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PIC32CX-SG EVB
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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
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Getting Started with First Project

Try to create your first project to use MPLAB X IDE and MCC.
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Getting Started with 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 ?
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Getting Started with 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 -

[ startPage x|

IDE

S—

MPLAB
X IDE
" 5

Double Click!

X

PROJECTS

® Open Sample

® Create New

® Import Legacy
® Import Prebuilt

Getting Started

Users Guide &
Release Notes

MPLAB X IDE
v6.25

&/

Getting Started
with MPLAB Code
Configurator

Getting Started
with MPLAB X IDE

&

Getting Started
with MPLAB Mindi
Analog Simulator

Getting Started
‘with MPLAB Harmony

~ Show On Startup

PC: 00| - Howdo T2 (93}

< »\E]@
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LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

LEARN & DISCOVER

Tutorials Community

MPLAB X IDE
Developer Help

» All Forums
» MPLAB X IDE Forum

» MPLAB Harmony Forum
Features of

» MPLAB Code
MPLAB X IDE

Configurator Forum

» MPLAB Mindi Analog
Simulator Forum
Online Videos

© 20102025 Microchip Technology Tnc. Al rights reserved.

@ MICROCHIP



Getting Started with 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

il &5

'_\':I-—I B B

[
= =

Click!

MPLA

|:-:-:| M

|}

[Q- search (cti+D)
o4}

PROJECTS

® Open Sample

® Create New

# Import Legacy
® Import Prebuilt

Getting Started

=]

Users Guide &
Release Notes

Getting Started
with MPLAB Code
Configurator

Getting Started
with MPLAB Harmony

OO
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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

vMIcCRO &

© 20102025 Microchip Technology Inc. All rights reserved,
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Getting Started with First Project

Step 3

* Categories
* Projects

ﬂ Mew Project

Steps

: Microchip Embedded
: Application Project(s)

‘ Choose Project

1. Choose Project
.

Q Filter: ||

Categories:

I@ Microchip Embedded
-EJ Other Embedded
@ Generic

Microchip Embedded

Application Project(s)

Description:

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

Next >

< Back Mext = ’ Finish Cancel

Help
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Getting Started with First Project

Step 4

* Family
* Device

* Tool

: All Familes

: PIC32CX10255G41128

: APPO55 v1.10 R1 - ARM Cortex M4F PIC32CX SG Family ... or No Tool

a New Project

Steps

*

Choose Project

Select Device

Select Header

Select Plugin Board
Select Compiler

Select Project Name and
Folder

{Optional) Add Project

= o SRR

All Families
PIC32CX10255G41128

APPDS5v1.10 R1 - ARM Cortex M4F ...

Click!

s

~|| key in: PIC32CX10255G41128

[ Show All

\

Select

APP055v1.10R1 ...
or

No Tool

Add Another Project
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Getting Started with First Project
Step 5

Assign Compiler Toolchains
* XC32 : XC32 (v4.60)]...]

B4 New Project *

Steps Select Compiler

1. Choose Project
2. Select Device CpmpilerTooIchains

g
q
2 g
8

Next >

Add Another Project Mext = i Finish Cancel Help

@ MICROCHIP



Getting Started with First Project
Step 6

Configure the Project Location and Project Folder Name.

* Project Name :PCM_Audio Playback QIR Ll d I qlelilX g Le110

* Project Location: C:\Exercises\PCM Audio_Playback

B4 New Project X

Stey Select Project Na nd Folde .

== s - * Check the path of Projects Folder.

1. Choose Project

g- g:g E::;:r Project Name: PCM_Audio_Playback [ key in: PCM_Audio_Playback ]

4. Select Plugin Board ) . ] ) ) - . - -

5. Select Compiler Project Location: C:\Exercises\PCM_Audio_Playback [ key in: C: \EXEI’CISES \ PCM_A Udlo_ Playback ]

6. Select Project Name and . - - -

Folder Project Folder: C:\Exercises\PCM_Audio_Playback\PCM_Au
7. (Optional) Add Project Overwrite existing project.

[ Auto generated (Projects Folder) : C:\Exercises\PCM_Audio_PIayback\PCM_Audio_Playback.X]

Also delete sources,

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
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Getting Started with 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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Getting Started with 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

i CE Y R H a— -

How do 17 93]

P ERERGL ODey 200

g Lab0o_newPraject_MCC
93 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)
Y License: Workstation - PRO - HPA:7240 day(s) - Press for Status
(& 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

Projects | Files | Resource Mea x| ol || StrtPage x| ProjectGraph x| EnClEe i ions x|
MCCv5.5.2 x ‘lj REERE 4 ‘Plugms: [ V] Profies: |Main w| view: [Root M|
Project Resources | Generste || Impart.. || Export E
¥ Libraries NVMCTRL CMSIS Pack

Peripheral Library 5
T Device Family Pack (DFP)
¥ System
@ = system
Device Resources ‘ (% Content Manager
¥ Libraries
» & Harmony
Lab00_NewProject_MCC - Dashboard x| Navigator =

fications [MCC] = | Hews |

Category Source Type: | ALL - Description

No content in table
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Getting Started with First Project

Step 9

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

(5 Data 270,336 {1x42000) bortes

{5 Dat Used: 116 (0374) Free: 270,220 (D41 FAC)
£ (55 Program 1,042,576 [1100000) bytee "

:h1.274

¥4 MPLAB X IDE - ] X
File Edit View Navigate Source Refacte - - = |Q- Search (CtHI)
RS S D@ o | Files | Services | Resource Management [MCC] x | = |
Files Services —] uration Oplions XI =
Project Resources | Generate || Impaort... | Export | 0 || @ t
ysrtenm
v LI-IJFE ries -Device & Project Configuration
-Cortex-M4 Configuration
¥ Harmomny -
b Packs  Clock
- Interrupts (NVIC)
» Peripherals DM (DMAC)
-WDT
Device Resources b S}I’StE m
¥ Libraries o - S}I"Stﬂm UUlPUl XI NI:W& r MJIJI-HAILHM EM{:(.‘] l
> = Harmony Eitt x  Curjosity/Starter Kits (PKOB4) = Scripting x = MPLAB® Code Configurator =
e oy - ; < . o AJ e AP U LN W . nr '\IJJ.U '\IJJ.LJ.LLAJ.ULJJE"I‘J.J.LU-II SUCLCLT DD .
%J'Zén:abg;gm?}omb‘;gd et e 15:17:58.827 INFD:{ Generation complete ]J ] Executing generate hook
) é;:JEPI’)‘Zj:EETWe'APPE‘:Bﬁ”“'CD“f@mﬁ”“‘Mﬁ“h 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)
@ ---g,CheCksum:Blank,mcodeloaded 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
@ -EB CRC32: +A946C7ED 15:17:58.844 INFO:
_j";;:c};czzcx-seu_ml)(l's'm) 15:17:58.544 INFO: Generation complete.
—3--‘:1 A 15:17:51.274 INFO: HARMOMY: [ python-print 1 preGenerateEvent
- ¥C32 (94.40) [CAPiogram Flssbicrochipues 324 401bin] :17:51. : : on-prin interfaceValidationEven
i : Puogua Filsd 15:17:51.274 INFO: HARMONY pyth print interf ValidationE t
e s oy 75 L5140 15:17:51.274 INFO: HARMONY: [ python-print ] processDataModel
= @ Memory 15:17:51.274 INFO: HARMONY: [ python-print ] postFinalProcessing
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MPLAB X IDE Interface

* Project window.

