MICROCHIP User's Guide
Atmel START to MPLAB Harmony 3 Migration Guide

Introduction

This document describes the different steps to consider when porting an embedded application from Atmel® START
to the MPLAB® Harmony 3 framework. It covers the following migration aspects:

* How to create a MPLAB Harmony 3 project under MPLAB X IDE and navigate through the MPLAB Harmony
Configurator (MHC).

» How to identify different elements that compose a project under Atmel START.

* How to port the system/driver/middleware configuration using MPLAB Harmony Configurator.

» Important aspects to consider when porting the project application layer.
To illustrate these aspects, this document references the SAM D21 /01 Xplained demo example available on Atmel
START. Prior starting the migration process, ensure that the following prerequisites are met:

» Internet connection with access to https://start.atmel.com

» Latest version of MPLAB X IDE https://www.microchip.com/mplab/mplab-x-ide

» Latest version of MPLAB Harmony 3 https://github.com/Microchip-MPLAB-Harmony

«  SAM D21 Xplained Pro board (optional)

» 1/01 Xplained Pro board (optional)
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Creating MPLAB Harmony

3 Project Under MPLAB X IDE

The first step in this process is creating a MPLAB Harmony 3 project under MPLAB X IDE. This new project will
enable access to the MPLAB Harmony 3 Configurator (MHC), and access the list of software modules, such as

peripheral libraries, services and middleware

, Which are available for the target SAM device.

Figure 1-1. MPLAB Harmony 3 Configurator Available Components
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To create a project for the SAM D21J18A device, follow these steps:

1. Launch MPLAB X IDE.

2. In MPLAB X IDE, select File > New Project (or click the New Project icon).

3. Inthe New Project window, under Steps, select Choose Project, and then under Choose Project section,
select these options: for Categories select Microchip Embedded, and for Projects select 32-bit MPLAB

Harmony 3 Project.

Note: If the option 32-Bit MPLAB Harmony 3 Project is not available, users need to install the MPLAB
Harmony 3 Configurator plug-in by selecting Tools > Plugins > Available Plugins before continuing with this
demonstration. MPLAB Harmony 3 Configurator overview is available for download at https://

microchipdeveloper.com/harmony3:m

hc-overview.

© 2019 Microchip Technology Inc.
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Figure 1-2. Creating an MPLAB Harmony 3-Based New Project

a Mew Project

x
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1. Choose Project Q Filter:
. o It
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I3 Microchip Embedded
f Other Embedded
[#-IC3) Samples

(54 Prebuilt (Hex, Loadable Image) Project
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m Library Project

m Import START MPLAB Project

&4 Import Atmel Studio Project

Description:

MPLAB® Harmony Project Wizard

< Back Finish Cancel Help

4. Click Next.

Select Framework Selection, and under Manage Framework section, enter Framework Path (Path to the folder

in which the MPLAB Harmony 3 packages are downloaded). For this demonstration, the MPLAB Harmony 3
packages are already downloaded at D:\microchip\github\h3.

Figure 1-3. New Project - Framework Selection

ﬁ New Project

Steps Manage Framework

Choose Project
Framework Selection Use the Framework Downloader tool to download or configure a local framework.
Project Settings

Configuration Settings

B

Launch Framework Downloader
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Convert to Relative Path for Configuration

Next > Einish Cancel Help

6. Click Next.

7. Select Project Settings, and under Name and Location section enter MPLAB Harmony 3 new project details:

— Location: Indicates the path to the root folder of the new project. All project files will be placed inside this
folder.

— Folder: Indicates the name of the MPLAB X IDE folder.
Name: Enter name of the project. This name will be shown in the MPLAB X IDE.
Path: It is read-only box. It will update as and when users make changes to other entries.
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Figure 1-4. New Project Wizard Step 3

B New Project X
Steps Name and Location
1. Choose Project
2. Framework Selection Location: Cr\Jsers\iell \HarmanyProjects MyProject]
3. Project Settings
4. Configuration Settings Folder: SAMD21_I01_example_port
Mame: SAMD21_I01_example_port
Path: CiWserst. .o

..... \HarmonyProjects\MyProject|firmware\SAMD21_I01_example_port.X

Show Visual Help
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8. Click Next.
Select Configuration Settings, and then enter details as given below:
— Name: Enter the configuration name.

— Target Device: Choose a device name.
10. Click Finish.

Figure 1-5. New Project Wizard Step 4

B3 New Project 4
Steps Configuration Settings
1. Choose Project
2. Framework Selection Mame: default
3. Project Settings
4. Configuration Settings
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Show Visual Help
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The new MPLAB Harmony 3 project will be launched.

Note: After clicking the Finish button, if MHC does not launch, the user can launch it by selecting Tools > Embedded
> MPLAB® Harmony 3 Configurator from the menu bar of the MPLAB X IDE.
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Figure 1-6. New MPLAB Harmony 3 Project

3 MPLAB X IDE v5.20 - SAMD21_I01_exemple_port : default - o X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- search (crri+])

75 7 & o [defautt MR A B . s pcox B [ Howder

Projects x  Files Services Classes =]

=[5 SAMD21_101_example_port
(7] Header Fies

(& 1mportant Files

{EE inker Fies

(i3 source Fies

(& vLibraries

G+ [ Loadables

main() - Navigator x =]

Search Results | Output - Configuration Loading Error x =
warning: Configuration "default”™ builds with "XC32", but indicates no toolchain directory. ~
info: Configuration "default” will build with toclchain "XC32" at "C:\Drogram Filss (xB6€]\Microchip\e32\v2.20-

<No View Available>
v
< >

The software modules associated with the project configuration are seen by selecting Tools > Embedded > MPLAB
Harmony 3 Configurator.

