polling Interface Functions

TCC1_PWMInitialize
TCC1_PWMStart

TCC1_PWMStop
TCC1_PWMDeadTimeSet
TCC1_PWMForceUpdate
TCC1_PWMPatternSet
TCC1_PWMPeriodinterruptEnable
TCC1_PWMPeriodinterruptDisable
TCC1_PWMinterruptStatusGet
TCC1_PWM24bitPeriodSet
TCC1_PWM24bitCounterSet
TCC1_PWM24bitPeriodGet
TCC1_PWM24bitCounterGet
TCC1_PWM24bitDutySet

: Initializes the TCC1 module for PWM operation.

: Start the TCC1 counter and begins PWM output.

: Stop the TCC1 counter and disables PWM output.

: Sets the dead time values for complementary PWM outputs.
: Update of buffered compare/period values.

: Configures the output pattern enable mask and output value.
: Enables the period (PER) interrupt.

: Disables the period (PER) interrupt.

: Returns the interrupt status for the TCC1 module.

: Set the TCC1 period value for 24-bit mode.

: Set the TCC1 counter value for 24-bit mode.

: Get the TCC1 period value for 24-bit mode.

: Get the TCC1 counter value for 24-bit mode.

: Sets the duty cycle for a specific channel.
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TCC1 Polling

TCC1 Polling Interface Functions

bool TCC1_PWM24bitDutySet( TCC1_CHANNEL_NUM channel, uint32_t duty )
* Description:
 Sets the duty cycle for a specific channel
* Parameter:
* channel : WM output channel to update (TCC1_CHANNELO ~ TCC1_CHANNEL3).
* duty : Duty cycle value to be set (O to OxFFFFFF for 24-bit resolution).
* Return:
* true : Duty value successfully written to buffer.
* false : Buffer is busy; update not performed.
* Example :
/* Set 10% duty on channel 3 */
TCC1_PWM24bitDutySet(TCC1_CHANNEL3, ( TCC1_PWM24bitPeriodGet()+1)/10);
/* Set 50% duty on channel 3 */
TCC1_PWM24bitDutySet(TCC1_CHANNEL3, ( TCC1_PWM24bitPeriodGet()+1) * 0.5);
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TCC Polling Example

Configuration Oplions =

- Py Direction - Count Down []

-~ Period Walue 55,500 =
- FEEE DWW Frequency is 1000 Hz ****
~Enable Period Interrupt O

-Enahle Period Event Cut ]

~Select Output Matriz
- Channel Configurations
--Channel 0
--Channel 1

Diefanlt Channel Cutputs v

& Channel 3
- Dty Walue 12,000 =
- Qutput Polarity Output is ~DIR and set to DIE when counter matches CCx value
- Enable Dead Time O
- Sywap Outputs 1

- Enable Campare Match Interrupt [
-Enable Compare Match Event OUT []

= #
=-TCC1 "
-Enable Slave O
Run during Standby |
Select Prescaler No division w
Prescaler and Counter Synchronization | Reload or resst connter on next prescaler clock v
E}--Operating Mode PIM w
= PWM
~Select PWM Type NEWH d ((int main ( void )

{

SYS Initialize ( NULL );

TCC1l PWMStart( ) ;
TCC1 PWM24bitDutySet (TCC1_CHANNEL3, ( ( TCCl PWM24bitPeriodGet() + 1 ) / 5 );

while ( true )
SYS Tasks ( );
}

return ( EXIT FAILURE ) ;

: ~ J
#-Channel 2 //l/
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€ Lab11l LED Dimming TCC PWM

@ MICROCHIP



%€ Lab11 LED Dimming TCC PWM

* Add TCC1 NPWM Mode (Single Slope PWM) function to your project.
* Disable LED3(PA15) GPIO function firstly.

* Configure TCC1 to output PWM waveform to LED3(PA15).

* PWM frequency is 1kHz with 20% Duty.

Duty Average
Cycle 3.3v 1 u Power 3.3v1
20% | 1.33V
on Ti & Time On Ti & Tim
Total Cycle Time Total Cycle Time

200usS
ImS

Duty Cycle (%) = 20% = < ) x 100%

Let’s go !
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%€ Lab11 LED Dimming TCC PWM
Step 1

* Find TCC1 component in Device Resources
* Double click TCC1 to add the module to your Project Resources.

[ Device Resource ]

Device Resourc...| \Z Content Mana.. (Project Resources i B
B— - Project Resources Oenerate | Import.. | Export g | E
» SERCOM ¥ Harmony
» SUPC » Packs
¥ Peripherals
> TC » ADC
v tcc (1ee ) > EVSYS
9 R & TCCO » NVMCTRL
TCC1 TCCH A > SERCOM
» TC
(7] :il’iﬁ Click §g — / v TCC
QL= TCa @ = 1cc1| e
9 £ TCC4 » System ‘|
» TRNG
» Tonle
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%€ Lab11 LED Dimming TCC PWM

Step 2

* Set TCC1 to PWM Mode, Period Value 59,999, Duty Value 6,000 in Channel 3.

Configuration Options =

~Select PWM Type NEWM
- PWM Direction - Count Down []

R EEE DWIN Frequency is 1000 Hz ****

-Enable Period Interrupt O

~-Enable Period Event Qut O

~Select Output Matrix

= Channel Configurations

--Channel u}

--Channel 1
--Channel 2

- Dty Value

-~ Qutput Polarity

~Enable Dead Time

—~Swap Outputs

~Enable Compare Match Interrupt

=
=-TCC1 TCC1
%----Enable Slave O
Run during Standby [
%----Select Prescaler Mo division w“
%----Prescaler and Counter Synchronization | Reload or resst connter on next prescaler clock ~
é}--Operating Mode PWM ~
B PWH * Default Setting is NPWM

=

- Period Value 59,0002 59,999

Diefanlt Channe] Outputs v

120 (12,000

Crutput iz ~DIR and w=t to DIR when connter matches CCx valve

[ uncheck “Enable Deal Time” ]
* Default Setting is Enable

-Enable Compare Match Event OUT [

-

TCC1l Clock = 60MHz (GCLK1)
One second counts of system clock

60,000,000 counts
One second counts after Prescaler :
60000000 /1 60,000,000 counts
Ims counts for PWM period target
60000000 /1000 60,000 counts
Counter clear to zero at the next tick
59,999 +1 60,000 counts

20% counts for PWM duty target
60,000 *20% 12,000 counts

S

12,000(200uS A Time
59,999(1msS)

n00uS
Duty Cycle (%) = 20% = ( a

x 100¢
ImS ) &
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%€ Lab11 LED Dimming TCC PWM

Dead Time Control

 When the TCC generates complementary PWM signals for a high-side (HS) and low-side (LS) switch in

the same half-bridge, it adds a small delay so that:
* When HS turns off - wait for dead time = LS turns on,

When LS turns off - wait for dead time = HS turns on

* This ensures there’s no moment when HS and LS are both on at the same time, which would short the
power supply through the switches; Set the dead time in the TCC’s DTI (Dead-Time Insertion) unit, and
it will automatically apply this delay to both switching directions.

B Channel 2
- Dty Yalue 12,000 =
- Qutput Polarity Cutput iz ~DIE and sel

~Enable Dead Time
-~ Swap Jutputs "
~Enable Compare Match Interrupt

--Enable Compare Match Event OUT []
--Enable Compare Match Event IN ]

&-Channel 3

- Dty Walue 12,000 =

- Qutput Polarity Output iz ~DIE and sel
--Enable Dead Time

- Swap Outputs O

-Enable Compare Match Interrupt  []
--Enable Compare Match Event OUT []
- Enable Campare Match EventIN [

[%:I--Dead Time

?----Dead Time for Low Side Output bd =
**** Low side dead time is 1.06666666667 U5 ****
?----Dead Time for High Side Output 42

| e®% High side dead time is 1.06666666667 US ****
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%€ Lab11 LED Dimming TCC PWM

Step 3

* Pin Settings of the TCC_PWWM
 Disable LED3(PA15) GPIO function firstly.

* Enable TCC1 Waveform Output 3 (TCC1_WO3) to PA15

PR

S
3.3V} LED3 N Green _ R59 '\N\,470

<t 310 |GND
J_ﬂ FDN337N
PA15/PWM(TC3.1/TCC1.3/TCC2.1) PA15 T
BSIS__4p) R60 A ppLOK R6L_AAAAQK G

A

TCC1.3 Output

TCC1_WO3

PA15

B4 Pin Settings - Editar O X
Pin Seftings  x O
Order: |Pins v Table View Easy View
;jjulmber Pin ID Custom Name Function Mode Direction Latch PullUp  Pull Down  Drive Strength _ - %
55 PC11 Available w | Digital High Impedance Low O O MORMAL | ~ |II| E] @
56 PC12 Available w | Digital High Impedance Low O O NORMAL  ~
57 PC13 Available « | Dizil | High Impedance Law 0 0 | nommar Table Wiew S
%8 Fei Avaizble v| Digl | HghImpedance o 0 L] | MoRMAL ~ Custom Name Function Mode Ditection Lach  PullUp  Pull Down Diive Stength
59 PC15 Available w Drigital High Impedance Low O O MNORMAL  ~
a0 PALD LED1 P10 | Digitl out Low NORMAL Available ~ | Digitd High Impedance Low O O MORMAL |
a1 PALS LED2 P10 - o out Low NORMAL I Available ~ | Digital High Impedance Law [l O NORMAL
PA15 PA14 Available v || Digital High Impedance Law O O NORMAL v] s Available v| Digitl High Impedance Lo [l O MORMAL
53 PALS LED3 P10 » Tl out Tarm NORMAL ~ Available w ng High Impedance Lo Il O NORMAL  ~
54 VS5 GPIO 1 T rmee Ty NORMAL Available w Drigital High Impedance Low Il O MORMAL  »
55 VDD ) | Digitl | igh mpedance Low NORMAL e LED1 £ v | Digitl ] out Low NORMAL -~
. _ PA13 LED2 GPIO v | Digtal || out Low NORMAL
PA15 PA14 Available ~ Drigital High Impedance Low O O MNORMAL  +
o PA15 TCC1_WO3 LV Dizita] Out ot} MORMAL  ~
64 vss TCC1_WO3 igh impedance Low NORMAL
55 VDD \ | Digitl | High Impedance Low NORMAL e

© 4

N
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%€ Lab11 LED Dimming TCC PWM

Step

4

* Click on | Generate | button to generate your code after configuration.

Device Resources | | b S}"stem
¥ Libraries
R ; o = System
armony .
' Eitz =
i -
b02 Timer Polling TC - Dashboard = | Mavigator
Lab02_Timer Polling TC 15:
Froject Type: Application - Configuration: defanlt 1 5 .
i Device b
g PIC32CK 10255041128 15:
Checksnm: Blank, no code loaded
ER CRC32: 0x8946CTED 15:
& % Packs .
o5 PICZICH-3G41_DEP (1.5.140% 15 -
& CMEIS (5.4.0) 15+
1" Compiler Toolchain "
1 HC32 (wd 400 [C4Program Filedhicrochipioe 324 40Wbin] 1 5 .
1 Production Image: Optimization: gec O1 g+ 01 .
1" Device support information: FIC32CE-3041_DFF (1.5.140) 1 5 -
Memory -
Diata. 270,236 (0x42000) bates 15:
0%
mm Date Used: 116 (0x74) Free: 270,220 (0:41F8C)

Projcts | Files | Services | Resource Management [MCC] x |

=

P00 - How doI?

MCC v5.5.1

Bpuration Oplions % =)

Generate

Impaort... | Export | e || @

Project Resources

¥ Libraries
¥ Harmomny
b Packs
» Peripherals

[
L’m Gene

rate

ystem
Device % Project Configuration
Cortex-M4 Configuration
Paorts
Clock
Interrupts (NVIC)
DA (DMAC)
WDT

Outpui x[ Mews T Motifications [MCC] l

Program 1,048,576 (D:100000) btes

Curiosity/Starter Kits (FKOB4) =

4

17:
17:
17:
17:
17:
17:
17:
17:
17:

= AL .

te.
te.
te.
ta.
5e.
51.
51.
51.
t1.

-

827
843
844
844
844
274
274
274
274

LN W - -I'J.L.J.LL.AJ.U.LJJU‘-I-J.J.LU_UI r '\I..IJ.U '\I.JJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II SUCLCLT DD .

INFO: HARMONY: [ MHC ] Executing generate hook
TR [ e

INFO: | Generation complete (total time: 5396 milliseconds)

TR TR EERRERTEREE™

INFO: [ Generation complete ]

INFO: HARMOMY: | python-print 1 preGenerateEvent

INFO: HARMONY: [ python-print ] interfaceValidationEvent
INFO: HARMONY: [ python-print ] processDataModel

INFO: HARMONY: [ python-print ] postFinalProcessing

Scripting ®  MPLAB® Code Conhguralor =
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%€ Lab11 LED Dimming TCC PWM
Step 5

* Open main.c, TOD011.01 to Start TCC1 PWM and 11.02 to comment out BT1/LED3 control function.

int main ( void )

{
SYS Initialize ( NULL );

ADCO CallbackRegister ( ADCO Complete, (uintptr t )NULL );
ADC1 CallbackRegister ( ADC1l Complete, (uintptr t )NULL );
ADCO Enable();
ADC1 Enable();

// TODO 11.01
TCC1l_PWMStart() ;

while (true)

{
SYS Tasks();

if ( ADC1l IsCompleted )

{
ADC1 IsCompleted = 0;
myprintf( "@1l, 3; Temperature Value : %4d", ADCl Result[0] );
myprintf( "@1,4;Lightness Value : %4d", ADCl Result[1l] );

}

// TODO 11.02
//
//

}
return ( EXIT FAILURE);
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%€ Lab11 LED Dimming TCC PWM
Step 6

* Click on icon Tﬁ to Clean and Build Project and then

to Program code to EVB.

B3 MPLAB X IDE — O e
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
7 = 5 G4 { o : 'I:I' - @ - - PC:0x0 - How doI?
Projects | Files | Servies ] Resous IMCC] x| &1 || Kt Window s [ StartPage | Froject Graph x | ] meine = | sy ¥ Bl Conliguration Options x Ei
MCC v5.5.1 | [C:\Ercrciaes 2025 Susmws Flichl 02 Tiame Follise TCutiusias LELE i
Project Resources _ . . . . E E’ .
¥ Libraries : '|.|:| : L :
S g e kBB DR BR
» Packs ] ] = TIEINTIT) I 1 i
¥ Peripherals I I 5 o S i
o TS Clean and Build Project |IE———————— YW \|qke and Program Device
oo Microchip Technology Inc. ¥ DMA (DMAC)
B WDT
Device Resources (Z Content Manager I - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOB4) = Scripting = MPLAB® Code Configurator  Labl1_LED_Dimming TCC_PWM =
o Dt = = e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -IIIIJI ULTSSIDWU —JEWALUE 3 N L 1L =
< Hggggghﬁgg_ "T“f”““ summat,  "C:\Program Files\Microchipixc32\v4.48\bin"\\xc32-bin2hex dist/default/production/Lab11_LED_
g | L+ 78 Prest Tope: Appiton.-Confgton: et This| make[2]: Leaving directory ‘C:/Exercises/Lab11_LED_Dimming_TCC_PWM/Lab11_LED_Dimming_TCC_PWM
\") FICHCEI0258041125 :
ﬂ Checkenm: N4 . .
CRC32: 0xh047CO4D e: f..A\srchconfighdefaultWPIC32CXK168255G41128.1d
o) g2 ( BUILD sucEssFuL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
[ Data Tsed: 116 (0x74) Free: 270,220 (D IFAC)
Program 1,048,576 (0100000} bies

“C:\Program

make[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fiy| LOading code from C:/Exercises/Lab11_LED_Dimming_TCC_PWM/Lab11_LED_Dimming_TCC_PWM.X/dist/def
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL B -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for external changes = 4, a0:21 IR
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%€ Lab11 LED Dimming TCC PWM

Result

* LED3 brightness is controlled by the TCC1 PWM

Wl
33V LED3 N Green _ R59 '\/\/\/470

K,;.\ Q10 {GND
,\f) Qﬂ) FDN337N
PA15/PWM(TC3.1/T QV’ cc2.1) PA15 .

BS15 ¥ R60 10K R61 100K
AD——o-RL AN, AMAZE_iGND
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% Lab12 LED Dimming Adjustable
TCC PWM
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% Lab12 LED Dimming Adjustable TCC PWM

* Try to use VR1 to adjust TCC1 PWM duty for LED3 dimming control.

VR 1 Value(ADCO Result) =0,  TCC1 PWM Duty = 0% ADC Value

* x PWM Period
£ 4095 oo

VR 1 Value(ADCO_Result) = 4,095, TCC1 PWM Duty =100% —»»

Let’s go !
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% Lab12 LED Dimming Adjustable TCC PWM
Step 1

* Open main.c and finish TOD012.01 to Turning TCC1 PWM by ADC Value from VR1.

int main ( void )
{
SYS Initialize ( NULL );

ADC1 Enable();
TCC1l_PWMStart() ;

while (true)

{
SYS Tasks();

if ( ADCO_ IsCompleted )
{
ADCO IsCompleted = 0;
myprintf( "@1,2;VR1l Value : %4d", ADCO Result )
// TODO 12.01

TCCl_PWM24bitDutySet (TCC1l_CHANNEL3, ( (uint32_t)ADCO_Result * (TCCl_PWM24bitPeriodGet() + 1) ) / 4095 );
}

if ( ADC1l IsCompleted )

{
ADC1 IsCompleted = 0;
myprintf ( "@1l, 3; Temperature Value : %4d", ADCl Result[0] );
myprintf( "@1l,4;Lightness Value : %4d", ADCl Result[1l] );
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% Lab12 LED Dimming Adjustable TCC PWM

Step 2

to Program code to EVB.

