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Proper Debugging of ATSAMD21 Processors
Created by lady ada

// the setup function runs once when you press reset or power the board

Ewoid setup() {
S/ initialize digital pin 13 as an output.
pinMode (13, OQUTPUT);

f/ the loop function runs over and over again forever
Ewvoid loop() {

digitalWrite(13, HIGH); /f turn the LED on (HIGH is the voltage level)
delay(1888) ; ff wait for a second
digitalWrite{13, LOW); ff turn the LED off by meking the voltage LOW
delay(1eea); /f wait for a second

L}
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Overview

/{ the setup function runs once when you press reset or power the board
Flvoid setup() {
/{ initialize digital pin 13 as an output.
pinMode(13, OQUTRUT);
b

/{ the loop function runs over and over again forever
Flvoid loop() {

b digitalWrite(13, HIGH); // the
delay(leaa); /{ wait for a second
digitalWrite(13, LOW); /f turn the LED off by making the voltage LOW
delay(leaa); /{ wait for a second

b

Chances are if you're programming firmware on a microcontroller you've had to do some 'fun' debugging. Button
presses, interrupts, small memory spaces...it can make debugging quite a challenge! A lot of beginners lean on tried-
and-true (if a little frustrating) printf statments or toggling GPIO's with LEDs on them. And don't get me wrong, those
techniques work pretty well. But if you come from a software background you're probably used to really nice
debugging setups, often built into the IDE

Of course its a ton easier to debug software when the computer is running both software and development platform.
It's a lot tougher when the processor is physically separated, with its own memory, clocks, peripherals, and its not even
of the same processor family!

No worries though, there's a full industry set up to create programming/debug dongles and adapters!One of our
favorites is SEGGER's J-Link family. They're not cheap but they do support a vast number of chips.

Atmel also has it's own debugger chip, the EDBG (apparently its a AT32UC3A4256 programmed with Atmels
proprietary firmware)
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This chip comes on every Arduino Zero and is used to both program and debug firmware

You may be wondering "OK so how do | actually do said debugging?" Well you've come to the right place because
we're gonna show you how. In this guide we'll show how to debug the ATSAMD21 family (specifically the
ATSAMD21G18) which is in the Arduino Zero and Feather MO family, by using the EDBG or J-Link.
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Install Software

Before you begin you will need some software. Here's what we're using:

™

ARDUINO

Arduino IDE

As of this writing, 1.6.7 is the latest so we're using that. We also installed the Arduino SAMD support and/or Adafruit
SAMD support (for Feather M0O)

Make sure you also have drivers set up for the board you're using, and get a sketch working and uploaded to the
board. That means you have the IDE and package set up, which is something you want done before you continue

D
/ SEGGER

www.segger.com

J-Link Software

If you're using a J-Link, install all software and drivers for it and run the J-Link commander to make sure you update
the firmware, new firmware is constantly being released so best to update your 'Link!

Atmel Studio 7

Easier to Use and
More Powerful than Ever

Atmel Studio 7

Here's where the Mac and Linux people will be sad. This is the IDE software that can do step&memory debugging and
its only for Windows. Also you have to make an account on Atmel's site, download it from here
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Software

@

Description

Atmel Studio 7.0 (build 790) web installer (recommended)

(2.38MB, updated February 2016)

View minimum system reguirements

This installer contains Atmel Studio 7.0 with Atmel Software Framework 3.30.1 and Atmel Toolchains. It is
recommended to use this installer if you have internet access while installing, since it enables incremental
updates in the future,

Atmel Studio 7.0 (build 790) offline installer

(823MB, updated Fabruary 2016)

View minimum system requirements

This installer contains Atmel Studio 7.0 with Atmel Software Framework 3.30.1 and Atmel Toolchains. Use this
installer if you do not have internet access while installing. It is highly recommended to use the smaller web
installer if you can since it provides the ability to get incremental updates in the future.

SHA: 3fb0b52e1f34321191a3b803058ebf340af0e2e2

Make sure you have the latest version, we used build 790
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Let's go!

Note that by uploading a debug sketch you will blow away the bootloader on your Arduino Zero or Feather

MO, see the next section for re-loading it!

OK now that we have all that software, the rest isn't too tough!
Load an Arduino Sketch in Atmel Studio 7

Start by launching Atmel Studio 7

EY sunboge. samtinese r = =
Ble [t Yew Viooed A Projec Oebug  Jook  Window  Bep
olg-do-hus il B Db Beower = B Ml des CRFeBuED-. @7

Stant Discover Atrmel Studio

Getting started with Atrmed Studio

1 with AVR deviloprment

Fecent Open Atrmel Start Con i
Download Atmel Studio Extensions

Download doosmentation

@ Dowboeds
Kaap paga opan aftar prcject iead Announcements

o Show pag £0 RS

Create a new Project

Start Page - AtmelStudic
File | Edit View  VAssistX ASF  Project  Debug  Tools  Window  Help

New ¥ i3 Project.. Ctrl+Shift+sN  Ebu
Open * | File.. Ctrl+N

Close Atmel Start Configurator

immerllins B Bample Project.. Ctrl+ Shift+E

Import ] v

Save Selected Items Ctrl+5S

Save Selected Items As...
¥ Saveall Ctrl+Shift+5
Export Template...