Figure 1-7. Accessing MPLAB Harmony 3 Configurator
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The associated MPLAB Harmony 3 Configurator list will be displayed as shown in the figure below.
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Figure 1-8. MPLAB Harmony 3 Configurator - Available Component List
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2. Identifying the Resources Used in the Atmel START Project

Before porting the application, users need to identify the software modules that compose the application. As both
Atmel START and MPLAB Harmony 3 frameworks provide a graphical configuration interface, hence it is simple to
identify the different drivers and middleware modules that are used by the application and compare them to the
available MPLAB Harmony 3 modules.

Figure 2-1. Atmel START Graphical Configuration Interface
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Figure 2-2. Harmony 3 Graphical Configuration Interface (MHC)
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Note: Some applications include additional software functions or middleware that are not part of Atmel START.
Therefore, it is important to review the full application flowchart or project architecture to identify them.

Follow these steps while using the SAM D21 1/01 example from Atmel START as a reference.

1. In Atmel Studio 7, open the Atmel START project to be ported by selecting Project > Re-Configure Atmel Start
Project.
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Figure 2-3. Reconfiguring Atmel START Project
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Note: The project can also be opened by loading its .atstart/.atzip file at https://start.atmel.com/.

Atmel START main window showing Load Project tab is displayed.
Figure 2-4. Load Project From a File Under Atmel START

A8\ MicrocHip

Atmel |START

This tool will help you select and configure software
components and tailor your embedded application in a usable
and optimized manner.

[$ CREATE NEW PROJECT ] BROWSE EXAMPLES

Getting started

To get started you can either create a new project from seratch or open an existing

example. In both cases you can configure your software components and device settings
such as clocks and pin layout. When you are done, you can export your project and open
it using your favourite IDE for further development.

For more information on how to use Atmel START, read the Getting Started guide or

watch our video tutorials .

i
i
<

Load existing project

LOAD PROJECT FROM FILE

Use this option if you want ta restore a loeally saved
project. Browse and select either a project file (*.2mip) or
a configuration file (*.atstart.™ json).

Your latest project will always be stored in your web
browser. Use this option to pick up where you left off.

2. When project is loaded, click on the Dashboard tab and identify the Atmel START drivers and its configuration.
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Figure 2-5. Driver Identification Under Atmel START
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This example reads the temperature sensor and the light sensor on the 101 Xplained pro extension board and sends the values to a terminal connected to the EDBG CDC interface.
The 101 Xplained pro must be connected to extension header 1 (EXT1) on the development kit, baudrate should be set to 9600 in the terminal application. Main Drivers and
middleware used in the exarnple are ADC, USART, 12C Master, Delay and GPIO.

®

3. Check the application code and application flowchart to identify whether any additional services and

middleware are required. The figure below illustrates the SAM D21 1/01 flowchart.
Figure 2-6. Additional Service Middleware Identification Using a Flowchart

Atmel Start Init

T
Temperature Sensor

init
L

UART init

ADC Enable

>
»

Delay ms

l«— System Delay ms

required

Read temperature

Read light from ADC

Print information

l¢«—— Printf / STDIO redirect

4. If MPLAB Harmony Configurator is not opened, from MPLAB X IDE open the MPLAB Harmony 3 Configurator
by selecting Tools > Embedded > MPLAB Harmony 3 Configurator.
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Figure 2-7. Accessing MPLAB Harmony 3 Configurator
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5. Search for software module availability in Harmony 3 Configurator, and then drag and drop it into the Project
Graph window.

Figure 2-8. Identifying Software Module in MHC
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Welcome to the MPLAB Harmony Configurator!

The table below provides the drivers and middleware used for this demonstration.
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Table 2-1. Drivers and Middleware

_ ATMEL START Module Harmony 3 Module

Drivers I01_LIGHT_SENS ADC
12C SERCOM2
EDBG_COM SERCOMS3
Systick (implicit) SYSTEM > SYSTICK
Middleware AT30SE75X None
STDIO Redirect STDIO

Note: Specific development is required for AT30SE75X. Other drivers, system services, and middleware are
available under MPLAB Harmony 3.
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Porting Driver Configuration from Atmel START
To port a driver from Atmel Studio to MPLAB Harmony 3 is a straightforward operation as it relies on the comparison
of Atmel START and MPLAB Harmony Configurator Graphical interfaces.

Figure 3-1. Atmel START to MPLAB X Driver Support
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Follow these steps for the SAM D21 1/01 Xplained demonstration:
1. Add peripheral library (drivers) to the MPLAB Harmony 3 project by dragging them from the Available

Component list to the Project Graph section.