- O x
View MNavigate Source Refactor Production Debug Team Tools Window Help Q- |
| o - . . . 7
™ 7 ol B @ T @ @ PC:0x0) - How da 7
Projects Files Services Resour [MCC] = o || Kit Windaw x| Start Page = ‘ Project Graph = |E‘|mc x b DL Confipuration Oplions x =

MCC v5.5.1 ll-‘..L-.L Giacs_2025_ Suupes_Elii\Lab02_Tier_Polling_TCkss\agia

: - : : (== I
Project Resources
¥ Libraries _'l-l:l - - - - - F - -
© ) et BBy -E- DR @I
» Peripherals [ [ [
S YW Clean and Build Project | —————————"Y \Iake and Program Device

oo Microchip Technology Inc. 4-DMA (DMAC)
- WDT
Device Resources Content Manager L 3 A
v Ubraries File || Output x| Mews | Notifications [MCC] |
T mail| Kits x Curiosity/Starter Kits (PKOB4) = Seripting x ~ MPLAB® Code Configurator x  Labl2_LED_Dimming_Adjustable_TC x

07 Timer Polling TC - Dashboard % | main®) - Navigator e AFI UEI aQm 1 LATD Al ULIIJ.'J WAL JEL WS LU AL '\ALJL-ELL-EAE -Illl.nll ULTSSIDWU —JEWALUE 3 N L 1L =

1L‘IAMJm;hm;ml ' g Summag "C:%\Program Files‘\Microchipi»xc32\vd _ 48\bin"\\xc32-bin2hex dist/default/production/Lab11_LED_
§ Project Type: Appiiion - Confignmtin: defeult Thif| make[2]: Leaving directory ‘C:Exercises/Lab12_LED_Dimming_Adjustable_TCC_PWM/Lab12_LED_Dimming_Adjusta

= \‘) PIC32CHEI02580341128 : I

ﬁ Checksum: 4 . . =

: e: .J/..\srchconfighdefault\PIC32CK18255G41128.1d
9. a £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program
make[2]: Leaving

BUILD SUCCESSFUL (total time: 1s)
Info: Losdine fi,| LOading code from C:/Exercises/Lab12_LED_Dimming_Adjustable_TCC_PWM/Lab12_LED_Dimming_Adjustable_TCC_P

Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
BUILD SUCCESSFUL . -
Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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% Lab12 LED Dimming Adjustable TCC PWM

Result

* LED3 brightness is controlled by the ADC value from VR1.
* The result of the mathematical comparison is displayed on Tera Term.

1 Eh A4 Aed

M| COM4 - Tera Term VT — O >

File Edit Setup Contral Window Help

Hello Horldt!
= YR1 Value : 4095
i o Temperature Value :
' Lightness Value :

......
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%€ Lab13 LED Breath TCC PWM

* Use TC1 to control PWM duty for breathing light effect on LED3 .

Duty cycle changes in steps of 2% every 40ms intervals.
(Duty 0% -> Duty 100% -> Duty 0% -> ... repeat)

100
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%€ Lab13 LED Breath TCC PWM
Step 1

* Finish TOD0O13.01 to 13.02 for define variables and place breathing light algorithm.

volatile uint8 t ADC1l ChannelCount = sizeof (ADC1l Channel) / sizeof (ADC1 Channel([0]);

// TODO 13.01
uint8_t Duty = 50;

int8_t DutyDistance = 2;

void ADCO Complete( ADC STATUS status, uintptr t context )
{}
int main ( void )
{ .
while (true)
{ -
if (TCl HasExpired)
{
TCl HasExpired = 0;
LED2 Toggle();
// TODO 13.02
Duty += DutyDistance;
if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;

TCCl_PWM24bitDutySet (TCC1l_CHANNEL3, ( (uint32_t)Duty * (TCCl_PWM24bitPeriodGet() + 1) ) / 100 );
}

if (USART1 IsReceived)

{
USART1 IsReceived = 0;
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%€ Lab13 LED Breath TCC PWM
Step 2

* Finish TOD0O13.03 to comment out the ADC dimming algorithm form previous Lab.

int main ( void )
{
SYS Initialize ( NULL );

ADC1 Enable();
TCC1l_PWMStart() ;

while (true)

{
SYS Tasks();

if ( ADCO_ IsCompleted )
{
ADCO IsCompleted = 0;

myprintf( "@1,2;VR1l Value : %4d", ADCO Result )
// TODO 13.03

//
}

if ( ADC1l IsCompleted )

{
ADC1 IsCompleted = 0;
myprintf( "@1, 3;Temperature Value : %4d", ADCl Result[0] );
myprintf( "@1,4;Lightness Value : %4d", ADCl Result[1l] );

@ MICROCHIP



%€ Lab13 LED Breath TCC PWM
Step 3

* Click on icon Tﬁ\ to Clean and Build Project and then to Program code to EVB.

B4 MPLAB X IDE B = <
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help bt |
i sy =l A E 3 0 " - - - . 7
1 2 € y it i @ @ PC: 05 How doT
Projects Fikes Services Resour IMCC) = = | | Kit Window x| Start Page = | ProjectCraph = |E‘|mc x| b DL Confipuration Oplions x =
MCC v5.5.1 | C:\Bsercises 2025 Suanas_Elite\Lab02_Tiner_Folling,_TClseclueia

- : : (== I
=1 E 3
— B [t SR TR R A TR E
. —@ Clean and Build Project m Make and Program Device

Project Resources

¥ Libraries

¥ Harmaony

oo Microchip Technology Inc. ¥ DMA (DMAC)
- WDT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
T TELH Kits % Curiosity/Starter Kits (PKOB4) x  Scripting x  MPLAB® Code Configurator x Lab13_LED_Breath TCC_PWM x

e Tl o Dt = BT e e AFI UEI aQm 1 LATD Al ULIIJ.'..I WAL JEL WS LU AL '\J\LJL-ELL-EAE -Illl..ll ULTSSIDWU —JEWALUE 3 N L 1L =
IL‘I@m;m;hm;ml ' g Summag "C:\Program Files‘\Microchipi»xc32\vd _ 48\bin"\\xc32-bin2hex dist/default/production/Lab13_LED_
g | T Pioket ype: Aoyl Configntion st This| make[2]: Leaving directory ‘C:/Exercises/ Lab13_LED_Breath_TCC_PWM Lab13_LED_Breath_TCC_PWM

= \‘) FICHCEI0258041125 :
ﬁ Checkenm: N4 . .

: e: /.. \srchconfighdefault\PIC32CX18255G41128.1d
9. g £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fiy| LOading code from C:/Exercises/ Lab13_LED_Breath_TCC_PWM/Lab13_LED_Breath_TCC_PWM.X/dist/def
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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%€ Lab13 LED Breath TCC PWM

Result

* The brightness of LED3 is controlled automatically.
The PWM duty cycle changes in steps of 2% at 40 ms intervals.
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Appendix :
TCC PWM Waveform Output Matrix

Sample Time and Conversion Time
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TCC PWM Waveform Output Matrix

* The TCC Configuration and Output Matrix

Table 45-1. TCC Configuration Summary

Channels Waveform Counter Dithering Dead Time Pattern
(CC_NUM) Output size xi Insertion generation
(WO_NUM) (DTI)

0 6 8 24-hit Yes Yes Yes Yes Yes Yes

1 4 8 24-bit Yes Yes Yes Yes Yes Yes

2 3 3 16-bit Yes - Yes - - -

3 2 2 16-bit Yes - - - - -

4 2 2 16-bit Yes - - - - -

Table 45-5. Qutput Matrix Channel Pin Routing Configuration

OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[O0]
0x0 CC1 CCO cca cC3 cC2 CC CCo

CC5
0x1 CCl CCo cCc2 cc CCo cCc2 CC1 CCo
0x2 CCo CCo CCo CCo CCo CCo CCo CCo
0x3 CCl CC CC1 cc CcCi1 Ca CC1 CCo
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TCC PWM Waveform Output Matrix

* The TCC Output Matrix OTMX=0. (Default Channel Outputs)

Table 45-5. Qutput Matrix Channel Pin Routing Configuration

0x0

0x1 c CCo cc2
0x2 CCo CCo CCo
0x3 cc CcC cc1

ca

CCco

ca

:*----59|EI:1: Cwutput Matris

E}--Channel Configurations

CCo
CCo
cc1

cc2
Ccco
CC1

Diefanlt Channel Outputs
Diefanlt Chamnel Catputs

rodnlo Half Mwmber of Channel Cuatputs

ccal
CCo
ca1

OTMX[7] |OTMX[6] |OTMX[5] |OTMX[4] |OTMX[3] |OTMX[2] |OTMX[1] | OTMXO]
CC1 Cco CCs cca CC3 cc2 CC1 CCo

CCco
CCo
CCco

| Ei-Channel D Only Channel 0 Outputs
Duty Value Chanmnel 0 + Eemaining Chanmnel 1 Cufputs

Channe/WO Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX][O0]

Channel CC_NUM=6 1 0 5 4 3 2 1 0
TCCO

WO WO_NUM=8 WOI[7] Wol[6] WO[5] WO[4] WO[3] WO[2] WO[1] Wo[0]

Channel CC_NUM=4 3 2 1 0 3 2 1 0
TCC1 =

WO WO_NUM=8 WOI[7] Wo[6] WO[5] WO[4] WOI[3] WO[2] WO[1] Wo[0]
TCCZ Channel CC_NUM=3 2 1 0

WO WO_NUM=3 WO[2] WO[1] Wo[0]

Channel CC_NUM=2 1 0

WO WO_NUM=2 WO[1] WOI0]
TCC4 Channel CC_NUM=2 1 0

WO WO_NUM=2 WO[1] WOI0]

TCC3 and TCC4 do not support Output Matrix
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TCC PWM Waveform Output Matrix

* The TCC Output Matrix OTMX=1. (Module Half Number of Channel Outputs)

Table 45-5. Qutput Matrix Channel Pin Routing Configuration

OTMX[7] OTMX]6] OTMXI[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[0]
0x0 CC1 CCo ccs cca cc3 cc2 CC1 CCo

0x1 CC1 CCo CCc2 ca CCo
0x2 CCo CCo CCo CCco CCo
0x3 CC1 CcC1 cc1 ca cc1

:*----59|EI:1: Cwutput Matris
E}--Channel Configurations
E}--Channel 0

Ccc2
Ccco
CC1

Modulo Half omber of Channel Catpute

|Default Channel Outputs
Modulo Half Mumber of Channel Catputs

CCo

CC1 CCo
CCo
ca1 CCco

; iy Chanme] O Ontputs
Duty Value Chanmnel 0 + Eemaining Chanmnel 1 Cufputs
Channe/WO Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX|[0]
Channel CC_NUM=6 1 0 2 1 0 2 1 0
TCCO
WO WO_NUM=8 WO[7] WO[6] WOI5] WO0[4] WOI3] WO0I2] WOI1] WOI0]
Channel CC_NUM=4 1 0 1 0 1 0 1 0
TCC1 =
WO WO_NUM=8 WO[7] WoO[6] WOI5] WO0[4] WOI3] WO0|2] WOI1] WOI0]
TCCZ Channel CC_NUM=3 0 1 0
Wwo WO_NUM=3 WO0|2] WOI1] WO|0]
Channel CC_NUM=2 1 0
WO WO_NUM=2 WO[1] WOI[0]
TCC4 Channel CC_NUM=2 1 0
WO WO_NUM=2 WO[1] WOI[0]

TCC3 and TCC4 do not support Output Matrix
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TCC PWM Waveform Output Matrix

* The TCC Output Matrix OTMX=2. (Only Channel 0 Output)

Table 45-5. Qutput Matrix Channel Pin Routing Configuration

OTMX[7] OTMX]6] OTMXI[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[0]
0x0 CC1 CCo ccs cca cc3 cc2 CC1 CCo

0x1 CC1 CCo cCc2
0x2 CCo CCo CCo
0x3 CC1 CcC1 cc1

ca

CCco

ca

:*----59|EI:1: Cwutput Matris

E}--Channel Configurations

CCo CcCc2

CCo CCo

ccl cC1
Cinly Channel O Cuotputs e
Diefanlt Chamnnel Catputs

rodnlo Half Mwmber of Channel Cuatputs

cca1 CCco
CCo CCo
ca1 CCco

E} C_hannel 0 COimly Chanmel 0 Cnatputs
~ Duty Value (Channel U + Remaining Channel | Ouputs |
Channe/WO Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX|[0]
Channel CC_NUM=6 0 0 0 0 0 0 0 0
TCCO
WO WO_NUM=8 WO[7] WO[6] WOI5] WO0[4] WOI3] WO0I2] WOI1] WOI0]
Channel CC_NUM=4 0 0 0 0 0 0 0 0
TCC1 =
wo WO_NUM=8 WO[7] WoO[6] WOI5] WO[4] WOI[3] WO[2] WO[1] Wo[0]
TCCZ Channel CC_NUM=3 0 0 0
wo WO_NUM=3 WO0|2] WOI1] WO|0]
Channel CC_NUM=2 1 0
WO WO_NUM=2 WO[1] WOI[0]
TCC4 Channel CC_NUM=2 1 0
WO WO_NUM=2 WO[1] WOI[0]

TCC3 and TCC4 do not support Output Matrix
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Table 45-5. Qutput Matrix Channel Pin Routing Configuration

TCC PWM Waveform Output Matrix

* The TCC Output Matrix OTMX=3. (Channel 0 + Remaining Channel 1 Output)

OTMX[7] OTMX]6] OTMXI[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[0]
0x0 CC1 CCo ccs cca cc3 cc2 CC1 CCo

0x1 CC1 CCo cc2 ca CCo
0x2 CcCo CCo CCo CCco CCo
0x3 CC1 CC1 CCT ca cc1

:*----59|EI:1: Cwutput Matris

cc2
Ccco
CC1

Chammel 0 + Remaining Channel 1 Oufpute -

- Channel Configurations Defanlt Channel Cutputs
P rodnlo Half Mwmber of Channel Cuatputs
| EChannel D Only Chamnel 0 Otputs
Duty Walue Chamnel 0 + Eemainimg Chamnel 1 Cotputs

CCo

ccal CCco
CCco
CcCl CCo

Channe/WO Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX|[0]

Channel CC_NUM=6 1 1 1 1 1 1 1 0
TCCO =

WO WO_NUM=8 WO[7] WO[6] WOI5] WO0[4] WOI3] WO0I2] WOI1] WOI0]

Channel CC_NUM=4 1 1 1 1 1 1 1 0
TCC1 =

WO WO_NUM=8 WO[7] WoO[6] WOI5] WO0[4] WOI3] WO0|2] WOI1] WOI0]
TCCZ Channel CC_NUM=3 1 1 0

WO WO_NUM=3 WO0|2] WOI1] WO|0]

Channel CC_NUM=2 1 0

WO WO_NUM=2 WO[1] WO[0]
TCC4 Channel CC_NUM=2 1 0

WO WO_NUM=2 WO[1] WO[0]

TCC3 and TCC4 do not support Output Matrix
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TCC PWM Waveform Output Matrix

* Try output PWM to LEDs by Default TCC Output Matrix as below table.

Channe/WO  Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[0]

TCCO Channel CC_NUM=6 1 0 5 4 3 2 1 0
WO WO_NUM=8 WOI[7] Wo[6] WO[5] WO[4] WO[3] WO0[2] WOJ[1] Wo[0]
wo WO_NUM=8 WOI[7] WOI6] WOI5] WO[4] WOI3] WO[2] WOI1] WOI0]

TCC2 Channel CC_NUM=3 2 1 0
wWo WO_NUM=3 WO[2] WO[1] WO[0]

ool
33v| LED1 >I Green R53 A A 470 /J’-‘_E:J-\ = |GND
FDN33TN
PAl z.-'PWI»{(Tc:.:.E.-'Tc:c:o.cs.- ﬁcm 2) QH
$13 5 5 i
o
33v] LED2 H Green  R56 A 470 /‘E’\ 5 |GND
J_ ﬂ FDN337N
PA13/PWM(TC2.1/TCCO.J/TCC1.3)
: 5 5 i}
v
saviLE Pl Greem B9 AR Ahe joD
J_ ﬂ FDN337N
PA15/PWM(TC3.1/TCC1.§/TCC2.1)

BS515 Ea0 10K Rol 100K § - N
®7 Vv MAA S @Mlcnocmp



TCC PWM Waveform Output Matrix

* Try output PWM to LEDs by Default TCC Output Matrix as below table.

Channe/WO  Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[0]

TCCO Channel CC_NUM=6 1 0 5 4 3 2 1 0
WO WO_NUM=8 WO([7] WoO[6] WOI5] WO0[4] WOI3] WO0|2] WOI1] WOI[0]
WO WO_NUM=8 WOI[7] Wo[e6] WO[5] WO[4] WOI[3] WO[2] WO[1] WO[0]
TCC2 Channel CC_NUM=3 2 1 0
WO WO_NUM=3 WO|2] WOI1] WOI0]
. TCCO
TCCO TCC1 TCC2 = T;:CD _
Peripheral Library Peripheral Library Peripheral Library } Run during Standby O
?----Seleu:t Prescaler No division V
%----Prescaler and Counter Synchronization | Reload or resst connter on next prescaler clock v
TMR TMR TMR E}--Qperating Mode PWH
P = Channel 2
~Select PWM Type NE Wi v i----Duty value 0l=
;m , Pin ID Custor Namms Funetion - PyM Direction - Count Down [ i----@utput Polarity Output s ~DIR. and set
rber - Period Walue 59,995 L= .
&0 PA12 TCCO_WO8 - R DM Frequency is 1000 Hz **+* ;---Enable Dead Time D
--Enable Period Interrupt [ ;’""SWED Cutputs L]
y ~Enable Period Event Qut L uncheck “Enable Deal Time” in Channel 2
3.3y} —LEDL >I Green RS3 zpp 470 /E\\ D - Select Output Matrix Diefanlt Charmel Ouiputs v
' I Qﬂ) I?SYBWN ' [—}-C_hannel Configurations
PA12/PWM(TC2.0/TCCO0.6/TCC1.2) =1 o [%}-C_hannel 0 | Channel 0
BSI3 RS54 10K RSS 100K~ - Duty value 15,0002
G-D* - VWV VWV 1GND - Qutput Palarity Cotput is ~DIE and set to DIE when counter matches CCx value <
- Enable Daad Time O uncheck “Enable Deal Time” @ MICROCHIP




TCC PWM Waveform Output Matrix

* Dead Time Enable (DTIXEN) and Waveform Output Matrix (OTMX[x])

* The Dead-Time Insertion (DTI) unit splits the four lower OTMX outputs into two non-overlapping signals.
* The DTl and SWAP units can be seen as a four port pairs slice DTI[x] / SWAP[x] acting on port pins (WO[x], WO[WO_NUM/2 +x]).