Projects XI Files r Resource Management [MCC] l =
=[5 PCM_Audio_Playback

-- 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.)

[ Pcm_Audio_Piayback | navigator | =
7] g Lab0o_MewProject_Mi

93 Project Type: .
@l % Click!
= G PIC320X10255G41;
E - @ 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 Unlimited BP (SM): No Support

Dashboard x | Navigator |

PR E DS

g PCM_Audio_Playback
----- g Project Type: Application - Configuration: default
EI Device
@ PIC32CK10255G41128
-- 4 Checksum: Blank, no code loaded
~EH CRC32: Hex file unavailable
=gl Packs
g PIC32CX-5G41_DFP (1.5.140)
gl CMSIS (5.4.0)
E—:Irﬁ" Compiler Toolchain
EE" ¥C32 (v4.60) [C:'Program Files\Microchipixc3 24, 60%bin]
LE' Production Image: Optimization: goc O1g++ 01
LE' Device support information: PIC32CK-5G41_DFP (1.5.140)
LE' License: Workstation - PRO - HPA: 7240 day(s) - Press for Status
I:—:Iﬁ Memary
ﬁ IUsage Symbols disabled. Click to enable Load Symbaols.
- [ Data 270,336 (0x42000) bytes
- [id Program 1,048,575 (0x100000) bytes
- [l Stack Usage Guidance
¥4 Debug Tool
-9 :None (VID, PID)

[=-#lF Debug Resources

I:l Program BP Used: 0 Free: 0

--E Data BP: No Support

I:l Data Capture BP: Mo Support

‘. Unlimited BP (5/W): No Support

m
i}
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MPLAB X IDE Interface

* Source code and Output window.

StartPage x| ProjectGraph x |']man

[ ¥I(=)[@) | configuration options x|

Souwce | Hstory | [ - &1 -]

#include
#include
#include
#include

-3}

INFO: HARMONY: [ MEC

INFO: Generacion complete.
[ python-print
python-print

l
[ python-print
[ python-print

INFO: Generation complete (total time:

T —

<s\PIC32CH10255G41128_DFP\instance\usk.h Success.
©s\PIC32C¥10255641123_DFP\instance\wds h Success .
52CK10255G41128_DFP\pic32cxl0255g41128.h Success.
INFO: ...PIC32CH10255G41128_DFF\pic\pic32cxl0255g41128.h Success.

Executing generate hook

THEG: A4 bk kdhdd b bk kb kb Ak b KAk bk kA kb kA bk kb Ak b KAk bk dd

4723 millissconds)

prefensrateEvent
interfaceValidationEvent
processDatalodel
postFinalProcessing
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Project Properties

* Click

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

#-(2) PCM_Audio_Playback
5 d

jects x| Files | Resource Management [MCC] |

Important Files
Linker Files
&+ Source Fies

config

e

[} pin_configurations. csv

(& Libraries
(& Loadables

Lab00_NewProject_MCC - Dashboard x| Navigator

(=]
@
=

B
@

73 PCM_Audio_Playback

93 Project Type: Application - Configuration: default
3 Device
G PIC320X10255G41128
- 8 Checksum: Blank, no code loaded
CRC32: Hex file unavaiable
& Pads
- 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

Build
Projects x Files | Resource Managem  Clean and Build o
=1 (&) PCM_Audio_Playback | Clean
] -- Header Files Batch Build...
" Important Files % Set Configuration
-- Linker Files New
E} Source Files Add
- config . -
' nght Click! Show Code Coverage Summary
: - [ pin_configurations, csv Versioning
ﬁ‘ Libraries History
ﬁ‘ Loadables —
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Properties
OR
Dashboard x[ Mavigator l o

74 PCM_Audio_Playback

----- ‘-_’a Project Type: Application - Configuration; default
| Click!

g PLC32CK 10255641128

- 4 Chedksum: Blank, no code loaded

‘- ER CRC32: Hex file unavailable

-l Padks

-l PIC32CX-5G41_DFP (1.5.140)

.l CMSIS (5.4.0)

|'_—‘|DE;' Compiler Toolchain

D{? Production Image: Optimization: goc O1g++ 01
o

- f xC32 (v4.60) [C:\Program Files\Microchip Yxc32\v4.60\bin]
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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 !

@ MICROCHIP



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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Getting Started with First Project
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

= System Microchip Technology Inc. -DMA (DMAC)
(- WDOT
Device Resources (% Content Manager - i
+ Lbraries File B[ Ouput x| Mews | Notifications [MCC] |
P e mall| Kite x Curiosity/Starter Kits (PKOB4) = Scripting x =~ MPLAB® Code Configurator *  PCM_Audio_Playback =

e Tl o Dt = BT 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 =
' A T polg e : = Summat|  "C:\Program Files‘\Microchipi\xc32\w4.48\bin"\\xc32-bin2hex dist/default/production/PCM_Audio
g | [ 18 Dot Type: Appleation - Configumion: deful Thif| make[2]: Leaving directory ‘C:/Exercises/PCM_Audio_Playback/PCM_Audio_Playback.X

= \‘) PIC32CHEI02580341128 :
ﬁ Checkenm: N4 . .

: e: /.. \srchconfighdefault\PIC32CX18255G41128.1d
?.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

B . - . * Please confirm BUILD SUCCESSFUL appear !
make[2]: Leaving (| | BUILD SUCCESSFUL (total tTime: 1s5) | *IfBUILD FAILED appears, please recheck the modified code.
Info: Losding fiy| LoOading code from C:/Exercises/ PCM_Audio_Playback/PCM_Audio_Playback.X
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

ﬁ\ MICROCHIP



Getting Started with First Project

Hint - Tool not found

* |f 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- 022 -B-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 v1.10R1 ...
Cancel

v

| B3 Tool not found x .

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:

| Cancel
Paad Click!

Output | News | Noifications [MCC] |

, / Program loaded with pack,PIC32CX-5G41 DFP,1.5.148,Microchip
| APPO55 v1.10 R1 - ARM Cortex M4F PIC32CK SG Family EVB-SM: CAED24380740 ~ [:]ShowAII I LUading cDmPlEtEd

Eitt =  Curjosity/Starter Kits (PKOB4) = Scripling = = MPLAB® Code Configurator *  PCM_Audio_Playback x
e W1 UEI Qe 1 LATD LrLCl el IJ.I..I WAL JEL WS LU AL H,.ﬁ.LJL-ELL- cAT -IIII..II WL — LWL UE 3 L L2 =
"C:\Program Files\Microchipixc32h\wd . 48\bin"\\xc32-binZhex dist/default/production/PCM_Audio
make[2]: Leaving directory ‘C:/Exercises/PCM_Audio_Playback/PCM_Audio_Playback.X

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

BUILD SUCCESSFUL (total time: 1s)
Loading code from C:/Exercises/ PCM_Audio_Playback/PCM_Audio_Playback.X
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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 ]
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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
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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
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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
CIock 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'atIOFI ¥ Harmony g PADZ Available «| Digtal High Impedance PDOD
g v & Peripherals 10 PAD3 Available «| Digital | HighImpedance :\),’Sg
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 uramr 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 2|l=zlals 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: "
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

G\ MICROCHIP



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 Conﬁgura{: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 :
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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PCM Audio
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PCM Audio

Pulse Code Modulation (PCM):
A method of taking an analog sound wave (continuous) and converting it into a series of digital numbers
(discrete samples). It’s the most common way to digitally represent analog audio signals.
* How it works:
* The analog signal is sampled at regular time intervals (e.g., 44.1 kHz = 44,100 samples per second, used in CDs).