Figure 3-2. Add Peripheral Driver from the Available Component List
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Bluetooth N:'MCITRt Device Family Pack (DFP)
Peri Li B
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Input
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e, W
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Third Party Libraries
Tools
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2. Configure all the MPLAB Harmony 3 peripheral libraries according to their equivalent driver in Atmel START.
Note: Specific Atmel START driver configurations can be seen by clicking individually on each of the driver

component in the application dashboard interface.
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Figure 3-3. Access Driver Configuration in Atmel START
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— ADC peripheral Library (I01_LIGHT_SENS) configuration.
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Figure 3-4. Port ADC Driver Configuration
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Figure 3-5. Port SERCOM3 Driver Configuration
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Fractional Part: | o dec
Data Order: | LSB Is transmitted first |
Encoding Format: | No encoding |
LIN Slave Enable: | Disable |
Debug Stop Mode: | Keep running |
{] Configuration Options = 5
=+
= SERCOM3
E-Select SERCOM Operation Mode  |USART with internal Clock -~
~Enable Interrupts 7 Il
-Receive Enable
~Transmit Enable
-Enable Run in Standby [
- Receive Pinout SERCOM PAD[1] is used for data reception ~
~Transmit Pinout SERCOM PAD([0] is used for data transmission -~
- Parity Mode Mo Parity
- Character Size 8Bits ~
~5top Bit Mode One Stop Bit  ~
~Baud Rate in Hz 9,600 -5

(] cConfiguration Options | ] Help

— SERCOM2 peripheral Library (I2C) configuration
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Figure 3-6. Port SERCOM2 Driver Configuration

HAL:DRIVER:12C MASTER SYNC (I2C MASTER STANDARD/FAST-MODE) CONFIGURATION ON SERCOM2 @
BASIC ADVANCED Enable:
12C Bus clock speed (Hz): 100000 decv  TRise (ns): 50 decv
Master SCL Low Extended Time-Out @ [_|
(MEXTTOEN):
Slave SCL Low Extend Time-Out ]
(SEXTTOEN):
SCL Low Time-Out (LOWTOUT): ]
Inactive Time-Out (INACTOUT): Disabled
SDA Hold Time (SDAHOLD): 300-600ns hold time
Run in stand-by: D
Debug Stop Mode: Keep runnin
[] configuration Options = & 5
=] [+
E+SERCOMZ
= Select SERCOM Operation Mode | 12C Master ~
~Transfer Speed Mode STANDARD_AND_FAST_MODE ~

Enable operation in Standby mode []

~ 5D Hold Time 300-600ns hold time ~
12C Speed in KHz 100 -5
.12 Trise in nano seconds 605

(1 Configuration Options | (] Help

— SYSTICK Service configuration
Figure 3-7. Enable Service Under MHC

StartPage x| ProjectGraph® | [ *|[=][@) [ configuration Options* | Help | =

X CRERE¢| & 5| : |2
~ | | E-System
NVMCTRL --Dewce 2 Project Configuration
Peripheral Library B Cortex-MO+ Configuration
MEMORY I B SysTick
=-Enable SysTick
SERCOMZ2 SERCOM3 ’ g ion
Peripheral Library Peripheral Library - Ports
= e & Clock
SPI SPI B Interrupts (NWIC)
UART UART G- DMA& (DMAC)
G- WDT
B-PAC

.E—.‘.-t e

After generating the project source code from the MHC interface by clicking : ——" or selecting MHC >
Generate Code, the peripheral libraries (PLIBs) configuration can be found in the following project directories:
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Figure 3-8. Generated MHC Project Architecture

£ MPLAB X IDE 5.20 - SAMD21_I01_exsmple_port : default - O x
File Edit MHC View Navigate Source Refactor Production Debug Tesm Iools Window Help Q- Search (cti+
Rel LR JT-B-P-L-R QUM B O S food B 08 hwen
& | Proj... x| Activ... | Classes | Files | Servic..| I |[ StartPage x| ProjectGraph® | fjmainc x| Eanc ==
5 |F-63 savb21101 le_port A
- B?E HEEd_ErF“_:ampuw 2| source |History M| E-E-QTSFRGFPE D = g
g S confia =
® E-[eg default g
. i1 definitions.h g
bl = chab g
5 = = =
g ) [2@ peripheral %
5 : adc z
b dock <
z [ evsvs
z nvic
(& rvmetrl
port
sercom
L. toolchain_specifics.h =|
packs S
(@ mportant Fies =
wmerres  NEAMErs
(&3 source Files
g8 config
E-eg default
& exceptions.c
-1 iritialization.c
] interrupts.c
MPLAE Harmony modules. *
48
45
i 50 return (
-1 startup_xc. 51| b}
5 stdio PLIBs 52 v
& mainc sources < >
(@ Libraries ® » @main p S5 Initiaize (NULL) 3 x
o Q SearchResuits [ Output  Console | 32:47 NS
The API function definition used by the application can be found in the peripheral library header files.
Figure 3-9. Peripheral Libraries APl Location
3 MPLAB X IDE v5.20 - SAMD21_I01_exemple_port : default - o x
File Edit MHC View Navigate Source Refactor Production Debug Team Teols Window Help Q- Search (Crl+)
EEFLE UT B PR QB AP B food B OB v
& [ Proj... x| Activ.. | Classes | Files | Servic.. | (=1 || StrtPage x| ProjctGraph®™ | jman.c x| phb_adch x| &) plib_sdc_commonh x| (EHO=
z =] -ﬁESAMSZJ‘;IO:.I_Examp\E_purt | NSSRE History a2 ‘ B-E- | [SR= R =g =] ‘ £ ‘ 2
k) B Header Fies = E
2 config <
® & default 0z o g
. - TE] definitions.h &7 Gl )
% 1] device_cache.h e g
5 iy peripheral 89 - K
%‘ E .
3 plib_sdc.h 51 void ADC Initialize( void ); %
= plib_adc_common.h 8z
g == 93 void ADC Enable( woid ):
ey o
% nvic 85 void ADC Disable( void );
nvmetr e N
port g7 void ADC ChannelSelect ( ADC POSINPUT positiveInput, & T negativeInput =
cercom s
systick 59 wvold ADC ConversionStart( void );
1] toolchain_specifics.h w0 - - - v
) vods T )
[E§ mportant Files v|| B » ) ADCInitalize ol
P Q, searchResuls [ Output  Console 9111 |ms
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Porting the System PINMUX Configuration from Atmel START