P R M DY S T

And select Create project from Arduino sketch
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b Recent Sort by: | Default - Search Installed Templates [Ctr+E) 2~
4 Installed
. E GCC C ASF Board Project CiCe+ Type: C/Ce+
TG = Creates an Atrnel Studic preject from
Assembler H GECC € Executable Praject C/Ce+ Arduino sketch file
AtrnelStudic Selution =
E GCC C Static Library Project CiCes
| [ GCCCon Erecutsble Project e+
B
[ GECCes Static Library Preject CiCe+
(=55]
(| Mame GecCppPraject]
| Lecation: Ci\lUsersladyads\Dropbex (Personalf Atmel AmelStudie\7.0 .
Solution name GeelppPreject Create directory for solution
| [ox ][ conce |

Navigate to your arduino sketchfolder and select the sketch. | recommend starting with the easy-to-understand Blink

— —
e —
W %

. » ladyada » Dropbox (Personal] » ArduinoSketches » Blink = | #¢ [ Search Blink P|

Organize =+ Mew folder = 0l @

-

Mame Date modified Type Size

d Libraries
3 Documents
& Git
& Music
=] Pictures
B videos

|| Blinkino 2/25/2016 301 PM__ INO File 1KB|

) Homegroup

B Computer
& Local Disk (C)  »

File name: Blink.ino | Arduino Sketch Files (ino;".pd |
[ Gpen [ [ coneet ]

Also select the Arduino IDE location if necessary. For Board go with Arduino/Genuino Zero (Programming Port) and
under Device, ATSAMD21G18A
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r B
Create C++ project from Arduino sketch ﬂ

Sketch File  C:\Users\ladyada'\Dropbox\Arduinctarduine-1.6.7\examples\01.Basics\Blink\Blink E]

Arduino IDE Path  C\Usersh\ladyada'\DropboxdArduinoarduino-1.6.7 E]

Board [Arduin:}:‘GenuLno Zerc (Programming Pc = ]

Device [ATSAMDZIGIBA | -]

You'll see the following, where the sketch is in a window, you can edit the code here if you like. For now just leave it as
is.

ArduinoSketchl - AtmelStudio Advanced Mede W Quick Launch (Ctrl+ Q) P - O %
File Edit View VaAszsistX ASF  Project Build Debug Tools Window Help

o0-o|R-8 - RSP XA ) - -|EH | b Ml Debug ~| DebugBrowser ~ -5 3= | W 7 | 2
T mop e s s n Hee % | G@- - | ) Bk | 20 o0 eeaTsaMD21G18A

Sketch.opp = 0 [ERTET] Solution Explorer R
@ o-Fd@m| » 7

Search Solution Explorer (Ctrls; 2 =
@ Solution ‘ArduineSketchl’ (2 prof

S*Begining of Auto generated code by Atmel studioc */
#include <Arduino.h: -~

/*End of auto generated code by Atmel studio */ Pl y ArduinoCore
idl Dependencies
_ o ) . _ 4| Output Files
J/Beginning of Auto generated function prototypes by Atmel Studio el
e e r i ; &g i [ =3 Libraries
J/End of Aute generated function prototypes by Atmel Studio =i
B include
=1k b CF see
Blink El Blink
Turns on an LED on for one second, then off for one second, repeatedly. 44 Dependencies
d Qutput Files
Most Arduinos have an on-board LED you can control. On the Une and b Libraries
Leonardo, it iz attached to digital pin 13. If you're unsure what b [ linkes_seripts
pin the on-board LED is connected to on your Arduinoe model, check .c--' skﬂd-,cpp

the documentation at hitp:/fwew ardujng,cg
Thiz example code iz im the public domaim.

modified B May 2814
by Scott Fitzgerald
e i

Properties
/f the zetup function runs once when you press rezet or power the board
=lwoid setup() {

f£f initialize digital pin 13 as an output.

pinMode(13, OUTPUT);
}

// the loop function runs over and over again forever|

Slvoid loop() {
digitalwrite{13, HIGH); /f turn the LED on (MIGH is the woltage level)
delay(180@); /f wait for a second

digitalwrite{13, LOW); /i turn the LED off by making the veltage LOW
delay(180@); I wait for a second

}

Col34

Set Up and Check Interface
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OK next up we'll attach the chip & debugger. You have two options:

Arduino Zero Debug port

This is super easy, just connect a USB micro B cable to your Arduino Zero

<RESET

g

ARDUTMO . CC
“ MADE IN EU

Make sure you're plugged into the DEBUG port not the 'native' port

J-Link to SWD

If you have a board without an EDBG chip on it, you can still debug, but you'll need a helper such as a J-Link.We like
using this handy adapter board
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| SN R VIR VIR ViR ViR ¥

i =
CORTEX SWD,

* B BB

& & »

To get the large J-Link cable dothe 'classic' 2x5 SWD cable connector

If you are debugging a board that doesn't even have an SWD connector on it, you may need to solder to the SWD
pads
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You need to connect the following to the J-Link:

e Vref/ Vtarget - Logic voltage of the chip, in this case 3.3V

e GND to common ground
e SWDIO to SWDIO
e SWCLK to SWCLK

| haven't found | need to connect the chip's RESET line

|dentify Interface

OK now you have your debugger plugged in, its good to check that it works, select Device Programming

Advance:

juild  Debug | Tools | Window  Help
alo-¢| =

Command Prompt

Add target...