*  DTI[0]/SWAP[0] acting on port pins WO[0], WO[4]
*  DTI[1]/SWAP[1] acting on port pins WO[1], WO[5]
*  DTI[2]/SWAP[2] acting on port pins WO[2], WO[6]
*  DTI[3]/SWAP[3] acting on port pins WO[3], WO[7]

* Since LED1 on TCCO WO[6] then we must disable Dead Time Enable of Channel 2 to avoid the DTl to act the WO[6] output.

WA

FUHIE

OTMXE om SWAF PATTERN == =
OTMX[x+WO_NUMIZ] > [PGV[x+WO NUWZ] | FLx*W0_NUM
OTMXI6] \ R ] M
LS [PGO[+WO_NUMZ] | VWO _NUMZ]
OTMX DTix [ SWAPx_] SWNAPSG INV=0
sl I —— 110 —
OTMX[x] / | PGVDx] ] _ PIx]
L | otmx2]
PG=disable
~ OTMX[x+WO_NUM/2] > [FoVpeWo_NUMZ ] PIx*WO_Num2)
OTMX(6] A )
i =X
[PGOX*WO_NUMZ] }—— INV[x+*WO_NU
OTMX [ SWAPx_] SWAPSG INV=0
") >—EX
OTMX[X] L PGVIx] —/ PIx]
OTMX[2]

= Channel 2

E %----Duty value 012
- Qutput Polarity Crtput is ~DIR and set
%----Enahle Dead Time
%----5wap Cutputs ]

= Channel 2
%----Duty value 02
Output Polarity Cratput is ~DIR and set
%----Enable Cead Time D
é----Swap Outputs []

[ uncheck “Enable Deal Time” in Channel 2 }
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TCC PWM Waveform Output Matrix

* Try output PWM to LEDs by Default TCC Output Matrix as below table.

Channe/WO  Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX]0]

WO WO_NUM=8 WOI[7] Wo[6] WO[5] WO[4] WO[3] WO0[2] WOJ[1] Wo[0]
Wo WO_NUM=8 | WOI[7] WO[6] WO[5] WO[4] WO[3] WO[2] WO[1] Wo[0]
TCC2 Channel CC_NUM=3 2 1 0
WO WO_NUM=3 WO[2] WO[1] WO[O0]
TCCO TCC1 TCC2 STt
-Enabla Slave [l
Peripheral Library Peripheral Library Peripheral Library Run during Standsy 0O
%----Select Prescaler Nodiwision  ~
TMRB TMR TMR é»----F‘rescaIer and Counter Synchronization |Reload or reset counter on next pressaler clock v
- Operating Mode FWM o
= PN
~Salect WM Type WP "
Pin ] ] - P Direction - Count Down [
Wornher Pin ID Cuztom Name Function - Pariod Value 53,990 =
- FEEE DM Frequency is 1000 Hz **+*
51 PA13 TCC1 WOs3 - - Enable Period Interrupt O
-Enahle Period Event Out O
- Select Qutput Matrix Defanlt Channel Ontputs v
,4"/ “ - Channel Configurations
33v—ER2 N Green  R36 AAAAL IV o |eND #-Channel 0
Qﬂ) FDN33TW --Channel 1
PA13/PWM(TC2.1/TCCO.7/TCCL.3) 1= &1 Channel 2 m
c é--channel 3
Bs514 G_Dw - R57 AN 10K R58 AN 100K IGND E;""Duw ol Te
, Output Polarity Cutput iz ~DIR and set to DIR when counter matches CCx value

-~ Enable Dead Time D[ uncheck “Enable Deal Time” ] @ MICHO:HIP




TCC PWM Waveform Output Matrix

* Try output PWM to LEDs by Default TCC Output Matrix as below table.

Peripheral Library

Channe/WO  Numbers OTMX[7] OTMX[6] OTMX[5] OTMX[4] OTMX[3] OTMX[2] OTMX[1] OTMX[O]
wo WO_NUM=8 Wo[7] wol[e6] WO[5] wo[4] WO[3] Wo[2] WO[1] wolo]
WO WO_NUM=8 | WO[7] WO[6) WO[5] WO[4] WO[3] WO[2] WO[1] WO[0]
TCC2 Channel CC_NUM=3 2 1 0
WO WO_NUM=3 WO[2] WO[1] WOI[0]

TCCO

TMR

TCC1
Peripheral Library

TMR

TCC2

Peripheral Library

TMR

Pin

Pin ID Cuztom Name Function
Humber
o3 PA1S TCC2_WOo1 o
/ A
3 5
337 LED3 N Green RS9 A 470 ,/:;.\ - v
J_ﬂ FDN337N

PA15/PWM(TC3.1/TCC1.3/TCC2.1) ] -

BS15 (]_D“ RG60 AN 10K R61 AN 100K IGND

-Select Prescaler

= TCC2 TCC2

Run during Standby O

No division ~

%----Prescaler and Counter Synchronization | Reload or reset counter on next prescaler clock
I'él--Operating Mode PWH “

= PYYM
- Gelect PWM Type
- PR Direction - Count Down [
-Period WYalue
oA ERE DY Frequency is 1000 Hz **+*
~Enable Period Interrupt Il
~Enable Period Event Out Il
- Select Output Matrix

EHChannel Configurations

WP W ~

59,999 =

Defanlt Channel Cutputs w

--Channel 0
& Channel 1 Channel 1

- Duty Value 12,000

- Output Polarity

Crutput iz ~DIE and =t to DIR when cowter matches CCx value
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TCC PWM Waveform Output Matrix

* Configure WO[x] to LEDs and add TCC Start, Duty Set then remove the LED1 and LED2 GPIO control.

int main ( void )
{ ..
ADC1 Enable();

// TODO 13.1.01
TCCO PWMStart () ;

TCC1_PWMStart() ;
TCC2_PWMStart() ;

while (true)

{ .
if (TCO HasExpired)

{
TCO HasExpired = 0;

// TODO 13.1.02

//

;”;nher Pin ID Crstom Name Fumetion
&l Fal1z2 TCCO_WoO6
Bl PA13 TCC1_ WO3
62 PA14 Available
o3 FA1S TCCZ2 WO1

}

if (TCl HasExpired)
{
TCl HasExpired = 0;
// TODO 13.1.03

//

Duty += DutyDistance;

if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;

// TODO 13.1.04

TCCO PWM24bitDutySet (TCCO CHANNELO,

B X ( (uint32_t)Duty * (TCCO_ PWM24bitPeriodGet() + 1) ) / 100 );
TCC1l_PWM24bitDutySet (TCC1l_CHANNEL3, ( (uint32_t)Duty * (TCCl_PWM24bitPeriodGet() + 1) ) / 100 );
TCC2_ PWM16bitDutySet (TCC2_CHANNELL, ( (uint32 t)Duty * (TCC2 PWMl6bitPeriodGet() + 1) ) / 100 );
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SERCOM-SPI Architecture
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What’s SPI

 SPI (Serial Peripheral Interface) is a synchronous serial communication protocol used
to transfer data between a microcontroller and peripheral devices such as displays,
sensors, memory chips, and more.

* Key Features:
* Full duplex: Data can be sent and received at the same time.
* Master-slave architecture: One master device controls one or more slave devices.

* High speed: Faster than I1>C in most cases. SCLK > SCLK
. Ci . . . . . . . MOSI » MOSI SPI
Simple wiring: Typically uses 4 main lines: <p) So MISO  Shave

* MOSI (Master Out Slave In): Data sent from master to slave Master SS1/CS1 > SSICS

. : SS1/CS2_

MISO (Méster In Slave Out?. Data sent from slave to master =10 | . ok
. S_CLK_(SerlaI Clock): Clock signal from master > MOSI sp|
* SS/CS (Slave Select/Chip Select): Activates the target slave device, (Low active) g%?c% Slave

-
&

—» SCLK
L » MOSI SPI
MISO Slave

——» SS/CS

ﬁ\ MICROCHIP



SERCOM-SPI

High-Speed Full-Duplex Serial Communication

* Full-duplex 4-wire interface: MISO, MOSI, SCK, SS.

* One-level transmit buffer, two-level receive buffer.

* Supports all four SPI modes (clock polarity and phase).

* MSB/LSB-first selectable data transfer.

 DMA-compatible for efficient data movement.

* 32-bit data path for optimized system bus access.

* Supports single-direction mode for freeing MISO or MOSI pin.

* Host Mode Features
* Programmable serial clock (fSCK) via 8-bit clock generator.
* Optional inter-character spacing between transfers.

Rx DATA Address Match

* Client Mode Features —— — TS Y
. Opgrates in Z:-1|| sleep modes. e oy v -
* Optional 8-bit address match. i 0S4
* Wake-on-SS transition for low-power operation. e o —

ﬁ\ MICROCHIP



SSD1306 128x64 Monochrome OLED Display (SPI Interface)

* The SSD1306 128x64 OLED display is a compact, high-contrast screen commonly used
in embedded systems, 10T devices, and portable electronics. It uses organic light-
emitting diode (OLED) technology to provide a bright, sharp monochrome display with
low power consumption.

* Key Features:
* Resolution: 128x64 pixels
* Display Type: Monochrome
* Driver IC: SSD1306
* Interface:  SPI (Serial Peripheral Interface)
* Screen Size: 0.96 inches
* Color Depth: 1-bit per pixel (on/off)
* View Angle: Wide (up to 160)
* Backlight:  No backlight required
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% Lab14 OLED Graphics

SERCOM-SPI
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%€ Lab14 OLED Graphics - SERCOM-SPI

* In this chapter, we will use the SERCOM-SPI interface to control the SSD1306 OLED
display on the APP055 evaluation board, enabling it to display a splash logo animation
and real-time peripheral information (such as Timer, ADC, UART, etc.).

* We will provide the SSD1306 driver and a simple graphics library, which you can
directly copy into your project. Just add the provided .c and .h files to your project,
then call the available OLED graphics and text rendering functions in your main
program.

* Finally, we will introduce an OLED drawing tool that allows you to design your own
splash image on a PC and convert it into a C header file. This file can then be
programmed into the APP0O55 EVB to display your custom design.

Let’'sgo !
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 1

* Find SERCOM5 component in Device Resources.

* Click on iux to add the SERCOMS5 module to your Project Resources.

_( Device Resource ]

Device Resources | W& Content Manager

[ Project Resources ]

Project Resources | Generate || Import... | Export | | @ || @

» SDHC
¥ SERCOM
© L5 = SERCOMO
@ L§ = SERCOMZ
@ E§ = SERCOMS3
@ E5 = SERCOM4
sercoms (@) Bm = SERCOMS
W %}@ Click gy M6
@ E§ = SERCOM7
» SUPC

Fat

¥ Libraries

¥ Harmony

» Packs

¥ Peripherals
» ADC
e EVEYS
 NVMCTRL
 SERCOM

SERCOMS5

@ = SERCOMI
@ = SERCOMS
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 2

e Configure the SERCOMS5 SPI Master. (SPI Transfer Mode 0)

Configuration Options =

[=] [+

= SERCOMS
~Enable Interrupts ?

~SPI Data Qut Pad

- SPI Data In Pad Selection
E----SI:'I Data Order

-~ SPI Speed in Hz

-~5PI Data Character Size
-5PI Clock Phase

- SPI Clock Polarity

~SPI Receiver Enable

5 Select SERCOM Operation Mode | SFI baster ~ || SPI Master

[] ( Disable Interrupt J

-Enable operation in Standby mode [ ]

* Default Setting is Correct for use

DO on PAD[O], BCK on PAD[1] and 55 on PAD[Z] [DO on PAD[0], SCK on PAD[1] and SS on PAD[Z]]

mERCOM PAD[3] 1z used az data input ~ || SERCOM PAD[3] is used as data input

MEE iz transfered first - * SPI Input is not used for OLED,
but it needs to be separated from Output

1,000,000 -+ ( 1,000,000 (1MHz) )
2 bitz -
The data 1z sampled on a lead g SCE ed ge and changed on a tratling 3CK edge
SCE iz low whenidle -

L.##* 5Pl Transfer Mode O is Selected*** ( SPI Transfer Mode 0 is Selected |
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APPO055 OLED SSD1306 Schematic

| OOK:
1OK
1OK
1OK

23383 e
| o = OLED-APP050-Combine Socket
an —_— (=]

*A | PB02/MOSI(S5.0) 5 f 1
PBO03/SCK(S5.1) * > Iggg}giﬁ
PBO1/MISO(S5.3) ] 3 [
PB31/OLED nRESEL 1 4| SiED 75T

*A  PBO0/MCS(552) ] 5

ﬁ _—
= = 33V
SVSW ¢ a1 SV
GND
SERCOMS5 OLED SPI Signal
m = =69 == CT0
PADO PBO2 SPI MQOSI 0.1uF 0.1uF
PAD1 PBO3 SPI SCK

ECCNEINCEIETEN | Monochrome OLED & Display Socket

1.3"OLED, 5PI Interface, 5501306 controller built-in
OLED_nCS PBO© SPI CS

OLED_A@ PBO1 Bus DATA/CMD
OLED_nRST  PB31 OLED HW Reset
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%€ Lab14 OLED Graphics - SERCOM-SPI
Step 3

* Pin Settings of the SERCOMS5 SPI Master and GPIO pins.

7 | Project Graph x| Pin Settings | pin Settings Agram x| Fin Table x|
Bl | 0 [ieeeeeeemeeeeeenend P t . .
8| order: Porfs L] | TableView = Easy View
-
|
¢ | Pin | - | . |
= Number PFin ID Custom MName Function Mode Direction Latch Pull Up  PFull Drive
, Drowin Strenath

%} 120 PA31 Available w Digital High Impedance Low | ] ] MORMAL -
U Ve “\ —— .
=3 125 (PB00J pgog OLED_nCS (OLED_nCS | gpig (GPIO) .| pigital | Out L Out ~| High High NORMAL -
et ——
c 126 (PE91J pgpy OLED_AD | OLED_A® | gpig (GPIOJ | pigital | out LOUt v | Low ! fo% NORMAL -
E ¢
T, 127 | PBOZ ] ppp3 SERCOMS_PADD (SERCOM5_PADO | igh Impedance n/a ] B NORMAL -
M
= 128 (PBO3 ) pgp3 SERCOMS_PaD1 (ERCTD_PADL | High Impedance n/a O (] | NORMAL -
- [ I . [ ]

Out | Out ~ | High| High NORMAL -~

"PiniD | Custom Name | Function | Dir | Lach

PBOO
PBO1
PB31

OLED_nCS
OLED_A®
OLED_nRST

GPIO
GPIO
GPIO

Out High
Out Low
Out High

PiniD | Custom Name | Function

PB0O2
PBO3

SERCOMS5_PADO
SERCOMS5_PAD1
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%€ Lab14 OLED Graphics - SERCOM-SPI

TC timer tick based Software Dealy

* In the LAB later, we will need to use the Delay function. For ease of use, we have pre-
designed a Software Delay function that supports both Blocking and Non-Blocking
modes. This function will use the TC2 module with 1ms as the tick base for timing.

Delay
Initialize
Delay Is
Complete

—

/

N

Applications

~

J
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%€ Lab14 OLED Graphics - SERCOM-SPI
Step 4

* Find TC2 component in Device Resources, we use it for tick base of a software delay.
* Click on jgg to add the TC2 module to your Project Resources and keep it as default.

4( Project Resources ]
— e . Project Resources | Generste || Import_ | Bpot | | @ || @
Device Resources | & Content Manager v Libraries
» SUPC I v Harmony
v TC » Packs
>3] " | = TC2 ¥ Peripherals
(7] % Click Gg » ADC
QLS T b EVSYS
@@L =S 10 » NVMCTRL
@ L= 16 | » SERCOM
@ L= CT ¥ TC
» TCC @ = T
@ = 1C
@ =
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 5

* Click on | Generate | button to generate your code after configuration.

1D @ Y

- O X

Projects I Files [sm'm-, rﬂmmhimagtmt [MCC] x]

I _—al

=

P00 - How doI?

MCC v5.5.1

puration Options X =

Project Resources | Generate | Import... || Eport || @ || ©

ystem

v LI-IJFE ries m| Generate Device & Project Configuration
Cortex-M4 Configuration
¥ Harmomny -
b Packs r1ock
Interrupts (NVIC)
3 F'Efipherﬂ's DM& (DMAC)
- WDT

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:

Eitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

( Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)
Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing

Device Resources b S}"stem ], l, l
v Libraries i | Output = | Mews Motifications [MCC]
Lipranes A
» = Harmony o # S}I"Stﬂm
A e L7 o I AP
b02_Timer_Polling TC - Dashboard X | Mavigator
= [T Lab02_Timer_Folling 1= 15:17:568.827
i Prrijs;teType'Apphcamn-Cnnf@mmn default 15 . 1? . SB . 843
G FIC3ICH10255G 41133 15:17:58.244
ﬁ Checksnm: Blank, no code loaded

ER CRC32: 0x8946CTED 15:17:56.844

9| bk [y
& PIC32CK-5G41_DEP (15140 15:17:56.844
& CMEE A0 15:17:51.274

1" Compiler Toolchain

T EC32 (44 40) [C Program File#bicrochiphus 324 40tin] 15:17:51.274

1 Production Image: Optimization: gec O1 g+ 01 N .
o Device support informstion: PIC32CE-$G41_DFP (1.5.140) 15:17:51.274

Memory - -
Dats 270,536 (42000 bvtes 15:17:51.274

0%

Program 1,

7 Detn Used: 116 (15¢74) Free: 270,220 (Dt 1FAC)

048,576 (D31 00000) bites
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SERCOM-SPI Master

Interface Functions

Block Mode (Interrupt Disabled)

« SERCOM5_SPI_Initialize : Initializes instance SERCOMS5 operating in SPI mode.

« SERCOM5_SPI_TransferSetup : Configure SERCOM SPI operational parameters at run time.
 SERCOMS5_SPI_Write : Writes data to SERCOMS5 SPI peripheral.

e SERCOM5_SPI_Read : Reads data on the SERCOMS5 SPI peripheral.

e SERCOM5_SPI_WriteRead : Write and Read data on SERCOMS5 SPI peripheral.