Porting an application PINMUX configuration from Atmel Studio to MPLAB Harmony 3 is a straightforward operation
as it relies on comparison as each framework graphical interface offers similar capabilities.

Figure 4-1. Atmel START and MHC Pin Configuration Interface Comparison

Page | Help And Support

.m E i D .

PINMUX CONFIGURATOR @
Pin Board Mode W eom Show labels.. Zoomin Zoom out Auto fit

#1 Pad Us. Header Label
2 PEID EXTZEXTZ  USARTT. o
2 FET1 EXTZEXTZ  USART...
= FE12 BxT2 P}
2 FE13 BxT2 P
27 FETL BxT2 IRQVGFIO
2= FEIS ExT2 SRS E.
E 29 PA12 EXT3 FAM(=)
0 FA13 EXT3Ser.  FWM[S..
3 PAld uss VBUS_D..
2 FAIS EXT3Misc  GPIOZS..
= GNDIO
S vDDIO
= FATS BxT2 SPI_MISO -

User label: EDBG_COM_TX

Pin mode: Peripheral 10

Pinr 43 (PA22)is used as TXwith EDBG_COM.

Tip: Use ctrd or shift to select more than one
pin.

9 Micrachip Technology Inc.

2 MPLAB Harmony Configurator - default™ - o X
File Generate Tools Utilities Window
) D ) | PP Framework: C:\Users V43472 HarmonyFramenork|
(] Pin Settings = B4 (1 X | (] PnDiagram =g
Order: [Pins < Table View | [] Easy View Unavaiable ~
P avaiatle
Number PinID Custom Name Function Mode Direction Latch Pull Up Pull Down
assigned
1 PADD Available v | batal [ HiohL.. v| Low [m] O |» o
2 Pa0L Avalzble <[ betal | Horr.. v|[ Low =] =] £
= = =
3 P02 e Y| ood | rchr.. | U U ® (4636261 6059 565756 5554535251 5049
4 PA03 Avalzble <[ oot | Hght.. v| tow O O paon [11 42 1 wooio
= = pant 12 47 0 @
s P04 Avaizble C| ogal | AehL. v| Lo O O e B2 g oo
5 pe0s Avalzble <[ Dt | HohL. v| Low O O e 14 & nos
pes 5 44 0 pazs
7 e Dgtal | Hight Low O O e b P v
B VDDANA Dgta | Hgnl Low O O coms B2 28 e
B Pe0s Avaizble <[ botal | Hohr. v Lon O O P05 [ 5 ATSAMD21J18A o f e
v v N peo7 [ 10 39 [ PBIE
i PBO7 Available Digital | High! Low [m] [m] i i e
11 PBO8. Available v Digital HighL... v Low a a Peos [ 12 37 [ pats
= = pacs 113 Y
12 809 Available v | Digtal | HghL. v Low O O paos [ 14 =0 pae
3 PAD4 Avalzble <[ Dt | Hohl.. v| Low O O page [ 15 3¢ [ vooio
14 PADS Available Digital High T Low O O P07 16 s eoo
valable ~| g L. | Lon O 0 1718192021 22232425262728293031 32
15 PADS Available | Digtal | HghL.. v| Low ] ] ARAAAAAAAAAAEAEARAS
5 Pa07 Avalzble <[ oot | Hehi.. v| Low O O
17 PADS Avallable v | bigtal | HohL.. v Low [m] [m]
v v
(] Pin Table - @ B x
2|2
Fedase: (RTINS slalslslslelZl2]lelaslalalslalslslslalal=lgl8lalalalalelalalelc|e||geln|e]
2|g|g|5|B|&8|5|8|8(8|8|g|5|2 |5/ f(5(2|5|5|8|c|e|E|c||5|8|f(s|5|=5|5/8|2[F[=|2
vode Functon if2|s]a]s|e|7|e]o|w|u]e|m|u]is|ws|r|mw|m|an]a]z]2]es]2]22r|an]20]20]s1]]s3]2a]55|3[57]20
AC_AINO ~
ACAING
AC_AIN2
ac
Ac_AN M
< >
(] ProjectGraph | (] PinTable
|Qcomde w B | O 0=F|a00 =T
Drag nto the Design Graph Window and release to add this companent.