_ Data Visualizer
Atmel studid

Select profile

| Piex $| @ Device Pack Manager
i Device Programming
— 3
=
®
M

1 studic */ | = Code Snippets Manager...

B Extensions and Updates...

on prototypes Atmel Gallery Profile...

totypes by Af External Tools...

Customize...

then off for & Options

Impert and Export Settings...

Enﬂmm T

you can control. On the Une and
1 pin 13. If you're unsure what
to on wvour Arduine model. check

Under Tool make sure you can select EDBG or J-Link
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-

Device Programming I

Teool Device Interface Device signature Target Voltage

ATSAMD21GI8A ~ not read

The selected combination is not applied. |

L2 Y
J-Link (269200338) - Device Programming I » |0 g
Toal Device Interface Device signature Target Voltage
Jlink | ATSAMD21GI8A ~ [swD | [Apply| 010010305 33V [Read| (3] [ I
Interface settings SWD Clack
Tool information 4 MHz
Device information The clock frequency should not exceed target CPU speed * 10,
Memories |
Set

Fuses
Security

Select ATSAMD21G18A as the device, SWD as the interface and hit Apply
You can then Read the Device Signature. Make sure this all works before you continue!

If you are asked to update the J-Link or EDBG firmware, its OK to do so now.

-
Firmware Upgrade M

EDBG firmware is up to date

-

On Tool On Disk
Firmware Version 3.0c

EDBG firmware successfully upgraded

=

|

Build & Start Debugging

OK close out the modal programming window, we dont need it for now. Build the program
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ArduinoSketchl - AtmelStutio
File Edit View VAssistX ASF Project | Build | Debug Tools Window Help

-0 | B-8 o-2 M | X ¢ BuildSolution F7 «| Debug|
Pl E i 3 1 p | R T Rebuild Soluticn Ctrl+Alt+F7 ﬁl %l -
—— I
Sketch.c ® X
EE _I %  Build Blink e
e Rebuild Blink
/*Begining of Auto generated code = i =
#include <Arduinc.h: Clean Blink
Batch Build...
/*End of autoe generated code by At
Configuration Manager...
L. Compile Ctrl+F7
//Beginning of Auto generated funci

" L

//End of Aute generated function prototypes by Atmel Studio

=/
| Blink

Add a Break by clicking on the first DigitalWrite function call, you'll see a red dot

Sketch.cpp + > EAIRRETG
= loop = :I-) void loop()

Most Arduinos have an on-board LED you can control. On the Uno and
Leonardo, it is attached to digital pin 13. If you're unsure what
pin the on-board LED is connected to on your Arduino model, check
the documentation at http://www.arduino.cc

This example code is in the public domain.

modified 8 May 2014
by Scott Fitzgerald
=/

// the setup function runs once when you press reset or power the board
Flwoid setup() {
// initialize digital pin 13 as an output.
pinMode (13, OUTPUT);
}

#4 +he loop function runs over and over again forever
Tt & loop() {
@ digitalWrite(13, HIGH); // turn the LED on (HIGH is the wvoltage lewel)
Location: Sketch.cpp, line 34 character1| // wait for a second
digitalWrite(13, LOW); // turn the LED off by making the woltage LOW
delay(leaa); // wait for a second

}

Now run Start Debugging and Break

© Adafruit Industries https://learn.adafruit.com/proper-step-debugging-atsamd21-arduino-zero-m0 Page 14 of 29



ArduinoSkstchl - AtmelStudio
File Edit View WAssist{ ASF Project Build | Debug | Tools  Window  Help

E:Eevi:_-liﬁvﬂ _|—'§;“§|%E’|’] |' Windows r Buser =
1] I | = 1 p | G ¥ T iHm Bl Start Debugging and Break Alt+F5 o ATS,
| [ Attach to Target
Sketch.cpp & X =
= Stop Debugging Ctrl+Shift+F5
=< loop |5 I-) void loop() 0 .
B Start Without Debugging Ctrl+ Alt=F5 ——
Most Arduinos have an on-board LED you Disable debugWIRE and Close
Leonardo, it is attached to digital pin B Confinue £S5

Note that by uploading a debug sketch you will blow away the bootloader on your Arduino Zero or Feather

MO, see the next section for re-loading it!