* Each sample’s amplitude is quantized to the nearest digital value (e.g., 16-bit depth - 65,536 possible levels).
* These numbers are stored or transmitted as a sequence of binary values.

* Types of PCM:

* Linear PCM (LPCM): The amplitude values are stored directly. This is the most common form (used in WAV, AIFF, CD audio).
* Compressed PCM (like p-law, A-law): Used in telephony, applies a logarithmic scale to reduce data size.

AAnang Signal
* Where you encounter PCM audio:
* Audio CDs - 44.1 kHz, 16-bit, stereo LPCM. .
* WAV and AIFF files (uncompressed PCM). ] >
* Inside formats like MP3 or AAC - the compressed stream is decoded back to PCM before playback. Sampling
* HDMI, SPDIF digital audio streams carry PCM as a baseline format.

* PCM audio is just the raw digital form of sound waves, before any compression (like MP3, AAC, etc.).
A5\ MicrocHIP



PCM Audio Storage Consumption

Assumptions: Record 10 seconds of mono audio
Samples = Sample rate x 10 s
Size (Padded to 16-bit) = Samples x 2 bytes (Minimum buffer size to store 10-bit or 12-bits raw data)

Sample rate (Hz) Samples  Size (kB) Common label Typical uses
8,000 80,000 160 Telephony / Narrowband speech PSTN/VolIP speech, IVR, G.711 p-law/A-law
11,025 110,250 220.5 Lo-fi music (legacy) Early multimedia, small web audio, down sampled CD
12,000 120,000 240 Speech / Low-rate music (codec-friendly) | AAC/Opus profiles, speech, low-bandwidth streams
16,000 160,000 320 Wideband speech Modern VolIP, conferencing, ASR (speech recognition), podcasts
22,050 220,500 441 Lo-fi music (half-CD) Web audio, mobile apps, sound effects (music-centric)
24,000 240,000 480 Speech/music (streaming profiles) Streaming codecs (AAC/Opus), VR/AR voice, compact music beds
32,000 320,000 640 Broadcast/Video (mid-band) DVB/ATSC audio, FM broadcast chains, mini DV, voice/music mix
44,100 441,000 882 CD music standard Music distribution (WAV/AIFF), consumer playback, CD audio
48,000 480,000 960 Video/Pro standard Film/TV, DAW sessions for video, HDMI/SPDIF PCM baseline
96,000 960,000 1,920 Hi-res audio Studio recording/mixing, archival, post-production

SAMD21G18A (APP045) has 256K Byte Flash with 10bits DAC
PIC32CX10255G41128 (APP055) has 1024K Bytes Flash with 12 bits DAC
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Buzzer
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Buzzer

* The AATC AC-1205D-LF is an electromagnetic (EM) buzzer designed for audio signaling
applications. It operates at a frequency of 2.4 kHz, delivering a sound pressure level of
85 dBA at a distance of 10 cm. This buzzer is suitable for use in stable environments
where a clear audio indication is required.

* Key Specifications:

* Frequency: 2.4 kHz
* Sound Pressure Level: 85 dBA at 10 cm

Operating Voltage: 5 VAC

Current Consumption: 150 mA

Mounting Style: Through-hole

Dimensions: 12 mm (diameter) x 10 mm (height)
* Termination Style: Pin

* This buzzer is designed to be externally driven, meaning it requires an external
oscillator or signal source to produce sound. It is commonly used in applications such
as alarms, timers, and other devices where audible alerts are necessary.
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Is 8K PCM Audio Suitable for Use in a Buzzer? -

 The AC-1205D buzzer works best at 2.4 kHz,
while PCM audio at 8 kHz sample rate means
the system can capture frequencies up to 4
kHz (Nyquist theorem).

* Since 2.4 kHz < 4 kHz, the buzzer’s tone can be
fully represented in 8 kHz PCM audio.

* 2.4 kHz is near the mid-high range of the 0-4  ae ramncy pssane, sy 8 e 25,000
kHz band.

Tr:28C1741AS or Equivalent
25C2120
25D471
HEB8050

Vee< 015V

* Human ears are very sensitive around 2—-4 kHz, A
so the buzzer sounds sharp and clear. - A fl } /}f \

* PCM 8 kHz is also used in telephony (300- ’° MM _;f\ U e \ ] \
3400 Hz), which easily covers the buzzer’s ) AT s )
tone. usessten

* In short: The 2.4 kHz buzzer sound fits
perfectly into 8 kHz PCM audio and can be
recorded or transmitted clearly.
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DAC (Digital to Analog Converter)
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Digital-to-Analog Converter (DAC) - SAMD21

* One channel analog output, 10-bits resolution. Up to 350ksps.

* Multiple trigger sources, High-drive capabilities and DMA support.

* Output can be used as input to the Analog Comparator (AC) or Analog-to-Digital
Converter (ADC).

DATABUF ,
—.\.—> Internal input

‘ —> ADC Input

DATA H DAC10 > — vout
T . VREFA
DAC Controller VDDANA
Ref.voltage (VREF)
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Digital-to-Analog Converter (DAC) - PIC32CX-SG

* Two independent analog outputs, or single differential output.
* 12-bits resolution. Up to 1 Msps. Hardware support for 16-bits with dithering.

* Multiple trigger sources, high-drive capability and DMA support.
* DACO output can also be used as an internal input.

Internal input

DACO P vouTo

DAC Controller B VREFA
<4—AVDD

DATABUF1 <+— Ref.voltage (vreF)

@ DAC1 D vouT1
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Direct Memory Access Controller (DMAC)
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Direct Memory Access Controller (DMAC)

» Data transfer types: Peripheral<speripheral, Peripheral>memory, Memory<«speripheral, Memory<>memory.
* Transfer trigger sources: Software, Events from Event System, Dedicated peripheral requests.
 SRAM-based transfer descriptors: Single-transfer descriptor; multi-buffer / circular buffer by linking descriptors.
* Channel count & per-channel handling:

* Pultiple independent channels with automatic descriptor fetch, suspend/resume per channel.

* SAMD21 up to 12 channels and PIC32CX-SG up to 32 channels.
* Flexible arbitration: 4 configurable priority levels per channel; fixed or round-robin within each level.
 Single block transfer size: 1 to 256 KB.
* Addressing modes: Static and configurable increment schemes.
* Optional interrupt generation: On block complete, on error, on channel suspend.
* Event inputs:

* Per-channel event inputs selectable to trigger normal/periodic/conditional transfers or to suspend/resume
channels.

* SAMD21 has 4 event inputs (for 4 LSB channels) and PIC32CX-SG has 8 event inputs (for 8 LSB channels)
* Event outputs: Per-channel event outputs selectable on AHB / block / transaction complete.
* Error management: Write-back memory section per channel to store ongoing descriptor transfer state.
* CRC support: Software-selectable CRC polynomial (CRC-16 / CRC-32).

 DMA features: High throughput, hardware-assisted transfers and close CPU offload.
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Transfer Types

* Beat transfer

* Size of data length for one of DMAC transfer.

* 8-bits, 16-bits or 32-bits

e Burst transfer
* n Beat transfer at same time, Burst is “atomic” transfer.

* SAM MO+ families not support.

e Block transfer

* Amount of beat can be transfer at one transfer descriptor.
* Max. number is 216 * beat => 64K * 4 Bytes = 256K Bytes

* Transaction

* DMAC can only use one or link several transfer descriptors.
* A transaction is complete transfer of all blocks. (one or all link)

Link Enabled

A

A

Link Enabled

Link Enabled

| |

{
Y
|

|1

L]
Beat f}ansfer

! ]
T
Burst transfer

Block }?ansfer

DMA rrgﬁsactfon
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Transfer Descriptor

* The “Transfer Descriptor” use to describe that which data and how many
data be transfer when DMAC be triggered.