Follow these steps for the SAM D21 101 Xplained demonstration:

1. In Atmel START, click on the PINMUX tab and identify which I/O pins are configured and used in the
application.
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Figure 4-2. Identify I/O Pins Configuration Under Atmel START

Atmel | START ATSAMD21J18A € Return To Front Page | Help And Support

IR T = o I R

PINMUX CONFIGURATOR

@

2 Pin Board Show Iabels_ @ Zoomin (O Zoomout  Autofit
< Made SW companen..
2 AR Us.. | Header | Label
I
2 & EDBG_COM
a
43 PAZZ EDE... virtual C... XD Feripheral IO ™=
@ 44 PAZZ EDB.. Virtual C_ RXD Feripheral 10 RX
= 12c
17 PADS 101 EXT3.EX. TWI_SDA. 12c SDA
18 PAC 1o1... EXT3.EX... TWI_SCL. 1zc sCL
= 101_LIGHT_SENS
61 PEOD 1o1... EXT1 ADC+) Anszlog AN/

TET NG SOTOWarE COMpOTIents

(© clocs

MicrocHIP

Note: The configuration of each pin is available by clicking on it in the PINMUX configurator table.
Figure 4-3. Identify /0O Pins Configuration Under Atmel START (Continued)

Atmel | START arsamp21j1sa

€ Return To Front Page | Help And Support

I O - T N N S

PINMUX CONFIGURATOR @
Q Pin Board Show labels. P Zoomin Zoomout  Autafit
< Mode SW companen...
g = Pad Us. Header Label
I
2 Oh
o ]
PAZ2 EDE..  Virtusl C. ™0 Peripheral 10 ™

Fik —_—— e

v e o | e . A B D

18 FADZ {1} EXT3.EX. 7c SCL

y P e

8 enss com KX
g MicrROCHIP = e e

Pirt 43 (PA22)is used as TXwith EDBG_COM. Uit EDBG_COM_TX

Pin mode: Peripheral 10

pin.

Tip: Use ctrior shift to select more than one

© 2019 Microchip Technology Inc.

2.  In MPLAB X IDE, select MHC > Tools > Pin Configuration to open the project pin configurator interface.
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Figure 4-4. Accessing MHC Under MPLAB X

a MPLABE X IDE v5.20 - SAMD21_I01_example_port : default

File EdiView Mavigate Source Refactor Production Debug -~

‘1]’__-' E Save State o | default ~ I:Er '

Save State As

ASEniect) Load State Classes | ActiveC.. | &
Import

..... AD
Export

..... De! Preferences “k (DFP)
""" EVS Generate Code

ADC Configuration

Clock Configuration

DMA Configuration

Event System Configuration
MVIC Configuration

Pin Configuration I

Note: The following tab in the MHC interface enables the customization of the application pin configuration.

Figure 4-5. Accessing Pin Configuration Windows Under the MHC

2 MPLAB Harmony Cenfigurator - default” - o X
File Generate Tools Utiliies Window
P P) | P Framewark: C:\Users\M43472\HarmanyFramework|
(] Pin Settings. = ¥ B % | |(] PnDiagram =B %
Order: |Pns > Table View Easy View Unavalatle 2
o er PnID Custom Name Function Mode  Diecton  Latch Pullp  Pul Down fAvalibie -
Assigned =8g o
1 PAOD Availzble ~ | Batal || HohL.. v| T low [m] o |~ CNzo-eRREAC BN
BEBpRpEEoszE 0
2 PaD1 Availoble ~ | bigtal | Hoht... v| Low [m] [m] moEassaa>>bacacs
3 PAD2 Availabl Digital || High L L O O [ttt
valshe ~]l Dot - VI ® 4636261605358 57 565554 5352515043
4 PAD3 Available ~| Digital HighL.. v Low [m] O pan0 1 48 [ vODID
: pant 12 47 [ ewio
5 PE04 Available ~| Digtal | HohL.. v| Low [m] [m] Paoe 5 O raz
[ PEQS Avalable v| Dol | Hghr. | Low O O pans 4 45 [ pazd
= Peod 5 44 [ paz3
7 GNDANA Digital || HighL.. Low O O PEOS [ 6 430 Paz2
8 VDDANA Digital || HighL Low O O GHDANA %7 42 E FAZL
vooana 18 41 0 pazo
s [ Avalzble | Datal | Hghr. o] low O O eo06 [ & ATSAMD21118A G eorr
It PB07 Avalable <] bt [ Honr. v| Low pec? [ 10 O et
& = g 0 peos [ 11 38 [ paLg
11 PB08 Available ~| Digital HighL.. v Low O O Feos 112 37 g pats
o pand 113 36 O paL7
12 pE0S Avalable o| ogtal | Hghr.. o Lo O O Paos [ 19 e e
13 PAO4 Available ~| Digital High L., v Low [m] O pang 115 34 [ vooio
14 PADS Availabl Digital | HighL Low P07 16 # [ et
vareve ~| Dot = Y o g ] 1718192021 222324 2526 27 2629 30 31 32
15 PaDs Avalable «| oigtal | Hghr.. v| Lo O [m] OoomEmEnEnnEnnnm
= EZoomoQomumTLNN Ty
16 PAOT Avalable ~| Digtal || HighL.. v| Low O O e e
S EEEREEREEERE
17 [ Available ~| Digtal [ HohL.. v Low [m] [m] B
v v
(] PinTable =20 %
Package: | QFNG4 ) é % alla allg
glg|8|8|zl8|lals|g | 8|8 38|85 |8|8|2 z|clglS|z|lylelz|le| g2 |2 a2l 2
F|2|Z 2|28/ 8|22\ 8|8\ g|g|2 /2|2 2|2\ 2|z|F|E|2\z|g|z| 2|2 |22 |2|F 2|28|2F|2|F%2
Z|E|Z|f|e|e|s|e|e|2|g|g|F | 2|F|F|F|2|f|f|e|p | |B|B|p|R|E|f|F|d|f|5|2|2|£[F|&
Module Function 1|2|3|4|s|e|7|8|o|m|u|z|13|1e|15|16|17|1s|19|20|21|22|25|24|25|26|27|28|2s|30|31[32]35|34[35)|36 37|38
AC_AINO ~
AC_AINL
AC_AINZ
ac
AC_AINS v
< >
(] ProjectGraph | (] PinTable
| consde 5 & | 0 O=F | 00=E
|orag o the Desen Graoh irdow and reease o add the compenent.