You'll get prompted to select a debugging tool

ArduinoSketchl - AtmelStudio Ad
File Edit View VAssistX ASF Project Build Debug Tools Window Help
e' | i3 = .I";;H*hxljj : |" '| Ql M | Debug = Debug Browser ~
impu|>n bt et T He B|@riE = Lo | g o F wwaATSAMD21GIBE
Blink + X
Build
/A - M/A -
Build Events
Toolchain
e Selected debugger/programi pr— ﬂ
—
Components I-ﬁl Please select 3 connected tool and interface and try again.
Advanced -
Debug settings
[F] Override Vector Table

[#] Cache all flash memory

Go thru what you did before, selecting the programmer and processor
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Blink* & X

Sketch.cpp ASF Wizard
Build
Build Events
Toclchain
) Selected debugger/programmer
Dmce A B AiAd A8 B B A A BA AaaAd 24 A8 B LLIA4 A3 B8 KA L1423 88 BY
Tool [EDEG . DDOWDUOAZEODOOOHEZ: - l Interface: [SWD =

Components

Advanced
SWD Clock

2 MHz

The clock frequency should not exceed target CPU speed * 10.

Programming settings
Erase entire chip =

Debug settings
[T] Override Vector Table Offset Register  exception_table
[¥] Cache all flash memary except

Once done go back and re-run Start Debugging

You'll end up in a strange code, labeled int main(void) { this is the main entry point to the sketch. Normally this part is
never seen, it's what sets up the Arduino before you get to the setup section of the sketch!
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ArduinoSketchl (Debugging) - AtmelStudio

File Edit VMiew VAssist{ ASF Project Build Debug Tools Window Help

-2 - # X o gl | ? I ~| 'E_k| Il | Debug - | Debug Br
Pt 2t TlHa B B- i EE@FE.Ed|

{3 main - @ int main{ veid ){...}

License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Flcor, Boston, MA ©2118-1301 USA
*/

#define ARDUINO_MAIN
#include "Arduino.h”

// Weak empty variant initialization function.
/! May be redefined by variant files.

void initVariant() _ attribute_ ((weak));

void initvVariant() { }

El/*
* \brief Main entry point of Arduino application
b4

=lint main( void )

el

init();
initVariant(};
delay(1);

=l#if defined(USBCON)
USBDevice.init();

| USBDevice.attach();
#endif

setup();

Select Continue to skip ahead to your stopping point
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ArduinoSketchl (Debugging) - AtmelStudio
File  Edit View  VAssist{ ASF Project Build Debug Tools  Window  Help

‘@-o|i- O R XAA]2-C Al
: B> et 2ty TR B . EEEEE.

Blink SRl Continue (F5)

{2 main = — == int main( void )

License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA @211@-13681 |
=

#define ARDUINC_MAIN
#include "Arduinc.h™

// Weak empty wvariant initialization function.
// May be redefined by wvariant files.

vold initVariant() _ attribute_ ((weak));
vold initVariant() { }

0/
* \brief Main entry point of Arduino application
=/

—lint main( wvoid )

2 (1

| init();

[ R N S

Now you'll end up at that DigitalWrite with the red dot. Note that you stop right before this gets run.

Now select Step Over to execute that line. Since you're in step-debugging mode you'll have to Step each function call
you want to run. If you just want to continue running the code without any delays or steps, click on Continue like you
did before

B> et At T He B @

Sketch.cpp & X Step Over (F10)
= loop = :I-) void loop()

Most Arduinos have an on-board LED you can control. On the Uno and
Leonardo, it is attached to digital pin 13. If you're unsure what
pin the on-board LED is connected to on your Arduino model, check
the documentation at http://www.arduino.cc

This example code is in the public domain.

modified 8 May 2014
by Scott Fitzgerald
=/

// the setup function runs once when you press reset or power the board
—lvoid setup() {
// initialize digital pin 13 as an output.
pinMode (13, OUTPUT);
}

// the loop function runs over and over again forever
—lwvoid loop() {

© || digitalWrite(13, HIGH); // turn the LED on (HIGH is the woltage lewvell|
delay(leaa); // wait for a second
digitalWrite(13, LOW); // turn the LED off by making the woltage LOW
delay(leaa); // wait for a second
!
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You can also dig deeper into a function with Step Into

B i b|et 2t TR @ EEOR@E. G

< loop od (= void loop(]

Most Arduinos have an on-board LED you can control. On the Uno and
Leonardo, it is attached to digital pin 13. If you're unsure what
pin the on-board LED is connected to on your Arduinc model, check

the documentation at http://www.arduino.cc

This example code is in the public domain.

medified 8 May 2014
by Scott Fitzgerald
'

// the setup function runs once when you press reset or power the board
Elveid setup() {

// initialize digital pin 13 as an output.

pinMode(13, OUTPUT);
¥

// the loop functien runs over and over again forever
Elveid leop() {

© |[ digitalWrite(13, HIGH); // turn the LED on (HIGH is the voltage level)|
delay(166@); // wait for a second
digitalWrite(13, LOW); // turn the LED off by making the voltage LOW
delay(168@); // wait for a second
!