* Channel Transfer Descriptor include below: TransfceI:aS::clﬁptor
* Operation mode
BTCTRL
* Beat size, Block Address increment
* Interrupt action, Event out action
* Block Size SRCADDR
* Data from and to
* Amount of beat to be transfer
* Where is next Transfer Descriptor

BTCNT

DSTADDR

DESCADDR
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Block diagram of Transaction

DMAC Registers Trigger Source Trigger Action
Software Block Transfer
CHCTRLB Event :|~ { Beat Transfer
Peripherals Transaction
Destination
lBeat Size o 5
(8/16/32-bit) oo ..3
A £ S
Step Size & 3 Fv v
Increment T Step Size &
A DMA j> Increment
N Beats e t
(Block Transfer Count) ContrOIIer OOU
s v
DMAC Registers - SRAM
BTCTRL
BTCNT
SRCADDR
DSTADDR
DESCADDR

Channel Transfer Descriptor :
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DMAC Transfer Example

MCU Core

Trigger
Sources

Destination
Peripheral
Peripheral

SRAM Buffer[0]

(7))

)

c

T T
>

Ll

13—

L Q|

o o 7

5 00 8\ e
£ @ mow

A —

[

PAi
o
S
() ———
3
&
3 e

Source
[ |
ADC_RES

©
-
(<))
=
Q.
=
(<))
(=15

SRAM Buffer[1]

SRAM éllffer[n ]

Viemory

Channel 0
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Event System (EVSYS)
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Event System

* The Event System (EVSYS) allows autonomous, low-latency and configurable
communication between peripherals.

* Role:
* Peripherals that respond to events are called event users.
* Peripherals that generate events are called event generators.

* A peripheral can have one or more event generators and can have one or more event
users, also.

 Communication is made without CPU intervention and without consuming system
resources such as bus or RAM bandwidth. This reduces the load on the CPU and other
system resources, compared to a traditional interrupt-based system.
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Event System

e Common Features

* Peripherals can be event generators, event users,
or both.

* SleepWalking and interrupt for operation in sleep
modes.

» Software event generation.

* SAMD21

* 12 configurable event channels
* 74 event generators & 29 event users

* PIC32CX-SG
* 32 configurable event channels
* 119 event generators & 67 event users

* Optional Static or
Round-Robin interrupt priority arbitration
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Event System Connection Example

MCU Core

Event System Controller

| Event User

AC

PORT

TCC i e E— ——— ADC

EIC

RTC

DIVIAC

CCL

Channel 0 1 2 3 4 5 6 7 8 9 10 .. N
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PCM Audio Playback

Using TC, Event System, DAC, and DMAC
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PCM Audio Playback Using TC, Event System, DAC, and DMAC

The TC is configured to the PCM sample rate period and generates an event.

The Event System triggers a DAC conversion.

A DAC buffer-empty condition triggers a DMAC transfer.

The DMAC transfers data from the PCM data buffer (with incremented source address).
The DMAC writes the data to the DAC_DATABUF register (with fixed destination address).
The DAC outputs the conversion result to the Buzzer.

The sequence then repeats, waiting for the TC to generate the next event.

A

e A . DAC
v ~ F' 4 F 4
PCM Converter J
Microphone /’ DMAC y i
> — ——> DAC_DATABUF ——
Text to Speech DMA Trigger Source
. S DAC_EMPTY
WAV Files
N\ ~ > )
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PCM Audio Playback Using TC, Event System, DAC, and DMAC

Event Generator

C

TC_OVF

MCU Core

Event System Controller

Event User

PORT

DAC_START

Channel 0 1 2 3 4 5 6 7 8 9 10 .. N

DMAC
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PCM Audio Playback Using TC, Event System, DAC, and DMAC

Trigger
Sources

Peripheral

Peripheral

PCM Data Buffer[0]

PCM Data Buffer[1]

PCM Data Buffer[n]

Viemory

MCU Core

Software

DAC_EMPTY

Tr

igger

I] Peripherals Iu Events |

DMA

Channel 0 1

Fixed Addressing

-~ @ @ &l

8 9 10 .. N

Destination

DAC_DATABUF
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PCM Converter

Fantasy Application to Generate the PCM Audio Data For Embedded
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PCM Converter

“ﬁ\ PCMW Converter — e
Enter text for speech synthesis: il

Language Toggle ]
Rate: [200 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

Use the current Windows default microphone to record:

Length| 1 sec Sample Rate| 22000 Hz  Start Recording | Open WA"-Jl Testl Convert to Arrayl

Qutput WAV Filename (Array Name}| wav Scale/0.53  DAC Bits[12_+]
Header Filename, TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) |

Help comtent will appesr here
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PCM Converter - TTS (Text to Speech)

‘ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 ﬂ
Rate: 200 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array ‘

Use the current Windows default microphone to record:

Length| 1 sec Sample Rate| 22000 Hz  Start Recording | Open WA"-Jl Testl Convert to Arrayl

Qutput WAV Filename (Array Name}| wav Scale/0.53  DAC Bits[12_+]
Header Filename, TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) |

Help comtent will appesr here
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PCM Converter - TTS (Text to Speech)

‘ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to convert the Text to PCM andio for embedded swstem.

Rate: 400 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

rrent Windows defau 1o record:

Length| 1 sec Sample Rate| 22000 Hz  Start Recording | Open WA"-Jl Testl Convert to Arrayl

Qutput WAV Filename (Array Name}| wav Scale/0.53  DAC Bits[12_+]
Header Filename, TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) |

Azt speech mie between 1 - 500 chas fnin, Tone will not change, Diefaolt i 200,

Hint message will display here
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PCM Converter - TTS (Text to Speech)

‘ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: 400 WPM  Volume: | 1.0 Test TTS CcnvertTe:{ttUWAV&ﬁ.rray‘

Use the current Windows default microphone to re Out put to Data Array

Data Array Name
Length| 1 sec Sample Rate |_ (Also to be the output wav filename) *V | Test | Convert to Array |

Qutput WAV Filename (Array Name) wav Scale/0.53  DAC Bits[12 +]
Header Filename TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) |

The Data Array will output to warsfnin, Tone will not change, Default is 200,

this C Header File
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PCM Converter — Audio Recording

‘ﬁ\ FCIW Converter

— s
Enter text for speech synthesis: o3 | il

Rate: m WPM  Volume: H Audio Recording E | Convert Text to WAV & Array |

-

N

Use the current Windows default microphone to record:

T

Llength| 1 sec Sample Rate| 22000 Hz  Start Recording | Open WAV‘ Test‘ Convert to Array‘
/

Qutput WAV Filename (Array Name}|

Header Filename, TTS Voice .h

wav Scale|0.53  DAC Bits[12_~ |

Convert All WAV Files (TTS Voice.h will be overwritten) |

Help comtent will appesr here
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PCM Converter — Audio Recording

‘Eﬁ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: 400 WPM  Volume: | 1.0 Test TTS | Convert Text to WAV & Array |
Use the current Windows default microphone to record:
” Waveform output window )
Recording Length and Sample Rate Start Recording Button to Test Recorded Voice
Length| 1 sec Sample Rate| 22000 Hz‘ Start Recording | Open WAY | Test | Convert to Array