SERCOMS5_SPI_IsTransmitterBusy : Returns hardware transfer status of the SPI transmit shift register.
Non-Blocking Mode (Interrupt Enabled)

« SERCOMS5_SPI_CallbackRegister : Allows application to register callback with PLIB.
* SERCOMS5_SPI_IsBusy : Returns transfer status of SERCOMS5 SPI.
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SERCOM-SPI Master Blocking Mode (Interrupt Disabled)

The interface functions we will use in this Lab

bool SERCOM5_SPI_Write(void* pTransmitData, size_t txSize)
* Description:
* This function writes "txSize" number of bytes on SERCOMS5 SPI module.
Data pointed by pTransmitData is transmitted.

* Parameter:

* pTransmitData : Pointer to the buffer containing the data which has to be transmitted.
For 9-bit mode, data should be right aligned in the 16 bit memory location.
* txSize : Number of bytes to be transmitted. For 9-bit mode, 2 bytes make up a count of 1.

bool SERCOMS5_SPI_IsTransmitterBusy( void )
* Description:
* Returns hardware transfer status of the SPI transmit shift register.

* Example:
uint8_t txBuffer[4];
SERCOMS5_SPI_Write( &txBuffer, 4 );
While( SERCOMS5_SPI_IsTransmitterBusy() ) {}
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 6

* Copy all pre-developed files in \Labs\Resource\Lab14 OLED Graphic SERCOM SPI\
to the project folder \[Your Project]\src\

* Delay Function . Delay.c Delay.h
* OLED display driver : LCM.c LCM.h
* Graphic Library . Graphiclib.c GraphicLib.h
* Graphic Application :  GraphicApp.c GraphicApp.h
* Splash Logoimage :  Microchip_Logo.h
* Fonts image . Alphabet_Fonts.h
> Labs > Resources > Lab14_OLED_Graphic_SERCOM_SPI > > [Your Project] > src >
> Labs > Resources > Lab14 OLED Graphic SERCOM.SPI > > Lab14_OLED Graphic SERCOM_SPI > src >
| d Alphabet_Fonts.h‘ | ¢ GraphicApp.c d GraphicLib.h| | ¢ Micrachip_Logo.h I config C Delayh ‘ C GfﬂphiCLib-h| ‘ ¢ Micrachip_Logo.h
| ¢ Delay.c ‘ | C Graphicﬁ.pp.h‘ ‘ ¢ LCM.c | packs e ‘ 3 ik | ¢ myprintf.c
| ¢! Delay h ‘ | ¢] Graphiclib.c ‘ ‘ CILCML | /| c Alphabet_Fonts.h‘ ¢ GraphicApp.h ‘ ¢J LCMLh | ¢ myprintfh
| c| Delay.c ‘ ¢ Graphiclib.c € main.c

-

Select All

-

@ MICROCHIP



%€ Lab14 OLED Graphics - SERCOM-SPI
Step 7

* In MPLAB X IDE, add new Source Files (*.c) under \[Your Project]\src\ to your project.

TS DT E

—_

Projects = | Files | Resource Manage B3 Select ltem %
Elﬁ Labl4_OLED_Graphic_SERCOM_SFI &Hi(l): | src aloulrplectiak v =5 ER-
-- Header Files
" mnortant Fi E.\" - config
5 ; _ packs ’
. Source Files :
; New Delay.c Select all new .c files _—
" Source F”E"‘ GraphicApp.c Store path as:
: New Logical Folder Sraphiepp.c
E R ht Click 5 ; J , GraphicLib.c DI © Auto
i Rig Ic A Bt e '  — % GraphicAPP.c _
[+ @ Loadao|r Add Existing ltem.. J I LCM.c GraphicLib.c O Relative
Add Existing Item... Fols | main.c LCM.c () Absolute
Find... c| myprintf.c
Stk o 0 Copy
Cut
Copy EEETE(N): "Delay.c" "GraphicApp.c" "GraphicLib.c" "LCM.c" Select
X
raste g BFEHE(T): | C Source Files (.5 .c.i.m)
Remove From Project C Source Files (.S .c .i.m)
Rename..
Properties
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 8

* In MPLAB X IDE, add new Header Files (*.h) under \[Your Project]\src\ to your project.

PEESDC TH

Projects source Manag B4 Select ltem %
=& La aphic_SERCOM_SPI T i e U mekm-
=@

9 Right click WS
- WE] Unker Files
@ source *

New ( __ config 0
New Logical Folder % __ packs
Add Existing Item... e I miREIEE Alphabet_Fonts.h Select all new .h files Store path as:

Delay.h

#-( @ Librarie Ad(d Existing Item... Fole - Tl g'Pf;at;]et_FONtS-h () Auto
: ' ealy. _
& Loadables rind.. . =& GraphicLib h ’ W | crapnicArp h O Relative
T LCM.h GraphicLib.h Absolut
EUT é Microchip_Logo. h II;/ICi'ZrI’.:chi P SCD o
ORYy hrats C] myprintf.h P22 s
Paste {
Remove From Project | ! EZELIE(N):  |"Alphabet_Fonts.h" "Delay.h" "GraphicApp.h" "GraphicLib.h" "LCM.h"
X
Rename... EEHT(T): | Header Files (.H .SUNWCCh .h .hpp .hsx .tcc .inc .INC)

M Header Files (.H .SUNWCCh .h .hpp .hxx ,tcc ,inc ,INC....)
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%€ Lab14 OLED Graphics - SERCOM-SPI
Step 9

* In MPLAB X IDE, check below files been added to your project.

Propcts = | Fikes Services
= ﬁ Labl4 OLED Graphic SERCOM_EPI . . Linker Files
| Header F’@ E} . Header Files | Source F”j E} . wonrce Files
P e |F|__'| Alphabet_Fontzh - . config
. . confiy K | i B9 Delaye
...... IEI Dielaxy h .IEI Crraphic L pp.c
------ |F|__'| GraphicApph -'EI GraphicLib o
------ -3 CraphicLib.h - LCMe
i ..... IEI LMk . ..... T madn.c
------ - I Microchip_Lognh - myprint o
- ----- myprint h JE |j| pin_configurations cav
" [ packs . (5 Libraries
. . LIrnportant Files [ (5 Loadables
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OLED Graphic Application and Library

Pre-designed drawing applications and library

void DrawSplashAnimation( int x0, int y0, int x1, int y1, uint8_t step, const unsigned char *bitmap, uint8_t layer) GarphicApp.c
* Descri ptiO n: * Appendix for more functions
* Animates a bitmap moving from (x0, y0) to (x1, y1) on the specified graphic layer using defined step size.
* Parameter:

* x0,y0 : Starting coordinates of the animation.
* x1,vyl : Ending coordinates of the animation.
* step : Step size per frame (pixels).
* bitmap :Pointer to bitmap image data array buffer.
* layer : Graphic layer to display the animation.
* Example:

DrawSplashAnimation(0, 0, 64, 32, 4, splash_logo, LAYER_GRAPHIC );

void GPL_Printf( uint16_t x, uint16_t y, GPL_BACKGROUND background, GPL_TEXT highlight, const char *format, ... )
* Descri ptiO n: * Appendix for more functions

* Print formatted text on screen at specified position.
* Parameter:

° XV : Position to print the text.
* background : Background pixel (BG_TRANSPARENT or BG_SOLID).
* highlight : Text Highlight (TEXT_NORMAL or TEXT_HIGHLIGHT).
* format : Text format string (like printf).

* Example:

GPL_Printf( 67, 38, BG_SOLID, TEXT_NORMAL, “Microchip” );
GPL_Printf( 67, 50, BG_SOLID, TEXT_HIGHLIGHT, “GPL Lib v%d.%d”, 1, 2 );
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OLED Graphic Application and Library

Pre-designed software delay function by using TC timer as the tick

/*k Rl i b b b b b b b b b S S e 2 b I 2 b 2 b b b b b b b b b b b A S b b b b 2 b b b b 2 b b b b b b b b b b b b db b b 2 2 2 b b b b b b ¢ *k/
/*k Rl i b b b b b b b b b S A e 2 b I b I 2 2 b b b b b b b b b b b b S b i i b 2 S b b b 2 b b b b b b b b b I b A A b b 2 2 2 b b b b b b ¢ *k/ Delay'c
/* Section: File Scope or Global Data %/

/* R I I i I I b b b Ih b b b b I dh Ib b 2 dh b SR b dh b b S g b 2 b b b b b i db b b 2R b b SR b b dh b S b S b b db b b 2 b b dh b g 2 4 *k/
/* R i b 2 I b I b b 2h b b S S b dh db b db b b dh b 2b b b e dh b S b b b b b 2b b b 2R I b 2 db b db I b b b 2R b dR b b b S b S Sb i 2b O o */

// Timer PLIB function Name (SAM/PIC32C only) in 1lms period
#define TC_ PLIB CALLBACK(...) TC2 TimerCallbackRegister(_ VA ARGS )
#define TC_ PLIB START(...) TC2_ TimerStart(_ VA ARGS )

void Delaylnitial( void )
* Description:
* Initializes the delay timer system, Configure the TC timer and prepare delay tracking

void DelayMS( uint8_t idx, uint32_t ms) Software Delay Function
* Description: 162 in 1ms Delay ] Non-BIocking]
* Performs a blocking delay for the given duration. period it e Doy [ REEE
. . Blocking Delay Is
Parameter: Delay ' Complete ]
* ldx : Timer index.
° ms : Delay duration in milliseconds.
* Example:

#define MY_DELAY_IDX O
DelayMS( MY_DELAY_IDX, 1000 ); // Blocking delay of 1 second of Timer Index MY_DELAY _IDX
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OLED Graphic Application and Library

Pre-designed software delay function by using TC timer as the tick

void DelayMS_NonBlock( uint8_t idx, uint32_t ms)
* Description:
* Starts a non-blocking delay timer.
* Parameter:

* idx : Timer index.
° ms : Delay duration in milliseconds.
* Example:

#define MY_TIMER_IDX 1
DelayMS_NonBlock( MY_TIMER_IDX, 500 ); // 500ms non-blocking delay of Timer Index MY_TIMER_IDX

bool DelaylsComplete( uint8_t idx)

T Software Delay Function
* Description:

* Checks if non-blocking delay has finished. TQinlms __ | ,n?t?;?i‘;e " Non,')f,g;kmgl <> Applications
° Parameter: period Blocking ] Delay Is ]

° idx : Timer index to check. Delay ’ Complete
° Return:

* bool : true or false — if return true, the delay for the given channel is done
* Example:

if( DelaylsComplete( MY_TIMER_IDX ) )
{ // Do something after delay }
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 10

* Open LCM.c, and check line 55 to see how SERCOM5 and GPIOs are used in the LCM driver.

Line 55

/* R b b b b b b b b S b b S e I e b i b b b b b b b b b b S S dh I g g I I B e i S i b b b b b b b b db b I b I I I db db b i i b d i b b b b b b 8 */
/* R b b b b b b b b S b b S e I e b i b b b b b b b b b b S S dh I g g I I B e i S i b b b b b b b b db b I b I I I db db b i i b d i b b b b b b 8 */

/* Section: File Scope or Global Data =

leme )

/* R b b b b b b b b I b b I e e e e e i b b b b b b b b b S S dh dh g g db I e e i S i b b b b b b b b S b I b S I I db db b i i e d b b b b b b b 8 */

/* R b b b b b b b b S b S I e I e e e e b b b b b b b b b b S S dh dh g g dh I e e i e i b b b b b b b b Jb b I b S I I db db db b i b d b b b b b b b ¢ */

// APP055 SERCOMS5 SPI Pin Configuration
// SERCOM5 SPI : MOSI (PB02)

// SERCOM5 SPI : SCK (PBO3
// OLED_

// OLED

// OLED AO : A0 (PBOL

#define
#define
#define
#define
#define
#define
#define
#define

#1if LCM

)
nCS : SS (PBOO)
nRST : Reset (PB31)
)
LCM_HW RESET ENABLE
LCM_SPI CS_GPIO

LCM _SPI Write(...)
LCM SPI_IsWriteBusy(...)
LCM _RESET Enable(...)
LCM RESET Disable(...)
LCM BUS CMD(...)

LCM_BUS _DAT(...)

SPI_CS_GPIO

#define LCM SPI_CS Enable(...)

#define
#endif

uint8 t
uint8 t

LCM SPI_CS Disable(...)

LCM FrameBuf [LCM FRAME SIZE]; // (128x64)/8, lbit/pixel

e et e SRNNMO pin D | Custom Name |  Function |

Rl e PBO2 SERCOMS5,_PADO

e e PBO3 SERCOMS5_PAD1
015> ncs Croar( va ARGS ) | Pin ID | Custom Name | Function | Dir | Latch_

OLED_nCS_Set (__VA_ARGS_ ) PBO@  OLED_nCS GPIO Out High

PBO1 OLED_A® GPIO Out Low

*LCM pFrameBuf = NULL; // The Frame Buffer Pointer PB31 OLED_nRST GPIO Out Hj_gh

const uint8 t LCM InitCMD[]={

, GPIO Output Latch high
, GPIO Output Latch high
, GPIO Output Latch low (Command:0, Data:1l)

1 // Enable OLED Reset PIN on PB31
1 // Enable SPI GPIO Slave Select on PB0O

Y
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%€ Lab14 OLED Graphics - SERCOM-SPI
Step 11

* Open main.c and finish TODO 14.01 to 14.06 for Splash Logo and data shows on OLED.

#include
#include
#include
#include
#include
#include
#include

<stddef.h> //
<stdbool.h> //
<stdlib.h> //
<string.h>

<stdio.h>

"definitions.h" //
"myprintf.h"

// TODO 14.01

#include
#include
#include
#include

uint32 t

"Delay.h"
"GraphicLib.h"
"GraphicApp.h"
"Microchip Logo.h"

i = 0;

uint8 t USART1 TransmitData[1l00];
uint8 t USART1 ReceiveDatalll];

volatile
volatile
volatile
volatile
uintlo t
uintlo t
volatile
volatile
volatile

uint8 t USART1 IsReceived = 0;
uint8 t USART1 IsTransmitted =
uint8 t TCO HasExpired = 0;
uint8 t TCl HasExpired = 0;
ADCO_Result;

ADC1 Result[2];

uint8 t ADCO IsCompleted = O;
uint8 t ADC1l IsCompleted = O;
int8 t ADC1l ChannelIdx = 0;

1g

uint8 t Duty = 50;
int8 t DutyDistance = 2;

Defines NULL
Defines true
Defines EXIT FAILURE

SYS function prototypes

void ADCO Complete( ADC STATUS status, uintptr t context )

main.c
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% Lab14 OLED Graphics - SERCOM-SPI
Step 12

* 15t part of TODO 14.02 is for LCM and Graphic initial and the Splash Logo animation.

int main ( void )

{
/* Initialize all modules */
SYS Initialize ( NULL );

TCCl PWMStart ()

// TODO 14.02
// OLED HW and Graphic Layers Initial and Clean all Frame Buffer
GPL_ScreenlInit();

// Show Only Graphic Layers
GPL_LayerShow( LAYER GRAPHIC, LAYER SHOW )
GPL_LayerShow( LAYER TEXT, LAYER HIDE )

// Splash Logo In
DrawSplashAnimation( 128, 0, 0, 0, 4, Microchip Logo, LAYER GRAPHIC );

// Delay after animation ends
DelayMS (DELAY TIMER OLED DELAY, 1000);

// Splash Logo Out
DrawSplashAnimation( 0, 0, -128, 0, 8, Microchip Logo, LAYER GRAPHIC ) ;

// Show Both Text and Graphic Layers

GPL_LayerShow( LAYER GRAPHIC, LAYER SHOW ) ;
GPL_LayerShow( LAYER TEXT, LAYER SHOW ) ;

@ MICROCHIP



% Lab14 OLED Graphics - SERCOM-SPI
Step 13

e 2" part of TODO 14.02 is to prepare the System Clock, TCO, TC1 and UART read text.

// TODO 14.02

// Draw on Text Layer
GPL LayerSet( LAYER TEXT );

// Clean Text Layer Buffer
GPL_LayerClean( LAYER TEXT ) ;
GPL_Printf( 0, o, BG_SOLID, TEXT NORMAL, "SysClock : %dMHz", CPU_CLOCK_FREQUENCY/l000000 ) ;
GPL_Printf( 0, 8, BG_SOLID, TEXT NORMAL, "TCO period: %ldms",
(TCO_Timerl6ébitPeriodGet()+1)*1000 / TCO_TimerFrequencyGet());
GPL_Printf( 0, 16, BG_SOLID, TEXT_NORMAL, "TCl period: %$1ldms",
(TC1_Timerl6ébitPeriodGet()+1)*1000 / TCl_TimerFrequencyGet());
GPL _Printf( 0, 56, BG_SOLID, TEXT NORMAL, "Received Data :");
GPL_ScreenUpdate() ;

while ( true )

{
/* Maintain state machines of all polled MPLAB Harmony modules. */

SYS Tasks ( );

if (TCO HasExpired)

{
TCO HasExpired = 0;
LED1 Toggle();

myprintf( "@1,1;Hello World!!"™ );
ADCO ConversionStart();

@ MICROCHIP



%€ Lab14 OLED Graphics - SERCOM-SPI

Step 14

* The TODO 14.03 for TCC1 PWM Duty % and TODO 14.04 to update UART received char.

while ( true )

{

// TODO

if (TCl HasExpired)

{
TCl HasExpired = 0;
LED2 Toggle();

Duty += DutyDistance;

if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;
TCCl PWM24bitDutySet (TCCl CHANNEL3, (((uint32 t) Duty * TCCl PWM24bitPeriodGet() + 1) / 100));
14.03
GPL_Printf( 0, 24, BG_SOLID, TEXT NORMAL, "PWM Duty : %3d%%", Duty);
GPL_ScreenUpdate() ;
} T Normally, we use the TC1 timer to update the screen at a period of 40ms]

if (USART1 IsReceived)

{
USART1 IsReceived = 0;

myprintf( "@1l,10;Received Data : %1lc", USART1 ReceiveData[O0] );
SERCOM1 USART Read (USART1 ReceiveData, 1);

// TODO 14.04

GPL _Printf( 0, 56, BG_SOLID, TEXT NORMAL, "Received Data : %c", USART1l ReceiveData[O0]);
GPL_ScreenUpdate() ;

} T Update the screen immediately when UART receives data J
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% Lab14 OLED Graphics - SERCOM-SPI
Step 15

* The TODO 14.05 for ADCO VR1 value and TODO 14.06 for ADC1 Temp/LightSens values.

while ( true )

{

if (TCl HasExpired)
{ ...}

if (USART1 IsReceived)
{ ...}

if ( ADCO_ IsCompleted )

{
ADCO IsCompleted = 0;
myprintf ( "@1l,2;VR1 Value : %4d", ADCO Result );

// TODO 14.05
GPL_Printf( 0, 32, BG_SOLID, TEXT NORMAL, "VR1 : %4d", ADCO_Result);
}

if ( ADC1l IsCompleted )

{
ADC1 IsCompleted = 0;

myprintf ( "Q1,3;Temperature Value : %4d", ADC1 Result[0] );
myprintf( "@1l,4;Lightness Value : %4d", ADCl Result[1l] );

// TODO 14.06
GPL Printf( O, 40, BG_SOLID, TEXT NORMAL, "Temp : %4d", ADCl1l Result[O0]);
GPL Printf( O, 48, BG_SOLID, TEXT NORMAL, "Light : %$4d", ADCl Result[l]);
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%€ Lab14 OLED Graphics - SERCOM-SPI

Step 16

* Click on icon Tﬁ\ to Clean and Build Project and then to Program code to EVB.