This will let you go into the function call, to see what goes on inside. You can then continue to step over, step in or step
out (complete the function)

: gl Advanced Mode T | Cueck Lausch [Cul= 01 £l B x
Fibe Lo ew Visesty  AF Project  Buid m Tocks Window Hep
o-0 - St AW o] -0 . q - Debug Browser = - | A -jRe el
B+ 0kttt THa B|@-. dom@m . &0 =arsanmncia | 540 EDes MO000ATENNIN
+ dighatlints = 2l void digtabivritel wies32 3 i, nant32_E ulisl) G -2
}J T — T
O pubie_sin =
vodd digitaluritel winedz_t wirdn, ulntdz_t wival ) o fsetepp
. " X i = &4 Ringliufty
/i Hasdle the case the pln Esn't ussble as PIO &3 SERCOM
= if { gapisoescriptica[ulPin].ulPinType == PIO_MOT_A_PIN } 1
X o startupe
return § ] Seearmcg
¥ & Toneapp
= Vart.cpp
77 Enable pull-up resistor £ Wintemag
FORT = sEeous| §_APInDeseriptica[ulPin] .ulPort]. PINCEG] p_APiaBescription[ulPin].ulPin]. reg=(uinte_t){PORT_PINCFG_PULLEN) g wireys
&) winisgLen
swbtch  ulval A
. t ' n] ] wiring_ds
case LOW: £l warmgLpr
PoRT-3Group[g_aPincescription[ulrin]. ulPors | OUTCLR. reg = (Iuwl << girinescripticn{ulPin].ulring ; o] wawmg s
Beake & -1 Widathgy
] Winring.e
defaalt b3 vananis
FORT-38iroup[g_APisezcription[ulPin] . ulPort | OUTSET . reg = (lul €€ g_iFinbescripticn[ulfin].slPin) ; i i Bk
bresk ; b % Dependencies
1 b i Output Fles
retura P Libvanes
3 B S scripts
el Sitchapp -
“int digitalResd{ wintiz_t ul®in ) ™ El ¥
20w v
Hasted -Fx
Hame Wabet Type: Memsey  Buse FLATH
PO NOT & PIM PIO_HOT A PN wrvoms_EPie Typelconatant ) SORBED B0 BB BO 1B 59 BL BO B0 &1 01 B €. Y...A.. .
L4 d e A1 Bl B DO 0 DD 09 DD B B LA
o ulin 1 w2 _timeshti-locabon: Esnge dod-Ouic: 16 B 00 BN 0D 0O 00 0D 00 00 B 0B .
B2 B0 B B0 B 00 G0 DD 00 OO B0 B .
41 Bl B0 Bk B0 B BD 29 B B0 B
99 41 21 9 99 BI 01 09 M 41 M
00 B0 41 81 B0 80 41 1 B8 B0 41
G B Bb B8 41 01 BB BB 41 B1 B0 B L.
41 91 00 @ 45 9L B0 20 41 91 W & -
Immediste Wi

You can also see variable names below, and the entirety of memory. Since this is just a basic tutorial we wont go into
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the vast depths of debugging, stack traces, and memory twiddling!

There's a ton more details on the Atmel Studio documentation page
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Paths and Optimizations

C and C++ compilers make your code better when they compile it! This is great, but when we are trying to debug our
code we don't want anything to change it.

If you try to use the debugger and you see that it doesn't move from one line to the next as you would expect, this is
because you have compiler optimizations turned on.

to turn them off, right click on the ArduinoCore project in the Solution Explorer pane, and click properties.

-

b

Solution Explorer

@ o-F@|F -

Search Selution Explerer (Ctrl+;)

i Selution 'amgB88' (2 projects)

P

| amg88xx_test
¢4 Build
Rebuild

Clean

Copy Full Path
Collapse

Scope to This

MNew Solution Explorer View
Build Dependencies
Add

Add Library
Copy Project As Library

Set as StartUp Project
Add Arduine Library

ASF Wizard
Board Wizard

View Example Project Help
Export Project as Extension
Cut Ctrl+X

Remowve Del

Rename F2

Unload Project

Properties

TR NG Solution Explorer

Then under Toolchain, go to the ARM/GNU C Compiler heading and click Optimization. Set Optimization Level
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to None (-O0).

ArduingCere -« EETFHIEE

Build
Conhguistion:  Active [Tebug) e Platforme | Actne (ARM) o

Build Events
Device
Tool 4 (] ARMIGHY Comenan | ARMVEHU € Compiter = Optimization

T General i o = -
Components S CutpatFies Cptimization Levet N (-00])

@t . ——

ARMUYGMU C C ler
Advanced ‘= = General e T Hione -0}

= leenera Other optimization flags:

H Preprocessor /]

T Syenbals |#] Prepare functions for garl Ciptimize maee {-03)

[ Prepare data for gerbage| Optimize mast [-03)
i o [ Eruabie ursafe math cptin Cptimize for size (-0s)
= Wamings [ Enalie fsst nash [-age e, SEEMIZE debugging experience (-Og)
T Miszelaneaus =
a [ ARM/EMU = Compiler [ Generate positiansindependent cade {-ipic)
T General [] Allow called furctions be located arpwhere in the 32-bit address space [-miong-calls)

o Miscelaneous

a [ ARMGHU Linker
F Cenersl
T Libraries:
T Openzation
T Memory Settings
I Miscelaneous

a [ ARMGIY Assamnier
¥ Cenersl
I Debugging

4 [ ARM/GNU Preprocessing Assembld
T General
O Syenbols
O Debusgging

= [ ARMIGMU Archiver
T General

Then do the same thing under the ARM/GNU C++ Compiler heading.