Qutput WAV Filename (Array Name}| RecordVoice .wav Scale|0.53  DAC Bits[12_ |

Header Filename| TTS Voice . h will be overwritten) |

Must given a Data Array Name
pa (Also to be the output wav filename)
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PCM Converter — Audio Recording

“ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: 400 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

Use the current Windows default microphone to record:

Length| 1 sec Sample Rate| 22000 Hz  Start Recording | Open WA"-Jl Testl Convert to ArrayJ

Output WAV Filename (Array Name) RecordVoice .wav Scale |0.53 Out put to Data Array

Header Filename| TTS Voice . h will be overwritten) |

Must given a Data Array Name
pa (Also to be the output wav filename)
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PCM Converter — Audio Recording

“ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: 400 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

Use the current Windows default microphone to record:

WAY file Length and Sample Rate Open an exist WAV file

Length| 3.0 sec Sample Rate| 22050 Hz  Start Recarding | Open WAV‘ Testl Convert to Arrayl

Qutput WAV Filename (Array Name) OpenWavfile .wav Scale|0.53  DAC Bits[12_~]

Header Filename| TTS_Voice .h' 7he Filename of opened WAV file ice.h will be overwritten) |
Flaying recorded andic, .
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PCM Converter — Convert Output

‘ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: [100 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

Use the current Windows default microphone to record:

I
Length|11.2 sec Sample Rate 22050 Convert Output Open WAV | Test | Convert to Array |

Qutput WAV Filename (Array Name) ArrayName .wav Scale 0.53  DAC Bits[12 |
Header Filename| TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) |

Flaying recorded andic, .
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PCM Converter — Convert Output

Enter text for speech synthesis:

“ﬁ\ FCIW Converter -

x| 7]

ot

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Rate: [100 WPM  Volume: | 1.0 Test TTS Convert Text to WAV & Array |

Use the current Windows default microphone to record:

Data Array Name Data scale factor

Length|11.2 sec Sz (Also to be the output wav filename) | | O  (Amplitude) ~ °NV MCU DAC bits select

Qutput WAV Filename (Array Name) ArrayName .wav Scale 0.53  DAC Bits

12 |v

10

Header Filename TTS Voice .h Convert All WAV Files (TTS_Voice.h will be overwrigg |
The Data Array will output to mversion, SAMD21 = 10 kits, PIC32CH = 12 bits
this C Header File
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PCM Converter — Convert Output

‘ﬁ\ PCMW Converter — e
Enter text for speech synthesis: o3 | il

Hello, This 15 an application to conwvert the Text to PCM aundio for embedded swstem.

Convert All WAV Files

Rate: [100 WPM Volume; | ArayName.wav TS Convert Text to WAV & Array |
OpenWavfile wav
Use the curre| ?Eg?ﬂ:;ﬁ'te'wa“ hone to record:
TEST1.wav
Convert All
Cancel
Length|11.2 sec Sample Rate| 22050 ... i cicicny I Open WA"-Jl Testl Convert to Arrayl

Qutput WAV Filename (Array Name}| ArrayName .wav Scale 0.53  DAC Bits[12_ |
Header Filename TTS Voice .h Convert All WAV Files (TTS Voice.h will be overwritten) ’

Test playback completed, Youcannow - Convert all WAV file in folder
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The MCC Configuration

Fantasy Application to Generate the PCM Audio Data For Embedded
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The MCC Configuration

* Add TC and DAC modules to project.

%4 MPLAB X IDE v6.25 - PCM_Audio_Playback : default
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

PHES DE T W b N M - N

Propcts | Files | Services | Resourc Management [+ x| 1 |[ Kit Window x | StertPage x | Project Graph x |

MCC v5.5.2 % |E RO RE4$ |*Iil* |P1ugjm:

Project Resou... | Gener.. || impo.. | Ex. | @@

¥ Libraries NVMCTREL Device Family Pack (DFP)
- Harmcuny Paripheral Library CMSIS Pack

¥ Packs MEMORY
@ = CMSISPack
§ = Device Family Pack (DFF)
¥ Peripherals
v [DAC
@ = DAC
v EVSYS
@ = evsvs
v NVMCTRL
@ = nNvMCTRL
v TC
@ = 10
¥ System
o = Cystemn
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The MCC Configuration

TC

PCM Data Buffer

i®

Event System

&

DAC A

[ Event User Source )

N\ (

—3

DMAC

o

DAC_START

A

[D

MA Trigger Source
DAC_EMPTY

a

DAC_DATABUF

J

Buzzer

E-TCO

- Counter Made

- Saelect Prescaler
—*®EEETIimer resolution is 16.6666666667 nS****
E- Operating Mode Compare -
Ié}"CD

- aveform Mode
—Counter Direction UP Conunt
-~ Compare 0Walue (Period)

- FEEF alaveform Period is 125.0 us *¥*+*

- Inwert Cutput Wio[1] ]
-Enable Period Interrupt ]
-Enable Compare Match O Interrupt [
-Enahble Compare Match 1 Interrupt [

= Events

-~ Enahble Compare Period Overflow Event
-Enable Compare Match 0 Output Event []

Counter in 16-bit mode -

Prescaler: GCLE_TC e

~Prescaler and Counter Synchronization  Reload or reset the counter on ng

Match frequency

7,409 =

S
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The MCC Configuration

TC

Event Generator ]

TC_OVF |

J

~

PCM Data Buffer

~

Event System

N\ (

® |®

—3

DMAC

[D

MA Trigger Source
DAC_EMPTY

a

J

@

—

®

DAC

——p DAC_DATABUF m——>

EH-DAC

- Select DAC Cutput Mode
- Reference Selection far DACO/1 | Analog supply
EH-Enable DAC CHAMMEL O
EI DAC CHAMMEL O Configuration
~Conversion speed
- DAL Data register Adjustment |RIGHT-ADIUSTED -
- Run in Standhby

- Enahle Dithering

Single-Ended Output -

100kSPE

[
[

~CHAMMNEL O Event Configuration
%----Enahle Data Buffer Empty Event ]
Start Conversion on event detection
§~----Irwert Start Conversion Event ]
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The MCC Configuration

MCC x] Pin Diagram xl Fin Table x| Pin Settings =
Order: | Po IRY Table view (B Easy View
Pin Piri ID Custom Mame Function Mode
Mumber
1 PAOD | Available v| Digital
2 PAD1 Digital
PADZ DAC_VOUTD  ~ Analog
~ 10 PAD3 Available e Digital
TC DAC
@ - ~ @ 21 PAD4 Available v Digital
Event Generator ] r Event Svstem 22 FADS Available e Digital
TC_OVF | y I . —
23 PADS Available e Digital
_J . J
s N s D
DMAC a
PCM Data Buffer b ——> DAC_DATABUF =—> CONG
[DMA Trigger Source Ext.Speaker svsw} BS20 ab 1
’ DAC_EMPTY - TSW
_El ——{s5vsw 5
™  JUMPER(short J2.1-2) BZ1
BZ-AC-1205D
R65 Q11
1K FDN337N
—j ) en
J2
SC-03
GND an Buzzer
PA02/VOUTO
PA15/PWM(TC3.1/TCC1.3/TCC2.1) @ 13
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The MCC Configuration

TC

Event Generator
TC_OVF

@

=

J\_I_‘

~

PCM Data Buffer

@

DMAC

DMA Trigger Source
DAC_EMPTY

s

DAC

Event User Source |

DAC_START

\ 4

@),

3

DAC_DATABUF

Buzzer

Event Configurator

Channel Configuration

Channel Number Event Generator Event User Remove
Status Ready Channel
Channel 0 TCO_OVF v o ® o
Green Light
Add Channel
User Configuration
Remove
User Channel Number
User
DAC START 0 W CHANNMNEL O ﬁf
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The MCC Configuration