3. Port the I/O pin configuration from Atmel Studio to the MHC Pin Setting tab.
— SERCOM 2 I/O settings
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Figure 4-6. SERCOM 2 I/O Settings

. User label: Pull configuration:
Pin 17 (PADS) is used as SDA with I12C. serlabel: | 101 TWl SDA | Pull configuration
. . Pi de:

Tip: Use ctri or shift to select more than one inmoge | l2C |
pin.

. . User label: Pull configuration:
Pin 18 (PA9)is used as SCL with I2C. serlabel: [ 101 TWLSCL | Pull configuration

Pin mode: | 12C |

Tip: Use ctri or shift to select more than one
pin.

Start Page xITE“] main.c x] Project Graph® [mgh xl Pin Table }(J Pin Settings  »x \II|E]@
Order: |Pins i Table View Easy View
Fin Pin ID Custom Mame Function Mode Direction Latch Pull Up Pull Down
Mumber

10 PEOT Available w Digital High ... Low ™ 1 ~

11 PBOZ Available ~ Digital High ... Low O O

12 FBOS Available ~ || Digital High... « Low O 1

13 PAD4 Available ~ || Digital High ... Low O |

14 PADS Available w Digital High ... Low ™ 1

15 PADG Available ~ Digital High ... Low O O

16 FADT Available || Digital High... Low ] []

17 PADS SERCOM2_PADO SERCOM2_P... ~| Digital || High... nfa ] O

18 PADS SERCOM2_PAD1 SERCOM2_P... ~ | Digital || High... nfa ] ]

19 PALD Available ~ Digital High ... Low O O

20 PA11 Available ~ || Digital High... Low O 1

21 VDDIO Digital High ... Low O |

22 GNDIO Digital High ... Low O O

23 PE10 Available ~ Digital High ... Low O O

24 PB11 Available ~ || Digital High... Low O |

25 PB12 Available ~ || Digital High... Low O | v

— SERCOM 3 I/Os settings
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Figure 4-7. SERCOM 3 I/O settings

Pin 43 (PA22) s used as TXwith EDBG_COM. User laoel | ED8G_Com_TX |
Tip: Use ctri or shift to select more than one Fin mode: | Peripheral 10 |
pin.
Pin 44 (PA23)is used as RXwith EDBG_COM. User label: | epeG_com |
Tip: Use ctri or shift to select more than one| i mode: | Peripheral 10 |
pin.
StartPage = @ main.c x l Project Graph® PinDiagram| x| PinTable x \ Pin Settings x |II| E] @
Order: |Pins ~ Table View Easy View
.4
;‘Ember Pin ID Custom Name Fi e Direction Latch Pull Up Pull Down
37 PA1S Available ~v ) Digital High... Low O | ~
38 PA1D Available ~ Digital High ... ~ Low O O
39 PB1& Available ~ Digital High ... ~ Low O |
40 PE17 Available ~ Digital High ... ~ Low O O
41 PAZD Available ~ | Digtal High... Low O |
42 PA21 Available ~ Digital High ... ~ Low O O
43 PAZZ SERCOM3_PADD SERCOM3_P... ~ | Digtal | Hich nfa O O
44 PA23 SERCOM3_PAD1 SERCOM3 P... ~| Digtal | High nfa O O
45 PA24 Available w Digital High... Low (] [
45 PA25 Available ~ Digital High ... ~ Low O O
47 GNDIO Digital High Low [ 1
43 VDDIO Digital High Low O O
45 PB22 Available w Digital High... Low [ 1
50 PB23 Available ~ Digital High ... ~ Low O O
51 PAZT Available ~ Digital High ... » Low [ 1
52 RESET_N Digital High Low O O o

— ADC I/Os settings
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Figure 4-8. ADC 1/O Settings

Pin 61 (PBO0) s used as AIN/8 with User label: 101 LGHTSENSOR |
101_LIGHT_SENS. Ein mode: ‘ Analog ‘
StartPage = ITE“] mainc x I Project Graph® I Pin Diagram | = I Pin Table x] Pin Settings xl Izzl E] @
Order: |Pins v Table View Easy View
::iLTmber Fin ID Custom Name Function Mode Direction Latch Pull Up Pull Down