B4 MPLAB X IDE B = <
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help bt |
i sy =l A E 3 0 " - - - . 7
1 2 € y it i @ @ PC: 05 How doT
Projects Fikes Services Resour IMCC) = = | | Kit Window x| Start Page = | ProjectCraph = |E‘|mc x| b DL Confipuration Oplions x =
MCC v5.5.1 | C:\Bsercises 2025 Suanas_Elite\Lab02_Tiner_Folling,_TClseclueia

- : : (== I
=1 E 3
— B [t SR TR R A TR E
. —@ Clean and Build Project m Make and Program Device

Project Resources

¥ Libraries

¥ Harmaony

oo Microchip Technology Inc. ¥ DMA (DMAC)
- WDT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
T TELH Kits % Curiosity/Starter Kits (PKOB4) x  Scripting x  MPLAB® Code Configurator x  Labl4_OLED_Graphic SERCOM_SPI x
e Tl o Dt = BT e e &0 UEI L= DL LN T B LY I B BT ULIIJ.'J AL & NS LU Ll '\ALJL-ELL-EAE -Illl..ll WSS — 8w AADE 3 s =amn
IL‘IAMJm;hm;ml ' i summat|  "C:WProgram Files‘\Microchipixc32h\w4.48\bin"\\xc32-bin2hex dist/default/production/Lab14_OLED|
g | T Pioket ype: Aoyl Configntion st This| make[2]: Leaving directory ‘C:/Exercises/Lab14_OLED_Graphic_SERCOM_SPI/ Lab14_OLED_Graphic_SERCOM_SPI
= \‘) FICHCEI0258041125 :
ﬁ Checkenm: N4 . .
: e: .J/..\srchconfighdefault\PIC32CK18255G41128.1d
9. g £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fi| LOading code from C:/Exercises/Lab14_OLED_Graphic_SERCOM_SPI/ Lab14_OLED_Graphic_SERCOM_SPI.X/dist/defaul
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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%€ Lab14 OLED Graphics - SERCOM-SPI

Result

@

(s

8

>

=

%

8.
o
2
s
-
N
»

\PBILO1286400DB241X00 7R

“SA0 - CS - W__conz 4
"‘ﬁﬁ‘ﬂ.y

_SCL'.RST VDD GND

MICROCHIP ()

,SDA" SAD'- CS - VN ‘conz /M

1“&’“*“*“8
;SCL RST ="VDD ~GND

L1qﬁt ;
Received Data :
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% Lab15 Design Your Own Logo

OLED Graphic
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%€ Lab15 Design Your Own Logo

* In this chapter, we will use a software named OLED Assistant, a computer graphics
editing application developed by Microchip, to draw graphics on the OLED.

* You can use existing graphics files to import and edit them or use your creativity to
design patterns freely.

* You can also preview the effect of the county on the OLED in the graphics software
and finally export it to a C language Header File and then download it to the current
Lab to replace the original Microchip Logo with your own design.

e Clean

e
7] Flip H

| MICROCHIP &

Zoom In

Text lcon
2 Aria hd hd
C Header File [{§[{={ele sl EaT+T
(.Y E VLR Microchip_Logo
X onvert
#define H128 e ! S O
#ddefine LCM_HEIGHT 64
LCM_DremBitmap|0, 0, LCM_WIDTH, LCM_HEIGHT, Microchin Logal, e
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%€ Lab15 Design Your Own Logo
Step 1

* Go to the folder \Appendix\LCDAssistantMCHP\
* Execute the EXE file LCDAssistantMCHP.exe

» Appendix » LCDAssistantMCHP

Testlmage
AL\ LCDAssistantMCHP.exe

% Execute the EXE file

* There are couple of test images in folder \Appendix\LCDAssistantMCHP\Testimage\

» Appendix » LCDAssistantMCHP » Testlmage

[MPLAB

DISCOVER

W .
MICrOCHIP ST | CORNECTED | SECIRE :\W -

Alphabet_Fonts. Microchip_Logo Microchip_SCS. Microchip-Logo WPLAB_Discove
bmp bmp bmp -White.bmp r.bmp
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%€ Lab15 Design Your Own Logo
Step 2

* The OLED Assistant interface introduction.

Clean

@\ OLED Assistant v1.0

Copy
FlizH FlipV

Clean
Copy
FlipH

OLED Preview

Zoom In

foon In Zoom QOut

Eraser
Eraser Invert

(o0 ] o[ o ] m |

IEI lcon |

Font [T -~ B "

[ T8 W \icrochip_Logo.h | |

_ LV BT Microchip_Logo |

Sivclude = Microdhip Logo h®

Graphic Edit Area (e Bl E

C Array Name

Graphic & Tool Menu -

Text & Font Menu =~

File operation Menu

#define L{M_ WIDTH 128
Example Code 2define L(M_HEGHT 64 Il
1

LOM_ Dwriare Biteruapd 3, O, LOM WIDTH, LOM_ HEKGHT, Microchip Loool,

Language Change
Tool Help
Pen / Eraser
Fast Polygon
Text Input
Text Icon

Font Face and Size
Output C Header File
Image Array Name

Image to Header
Import From Image

Export to Header File
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%€ Lab15 Design Your Own Logo
Step 3

* Basic operation to have your creativity to design the pattern.

®\ OLED Assistant v1.0 OLED Preview by 2 X
S Clean Undo
Copy Cut
Flip H FlipV

Zoom In Zoom Qut

Eraser Invert

MW\ OLED Assistant vi 0 ¥ 2 X
Clean Undo

Copy Cut

D
Ny 7]
...... v B Toggle Pen and Eraser .
- u

Eraser Invert

C Header File |[fsyste s WEaTe TN}

(o1 VR E L W Microchip_Logo

Export Import Convert

#dafine I
#define LOM_HEIGHT 64

Ch_ DvawBitmap]0, 0, LOM WIDTH, LOM_HEGHT, Microchip Logal,

ﬁ\ MICROCHIP



%€ Lab15 Design Your Own Logo
Step 4

 Basic operation on whole Image (Zoon In/Out, Flip H/V, Invert).

tant vi 0

Clean

Copy

Flip H

Zoom In
Clean

Eraser
Copy

Flip H

Toxt N -
ront T - (3~

—— Eraser
(o L S E W Microchip_Logo.h P
C Array Name [JIT=F=103T-R-Fo1)

Import Convert

Zoom In

Text Icon

L0 Arial - -

R R AEGRT S (PN Pl Microchip_Logo.h
LCM _ DrawBitmapt0, 0. LOM WIDTH, LOM_HEIGHT, Mroxhip Logel; [0y B El Microchip_ Logo
D e Export Import Convert

C Array Name [J[T=F1o3 T R-F 1)
esciine Lowt wiDTH 128

Import Convert | 2efine LM HEIGHT 52

Zoom In

LCM_ DrawBitmap(0, 0, LOW_ WIDTH, LCM_HEGHT, 1.1

CM_WIDTH 128
20 HEIGHT 52

LOM _ Drsaitmapd, 0, LM WIDTH, LOM_HEIGHT, 11

Clean

Copy
FlipH Flip V

Clean

Copy

Flip H Zoom In Zoom Qut

Eraser Invert

o L) O u

Toxt [ '-or

i_ [, CEL N T R Microchip_Logo.h

I  Artay Name
l\___rr.JJ Export Import Convert
Invert : Zoom Out A——

e ceiine Low e 62
i tine L wiDTH 128
e LOW HEGHT 54
-
o — -

LOM_Drmitmap(0, 0, LCWM WADTH 1O HEIGHT, 1

Zoom In

Eraser

LEM_ DiamBitmap(0, 0, LOW_ WIDTH, LCM_HEGHT, 11
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%€ Lab15 Design Your Own Logo
Step 5

* Region Select by “Right Click + Drag” and “Left Click + Drag” to copy the Region.

M OLED Assistant v1.0

e Von An

M\ OLED Assistant v1.0

Fherr

Left Click + Drag to Copy Region
Pixels means on Clipbook }

M OLED Assistant v1.0

PV A,

f“
H Left Click on out of Region to selection

o tm
[T 4 "l Microchip_Logo.h
[ YV B Bl Microchip_Logo

____________ a———u | it Convert

Click out of Region to paste on
Pixels means merge to canvas

ﬁ\ MICROCHIP



%€ Lab15 Design Your Own Logo

Step 6

* Whole image or selected region hyper operation include the keyboard shotcuts.

M\ OLED Assistant v1.0

Right Click + Drag to select Region
Click on the Icon to Outline or Fill-in

(o ;XN g 2 -l Microchip_Logo.h

hr 2
Undo
Copy Cut
FlipH Flip V
Zoom In Zoom Out

Eraser

(o1 ¢ T Microchip_Logo

Export Import Convert

[#include “ricsochip Looo b

LCM_DrawBitmap(D, 0, LCM WIDTH, LCM_HEIGHT, Microchip Logal,

(o5 T 31l Microchip_Logo.h
C Array Name | fife (st il KstsTe!

Export Import Convert
Fivchude “Microchip Logoh®™

#define LOM_ WIDTH 128
#define LOM_HEKGHT 64

LCW_ DrawBitmap] 0, O, LOM_WIDTH, LOM_HEKGHT, Microohip Logo),

Undo the changes ( Ctrl + Z )
Clean whole image or selected region

Copy whole image or selected region

Outline or Filled-in whole Image or region
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%€ Lab15 Design Your Own Logo

Step 7

* Select aregion firstly, then type Text and choice proper Font face and Size to output.

®\ OLED Assistant v1.0 Select a Region for paste the Text Py 7 X

i ._._"_.1_';4-_-—__ Clean Undo
e Lq ' ! Copy Cut

i
=N ) :-:| ‘ Flip H FlipV

Zoom In Zoom QOut

Eraser Invert
hy  ? X

Clean Undo i B Type Text g n

WEI-::-I:-II‘I-E - ..
Flip H Flip v Font [N - [~ -~

Lol Eoanaint Font Face w Font Size
S \

Eraser Invert C Array Na

O L _ VWelcome

Export

Finclude “Microck 0 .I':'l.” al

4

F 4

#define LOM WL
#define LOM_HEN

Arial
JArial Mova

WArial Rounded MT Bold

Bahnschrift
ABarlow Condensed
I P =< cerville Old Face
Font Face is collected from \Windows\Fonts
Pt iep |- CAIRN
Bernard MT Candensed

Bodoni MT

LCM_DrawBitmap

LCM_DrawBitmap]0, 0, LOM WIDTH, LOM_HEIGHT, Microchip Logal,

LKA Dz

ll [ Lodagal;
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%€ Lab15 Design Your Own Logo
Step 8

* Click on [Icon] button to paste a Icon by using Text and also support to select font size.

W\ OLED Assistant v1 0 hy 7 X

. :':'_.'_',"_'__‘:_._._.__"'_“-\_.—_ Clean Undo
v an— Wal . .
|II GO l come Copy Cut
l 1 I_ d N rogll n i

N _.l_v:‘—r—-ﬂj—_ b FlipH FlipV

Zfoom In foom Qut

Eraser

I Moto Sans

e ' T di Wl Microchip_Logo.h
F v * ’E‘-, A (o Ty V05T EB Mlicrochip_Logo

Export Import Convert
S Select a Font Icon = po
Sinchude “Microchip Logah®

Sdefine LOM_WIDTH 128
Fdefine LOM_HEGHT 64

LCM_ DrawBitmap]0, O, LOM WIDTH, LOM_HEKEHT, Bicrochip Logo);
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%€ Lab15 Design Your Own Logo
Step 9

* Click on [Export] to output your design to a C Header file and store the Bitmap files.
* Store the Microchip _Logo.h to overwrite the same file in your project.

- g Confirm X hyr 2 X
, > [Your Project] > src >
o BEE ‘ [ — Clean Undo
- Array Microchip_Logo[] already exists
« v Lab14_OLED_Graphic_SERCOM_SPI v O | BSsrc : == ) - -
T [ M < 1ab14 OIFD Graphic. =T Do you want to replace it? Copy o
AeEE > HEERK Flip H Flip V

~ ‘ No
Lab14_OLED_Graphic_SERCON_SPI A F -

= ’- Zoom In Zoom Qut
Lab14_OLED_Graphic_SERCOM_SPI X packs [ A MicrocHP Eraser Invert
are B Alphabet_Fonts.h : =

B Delay.h 2 s hd 0 u

B GraphicApp.h
B GraphicLib.h
B LM

Text [:] lcon

2|1 MNoto Sans -

B Microchip_Logo h 2025/5/16 1 Micrachip_Logo.h CEEE - (o311 T 319 Microchip_Logo.h
B myprintf.h 2025/5/17 TERREE? Al L EL C M Microchip_Logo
v o«

Import Convert

EZEEE(N): |Microchip_Logo.h
Z#EHEE):  Header Files (*.h)

~ EBESHE LEM_ DrawBitmapd, 0, LOM_WIDTH, LOM_HEGHT, Microchip Loga);
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%€ Lab15 Design Your Own Logo
Step 10

* Click on icon Tﬁ\ to Clean and Build Project and then to Program code to EVB.

B4 MPLAB X IDE B = <
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help bt |
i sy =l A E 3 0 " - - - . 7
1 2 € y it i @ @ PC: 05 How doT
Projects Fikes Services Resour IMCC) = = | | Kit Window x| Start Page = | ProjectCraph = |E‘|mc x| b DL Confipuration Oplions x =
MCC v5.5.1 | C:\Bsercises 2025 Suanas_Elite\Lab02_Tiner_Folling,_TClseclueia

- : : (== I
=1 E 3
— B [t SR TR R A TR E
. —@ Clean and Build Project m Make and Program Device

Project Resources

¥ Libraries

¥ Harmaony

oo Microchip Technology Inc. ¥ DMA (DMAC)
- WDT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
T TELH Kits % Curiosity/Starter Kits (PKOB4) x  Scripting x  MPLAB® Code Configurator x  Labl4_OLED_Graphic SERCOM_SPI x
e Tl o Dt = BT e e &0 UEI L= DL LN T B LY I B BT ULIIJ.'J AL & NS LU Ll '\ALJL-ELL-EAE -Illl..ll WSS — 8w AADE 3 s =amn
IL‘IAMJm;hm;ml ' i summat|  "C:WProgram Files‘\Microchipixc32h\w4.48\bin"\\xc32-bin2hex dist/default/production/Lab14_OLED|
g | T Pioket ype: Aoyl Configntion st This| make[2]: Leaving directory ‘C:/Exercises/Lab14_OLED_Graphic_SERCOM_SPI/ Lab14_OLED_Graphic_SERCOM_SPI
= \‘) FICHCEI0258041125 :
ﬁ Checkenm: N4 . .
: e: .J/..\srchconfighdefault\PIC32CK18255G41128.1d
9. g £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fi| LOading code from C:/Exercises/Lab14_OLED_Graphic_SERCOM_SPI/ Lab14_OLED_Graphic_SERCOM_SPI.X/dist/defaul
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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%€ Lab15 Design Your Own Logo

Result

= )PB{Lm 286400DB241X00

SDA -SAO LG N
meeseeee (o

_SCL..RST. VDD GND

1!!@' 5l'=ﬁ\"¢%

T T iy

Lig
Received

\PB1LO1286400DB241X00 /77N

)"

_SDA SAO_—CS—‘“VN con ’

> [Your Project] > src >

Microchip_Logo.bmp
The design output Bitmap file

2

myprintf.c

®

GraphicLib.h

» Lab14 OLED_Graphic_SERCOM_SPl » =rc »

| Microchip Logo.h| J

e

The updated C Header file

®°

myprintf.h

B

Alphabet_Fonts.h

®

main.c

2

Delay.h

re|

packs

®

GraphicApp.h

2

Delay.c

re/

config
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%€ Lab15 Design Your Own Logo

Advanced — Import Images

* Import the Image and re-modify it for your new image.

Clean

Copy

; ] .
o FlipH
MICROCHIP ‘ ip
: - Zoom In
Image Imported e
(@] ®

Text [

17 Il hoto Sans

B > Appendix > LCDAssistantMCHP > Testimage > Rl vicrochip_Logo
Export Import Convert
4k « Appendix » LCDAssistantMCHP » Testimage v | @ Ei R e irorses Lo

CM_WIDTH 128
CM_HEIGHT 64

Appendix &)
LCDAssistanthMCHP

Testimage

g bmp bmp “White.bmp
v v

l\m C Array Na \icrochip_Logo
Select an Image you like | | Microchip_| Microchip-Logo Import Convert

Sdafine LOM W
Jdel::: LM HE Import

BEEEN): | Microchip_Logo.bmp |, Image Files (*bmp;*.png;*jp¢ v

LOM _DvzrwBitmagd 0, 0. LCM_WIDTH, LOM_HEKGHT, Microechip Loga)
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%€ Lab15 Design Your Own Logo

Advanced - Store into multiple image arrays

* Store into multiple image arrays for later use or combine them for animation.