TC

Event Generator ]

TC_OVF |

J

J

® |®

&)

é DAC )

Event User Source

Event System

N O
J

DMAC

PCM Data Buffer

@ -

DAC_START

DMA Trigger Source
DAC_EMPTY

A
;QJ—/

1@

DAC_DATABUF

\ 4

Buzzer

DA Configuration

Use Linked List Mode

Active Channels List

Channel Number

DMAC Channel 0

Trigger

DAC_EMPTYD

Add Channel Remove Selected Channel

Enable Interrupt

Trigger Action

Cme==Nddress Mode

Beat Size

Burst Length

FIFO Threshold

Destination Address Mode

DMA Channel 0 Settings

One Beat Transfer per DMA Request

Increment Address After Every Transfer

Fixed Address Mode

16-bit bus transfer

SINGLE

TBEAT
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Application Implement
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Application Implement

#ifndef TTS VOICE_H :
#define TTS VOICE H TSS_Voice.h

// Welcome - Sample Length: 25431 samples, Sample Rate: 8000Hz

const uintl6é t Welcome[25431] = {

0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D, 0x043D,
0x0401, 0x0404, 0x040A, 0x0412, 0x041B, 0x0425, 0x042E, 0x0437, 0x043F, 0x0445, 0x0449, 0x044B, 0x044C, 0x044cC,
0x044A, 0x0448, 0x0445, 0x0442, 0x043F, 0x043D, 0x043B, 0x043A, 0x043A, 0x043B, 0x043B, 0x043D, 0x043E, 0x043F,
0x0442, 0x0449, 0x0451, 0x045B, 0x0467, 0x0475, 0x0480, 0x0489, 0x0491, 0x0495, 0x0496, 0x0493, 0x048E, 0x0485,
0x0479, 0x046B, 0x045B, 0x044B, 0x043B, 0x042D, 0x041F, 0x0415, 0x040D, 0x0407, 0x0405, 0x0406, 0x0409, 0xO040E,
0x0416, 0x041E, 0x0427, 0x042F, 0x0438, 0x043E, 0x0444, 0x0448, 0x044B, 0x044C, 0x044C, 0x044A, 0x0448, 0x0445,
0x0441, 0x043E, 0x043B, 0x0439, 0x0437, 0x0437, 0x0437, 0x0438, 0x0439, 0x043B, 0x043E, 0x0445, 0x044C, 0x0454,
0x045C, 0x0464, 0x046A, 0x0470, 0x0476, 0x0478, 0x0478, 0x0475, 0x0472, 0x046B, 0x0464, 0x045B, 0x0452, 0x0447,
0x043E, 0x0435, 0x042E, 0x0427, 0x0422, 0x041E, 0x041D, 0x041D, 0x041E, 0x0420, 0x0424, 0x0427, 0x042C, 0x042F,
0x0433, 0x0436, 0x0439, 0x043B, 0x043C, 0x043D, 0x043D, 0x043D, 0x043D, 0x043C, 0x043C, 0x043C, 0x043B, 0x043B,
0x043B, 0x043B, 0x043C, 0x043C, 0x043D, 0x043E, 0x043F, 0x0442, 0x0448, 0x044D, 0x0452, 0x0456, 0x045B, 0x045F,
0x0463, 0x0467, 0x0467, 0x0467, 0x0465, 0x0463, 0x0460, 0x045B, 0x0456, 0x044F, 0x0449, 0x0443, O0x043E, 0x0438,
0x0434, 0x042F, 0x042C, 0x0429, 0x0428, 0x0428, 0x0428, 0x0428, 0x042A, 0x042D, 0x0430, 0x0433, 0x0437, 0x043a,
0x043D, 0x0441, 0x0444, 0x0446, 0x0449, 0x044A, 0x044C, 0x044C, 0x044D, 0x044C, 0x044B, 0x0449, 0x0449, 0x044e6,
0x0444, 0x0442, 0x0440, 0x043D, 0x043E, 0x0440, 0x0441, 0x0441, 0x0443, 0x0444, 0x0447, 0x044A, 0x044C, 0x044c,
0x044D, Ox044E, 0x044F, 0x0450, 0x044F, 0x044D, 0x044C, 0x044B, 0x044A, 0x0448, 0x0446, 0x0443, 0x0441, 0x043F,
0x043F, 0x043C, 0x043B, 0x0439, 0x0439, 0x0438, 0x0438, 0x0438, 0x0438, 0x0438, 0x0439, 0x0439, 0x043A, 0x043B,

};// End of Welcome

#define NUM VOICE 1

typedef struct {
uint32 t length;
const uintl6é_t *data;

} TTS_VOICE;

TTS_VOICE TTS_Voice[NUM VOICE] = {
{ 25431, Welcome }

};

#endif // TTS_VOICE H
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Application Implement

#include
#include
#include
#include
#include

volatile
volatile
volatile
volatile

uint8 t PCM Voice = 0;
uint32 t DMA BlockSize
u1nt32_t DMA_BlockNums
uint32_t DMA BlockIndx

<stddef.h> // Defines NULL
<stdbool.h> // Defines true

<stdlib.h> // Defines EXIT FAILURE
"definitions.h" // SYS function prototypes
"TTS Voice.h"

nnn-
o
~ N~

void DMACO_CompleteCallback (DMAC TRANSFER EVENT event, uintptr_ t contextHandle)

{

if ( event==DMAC TRANSFER EVENT COMPLETE )

{

if ( DMA BlockIndx < DMA BlockNums )

{

}

else

uintlé_t *srcAddr;
size_t blockSize;

DMA BlockIndx++;
blockSize = (TTS_Voice[PCM Voice].length*2)- (DMA BlockIndx*DMA BlockSize) ;
if ( blockSize>DMA BlockSize ) blockSize = DMA Block81ze,

srcAddr = (u1nt16_t *) (((uint8_t *)TTS_V01ce[PCM;V01ce] data)+ (DMA BlockIndx*DMA BlockSize)) ;

// Continue remain TSS Wave data

DMAC ChannelTransfer( DMAC CHANNEL O, // channel
(const void *) srcAddr, // srcAddr
(const void *) &(DAC_REGS—>DAC_DATABUF), // destAddr
blockSize // blockSize (n Bytes)
) ;

// Event System Channel 0 User Disable (DAC_VOUTO)
EVSYS UserDisable(61U) ;
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Application Implement

int main ( void )
{
SYS Initialize ( NULL );

// Register DMAC Complete callback to continue next block transfer
DMAC_ChannelCallbackRegister ( DMAC CHANNEL 0, DMACO_ CompleteCallback, 0 );

// Start TC timer
TCO_CompareStart() ;

// Given the DMA block size
#if O

DMA BlockSize = (64*1024*2); // DMA support maximum 64K beats per block = 64K x l6bits(beat size) = 128K Bytes
#telse

// The plib_damc has a bug to convert blocksize to 16bit before divided,

// We use maximum 64Kbyte (16bits) as maximum block size for workaround but not modify bug in plib_damc

DMA BlockSize = (64*1024)-1;
#endif —

// Calculate number of blocks (maximum block size)

DMA BlockIndx = 0;

DMA BlockNums = (TTS_Voice[PCM_Voice].length*2)/DMA_BlockSize;
if ( DMA BlockNums==0 )