45 PEZ2 Available w Digital High ... Low O O &

50 PE23 Available ~| Digital High ... = Low O O

51 PAZT Available ~| Digital High ... Low O O

52 RESET_M Digital || High ... Low O 0

53 PAZ3 Available w Digital High ... Low O O

54 GNDIO Digital || High ... Low O O

55 VDDCORE Digitsl || High ... Low O O

56 VDDIN Digital || High ... Low O 0

57 PA30 Available w Digital High ... Low O O

58 PA31 Available ~| Digital High ... = Low O O

59 PB30 Available ~| Digital High ... Low O O

50 FB31 Availzble v | Digital || High... ~| low [ |

61 PBOD ADC_AING ADC_AINS v| anaog | High... nfa

T PEUT AVl = Ogrest 131053 v T | =

63 PBO2 Available ~ | Digital High ... Low O O

64 PEO3 Available ~ | Digital High ... Low O O w

4. \Verify that the MHC pin diagram is aligned with the initial Atmel START project pin diagram.
Figure 4-9. Pin Configuration Verification
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z
3
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pans [ 13
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YDDIO
GHDIC
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oo o n e~ @
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SEHEAGE
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[Tl ] sl s [
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PAZD MicrocHIP
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YDDIO
GHDID
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i T T | o el N s i s T

a
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After regenerating the project source from the MHC interface by clicking : ——, the port initialization routine
executed during program initialization can be found in the following project files. This initialization routine is
automatically generated by the MHC according to the user configuration entered in the graphical interface.
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Figure 4-10. MHC Generated Pin Configuration

a MPLAB X IDE v5.20 - SAMD21_101_example_port : default — a *

File Edit MHC View Mavigate Source Refactor Preduction Debug Team JTools Window Help |Q' search (Ctrl+) |

EE E @ﬂ default = tﬂ”-ﬁg}- D'%'%'@ " P $ v pcoxol ¥ Howdo T

&7 | Projects x| Active G = |[ startPage x| @E|main.c x| ProjectGraph | pib_portc x| =)=

3 & @ confia “|sowce Hsoy W R E-H-ORTFEG|F LD # g

2 = =2

H g cefault 72) | void PORT Initialize(void) ~m g

b= E‘] exceptions.c 2 d - @

® B initialization.c 5

i 74 n Aprarraazaasrana FS

i) E interrupts.c E

[ T 75 2

2 E libc_syscalls.c 76 3

%L —-- peripheral 77 =

£ adc - -

= dodk -

E eV 80 T PMUX[4] = 0x33; -
nvic 81 . —
{BF] nvmetr] -

= 52 n s -

= EE port a3

a E‘I plib_part.c a1 =

kS e -

© i 85

@& systick 26 =

8 E‘] startup_xc32.c ;_" =

= g e PO B TP ¥

5] -3 main.c < z

a (@ Libraries v|| E » (@ PORT Initislize =

o Q searchResults [T Output  Console @ 91:1 INS

Note: During application run-time, the PORT configuration can be changed by calling APIs from the MPLAB
Harmony 3 PORT PLIB.
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Porting the System Clock Configuration from Atmel START

The porting of an application clock configuration from Atmel Studio to MPLAB Harmony 3 is a straightforward
operation as it relies on the comparison of both framework graphical interfaces which offer similar capabilities.

Figure 5-1. Atmel START and MHC Clock Configuration Interface Comparison
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1. In Atmel START, click the PINMUX tab and identify different clock elements used in the application and their
settings.
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Figure 5-2. Identify Project Clock Configuration Under Atmel START
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Figure 5-3. Access Clock Element Settings Under Atmel START
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2. To open the project pin configurator interface, in MPLAB X IDE, select MHC > Tools > Clock Configuration.
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Figure 5-4. Access Clock Configuration Interface Under MHC
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3. Port each clock component configuration from Atmel START to the MHC Clock view.
— 8 MHz Internal Oscillator (OSC8M)
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Figure 5-5. 8MHz Internal Oscillator Configuration Port
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Figure 5-6. GCLK Generator 0 Configuration Port
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Figure 5-7. GCLK Generator 1 Configuration Port
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Figure 5-8. ADC Peripheral Clock Configuration Port
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Figure 5-9. SERCOM2 Peripheral Configuration Port
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Figure 5-10. SERCOMS3 Peripheral Configuration Port
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6. Porting and Adapting Middleware
The complexity behind the porting of middleware depends on its availability in the MPLAB Harmony 3 framework.
The following two approaches can be used for porting middleware:

1. If middleware is available under MPLAB Harmony 3, include the middleware in the MHC project graph and link
it to the associated driver. MPLAB Harmony 3 will be automatically generate a Hardware Abstraction Layer
customized for this driver and middleware combination.