W N 1t He | g~ @Bk 0 mATSAMEDIGHEA T SWD o EDES (MO00G0OETEONN0ENY) -

Pedunolore « = [[EEEREY

Euats

Crndigurssian:  ctive (Debug) w|  Platfoms | Active (RN v
Euild Events
Santgenon s
Device
Toel 4 (2] ARMVGNU Comemcn AFMUTGHL Cor Compier = Optimization
' General 2
Componants O DutputFiles o = .
a [ ARMIGNU £ Compder
ddvanced ‘
T Genersl Oither optimization fafls: [Fone 1om
T Pregrocescor -
T Symkch ] Prepace functans ko garl Cpsemize mane (02
ig;‘.,_ alion 1 Prepace data for garbage. Cparne mast (-03)
o Debugging [ Enakie Unsafe match epn Dpamias tor size [-0x)
T Waemingt ] Enalsie fast math [-Hast-ol CESTSEE Sebunging experience (-02)
T Miscelisnestns =
a (B ARMAGNU Cx = Compaler [T Generste pavbon-ndependent cade |- &)
g:' el [] s section rodate for read-only dats (~ruse-rodate-secion)
tegezn
__{s:'—bﬂ‘sw ] Disable generation of information sbeut every dhns with virtual fonctiomy-na-mt]

' — [ Dinables generating extra code needed to propagate exceptions -fno-exceptions)
EaEn [ Allows callied function be lecated amywhere in the 32-kit address space|-miong-calis)

4 [ ARMIGNU Linker
= Genersl
O Libeares
T Cpuenzatan
' Memory Settings
I Mircelanecus

a | ARMIGHU Aasembsler
o Genersl
= g

= | if’M-‘Gh:l: Pregrocesting Arembl
o anarsl

Then save your project.

Now, repeat the above steps to turn off compiler optimizations for the other project (whatever you have named your
sketch) in the solution explorer.

There should be two projects in the Solution Explorer pane. ArduinoCore, and whatever you have named

your sketch. Make sure you have done the above steps to turn off compiler optimizations on both projects in
the solution explorer pane.
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Correcting Paths to Necessary Files

Current versions of Arduino have changed the location of the CMSIS core files that are necessary to compile projects.
We can fix these paths by going back to the Properties pane (by right clicking on the project in Solution Explorer and
selecting Properties as we did before) and under ARM/GNU C Compiler select Directories and add the new path to

the CMSIS core files to the Include Paths section.

This can be done by clicking the green plus button, and then finding the folder by clicking the ... button in the window
that pops up.

Leave the Relative Path box checked.
The current location of the CMSIS core as of the writing of this guide is:

C:\Users\YourNameHere\AppData\Local\Arduino15\packages\arduino\tools\CMSIS-
Atmel\1.1.0\CMSIS\Device\ATMEL

- _— [

ArduincCore © % [RiIn

Build
i Conficuaration: | Active (Bebug} ~|  Platform: | Active (ARM) g
Build Events

Device
Toad « (& ARmAGNY Commen [ARMIGNU C Compder = Directories
' General
Companents o Outpuriles o Inchude Device Support Header Path (-

[ ARMAGKU € Comea SEIRN T
rm— o st . — )8 e )

O Preprocessar ${PackRepelirfarm CMSIDE. 2 IS nclude’,

.?D'N?ﬂﬂ'ﬂ A S SRppDataleall Arduing | Bipaskages/arduing sl UM SIS Atrsel/ 1.1 0VCMEIE T /ATHEL

= - Sanchodelibranesiann

_Tnebuggr\g Samchodeiibranesinnnghistibty

& Warnings Sumchadeibranesiadatruit_ amgBlo

T Micelanecs N
# |8 ARMUGNL C+ + Compiler

= Geneal

o Preprocessor

O syroots

o Directonies — — -

3 Dptimization Add Wecluds Patha (-1] %

Cebuggrg X
Ed et Imchude Paths (-1
O Macellanesus

& [ ARMAGNU Linker —
O Genesal

O Liraries

Samzhodecone

@ | ARMUGNU Assembler
3 Genersl
O Debugginy
# [ 8RMAGRU Preprocessing Assembl
O Genesal
I symboks
O Debugges
# | ARG Archiver
H General

Then select the path you just added in the list and click the yellow up arrow icon to move it to the top of the list.
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Euld