// Block size less than maximum block size
DMA BlockSize = (TTS Voice[PCM Voice].length*2);
}

// Start DMA Transfer
DMAC_ ChannelTransfer ( DMAC_ CHANNEL O, // channel
(const void *) TTS Voice[PCM Voice].data, // srcAddr
(const void *) & (DAC_REGS->DAC DATABUF), // destAddr
DMA BlockSize // blockSize (n Bytes)
)

while ( true )

{
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The bug of DMAC_ChannelTransfer () in plib_dmac

bool DMAC ChannelTransfer ( DMAC CHANNEL channel, const void *srcAddr, const void *destAddr, size t blockSize )

{ plib_dmac.c
uint8 t beat size = 0U;
bool returnStatus = false;
bool isBusy = dmacChannelObj[channel].isBusy;
const uint32 t* pu32srcAddr = (const uint32 t*)srcAddr;

const uint32 t* pu32dstAddr = (const uint32 t*)destAddr;
if (((DMAC REGS->CHANNEL[channel] .DMAC CHINTFLAG & (DMAC CHINTENCLR TCMPL Msk | DMAC CHINTENCLR TERR Msk)) != 0U) || (!isBusy) )
{

/* Clear the transfer complete flag */

DMAC_REGS—>CHANNEL[Channel].DMAC_CHINTFLAG = DMAC_CHINTENCLR_TCMPL_MSk | DMAC_CHINTENCLR_TERR_MSk;

dmacChannelObj[channel] .isBusy = true;

/*Calculate the beat size and then set the BTCNT value */

beat_size = (uint8_t)((dmaCDeSCReg—>DMAC_BTCTRL & DMAC_BTCTRL_BEATSIZE_Msk) >> DMAC_BTCTRL_BEATSIZE_POS);
/* Set Block Transfer Count */
dmacDescReg->DMAC BTCNT = ((uintlé t)blockSize / ((uintlé t)1U << beat size));
/* Enable the channel */
DMAC_REGS—>CHANNEL[Channel].DMAC_CHCTRLA | = DMAC_CHCTRLA_ENABLE_MSK;
/* Verify if Trigger source is Software Trigger */
if ((((DMAC_REGS—>CHANNEL[Channel].DMAC_CHCTRLA & DMAC_CHCTRLA_TRIGSRC_MSk) >> DMAC_CHCTRLA_TRIGSRC_POS) == 0x00U)
& & (((DMAC_REGS—>CHANNEL[Channel].DMAC_CHEVCTRL & DMAC_CHEVCTRL_EVIE_MSK)) = DMAC_CHEVCTRL_EVIE_MSk))
{
/* Trigger the DMA transfer */
DMAC REGS->DMAC SWTRIGCTRL | = ((uint32_t)lU << channel) ;
}
returnStatus = true;

}

return returnStatus;

@ MICROCHIP



Microchip Trademarks

https://www.microchip.com/en-us/about/legal-information/microchip-trademarks

Clocktiorks® conl Usenly
CodeGuard™ sacurny

devekpment Mrary, devce, famil, .

lorary

Crypionuthentication’

Crypmutemothe™ devskopment bt securky €. echnology
ypinCompanian” e
F i soktion, TPM, twusted platdarm madula

erypagraptu: seaumty C, K

Cryprans* tevice transponder
asbic® DC. dighalsigrl comoller
u p ’c o
dspcoi™ emonraton b, vl
ASPICOEM ™ board
Dyamic Averaged Matching™ (DAM™) & ¢
Eon™ scion, chnelogy
presse TIS™ evie
EtnersREEN™ [ ——
Ehersyncn® tamiy, plslarm techne ooty
cable compensation
. prc usen

her couneres

cantrollor, sensing. technalogy

device, G

famby. regulator
soyper Spesd Comrol® architecuse, famiy s enly

Fypertight Load™ mado us oaly

5F™) prowa
sl MOSFET-beidgs vec

A Programening”

. rectar

card, dermar

ation bosrd

tevice tamiy, FPGA

saifer tachnology

Motas *Always chick mith the Lagal Depariment or the most currens irademarks.

O

= e b, g soon, o
rteligens Poraleing™ iechnciogy

wliaos Tamiy. e stage famdy vs only
ctar.Chip Connectiy™ oty

snertiocker™ ananusts, tsmiy

iogy

Jukebles® regetered werd mark weh . ¥TAEe (S ROt regitered: this s  praphic
een raatmant wiEh the regrtared ward

juke

pecanec, secuney IC, technology

techneiegy

SKLEER =

device Famiy, 4 kncks designes,
pasiton wazard, saksan, technology.

sredword markwitna | MMAER S nat repitared:this s 1 raphi
wamEnt wieh the word mark.

Knob-an-Desplay™ KeD™)

touch contraler, usar erface, widgst
exngurance

Ubers® design e desgnes, IDE, SoC design U ey
st softw

eabie diagnozis, diagnosics engine,
famby, technology

signal enegriy testing

comtroler-ased encrypio

maksiyhs® sotion

maxioucn® famiy, stucbo, technology, touchsereen
conrler

masen™ v, Storage mansger, tock

Modials* bus, controtier, devics

i davice, ACU, microcontrollar

memBran™ mewromerphic memory produst
product. S0k technciogy

Please 0 10L use 1S o s use
the Microchip name ad logo.

*Aways chack aith

@ Logal Depariment fax the most curens rademarks,

MICROCHIP

Mkrasemi®
sind™

™

MOST

motorbench®
Mpas”
e

mpLAB"

MPLAB’

Microsemi logo

analog simudstor, analog simuatar tocl

appaca h, network,
stocol, software, stack, wireles

basrd, cooperation, design, device,
avaluation kit NetServices, network.
platiorm, product. speciication, system,

deveiopment suite S only

enbier

devke pecduct

Names: 4 Edge, Analog Desigrer,
Anaysis Tocl Sulte, Code Configurato,

Discaver, Extensions, Harmony, Mind ™,
Network Creator, PICKE™, Programmar
rogrammer-to-Ga Mobile App

MELAB” Centfied logo

CERTIFIED

U™

Note:

MPLINK™

s
mTouch®

MubTRAK"™

NetDetsch™

Imevstient Cote Gener

Optolyaer®

rPIC=

Abmays check with the Legal Departr

106y

Iorarian, object ibearian

Bevekpmant Wt evalution KL [Drary, U 6nly
semsing sulution, salution, technclogy

U, microcantreder

FIce lego

PICGY

PICDEM™
PICDEM.pec™

Pick™

p—

PICSTART®

Polarfire®
Powsrsmart™

Precisian Edge”
Prassic”
Prausic Pus”
Prochip Designar®
Puresiicea™

QMav’

QTouch®

Quier wire”

[

demansirat

Internet/Ether straton board

dabuygger dovslopmant tuel, iv-ireuit

debugger, an-bosrd, programme
starter I, ool

eveiopment programmer

bard, daugher board

device fanily, SPGA, Kl SoL, Systen
nhip

essgrer, development sult,
eontrst liraey

famby. product famiy us oaly
architscure, board, famiy, PGa, e USealy
anchivecure, dece, oy, FPGA, switch US ey

asclator, technology

s, composer, configurater, devce,
bevelogmert plaifarm, Rbrary, projert
b, sensar, schution, technology,
ool

et

techy

d EMI technology, army

s chetk with the Legal Department far the most currene trademarks,

ol Blocker™

AEALCE™

Sereniy®

Serial ud V0™ 1501

o Sorage Technokgr”
impiataxe™

Smplr™

Smaruffer™

smanfusion”

—

SMART4S,™
seppc”

ss7

AMicrochip

s

storCl
Superflash®
Superswnher 1™
Swechtse ™
Symemcem®

Symenstricom”

Smchwopy™

atsanuatar, famiy of lioar rogulaters,
produrt e, techrnology

applot, applicasion, hast [ sysiem
programenes, ISP, morstor, saltware

prochce s
iy, Fah devce,procus

spanorly
devk, iy, product

valuation KL FPGA, 0L, Systam-on- U oaly
g

e saltware, 1D

compile
tachnaicgy

Acronym for Sikon Siorage Technology

55T logo

deuice, kit, macro, mamary, tschnology

b

regulatcr, famdy, reguloe

famiy

iy, product e, switch,

China only

davice famiy, produsct

Mot *Always check with the Legal Depariment or the most current trademarks.