Figure 6-1. STDIO Middleware or Service Integration Under MHC

2L MPLAB Harmony Configurator - default™ - a X
File Generate Tools Utilities Window
P | :-ﬁt?_zj“_ Framework: C:\Jsersy¥<
(] Active Components = B | |[] Project Graph
X ZRER 4 XCRERE4+| = 5| view: |Roo
- CMSIS Pack NVMCTRL

- Device Family Pack (DFP PP Mey
EVSYS Y (BrF) MEMORY

NVMCTRL

SERCOM3

SERCOM3 p 9
STDIO AR
System UART UART |

SERCOM2

Peripheral Library

(7] Available Components | ] Active Components
| (] consoe = & | &1 O 0= &

Drag into the Design Graph Window and release to add this component.

2. If the middleware is not available under Harmony 3, the user must include the source of the middleware in the
new project, then locate and modify the Hardware Abstraction Layer to call the APIs provided in the Peripheral
Library.

The following steps illustrate the process to be followed for the SAM D21 1/0O1 demonstration.

By analyzing the structure of the application (Step 1), using both the Atmel START Dashboard and the application
source code, the following middlewares are used in the Atmel START source application:

» AT30TSE75X : temperature sensor
« STDIO redirection (implicitly added)

© 2019 Microchip Technology Inc. DS70005413A-page 35



User's Guide
Porting and Adapting Middleware

Figure 6-2. Middleware ldentification Under Atmel START
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This example reads the temperature sensor and the light sensor on the 101 Xplained pro extension board and sends the values to a terminal connected to the EDBG CDC interface.
The 101 Xplained pro must be connected to extension header 1 (EXT1) on the development kit, baudrate should be set to 3600 in the terminal application. Main Drivers and
middleware used in the example are ADC, USART, [2C Master, Delay and GPIO.

The AT30TSE is currently not available under MPLAB X IDE, therefore a manual source port must be created. This
step will be covered in step seven when porting the application source code.

1. In MPLAB X IDE, add the STDIO middleware to the project using the MHC Project Graph window then link the
STDIO middleware to the SERCOMS3 driver.

Figure 6-3. Add STDIO Middleware Under MHC
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‘Drag into the Design Graph Window and release to add this component.

-‘.E de
After regenerating the project source from the MHC interface by clicking * ———" the STDIO redirection HAL will
be generated according to the graphical configuration. The getc and putc functions will be redirected to the
SERCOMS3 APls.
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Figure 6-4. MHC Generated STDIO Redirection
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Porting the Application Source Code

After drivers, system, and middleware layers are ported to the MPLAB Harmony 3 project, all available peripheral
libraries and middleware APIs required to port the application are available in the project directory.

Figure 7-1. MPLAB Harmony 3 Drivers and Middleware APIls Location
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G-l Important Files
G-[ER Linker Files
-~ at

W

Porting the application layer requires the review of the Atmel START main application routine and associated
application layer related functions, and modifying them to make use of the MPLAB Harmony 3 APIs instead of the
Atmel START ones.

The following figure illustrates the effort to port the application layer of the SAM D21 101 Xplained demo example to
MPLAB Harmony 3.
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Figure 7-2. SAM D21 1/01 Xplained Demo Application Layer Porting Effort
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The result of the SAM D21 1/01 Xplained demo application layer porting is shown below :

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

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

#define AT30TSE_SENSOR_ADDRESS 0x4F
#define STR SIZE 50

uintlé t adc read channel (void);
bool temperature sensor init (void);
float temperature sensor_ read(void);

uintlé t adc read channel (void)
{
/*- Start ADC channel */
ADC ConversionStart();
/*— Wait until result is ready */
while (ADC_ConversionStatusGet () != true);

return ADC_ConversionResultGet () ;

}

bool temperature sensor init (void)

{
bool res;
uint8 t buffer[3];

/*- Configure the AT30TSE sensor */

buffer([0] = 1; // Select Configuration register
buffer[l] = (2 << 5); // Set resolution to 1ll-bit
buffer[2] = 0;

res = SERCOM2 I2C Write (AT30TSE_SENSOR ADDRESS,buffer,3);

return res;
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float temperature sensor read(void)
{

uint8_t txbuffer[2];

uint8 t rxbuffer([2];

uintlé_t data;

int8_t sign = 1;

/* - Read the 16-bit temperature register. */

txbuffer[0] = 0x0; // Select Temperature register

SERCOM2 I2C WriteRead (AT30TSE SENSOR ADDRESS, txbuffer,1,rxbuffer,2);
/* - Convert Rx buffer content into temperature */

data = (rxbuffer[0] << 8) | rxbuffer[1l];

sign -= (bool) (data & (1 << 15)) << 1;

data &= ~(1 << 15);

data = data >> (7 - 2);

return (float)data * sign * (0.5 / (1 << 2));
int main ( void )

uintlé_t light val;
uintlé t temp result;

/*-= Initialize all modules */
SYS Initialize (NULL);
SYSTICK TimerStart();
/*- Enable ADC */
ADC Enable();
/*- Initialize I/0l temperature sensor */
temperature sensor init();
while ( true )
{
/*- Wait 1 second */
SYSTICK DelayMs (1000) ;
/*- Read light level */
light _val = adc_read channel () ;
/*- Read temperature */
temp result = temperature sensor read();
/*- Display Light and temperature information on Terminal */
printf ("Temperature: %$d Celsius, light sensor: 0x%$x\r\n",
temp result, light wval);
}
/*- Execution should not come here during normal operation */
return ( EXIT FAILURE );
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The Microchip Website

Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.
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