Configunaticn: | Actve (Debug) o Platform: | Actinee [ARM) -
Build Events

Device
(- B a 1r
Toot # [ ARMAGHU Comiion | ARM/GNU € Compiler = Directories
I General = :
Cempaonents T Outputfiles ] Inghudie Devade Suppart Hgader Path (-
a [ anmiGhu € e [
Advanced o o General Comed Inchude Paths ()

O Preprocessor iPaciFiepoliTamiC MSEA.2 NCMSS nclude

: — .
& Symbals = = . .
o5 Directosies .JJJJJJ.IWMHMW1WW§_MQ‘ZHSG_—M_ el 1.1 OV OMS IS Devace AT e
_Tﬁ’{}pum:;a:mn B HDTAres Ware J -

o Debugging ursthude’ et wedutlity
T Warnings Aincludetlibrariesadafnit_smglfor
T Miscelansous

4 [ ARMIGNU C» Compier
& General

Ninclodehore

& Optimization

I Debugging

TF Warnings

T Mescelanesis
a [ ARMGI Linker

o Canaral

Now repeat those same steps in the Directories pane under the ARM/GNU C++ Compiler section.

Nl T ] Y TN W] T R WO - TIER R | P oM ey * | sy orewo = I AR USSR e
He B o & m, ok - BBATSAMDIGIZA T SWD on EDEG (DOOOOCODEZEOMOO0EISY) .

Configuration:  Active (Debug) = Plaiforme  Active [ARM) =
Eraald Everse

[ Toochan RS-

Device
Tool F ."?}ﬁh"] Camman ARMAGHL Cr+ Compeler = Diractories
H General =
Companents o Cutgatfiles [] Inchude Default Inclade Path 1)
# [ ARMGHY € Compiler [ 2 )
= General Include Paths (-1} ] LN 1|:r |':'
§"°P'“W it S FippDatalLocalidrdaing 5packages/arduing ool TMSISAL 5.0/ CMS IS Include
.'J g’:::::“ .IJ_:’_-'.J‘JJ;IppDAm..’lMiI.-’A:mMI!-'puktgﬂ."l-‘mma-‘:miﬁ Niﬁ'i. m-‘tl.l‘l-tmsr&'ﬂrneﬁﬁTM_:L
o= Operzatisn Ainchudeibranes'mine
I Detegging Ainchade\litsraries min ity
g Warmings Nnchash e\ nelabeun_denyitus
i Ninchedelcore

Advaneed

# |8 ARM/GMU C+ + Commpler
' Gerenal
T Prepressiia

I Detegging
_'fwarmngs
I Miscilanesod
# [ ARMYGHU Linker
O Gereral
O Libraries
T OpSmization
T Memory Settegs
S Miscelanecat
# | ARMVGHU Assemibler
T Gerenal

3 Detoggrg
F 'ﬂ ARM/GMU Prepeocessing dssembl
W Gereral

Do these steps for both projects in the Solution Explorer pane.

Make sure you have done the steps under the "Correcting Paths To Necessary Files" heading for both

projects in the Solution Explorer pane.

Fixing Some Core Files

If you try to debug your sketch now, it may warn of an "undefined referenced to ‘vtable for HardwareSerial"
To fix this, open the includes/core/HardwareSerial.h file under the ArduinoCore project.

Scroll down to the class definition around line 67 and replace the class declaration with the following code:
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class HardwareSerial : public Stream

{
public:

HardwareSerial() {};
virtual ~HardwareSerial() {};

virtual void begin(unsigned long) {};

virtual void begin(unsigned long baudrate, uintl6 t config) {};

virtual void end() {};

virtual int available(void) = 0;
virtual int peek(void) 0;
virtual int read(void) 0;
virtual void flush(void) = 0;
virtual size t write(uint8 t) = 0;

using Print::write; // pull in write(str) and write(buf, size) from Print

virtual operator bool() = 0;
+

Your file should look like this:

e

* Hasdwaiebonal

#l | wdeflne SER
et ine SIR 5ToR| X
Bdafine SR (HARDSER_STOR_BIT 2 | WARDSER_PARETY_OOD
sdefine SENIAL 701 (MARDSEM_STOP_BIT_D | mukSiE_PaniTy 005 | huksssa_pata_7)
scefing SIRLAL_BOT (MARDSIN_STOP_BIT_2 | WaRSSER_PARETY 00O | MRSSIE_DaTA_N)

elass rerdsareicrial | publlc Surcem
public:

Hardesraserial{) {}z
virtusl —Hardwsreserlal() {}:

a virtusl void begin(umsigeed losg) {1
Y wirtusl vald begin{umnaigeed losg basdrate, ulntls_t config) (};
virvesl vald end(h {}§
virtssl dnt svstlssle(vadd) =
virtusl dnt peekivedd) = o;
virvesl dnt cesd{vedd) = @
virtusl vaid flush{vald) = &;

v} Wl wrelte(if, size) fros Prist

wxtern vold serialiventiun{vedd) _ atirfbute | [weak});

mendllf

« SERCORLh
5 Servoih
5 Sramb

Once this is done, you should be able to compile and debug your sketch!

e
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Restoring Bootloader

When you program in for debugging you are writing direct to the chip, this deletes the bootloader! You'll want to
restore it if you ever want to go back to using the Arduino IDE.