M\ OLED Assistant v1 0

WSS

CRDCHIP Mlcnucmp MIC OcHIP MICR CHIP

CRDCHIP

MicROCHIP | MicroCHIp

Projects x| Files | Servioes
=[5 Labl4_OLED Graphic SERCOM_SFI
=) [68) HeaderFiles

i+ 1@ Alphabet_Fontsh

(I contig

1T Delayh

1T GrophicApph

@ GrophicLibh

@ LCMh

+.pmm

#[{F Important Files

[ Linker Files
D_Graphic_SERCOM_S--
+ [ Microchip_Logo
i+ [E] Microchip_Logo_wavel
i [E Microchip_Logo_wavelD
i [E Microchip_Logo_waveZ
i [E Microchip_Logo_wave3
- [E Microchip_Logo_waved
- [E Microchip_Logo_waves
+[E Microchip_Logo_wsvet
+[E Microchip_Logo_wsve?
+[E Microchip_Logo_waved
B Microchip_Logo_waved

Microchip I

Generate sequence of images for animation

A |[CE
87
88
89
90
91

Q2

=] 'EMmcmp _Logoh x '-amamc x

5_Summer_ElirelLa

Soume | Hisory ) \ i)

const
oxee,
oxee,

0x00,
avon

OLED SERCC

unsigned char Microchip Logo wavel[]
ox00, 0x00, ©x00,
ox00, 0x00, ©x00,
ox00, 0x00, ©x00,

avlo Oy o 2\ ]

Look at the Microchip_Logo.h,
there exist many image arrays you to generated

0x00,
0x00,
ox00,
ox00,
OXFF .

ox00,
ox00,
ox00,
ox00,
OxFF .

0x00,
0x00,
0x00,
0x00,
OxFF,

ox00,
ox00,
ox00,
ox00,
ox7F .

0x00, 0x00,
0x00, 0x00,
0x00, 0x00,
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ox00,
ox00,
ox00,
ox00,
ox3F,

ox00,
ox00,
ox00,
ox00,
Ox1F,
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ox@e0,
ox@e0,

ox00,
ovED

ox00,
ox00,
ox00,
ox00,
ox87.
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0x00,
0x00,
0x00,
oxFo,
OxF8,
0x00,
| exee,
0x00,
0x00,
ox00,
0x00,
0x03.
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void MicrochipLogoWave ( uint32_t ms )

{

const unsigned char* WaveImageSequences[11]

Microchip Logo_wavel,
Microchip Logo wave4,
Microchip Logo_wave7,

Microchip Logo_wavelO,

Microchip Logo_wave2,
Microchip Logo_wave5,
Microchip Logo_wave8,

Microchip Logo};

GPL_LayerSet (LAYER GRAPHIC) ;

for (int i=0 ; i<11 ; i++ )
{
GPLLLayerClean(LAYER_GRAPHIC);
GPL DrawBitmap (0,
GPL_ScreenUpdate() ;
DelayMS(DELAY_TIMER;QLED_DELAY, ms) ;
}

S

| MicrocHip &

Clean

Copy

FlipH
Zoom In

Eraser

O L J O |

Change the C Array Name to different

#define LOM WIDTH 1 2l
[ #efine LOM_HEIGHT 64

LCM_DrawBitmant0, 0, LOM_ WIDTH, LCM_HBGHT, Miochio Logo w

Export to the same C Header file

=
Microchip Logo_wave3,
Microchip Logo_wave6,
Microchip Logo_wave9,

Develop a Logo Wave animation function

0, LCM WIDTH, LCM HEIGHT, BG_SOLID, WaveImageSequences[i]);
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Appendix :
OLED Graphic Library

GraphicLib
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OLED Graphic Library

Interface Functions

* GPL_Screenlnit : Initialize the screen and graphics system
* GPL_LayerSet : Set the active drawing layer

* GPL_LayerShow : Show or hide a specific layer

* GPL_LayerClean : Clear all pixels in a specific layer

* GPL_ScreenClean : Clear the entire screen
* GPL_ScreenUpdate : Refresh the OLED with current layer data

* GPL_SetPenSize : Set the pen (brush) pixel size

* GPL_GetPenSize : Get the current pen size

* GPL_DrawPoint : Draw a pixel at the given coordinate

* GPL_Drawline : Draw a line between two points

* GPL_DrawRect : Draw an unfilled rectangle

* GPL_FillRect : Draw a filled rectangle with a specified color

* GPL_DrawCross : Draw a cross centered at a point

* GPL_DrawkEllipse :Draw an ellipse centered at a point

* GPL_FillEllipse : Draw a filled ellipse centered at a point

e GPL_DrawCircle : Draw a circle centered at a point

e GPL_FillCircle : Draw a filled circle centered at a point

* GPL_DrawArc : Draw an arc (portion of an ellipse) with angle range

* GPL_DrawBitmap :Draw a bitmap image to the screen with optional background
* GPL_Scale : Scale a region with a given ratio

* GPL_Printf : Print formatted text at a specific position with optional background and highlight
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OLED Graphic Library

Parameter Definitions and Enumerates

* The Graphic Library pre-defined parameters.

#define SCREEN WIDTH LCM WIDTH typedef enum [ GraphicLib.h j

#define SCREEN EIGHT LCM HEIGHT {

#define SCREEN CENTER X (LCM_WIDTH>>1) TEXT NORMAL = 0,

#define SCREEN CENTER Y (LCM_HEIGHT>>1) TEXT HIGHLIGHT

} GPL_TEXT;

#define FONT WIDTH 7

#define FONT HEIGHT 8 typedef enum

{

typedef enum LAYER HIDE,

{ LAYER SHOW,
PIXEL CLEAN = O, } GPL_LAYERSHOW;
PIXEL SET

} GPL_PIXEL; enum

{

typedef enum LAYER GRAPHIC,

{ LAYER TEXT,
BG_TRANSPARENT = O, LAYER MAX
BG_SOLID };

} GPL_BACKGROUND;
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OLED Graphic Library

The usage flow of the Graphic Library

This graphics library implementation supports multiple layers and one-time screen updates.

#include “LCM.h" . // Clear the graphic layer and set Default Pen Size
[Graphchlb.c & -h] GPL_LayerClean( LAYER GRAPHIC ) ;

enum {
LAYER GRAPHIC, GPL_SetPenSize( 1 );
LAYER TEXT,
LAYER MAX // Graphic Functions

GPL_DrawCircle (64, 30, 30, PIXEL_SET);
GPL_DrawArc (64, 36, 24, 24, 120, 60, PIXEL_SET);
GPL_DrawEllipse (58, 13, 5, 7, PIXEL SET);
GPL_DrawEllipse (70, 13, 5, 7, PIXEL SET);
GPL_DrawCircle (59, 13, 3, PIXEL_SET);

}i

#define GPL_LAYERS LAYER MAX
struct
{ // (128x64)/8, 1lbit/pixel, Layer Buffer

uint8 t Buf[LCM FRAME SIZE]; GPL_DrawCircle (69, 13, 3, PIXEL SET);
Tined & Sherss - - GPL_DrawCircle (59, 13, 2, PIXEL_SET);
} GPL Laygr[GPL LAYERS] ; GPL_DrawCircle (69, 13, 2, PIXEL SET);
- - GPL_DrawCircle (64, 26, 3, PIXEL SET);

GPL DrawLine (64, 29, 64, 38, PIXEL_SET);

uint8 t GPL Invalidate = false;
uint16 t GPL PenSize = 1; // Good for Odd number 1,3,5,7,9 (Cn pEEL RSO, =y hdy eldp 122430 Sk 7
= = GPL DrawArc(64, 38, 14, 11, 180, 0, PIXEL SET);
GPL DrawArc(64, 49, 7, 6, 10, 170, PIXEL SET);
#include "GraphicLib.h“ GPL DrawLine (32, 22, 50, 26, PIXEL_SET);
GPL DrawLine(32, 31, 50, 30, PIXEL SET);
void DrawGraphicExample ( void ) GPL_DrawLine (32, 38, 50, 34, PIXEL SET);
{ GPL DrawLine (78, 26, 96, 22, PIXEL SET);
// OLED HW and Graphic Layers Initial GPL DrawLine(78, 30, 96, 31, PIXEL SET);
// and Clean all Frame Buffer GPL DrawLine(78, 34, 96, 38, PIXEL SET);
GPL_ScreenInit(); GPL DrawRect(46, 56, 38, 6, PIXEL SET);
GPL_DrawCircle (64, 58, 4, PIXEL_ SET);
// Show Only Graphic Layers GPL DrawLine (60, 58, 68, 58, PIXEL SET);
GPL_LayerShow( LAYER GRAPHIC, LAYER SHOW ); GPL DrawPoint (64, 60, 1, PIXEL SET);
GPL_LayerShow( LAYER TEXT, LAYER HIDE );

// Update to LCM
// Set active graphic Layer GPL ScreenUpdate () ;
GPL_LayerSet( LAYER GRAPHIC ) ; } -
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawPoint( uintl6_t x, uintl6_ty, uint8_t pixel )
* Description:
* Draw a single pixel.
* Parameter:
* X, Y: The coordinat of point.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example :
GPL_DrawPoint( 72, 3, PIXEL_SET );
GPL_DrawPoint( 16, 16, PIXEL_CLEAN );

void GPL_DrawlLine( uintl6_t x1, uintle_t yl1, uintl6_t x2, uintl6_ty2, uint8_t pixel )
* Description:
* Draw a straight line.
* Parameter:
* x1,yl :The start point of aline.
* x2,y2 :Theend point of a line.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example :
GPL_DrawLine( 64, 0, 80, 30, PIXEL_CLEAN );
GPL_DrawlLine( 64, 30, 80, O, PIXEL_SET);
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawRect( uintl6_t x, uintl6_ty, uintl6_t w, uintl6_t h, uint8_t pixel )
* Description:
* Draw rectangle outline.
* Parameter:
* X, Y: The top-left coordinate of the rectangle.

* w,h : Width and height of the rectangle.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_DrawRect( 0, 0, 16, 16, PIXEL_SET );
GPL_DrawRect( 5, 5, 32, 10, PIXEL_CLEAN );

void GPL_FillRect( uintl6_t x, uintl6_tvy, uintle_t w, uintl6_t h, uint8 t pixel )
* Description:
* Draw filled rectangle.
* Parameter:
* X, Yy: The top-left coordinate of the rectangle.

° w,h : Width and height of the rectangle.
* pixel : Fill or Clean the area (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_FillRect( 10, 10, 12, 12, PIXEL_SET );
GPL_FillRect( 47, 4, 4, 4, PIXEL_CLEAN );
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawEllipse( uint16_t x0, uintl6_t y0, uint16_t rx, uintl6_t ry, uint8_t pixel )
* Description:
* Draw ellipse outline.
* Parameter:
* x0,y0 :Center of the ellipse.

°orx, ry : Horizontal and vertical radius.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_DrawtEllipse( 48, 40, 6, 18, PIXEL_SET );
GPL_Drawtkllipse( 48, 40, 10, 6, PIXEL_CLEAN );

void GPL_FillEllipse( uint16_t x0, uintl6_t y0, uint16_t rx, uintl6_try, uint8 _t pixel )
* Description:
* Draw filled ellipse.
* Parameter:
* x0,y0 :Center of the ellipse.

° X, ry : Horizontal and vertical radius.
* pixel : Fill or Clean the area (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_FillEllipse( 48, 40, 6, 18, PIXEL_CLEAN );
GPL_FillEllipse( 48, 40, 10, 6, PIXEL_SET );
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawCircle( uintl6_t x0, uintl6_t y0, uintl6_tr, uint8_t pixel )
* Description:
* Draw circle outline.
* Parameter:
* x0,y0 :Center of the circle.

°r : Radius.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_DrawCircle( 16, 42, 15, PIXEL_SET);
GPL_DrawCircle( 72, 25, 3, PIXEL_CLEAN );

void GPL_FillCircle( uint16_t x0, uint16_t y0, uintl6_tr, uint8_t pixel )
* Description:
* Draw filled circle.
* Parameter:
* x0,y0 :Center of the circle.

°r : Radius.
* pixel : Fill or Clean the area (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_FillCircle( 16, 42, 15, PIXEL_CLEAN );
GPL_FillCircle( 72, 25, 3, PIXEL_SET );
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawArc( uint16_t x0, uint16_t y0, uint16_t rx, uint16_t ry, int start_angle, int end_angle, uint8_t pixel )
* Description:
* Draw elliptical arc segment.
* Parameter:

* x0, y0 : Center of the arc.

°orx, ry : Horizontal and vertical radius.

* start_angle  :Startanglein degrees.

* end_angle : End angle in degrees.

* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_DrawArc( 108, 16, 16, 16, 340, 230, PIXEL_SET );

void GPL_DrawCross( uintl6_t x0, uintl6_t yO0, uintl6_tr, uint8_t pixel )
* Description:
* Draw a cross line.
* Parameter:
* x0,y0 :Center of the cross.

°r : Half-length of the cross arms.
* pixel : The point type. (PIXEL_SET or PIXEL_CLEAN)
* Example:

GPL_DrawCross( 16, 42, 10, PIXEL_SET );
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_DrawBitmap( uint16_t x, uint16_t y, uint16_t w, uint16_t h, GPL_BACKGROUND background, const unsigned char *bitmap )
* Description:
* Display a bitmap image.
* Parameter:

° XY : Top-left position to draw bitmap. § —_———“—

* w, h : Bitmap width and height. g .

* Background :Background pixel (BG_TRANSPARENT or BG_SOLID). § - ®

* Bitmap : Bitmap data. & MlCRUCHlP @
* Example: % - .

GPL_DrawBitmap( 0, 0, 128, 64, BG_SOLID, Microchip _Logo );

void GPL_Scale(uint16_t x0, uint16_t y0, uintl6_t w, uint16_t h, float Ratio)
* Description:
* Scale graphics within region.
* Parameter:
* x0,y0 :Top-left of source area.
° wh : Width and height of source.
* Ratio :Scale factor (e.g., 2.0 means 200%).
* Example:
GPL_Printf(10, 48, BG_SOLID, TEXT_NORMAL, "Microchip");
GPL_Scale( 10, 48, 68, 8, 1.8f);

g
§ |
8
5
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OLED Graphic Library

Graphic Library Drawing Functions

void GPL_Printf( uint16_t x, uint1l6_t y, GPL_BACKGROUND background, GPL_TEXT highlight, const char *format, ... )
* Description:
* Print formatted text on screen at specified position.
* Parameter:

° Xy : Position to print the text.
* background : Background pixel (BG_TRANSPARENT or BG_SOLID). \ - SDA _SAD ~WN. _cong
i ground pixel (BG_ —SOLID) N meneseee:
* highlight  : Text Highlight (TEXT_NORMAL or TEXT_HIGHLIGHT). £ 3 SCL_RST VDD GND
¢ format : Text format string (like printf). I
* Example:

GPL_Printf( 67, 38, BG_SOLID, TEXT_NORMAL, “Microchip” );
GPL_Printf( 67, 50, BG_SOLID, TEXT_HIGHLIGHT, “GPL Lib” );
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Appendix :
OLED Graphic Application

GraphicApp
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OLED Graphic Application

Pre-designed drawing applications

* DrawClockAnimationlnit : Initialize clock animation parameters by compiler time

* DrawClockAnimation : Animate clock hands and elements

* DrawDoraemonFace : Draw Doraemon cartoon face

* DrawMicrochipLogo : Display Microchip company logo by using the Graphic Library
* DrawGraphicElements : Render various Ul graphics elements

void DrawSplashAnimation( int x0, int y0, int x1, int y1, uint8_t step, const unsigned char *bitmap, uint8_t layer )

* Description:

* Animates a bitmap moving from (x0, y0) to (x1, y1) on the specified graphic layer using defined step size.
* Parameter:

* x0,y0 :Starting coordinates of the animation.

* x1,yl :Ending coordinates of the animation.

* step : Step size per frame (pixels).

* bitmap : Pointer to bitmap image data.

* layer :Graphiclayer to display the animation.
* Example:

* DrawSplashAnimation( 0, O, 64, 32, 4, splash_logo, LAYER_GRAPHIC );
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6-Axis Motion Sensor
Gyroscope and Accelerometer

@ MICROCHIP



What'’s the Accelerometer and Gravity

* An accelerometer is a device that measures the proper
acceleration of an object. Proper acceleration is
the acceleration (the rate of change of velocity) of the
object relative to an observer who is in free fall (that is,
relative to an inertial frame of reference).

* Proper acceleration is different from coordinate
acceleration, which is acceleration with respect to a
given coordinate system, which may or may not be
accelerating.

* For example, an accelerometer at rest on the surface of
the Earth will measure an acceleration due to Earth's
gravity straight upwards of about g = 9.81 m/s2. By
contrast, an accelerometer that is in free fall will measure
zero acceleration.

Ref : https://en.wikipedia,org/wiki/Accelerometer
MICROCHIP


https://en.wikipedia.org/wiki/Proper_acceleration
https://en.wikipedia.org/wiki/Proper_acceleration
https://en.wikipedia.org/wiki/Acceleration
https://en.wikipedia.org/wiki/Rate_of_change_(mathematics)
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Free_fall
https://en.wikipedia.org/wiki/Inertial_frame_of_reference
https://en.wikipedia.org/wiki/Coordinate_system
https://en.wikipedia.org/wiki/Gravitational_acceleration
https://en.wikipedia.org/wiki/Gravitational_acceleration
https://en.wikipedia.org/wiki/Standard_gravity
https://en.wikipedia.org/wiki/Free_fall

Gravity and Falling Acceleration

Falling Time :

One Gravity : g = 9.81 m/s?

t 4 t, Speed :
L | o Sg=0 (m/s)
”"‘?’ t, Speed :
S.81m B S=9.81m/1s =9.81 (m/s)
J - Falling Acceleration :
t, £ A=S/1s=9.81(m/s?)

‘The appleistartsifallingifromirestiregardlessioffairresistance:
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Accelerate, Inertia and Decelerate

G force|
0 /\ ______________________________________
» time
Speed | SZ 53 S4
S/ K Se
0 ! ! > time
tl t2 : t3 . t4 t5
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What’s the Gyroscope

* A gyroscope is a device used for measuring or
maintaining orientation and angular velocity. It is a
spinning wheel or disc in which the axis of rotation (spin
axis) is free to assume any orientation by itself. When
rotating, the orientation of this axis is unaffected by
tilting or rotation of the mounting, according to
the conservation of angular momentum.