Symcorid®
The Embecited Control Spaions
campany”

Timeprander®

e
ol rdurance™
TorARC™
g™

unvo®

<ack

VariSense™

T
orPrr™

viewspan™

wipertock™

Xpressconnact™

sccaystam program, teming us caly

cler family, patfoem, procluct
#

US oaly; shewkl e iakcs

primary frequency reference, product  US only
plattorm, systen us oaly

T —— us caly
synchraniation managemens sy-

MU, micracoenreiier

cantrollor, tauchscroan controller

harcware security modubs, progrie

s, comemunication prococsd, irmuss
hardware pari, momeey chip.

technoiogy
accessat et pecpenty, 9,
platform, SEK, saftware developement
ke, sclutce, taol, ol ehain, ool e
scitators, products

configuranion tool. produee. sakuton,
Software pRatormn, 5P

cable dlagnostis algorkhm, cable
dagnosics saltmars

oer, sofware, mireless adapt

Us only.

Mata: *Ahways check aith the Lagal Department for the mest currens trademarks.

@

P ataper, abie,corsrles,de ami,
- product, sevies, software, solution

Adjacens Koy Suppres: =
S it apiternt
K o2y

Analog for-the-Cigihal Aga™ AR fanily Laghne

Ay Capaciar™ seable

Anyin™ capasily, feature, struciure.

Augmenne Swiching™

AR . ML,
AVR Fresks”
BesTima® tachnotogy
—— SDK sofmore deve
Blussiy® Hrowall, subscription service, technalogy
BodyCon devebopment . system, echnology
chipia® 10 shiekd, buard, hardware. netor,
Siform. o

h- KIT.\Y

Coasndie™ applcatin, proggam, sftware ey

ment for the mest cusrers

ek with the Legal Oeps

demarks.

@ MICROCHIP



	Release : Course Month
	投影片 2: PIC32CXSG ARM Cortex-M4F Microcontroller & MCC Harmony PCM1001 v1.00

	Index
	投影片 6: Index (1/2)

	PIC32CX-SG EVB APP055 v1.10 Introduction
	投影片 7: PIC32CX-SG EVB  APP055 v1.10R1 Introduction
	投影片 8: APP055 v1.10R1 Features
	投影片 9: APP055 v1.10R1 Accessories
	投影片 10: APP055 v1.10R1 Block Diagram

	Getting Started with First Project
	投影片 11: Getting Started with First Project
	投影片 12: Getting Started with First Project
	投影片 13: Getting Started with First Project
	投影片 14: Getting Started with First Project
	投影片 15: Getting Started with First Project
	投影片 16: Getting Started with First Project
	投影片 17: Getting Started with First Project
	投影片 18: Getting Started with First Project
	投影片 19: Getting Started with First Project
	投影片 20: Getting Started with First Project
	投影片 21: Getting Started with First Project
	投影片 22: MPLAB X IDE Interface
	投影片 23: MPLAB X IDE Interface
	投影片 24: MPLAB X IDE Interface
	投影片 25: Project Properties
	投影片 26: Project Properties
	投影片 27: Build Production Tools
	投影片 28: Getting Started with First Project
	投影片 29: Getting Started with First Project

	MPLAB® Code Configurator (MCC) Harmony Interface Introduction
	投影片 30: MPLAB® Code Configurator (MCC) Harmony Interface Introduction
	投影片 31: MCC Harmony Interface
	投影片 32: MCC Harmony Interface
	投影片 33: MCC Harmony Interface
	投影片 34: MCC Harmony Interface
	投影片 35: MCC Harmony Interface
	投影片 36: MCC Harmony Interface
	投影片 37: MCC Harmony Interface
	投影片 38: MCC Harmony Interface
	投影片 39: MCC Harmony Interface
	投影片 40: MCC Harmony Interface
	投影片 41: MCC Harmony Interface
	投影片 42: MCC Harmony Interface

	Appendix : Code Trace and PORT Register
	投影片 43: Appendix : Code Trace and PORT Register
	投影片 44: MPLAB X IDE Shortcut key
	投影片 45: MPLAB X IDE Code Trace

	PCM Audio
	投影片 46: PCM Audio
	投影片 47: PCM Audio
	投影片 48: PCM Audio Storage Consumption

	Buzzer
	投影片 49: Buzzer
	投影片 50: Buzzer
	投影片 51: Is 8K PCM Audio Suitable for Use in a Buzzer?

	DAC (Digital to Analog Converter)
	投影片 52: DAC (Digital to Analog Converter)
	投影片 53: Digital-to-Analog Converter (DAC) - SAMD21
	投影片 54: Digital-to-Analog Converter (DAC) - PIC32CX-SG

	Direct Memory Access Controller (DMAC)
	投影片 55: Direct Memory Access Controller (DMAC)
	投影片 56: Direct Memory Access Controller (DMAC)
	投影片 57: Transfer Types
	投影片 58: Transfer Descriptor
	投影片 59: Block diagram of Transaction 
	投影片 60: DMAC Transfer Example

	Event System (EVSYS)
	投影片 61: Event System (EVSYS)
	投影片 62: Event System
	投影片 63: Event System
	投影片 64: Event System Connection Example

	PCM Audio Playback
	投影片 65: PCM Audio Playback
	投影片 66: PCM Audio Playback Using TC, Event System, DAC, and DMAC
	投影片 67: PCM Audio Playback Using TC, Event System, DAC, and DMAC
	投影片 68: PCM Audio Playback Using TC, Event System, DAC, and DMAC

	PCM Converter
	投影片 69: PCM Converter
	投影片 70: PCM Converter
	投影片 71: PCM Converter - TTS (Text to Speech)
	投影片 72: PCM Converter - TTS (Text to Speech)
	投影片 73: PCM Converter - TTS (Text to Speech)
	投影片 74: PCM Converter – Audio Recording
	投影片 75: PCM Converter – Audio Recording
	投影片 76: PCM Converter – Audio Recording
	投影片 77: PCM Converter – Audio Recording
	投影片 78: PCM Converter – Convert Output
	投影片 79: PCM Converter – Convert Output
	投影片 80: PCM Converter – Convert Output

	The MCC Configuration
	投影片 81: The MCC Configuration
	投影片 82: The MCC Configuration
	投影片 83: The MCC Configuration
	投影片 84: The MCC Configuration
	投影片 85: The MCC Configuration
	投影片 86: The MCC Configuration
	投影片 87: The MCC Configuration

	Application Implement
	投影片 88: Application Implement
	投影片 89: Application Implement
	投影片 90: Application Implement
	投影片 91: Application Implement
	投影片 92: The bug of DMAC_ChannelTransfer () in plib_dmac

	Survey
	投影片 99: Microchip Trademarks