Arduino Zero

This is pretty easy. Launch the IDE, select Arduino Zero (programming port) from the Tools->Board menu, and Atmel
EDBG as the Tools->Programmer

Then select Burn Bootloader

[ @l sketch_feb25a | Arduine 1.6.7
File Edit Sketch [Tools| Help
Auto Format Ctrl+T
Archive Sketch
sketch_feb253 Fix Encoding & Reload
void setup() Serial Monitor Ctrl+ Shift+M
[/ BUEEORE erial Plotter Crl+ Shift L
} Board: "Arduine/Genuino Zerc (Programming Port)” L
void loop() | Port '
/i pue vour Programmer: "Atmel EDBG" *
1 Burn Bootloader

It only takes a few seconds to burn in the bootloader:

Arduine/denuine Zem (Frogramming Por) on COM1E

Feather MO or Others

For this, you'll need to use the Atmel Studio setup, since you're using a J-Link.

Download the bootloader hex file

feathermObootloader_160305.zip

https://adafru.itymbG

Wire it up correctly and select Device Programming
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https://learn.adafruit.com/system/assets/assets/000/031/337/original/featherm0bootloader_160305.zip?1458155274

Advance

juild  Debug | Tocls | Window  Help

ol | “ . | B Command Prompt

| Hex ’%| @8 Device Pack Manager D21GISA
i Device Programming Ctrl+Shift+P
E Add target...

“Atmel studic . Data Visualizer

(2) Select profile
1 studio */ [] Code Snippets Manager... Ctrl+K, Ctrl+B
[E Edensions and Updates...

on prototypes Atmel Gallery Profile...

totypes by Af External Tools...
Import and Export Settings...

Customize...

then off for F o Options

you can control. On the Uno and
1 pin 13. If you're unsure what
to on vour Arduinoc model. check

Select J-Link and the ATSMD21G18A with SWD. Verify you can read the Device Signature

- : -
im0 I | e
Tool Device Interface Device signature Target Voltage
' [ink ~| ATsamD2GiaA ~ [SwD = | [Apply|  ®a010305 33V ]
(|
Interface settings SWD Clock
Tool information [] 4 MHz
Device information The clock frequency should not exceed target CPU speed * 10.
- |
Memories [7
Set |
FLISE _]
Security t

Unlock the Bootloader protection by going to Fuses and changing BOOTPROT to 0x07 then programming
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Fuze Mame Value
@ TEMP_LOG_WORD_1L.ROOM_ADC_VAL

0x0B73
() TEMP_LOG_WORD_LHOT_ADC_VAL 0x0D6A
(%) USER_WORD_0.NVMCTRL_BOOTPROT 007

() USER_WORD_O.NVMCTRL_EEPROM_SIZE

(%) USER_WORD_0.BOD33USERLEVEL

0x07 \

0x07
(¥) USER_WORD_0.BOD33_EN
fAILISFR WORD 0.ROD33 ACTION P M
Fuse Register Value
OTP4_WORD_D 0x40004007
OTP4_WORD_1 Ox79F4AELC
OTP4_WORD_2 OxFFFFFEQO
TEMP_LOG_WORD_0  0xF905501E
TEMP_LOG_ WORD_1  OxDGAB73F4
USER_WORD 0 OxDBEQCTFF
USER_WORD_1 OxFFFFFC5D
Auta read
Werify after programming Program ] [ Verify l [ Read ]
Next click on Memories in the left hand side
[ J-Link (269200338) - Device Programming 2 o T (2 jon

Tool Device Interface Device signature
ATSAMD21G18A = [swD  ~|[Apply|  0:10010305 [Read
Interface settings Device

Tool information IE'““':HP 'H Erase now ]

Target Voltage

22y (] (35D

- [

Program I | Verify | | Read... I

Device infermation Flash (256 KE)

Memories Ch\Users\ladyada\Desktop\feathermObootloader_151101hex
Fuses ¥ Erase Flash before programming

Security v) Advanced

User Page (256 bytes)

[¥] Erase User Page before pragramming

v | Advanced

Reading device ID...0K

(=] ok

@

Next to the Flash (256 KB) section, click the triple-dots and select the bootloader file.

Then click Program to program it in
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Erasing device... OK
Programming Flash...OK
Verifying Flash...0K

© Adafruit Industries

J-Link (268200338) - Device Programming o N e L2
Tool Device Interface Device signature Target Voltage

ATSAMD2LGI8A = [SWD  ~|[Apply|  0x10010305 (Read| | 33v [Read| (53] [ER

Interface settings Device )

Tool information lEmseChip 'H Erase now ]

Device infermation Flash (256 KE)

Memories Ch\Users\ladyada\Desktop\feathermObootloader_151101hex * [_..]

5 E -

Fuses | Erase Flash before programming P — I i Verify | | T I
Security

f B Verifying Flash...OK

v | Advanced

User Page (256 bytes)

[¥] Erase User Page before pragramming Read

v | Advanced
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