* Gyroscopes based on other operating principles also exist,
such as the microchip-packaged MEMS gyroscopes found
in electronic devices (sometimes called gyrometers),
solid-state ring lasers, fibre optic gyroscopes, and the
extremely sensitive quantum gyroscope.

https://en.wikipedja.org/wiki/Gyroscope
MICROCHIP


https://en.wikipedia.org/wiki/Orientation_(geometry)
https://en.wikipedia.org/wiki/Angular_velocity
https://en.wikipedia.org/wiki/Angular_momentum#Conservation_of_angular_momentum
https://en.wikipedia.org/wiki/Vibrating_structure_gyroscope#MEMS_gyroscopes
https://en.wikipedia.org/wiki/Ring_laser_gyroscope
https://en.wikipedia.org/wiki/Fibre_optic_gyroscope
https://en.wikipedia.org/wiki/Fibre_optic_gyroscope
https://en.wikipedia.org/wiki/Quantum_gyroscope

Angular Velocity of Earth’s Rotation

Rotation Time :
t, T=t,—t, = 5.98371 (h)
Rotation Angle :
0 =90 (degree)
=90 x 1t/ 180 (radian)
Angular Velocity :
w =7.292 x 10> (radian/s)

.........
—
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6DOF Motion Sensor Board (TDK ICM-42670P)

* The TDK ICM-42670-P is a high performance 6-axis MEMS MotionTracking™ device

that combines a 3-axis Gyroscope and a 3-axis Accelerometer is design for
6DOF (Six Degree Of Freedom) Motion Application.

* It has a configurable host interface that supports I3CSM, 12C, and SPI serial

communication, features up to 2.25 Kbytes FIFO and 2 programmable interrupts with
ultra-low-power wake-on-motion support to minimize system power consumption.

AP_SDO / AP_ADO
RESV
RESV

INT1/INT

2

EI

o 9~

S

< < =4

HIEIR
K 1]
Zl ICM-42670-P IE
B B
] (o]

VDDIO 5 ‘

GND 6‘

Fsync | 7 ‘

RESV

RESV

INT2

vDD
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SERCOM-I2C Architecture
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What’s 12C ?

* Inter-Integrated Circuit (1>C):

* A synchronous serial communication protocol used between multiple devices. It uses two lines: SDA (data)
and SCL (clock), shared by all devices on the bus.

* Each I>C transmission includes: e ﬁ ﬁ
* Start Condition: SDA goes low while SCL is high. L
* Address + R/W Bit: 7 or 10-bit address plus a read/write bit. 2C  SDA > SDA /2C
 ACK/NACK: Receiver sends ACK (low) or NACK (high) after each byte. Host SCL ™| SCL Cllent

Data Frames: 8-bit data sent by master or slave.
* Stop Condition: SDA goes high while SCL is high.
* Key Features:
* Supports multiple masters and slaves.
* Uses only two wires: SDA and SCL.
Speeds: 100 kbps (Standard), 400 kbps (Fast), and higher. .
* Common in sensors, displays, EEPROMSs, and RTCs. —— scL  Client
Ideal for short-distance, low-speed, on-board communication.

SDA /2C
SCL Client

MSB LSB  ACK/NACK

SDA
N/ Bit1 ¥ Bit2 ( Bit3 ¥ Bit3 \ Bit4 ¥ .. )Bitn1) Bitn o

S N N N/ N N N~ N NV A NV N s

START STOP
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SERCOM-I2C

Flexible Synchronous Communication

* Supports both Host and Client modes.

* DMA-compatible for efficient data transfer.

* 12C speeds: 100 kHz, 400 kHz, 1 MHz, and 3.4 MHz.

* SMBus and PMBus™ compliant.

* Utilizes shift register, TX/RX buffers, and address match logic.
* 32-bit data interface for better system bus usage.

* Operates in all Sleep modes, with wake-up on address match in Client mode.
* Hardware support for 7-bit and 10-bit addressing.

* Recognizes unique, general call, and address range.

Slew-rate limited outputs and input filtering.

* Robust Physical and Power Features —ww e [hem omeeR
* Supports 4-wire operation. et o A -
* Client Addressing Capabilities T Hreqee M St e W
* Two unique addresses supported with DMA. M B
‘ ] e U
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12C Devices on APP055

12C Devices
EEPROM&EUID] Temperature] Humidity

3 SERCOM3 SERCOM3

S2(Detf.?

L]
Addr - 0568
fastimsblastiasb
" Function | rand | _partNo. | izc Adaress

6-axis Motion Sensor TDK (InvenSense) ICM-42670-P 0x68
EEPROM with EUID Microchip 24AA025E64 0x50
Temperature Sensor Microchip MCP9800A5 0x4D
Humidity Sensor Sensirion SHT30-DIS 0x44
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https://invensense.tdk.com/products/motion-tracking/6-axis/icm-42670-p/
https://invensense.tdk.com/products/motion-tracking/6-axis/icm-42670-p/
https://invensense.tdk.com/products/motion-tracking/6-axis/icm-42670-p/
https://invensense.tdk.com/products/motion-tracking/6-axis/icm-42670-p/
https://invensense.tdk.com/products/motion-tracking/6-axis/icm-42670-p/
https://www.microchip.com/en-us/product/24aa025e64
https://www.microchip.com/en-us/product/mcp9800
https://sensirion.com/products/catalog/SHT30-DIS-B
https://sensirion.com/products/catalog/SHT30-DIS-B
https://sensirion.com/products/catalog/SHT30-DIS-B

€ Lab16 Motion Sensor Application

SERCOM-12C
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% Lab16 Motion Sensor Application

* In this Lab, we will use the SERCOM-I2C to communicate with the ICIM-42670-P 6-axis
MEMS Motion Sensor on the APP055 EVB. We will read the gyroscope data (gx, gy, gz)
and accelerometer data (ax, ay, az), and use myprintf via SERCOM-USART to output
the sensor values and display them on Tera Term.

* To make the motion sensor data more engaging, we’ve also added two fun
applications: a Level Bubble and a Balance Ball. These applications use the
accelerometer data (ax, ay, az) to detect the level orientation of the APP055 EVB and
display the results as animations on the OLED via SERCOM-SPI.

* Naturally, these applications make extensive use of the drawing functions provided in
our Graphics Library, as well as some 3D math algorithms. What’s even more
interesting is that these applications were developed with the help of Al. If you're
interested, feel free to explore the code yourself, and combine it with the hardware
capabilities to create even more fun and creative applications.

Let’'sgo !
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%€ Lab16 Motion Sensor Application

Step 1

* Find SERCOM3 component in Device Resources.

* Click on jgg to add the SERCOMS3 module to your Project Resources.

_( Device Resource ]

( | Project Resources ]

Device Resources

& Content Manager

Project Resources | Generate || Import... || Export | | @ || @

» SDHC
¥ SERCOM

71+
7]+

SERCOM3 0

o
71+
71+

» SUPC
 TC

SERCOM

#== SERCOMO
= SERCOMZ
== SERCOMS3

Click [gg M4
= SERCOMB
== SERCOMYT

Fat

¥ Libraries
¥ Harmony

» Packs

¥ Peripherals
» ADC
B EVEYE
» MVMCTRL
» SERCOM

@ = SERCOMI

SERCOM3 ﬂ = SERCOM3
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%€ Lab16 Motion Sensor Application
Step 2

* Configure the SERCOM3-I12C Master.

Conhguration Oplions |

=] [+
= SERCOMZ
5 Select SERCOM Operation Mode | 120 Master 12C Master

E*""TFEIFISfEr' Speed Mode STANDARD AND FART MODE -~ [ STANDARD_AND FAST_MODE |
i*""EFIEIlZﬂE operation in Standby mode []
--5D4 Hold Time 50-100ns hold time
IEC Speed in KHz 100 = (" 100 (200 kHz) |
IEC Trise in nano secands a0 = SADL SDA

: PAD1 SCL
e tEER Achievable 12C Clock Frequency = 114068Hz
: * SERCOM-I2C uses fixed PAD mapping,

. Enable 10-hit '&'ddreggiﬂg |:| no need to configure PAD in the module
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%€ Lab16 Motion Sensor Application

Pin connection of Motion Sensor on APP055

Switch Up
to SERCOM3

SERCOM3 | Pin I2CS|gnaI

PADO PA22
PAD1 PA23 SCL
2
*C|| PA23/SCL(S3.1) o WE452403012014
PA22/SDA(S3.0) ~o——
ob A *12C Address:0x68
*D | PB13/SCL(S4.1) —g
PB12/SDA(S4.0) ° C56
*C SECOM3, 12C 33y 0.TuF 3;3}.?
*D SECOMA, 12C a3V I I I .
Optiond : T 3 .3\" : { CTND
All af 12€ devices caonnected to SERCOM3 ICM-42688
Option2 ; E [ag] L) U1l
ICM-42688 connected to SERCOMA, others to SERCOMZ R63 ICM-42670-P R64
§ 10K a0 § 10K
890"
| nAR 11
5 AP AD0O 5 RESV &
3 ggt RIEST‘,, o JPCO3/ICM INT2(INT3)
PCO2/ICM INTI(INT2) ] 4 | INT1 % - < vop £ L_l 33V
1 Sz E Cs8
GND - 0.1uF :|:
- °H GND
C57 j0.1uF GND
3.3v| —_— = GND
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%€ Lab16 Motion Sensor Application
Step 3

* Pin Settings of the SERCOM3-12C pins.

Pin Settings
Project Graph = | Pinettngs = | Pin Diagram = | Pin Table =
Oder: |Potts 00, Tabls View | [ Basy View
;ﬂuinher Fin ID Custom Mame Funchon tMode Direchion Latch FuollTp  Pull Down  Dirive Strength
ag | PAZ1 Available v| Digittl | High Impedance ~ | Low ] ] | normaL ~
92 ([ PA22 | PAZ2 SERCOM3_PADO | SERCOM3_PAD@ | High Impedance A [] [] MORMAL -
93 (PA23) PA23 SERCOM3_PAD1 | SERCOM3_PAD1 | High Impedance nfa ] [] | MORMAL
94 PAZ4 Available v Digital High Impedance - Lovw [] [] NORMAL
PA22 SERCOM3_PADO
PA23 SERCOM3 PAD1 SCL
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%€ Lab16 Motion Sensor Application

Step 4

* Click on | Generate | button to generate your code after configuration.

1D @ Y

- O X

Projects I Files [sm'm-, rﬂmmhimagtmt [MCC] x]

I _—al

=

P00 - How doI?

MCC v5.5.1

puration Options X =

Project Resources | Generate | Import... || Eport || @ || ©

ystem

v LI-IJFE ries m| Generate Device & Project Configuration
Cortex-M4 Configuration
¥ Harmomny -
b Packs r1ock
Interrupts (NVIC)
3 F'Efipherﬂ's DM& (DMAC)
- WDT

LI L.

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:

Eitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =

nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE‘-PJ.J.LU-II - L LU i e Y

( Generation complete ]J ] Executing generate hook

O I I U IR R O O 0 0 D D 0D 0O 0N N0 O 0 S D0 N0 I 0 D0 0O 0O N0 O N0 O N0 N0 0 N0 0 N0 N0 e

Generation complete (total time: 5396 milliseconds)
Generation complete.

HARMONY: [ python-print 1 preGenerateEvent
HARMONY: [ python-print ] interfaceValidationEvent
HARMONY: [ python-print ] processDataModel
HARMONY: [ python-print ] postFinalProcessing

Device Resources b S}"stem ], l, l
v Libraries i | Output = | Mews Motifications [MCC]
Lipranes A
» = Harmony o # S}I"Stﬂm
A e L7 o I AP
b02_Timer_Polling TC - Dashboard X | Mavigator
= [T Lab02_Timer_Folling 1= 15:17:568.827
i Prrijs;teType'Apphcamn-Cnnf@mmn default 15 . 1? . SB . 843
G FIC3ICH10255G 41133 15:17:58.244
ﬁ Checksnm: Blank, no code loaded

ER CRC32: 0x8946CTED 15:17:56.844

9| bk [y
& PIC32CK-5G41_DEP (15140 15:17:56.844
& CMEE A0 15:17:51.274

1" Compiler Toolchain

T EC32 (44 40) [C Program File#bicrochiphus 324 40tin] 15:17:51.274

1 Production Image: Optimization: gec O1 g+ 01 N .
o Device support informstion: PIC32CE-$G41_DFP (1.5.140) 15:17:51.274

Memory - -
Dats 270,536 (42000 bvtes 15:17:51.274

0%

Program 1,

7 Detn Used: 116 (15¢74) Free: 270,220 (Dt 1FAC)

048,576 (D31 00000) bites
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SERCOM-I2C Master

Interface Functions

« SERCOM3_I2C_Initialize
 SERCOM3_I2C_TransferSetup

« SERCOM3_I12C_CallbackRegister
« SERCOM3 _12C_Read
 SERCOM3_I2C_Write
 SERCOM3_I2C_WriteRead

* SERCOM3_I2C_BusScan
 SERCOM3_I2C_InterruptHandler
* SERCOM3_I2C_ErrorGet

* SERCOM3_I12C_IsBusy

« SERCOM3_I2C_TransferAbort

: Initializes instance SERCOMS3 operating in 12C mode.

: Configures 12C clock speed and timing parameters for SERCOM3.

: Registers a callback function for SERCOM3 12C transfer completion or error.

: Performs 12C read operation from the specified slave address using SERCOMS3.
: Performs 12C write operation to the specified slave address using SERCOM3.

: Performs a combined write followed by read operation using SERCOM3.

: Scans 12C bus between specified addresses and lists active slave devices.

: Handles 12C interrupt events including transfer progress and error handling.

: Returns the last error status encountered during 12C operations on SERCOMS3.
: Checks if the SERCOM3 12C module is currently performing a transfer.

: Aborts the ongoing 12C transfer and resets the 12C module to an idle state.
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SERCOM-I2C Master

The interface functions we will use in this Lab

bool SERCOM3_12C_Write( uintl6_t address, uint8_t* wrData, uint32_t wrLength )

* Description:

* This function initiates an 12C write operation using the SERCOM3 12C module. The specified number of bytes from the write buffer are transmitted to the
given slave address.

bool SERCOM3_12C_WriteRead( uint16_t address, uint8_t* wrData, uint32_t wrLength, uint8_t* rdData, uint32_t rdLength )
* Description:

* This function initiates a combined 12C write followed by a read operation on the SERCOM3 12C module. It first writes the specified number of bytes to the
slave, then reads data back from the same slave without releasing the bus.

* Parameters:
° address :7-bit 12C slave address.

* wrData :Pointer to the buffer containing the data to be written.
* wrlLength : Number of bytes to be written.
* rdData : Pointer to the buffer to store received data.

* rdLength : Number of bytes to read.

* Example:
uint8_t txdata[3] = {0x01, 0x02, 0x03};
uint8_t rxData[2];
SERCOM3_I12C_Write(0x50, txData, 3);
while (SERCOMS3_12C_IsBusy()) {}
SERCOM3_12C_WriteRead(0x50, txData, 1, rxData, 2);
while (SERCOM3_12C_IsBusy()) {}
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SERCOM-I2C Master

The interface functions we will use in this Lab

void SERCOMS3_12C_CallbackRegister( SERCOM_I2C_CALLBACK callback, uintptr_t contextHandle )
* Description:

* This function registers a callback handler to be called upon transfer completion or error in SERCOM3 12C operations. The context handle will be passed back
during callback execution.

* Parameters:

* callback : Pointer to the function to be called when transfer completes or an error occurs.
* contextHandle : Application-defined context data passed into the callback.
* Example:

void i2cCallback( uintptr_t context )
{ //Handle completion

}
SERCOM3_I2C_CallbackRegister(i2cCallback, 0);

bool SERCOM3_I12C_IsBusy( void )

Description:

* This function returns the current busy status of the SERCOM3 12C module. It can be used to check whether a transfer is in progress.
* Return Value:

* true :Transferis ongoing or the bus is not idle.

* false: 12C module is idle and ready for a new operation.
* Example:

if ( ISERCOM3_12C_IsBusy() )

{ // Start new transfer

}
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%€ Lab16 Motion Sensor Application

Step 5

* Copy all pre-developed files in \Labs\Resource\Lab16 MotionSens SERCOM I2C\

to the project folder \[Your Project]\src\
* Main Function . main.c 2 To backup your original main.c if you want to keep it before replace j

* Motion Application : MotionApp.c  MotionApp.h
* 3D Math Library :  Math3D.c Math3D.h

> Labs > Resources > Lab16_MotionSens_SERCOM_I2C > > [Your Project] > src >
» Labs * BResources » Lab16_MotionSens SERCOM_[2C 3 >  Lab16_MotionSens SERCOM_I2C > src >
| @@ | | 1 O e e s config c| Delay.h c| GraphicLib.h c| Math3D.c c| MotionApp.h
| SR lc] Mathab.c © A c] MotionApp | packs c| GraphicApp.c c] LCM.c c| Math3D.h | myprintf.c
| G Rlc Math3Dh | c| Alphabet_Fonts.h c| GraphicApp.h c| LCM.h c| Microchip_Logo.h c| myprintf.h
c| Delay.c c| GraphicLib.c ‘ €| main.c ‘ c| MotionApp.c

Select All

-0

-0
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%€ Lab16 Motion Sensor Application

Step 6

* In MPLAB X IDE, add new Source Files (*.c) under \[Your Project]\src\ to your project.

TS DT E

mﬁhd31|ﬁh5 |H&mumeMamme

-- Header Files

= Lable_MotionSens SERCOM_I2C

Nl Source Files

B Right click
[+ Loananes |

-- rmnrtant File ’
i
: New

New Logical Folder
Add Existing ltem... J I

Add Existing Item... Fols
Find...

Cut

Copy

Paste {

Remove From Project
Rename..

Properties

—_

ﬁ Select ltem

Ha(D:

heaks

X

> [Your Project] > src >

_ src
config B myprinti.c
packs
Delay.
S De ay-e Store path as:
B GraphicApp.c O Aut
LT
B Graphiclib.c B
B L CMc ’ 0 Relative
B main.c Select all new .c files () Absolute
Math3D.c
ath3D.c ) Copy

g Math3D.c
vlotionApp.c % MotionApp.c

B EATE):

"W ath3D " "Motiondpp.c”

Select

1B FEHT(T):

C Source Files (.5 .c .i .m)

C Source Files (.S .c.i.m)
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%€ Lab16 Motion Sensor Application

Step 7

* In MPLAB X IDE, add new Header Files (*.h) under \[Your Project]\src\ to your project.

ﬁﬁﬁ%'—b%"?%

—_

ﬁ Select ltem

Ha(D:

. . Header Files

E Right Click "'E‘b
] Linker ples

-- moice F *

- [[F Libraries

G- [ Loadables
————————

New
New Logical Folder
Add Existing Item..

Add Existing Item...
Find...
Cut

Copy
Paste

Remove From Project
Rename..

Fole

e I FRifEEE

F@

=

heaks

X

> [Your Project] > src >

8 5rc
config = MotionApp.h
packs B myprintf.h

Bl Alphabet_Fonts.h

B Delay.h

B GraphicApp.h

Bl GraphicLib.h

B LcMh

= Math3D.h

B Microchip_Logo.h

Select all new .h files

Math3D.h
MotionApp.h

Store path as:
() Auto

O Relative
i) Absolute

(] Copy

= LE(N): | "Math3D k" "Motiondpp h”

1B FEHT(T):

Header Files (.H .SUNWCCh .h .hpp .hsot .tcc (inc .INC)

M Header Files (.H .SUNWCCh .h .hpp .hxx ,tcc ,inc ,INC....)
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%€ Lab16 Motion Sensor Application
Step 8

* In MPLAB X IDE, check below files been added to your project.

Propcls = | Fikes SErVICes

= ﬁ Lablt MotionSens SERCOM [2C . . Linker Files
| Header F’@ E} . Header Files | Source F”j E} . wonrce Files
N P E’l Alphabet_Fontzh - . config
. . config ------ 3 Delayc
...... IE Dielax h .I'IEE'-] GrraphicApp.c
------ E’l GraphicApp.h -'FE"] GrraphicLib .o
------ -1 GraphicLib h :
...... IE LMk
...... I'I:EI Math2D h
------ |F|_j| Microchip_Logoh
...... IEI Motiondpp h
...... I'lzl_i-] yyprint h
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%€ Lab16 Motion Sensor Application

ICM-42670P Initialize and Read Sensor Data

ICM-42670P initialize:

* 12C Slave address is 0x68.

* Write Software Reset "0x10" to register SIGNAL_PATH_RESET "0x02".

* Write follow Read the register WHO_AM | "0x75" to check the ID is equal to "0x67" or not.

* Write "Ox0C" to register GYRO_CONFIGO "0x20" and write "0x0C" to register ACCEL_CONFIGO "0x21" to config the
full-scale range and output data rate of Gyro and Accelerometer.

* Write "OxOF" to register PWR_MGMTO "Ox1F" to enable both Gyro and Accelerometer in low noise mode.

ICM-42670P could read Data Ready status by read the Interrupt Status Register:

* Write follow Read the register INT_STATUS_DRDY "0x39" to get the Data Ready interrupt flag status.

ICM-42670P check Data Ready status in SERCOM3-12C Callback function:

* Check “Bit O : DATA_RDY_INT" of Interrupt Status Register to make sure sensor data prepared for read.

ICM-42670P Accelerometer and Gyro Data Read:

* Write follow Read the registers ACCEL DATA and GYRO _DATA as below to get AX, AY, AZ and GX, GY, GZ, data.

address 0x0B 0x0C 0x0D OxOE OxOF 0x10 address 0Ox11 0x12 0x13 0x14 0x15 0x16

ICM-42670P Data Output:
* Qutput ax, ay, az and gx, gy, gz data as format : "Accel = (*ax, fay, Taz)" and "Gyro = (fgx, tgy, tgz)"
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% Lab16 Motion Sensor Application
Step 9

* Open main.c, declare global variables and define SERCOM-I2C callback function.

#include "GraphicLib.h"
#include "GraphicApp.h"
#include "Microchip Logo.h"
// TODO 16.01

#include "MotionApp.h"

volatile uint8 t ADCl IsCompleted 0;

volatile int8 t ADC1 ChannelIdx = 0;

uint8 t Duty = 50;

;r/lt87t DutyDistance = 2; address 0x0B 0x0C 0x0D 0OxO0E OxOF 0x10
TODO 16.02

$define ICH2670F ADDRESS  0x68

uint8_t ICM42670P WriteData[2]; address 0Ox11 0x12 0x13 0x14 0x15 0x16

uint8 = ICM42670P .  ReadData[l];
volatile uint8 e 12C3 _IsDataReady = 0;
uint8_t Ax1sOutReg Accel[6] = { 0x0B, 0x0C, Ox0OD, OxOE, 0xOF, 0x10 };
uint8 _t AxisOutReg Gyro[6] = { O0x11l, 0x12, 0x13, 0x14, 0x15, 0x16 };
uint8 _t AxisOutByte Accel([6];

u1nt8_t AxisOutByte Gyro[6];

short ax, ay, az, gx, gy, gz,

void I2C3_TransferCallback( uintptr_ t contextHandle )

{
if ( ICM42670P_ReadData[0] & Ox1 )

{
I2C3_IsDataReady = 1;

}
@ MICROCHIP



% Lab16 Motion Sensor Application
Step 10

* The initialization step for the motion sensor we described on the previous page.

// TODO 16.02

}

// TODO 16.03

void MotionSensorInit( void )

{
ICM42670P_WriteData[0] = 0x02;
ICM42670P_WriteData[l] = 0x10;
SERCOM3_I2C_Write( ICM42670P_ADDRESS, ICM42670P_WriteData, 2 );
myprintf( "Q@1l,8;ICM42670P Software Reset Completed" );
ICM42670P_WriteData[0] = 0x75;
SERCOM3_I2C WriteRead( ICM42670P_ADDRESS, ICM42670P_WriteData, 1, ICM42670P_ReadData, 1 );
while( SERCOM3_I2C IsBusy() )
myprintf( "@1,9;ICM42670P WHO AM I : O0x3%X", ICM42670P_ReadData[O0]);
ICM42670P_WriteData[0] = 0x20;
ICM42670P_WriteData[l] = 0x0C;
SERCOM3_I2C_Write( ICM42670P_ADDRESS, ICM42670P_WriteData, 2 );
ICM42670P_WriteData[0] = 0x21;
ICM42670P_WriteData[l] = 0x0C;
SERCOM3_I2C_Write( ICM42670P_ADDRESS, ICM42670P_WriteData, 2 );
ICM42670P_WriteData[0] = Ox1F;
ICM42670P_WriteData[l] = OxOF;
SERCOM3_I2C_Write( ICM42670P_ADDRESS, ICM42670P_WriteData, 2 );
myprintf( "Q@1l,10;ICM42670P Initial Completed" ) ;
SERCOM3_I2C_CallbackRegister( I2C3_ TransferCallback, 0 );

}

// TODO 16.04
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% Lab16 Motion Sensor Application
Step 11

* Send Data Ready status request and read sensor data to ax, ay, az, gx, gy, gz variables.

// TODO 16.03
}

// TODO 16.04
void MotionSensorCheckDataReady( void )
{
ICM42670P_WriteData[0] = 0x39;
SERCOM3_I2C WriteRead( ICM42670P_ADDRESS, ICM42670P_WriteData, 1, ICM42670P_ReadData, 1 );

}

// TODO 16.05 _ address O0xO0B  OxO0C O0xOD  OxOE OxOF 0x10
P
for( int i=0 ; i<6 ; i++ ) address  0x11 0x12 0x13 0x14 0x15 0x16

{
SERCOM3 I2C WriteRead( ICM42670P_ADDRESS, &AxisOutReg Accel[i], 1, &AxisOutByte Accel[i], 1 );

while ( SERCOM3_I2C IsBusy() );
SERCOM3 I2C WriteRead( ICM42670P_ADDRESS, &AxisOutReg Gyro[i], 1, &AxisOutByte Gyro[i], 1 );
while ( SERCOM3_I2C IsBusy() );

}

ax = (short) (AxisOutByte Accel[0]<<8|AxisOutByte Accel[1l]);
ay = (short) (AxisOutByte Accel[2]<<8|AxisOutByte Accel[3]);
az = (short) (AxisOutByte Accel[4]<<8|AxisOutByte Accel[5]);
gx = (short) (AxisOutByte Gyro[0]<<8|AxisOutByte Gyro[l]);
gy = (short) (AxisOutByte Gyro[2]<<8|AxisOutByte Gyro[3]);
gz = (short) (AxisOutByte Gyro[4]<<8|AxisOutByte Gyro[5]);

}

// TODO 16.06
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% Lab16 Motion Sensor Application
Step 12

* BT1 to switch between four Applications and BT2 to Zero Calibration.

// TODO 16.05

// TODO 16.06

void MotionSensorGUI( void )

{
static uint8_t ToggleGUI = O;
bool Reset =false;

if( 'BT1_Get() )

{
while( !'BT1 _Get() ){} // Button debounce
ToggleGUI=(ToggleGUI+1) %4;

if ( 'BT2_Get() )

{ To uses the TC2 count as the random number for ax & a
while( !'BT2 _Get() ) {} // Button debounce f y
if ( ToggleGUI==2 ) ax=ay=TC2_ TimerlébitCounterGet () %2048; * The TC2 to be used as the tick base of Delay function
else Reset=true;

}

switch( ToggleGUI )
{

case 0: DrawLevelBubble ( ax, ay, Reset, LAYER GRAPHIC ); break;
case 1: DrawBalanceBall ( ax, ay, Reset, LAYER GRAPHIC ); break;
case 2: DrawRotationCube( ax, ay, Reset, LAYER GRAPHIC ); break;
case 3: ViewRotationCube( ax, ay, az, gx, gy, gz, Reset, LAYER GRAPHIC ); break;;

}
GPL_ScreenUpdate() ;
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% Lab16 Motion Sensor Application
Step 13

» Sensor initialize before Splash Screen and request a “Check Data Ready” in TC1 (40ms).

int main ( void )
{ ...
TCCl PWMStart();

// TODO 16.07
MotionSensorInit() ;

while ( true )

{

if (TCl_HasExpired)

{
TCl HasExpired = 0;
LED2 Toggle();

Duty += DutyDistance;
if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;

if (Duty >= 100)
TCCl PWM24bitDutySet (3, TCCl PWM24bitPeriodGet () + 1);
else
TCCl PWM24bitDutySet (3, ((uint32 t) Duty * TCCl PWM24bitPeriodGet()) / 100);

// TODO 16.08
MotionSensorCheckDataReady() ;
}

@ MICROCHIP



% Lab16 Motion Sensor Application
Step 14

* Output Sensor data and execute Application if software flag been set by Data Ready.

while ( true )

{

1f( ADCO IsCompleted )

ADCO IsCompleted = 0;
myprintf ( "@1l,2;VR1 Value : %4d", ADCO Result );

if ( ADC1 IsCompleted )

ADC1 IsCompleted = 0;
myprintf ( "@1, 3;Temperature Value : %4d", ADCl Result[0] );
myprintf ( "@1l,4;Lightness Value : %4d", ADCl Result[1l] );

// TODO 16.09
if ( I2C3_IsDataReady )

{

MotionSensorRead() ;

(3+5d, %+5d, %+5d)", ax, ay, az );
(3+5d, %+5d, %+5d)", gx, gy, gz );

myprintf( "Q@1l,6;Accel
myprintf( "@1,7;Gyro

MotionSensorGUI () ;

I2C3_IsDataReady = O0;
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%€ Lab16 Motion Sensor Application

Step 15

* Click on icon Tﬁ\ to Clean and Build Project and then to Program code to EVB.

B4 MPLAB X IDE B = <
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help bt |
i sy =l A E 3 0 " - - - . 7
1 2 € y it i @ @ PC: 05 How doT
Projects Fikes Services Resour IMCC) = = | | Kit Window x| Start Page = | ProjectCraph = |E‘|mc x| b DL Confipuration Oplions x =
MCC v5.5.1 | C:\Bsercises 2025 Suanas_Elite\Lab02_Tiner_Folling,_TClseclueia

- : : (== I
=1 E 3
— B [t SR TR R A TR E
. —@ Clean and Build Project m Make and Program Device

Project Resources

¥ Libraries

¥ Harmaony

oo Microchip Technology Inc. ¥ DMA (DMAC)
- WDT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
T TELH Kits % Curiosity/Starter Kits (PKOB4) x  Scripting x  MPLAB® Code Configurator x  Labl4_OLED_Graphic SERCOM_SPI x
e Tl o Dt = BT e e &0 UEI L= DL LN T B LY I B BT ULIIJ.'..I AL & NS LU Ll '\J\LJL-ELL-EAE -Illl..ll WSS — 8w AADE 3 s =amn
I i o g T ' i summat|  "C:WProgram Files‘\Microchipixc32hw4.48\bin"\\xc32-bin2hex dist/default/production/Lab16_Motio
g | T Pioket ype: Aoyl Configntion st This| make[2]: Leaving directory ‘C:/Exercises/Lab16_MotionSens_SERCOM_I2C/Lab16_MotionSens_SERCOM_I2C.X’
= \‘) FICHCEI0258041125 :
ﬁ Checkenm: N4 . .
: e: .J/..\srchconfighdefault\PIC32CK18255G41128.1d
9. g £ e b ( BUILD SUCESSFUL } g

o5 PICZICH-3G41_DEF (1.5.140)
&5 CHELE (540
Compiler Toolchain
1 HCAZ (w4.40) [C\Program Filesiicrochiplor 324 401bin]
1 Production Image: Optimization: gec O1 g+ 01
1" Device support information: FIC32CE-3041_DFF (1.5.140)
Temory
Diata 270,336 (DA 20000 bortes
0%
mm Data Used: 116 (0x74) Free: 270,220 (I IF2C)
Program 1,048,576 (0100000} bies

“C:\Program

BAke[2]: Leaving; BUILD SUCCESSFUL (total time: 1s)

Info: Losding fi| LOading code from C:/Exercises/Lab16_MotionSens_SERCOM_I2C/Lab16_MotionSens_SERCOM_I2C.X/dist/default/produ
Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip

BUILD SUCCESSFUL . -

Loading code from Loading completed

Program loaded wi:
Loading completed

Checking for exdernal changes 4 60:21 s
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% Lab16 Motion Sensor Application

Result (Tera Term)

VI COM7 - Tera Term VT

File Edit Setup Caontrol Window Help
Hello World!!
VR1 Value : 2480
Temperature Value : 956
Lightness Value : 1466
Received Data : m

Accel = ( -22, -13, +2061) " y s
Gyro = (9, 14,  -5) d e g 2L T
ICMA2670P Software Reset Completed D — : ;
ICM42670P WHO AM I : Ox67
ICM42670P Initial Completed
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€ Lab16 Motion Sensor Application

Result (Application on OLED)

AN

P
gy ——

Level Bubble . _ay
Rolling Dice

- VOD = GNU ‘

B—

;

|

Zero Calibration
Random dice roll|

=——————————

\
)
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Appendix :
Motion Application

MotionApp
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Motion Application

Static Functions

e _AlignFaceToUp : Returns a rotation matrix to rotates the object face up.

e _EstimateYawFromMatrix : Computes the yaw angle based on the rotation matrix.

* _GetTopFacelndex : Return the index (0~5) of the dice face currently facing up (+2)
e _ClearzBuffer : Clears the Z-buffer by setting all values to infinity.

e _IsFaceVisible : Checks if polygonal face of a 3D object is facing towards.

* _CubeFaceUpRotation : Smoothly aligns the cube’s rotation for current top face points upward.
 UpdateObjectRotation : Updates object rotation using XY velocity as axis.

* _UpdateCameraRotation : Updates camera's rotation matrix using Accel & Gyro input.

e _GravityObject : Simulates gravity-driven object using accelerometer input.
 _DrawlatitudeLine : Draws a latitude circle on the ball.

* _DrawlongitudeLine : Draws a longitude circle on the ball.

* _DrawBallLatLonLines : Rotates ball and draws equator + 2 meridians.

* _FillTriangleZBuffer : Fill a triangle into the Z-buffer only (no color drawing)

e _DrawlLineWithZBuffer : Draw a line with per-pixel Z-buffer depth testing.

e DrawDiceDotsOnFace3D : Draw dice dots on a cube face using Z-buffered.

 DrawCube : Draw 3D cube with hidden line removal using Z-buffer.
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Motion Application

Interface Functions

void DrawlLevelBubble( short ax, short ay, bool reset, uint8_t layer )
* Description:
* Draws a horizontal bubble level simulation with centering force based on g-sensor ax, ay input.

void DrawBalanceBall( short ax, short ay, bool reset, uint8_t layer)
* Description:
* Draws a vertically reactive ball with bounce physics based on g-sensor ax, ay input.

* Parameter:

* ax, ay :Accelerometer readings for tilt direction.

* reset :If true, resets ball position and velocity.

* layer :Graphic layer to draw the ball and reference lines.
* Example:

* DrawlLevelBubble(64, 32, false, LAYER_GRAPHIC);

* DrawBalanceBall(100, 50, true, LAYER _ GRAPHIC);
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Motion Application

Interface Functions

void DrawRotationCube( short ax, short ay, bool reset, uint8_t layer )
* Description:
* Draws a rotation cube with bounce physics based on g-sensor ax, ay input.

void ViewRotationCube(short ax, short ay, short az, short gx, short gy, short gz, bool reset, uint8 _t layer)
* Description:
* View a 3D cube with six faces and rotation based on accelerometer ax, ay, az and gyroscope gx, gy, gz input.

* Parameter:
° ax, ay, az : Accelerometer readings for tilt direction.
> gx, gy, gz : Gyroscope readings for roll/pitch/yaw direction.

* reset . If true, resets ball position and velocity.
* layer : Graphic layer to draw the ball and reference lines.
* Example:

* DrawRotationCube(64, 32, false, LAYER_GRAPHIC);
* ViewRotationCube(0, 0, 0, true, LAYER_ GRAPHIC);
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