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Atmel Studio 7

Preface

Atmel Studio is an Integrated Development Environment (IDE) for writing and debugging AVR®/ARM®
applications in Windows® XP/Windows Vista®/Windows 7/8 environments. Atmel Studio provides a project
management tool, source file editor, simulator, assembler, and front-end for C/C++, programming, and
on-chip debugging.

Atmel Studio supports the complete range of Microchip AVR tools. Each new release contains the latest
updates for the tools as well as support for new AVR/ARM devices.

Atmel Studio has a modular architecture, which allows interaction with 3 party software vendors. GUI
plugins and other modules can be written and hooked to the system. Contact Microchip for more
information.
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Features

Atmel Studio provides a large set of features for project development and debugging. The most notable
features are listed below.

.

Rich code editor for C/C++ and Assembly featuring the powerful Visual Assist extension
Cycle correct simulator with advanced debug functionality

Advanced Software Framework allowing creation of modular applications and providing building
blocks for a prototype on any AVR platform

Debugging on actual devices using Debugging Tools
Rich SDK to enable tight integration of customer plugins
Compatible with many Microsoft® Visual Studio® plugins

New and Noteworthy

New features available.

Atmel Studio 7.0

Atmel Studio 7.0.1645
Atmel Studio 7.0.1645 contains:

Advanced Software Framework 3.35.1.898
Support for devices:

.

ATmega4808, ATmega4809

ATtiny1614, ATtiny3214, ATtiny3216, ATtiny3217
ATSAMCI20|21][JIN][15]17|18]A
ATSAMDZ20[E|G|J][14]15]16]B
ATSAMD51[G|J|N|P][18]|19|20]A
ATSAME[51]53|54][J|N][18|19]20]
ATSAME70[N|Q][19]20|21]B
ATSAMS70[J|N|Q][19]20|21]B

AVR 8-bit GCC Toolchain 3.6.1

ARM GCC Toolchain 6.3.1 with upstream versions: gcc (ARM/embedded-6-branch revision
249437), GNU ARM Embedded Toolchain: 6-2017-g2-update

Atmel Studio 7.0.1645 contains fixes for the following issues that were present in 7.0.1417:

AVRSV-7798: ATtiny817 fuse programming from ELF issue fixed.

AVRSV-7742: Compiling an imported Arduino sketch for Arduino zero shows error.
AVRSV-7903: Studio automatically sets GPNVM bits [7:8] thereby enabling TCM.
AVRSV-7892: Writing SAML22 RWW flash fails.

AVRSV-7889: Skewed debug info for AVR 8-bit in AS 7.0.1417.

AVRSV-7883: Incorrect warning message for KB2978092 during installation of AS 7.0.1417.
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Note:

AVRSV-7106: Hex parser fails on UNIX® line endings.

AVRSV-4914: Add support for new avr-gcc __int24 and __uint24 types.

AVRSV-7877: Devices with external SRAM fails to calculate available SRAM.
AVRSV-7845: Crash in _ReallyTerminateAfterLaunchFinished.

AVRSV-7834: Pack manager fails to download CMSIS DFPs.

AVRSV-7876: Add checksum fields to http header for KitsDatabase.xml.

AVRSV-7854: NaN values not handled by atprogram.

AVRSV-7911: Problems reading device ID on ATmega4809.

AVRSV-7202: Arduino Library Grouping can have better representation.

AVRSV-7927: Security Bit Window in Device Programming should not always be available
depending on the MCUs.

AVRSV-7973: Chip erase outside prog session fails on SAM4L.

AVRSV-7961: FUSE configuration warning for BOD( BODCFG.LVL) is incorrect in Atmel
Studio.

QTouch® Composer extension must be updated to version 5.9.122 or later to work with Atmel
Studio 7.0.1645.

Atmel Studio 7.0.1417
Atmel Studio 7.0.1417 contains a fix for the following issue that was present in 7.0.1416:

AVRSV-7827: New WinUSB driver fails to install on 32-bit Windows

Atmel Studio 7.0.1416
The following changes are done in Atmel Studio 7.0.1416:

Changed driver to WinUSB for AVR Dragonw, AVRISP mkll, JTAGICE mkll, JTAGICE3, AVR ONE!,
STK®600, and QT600

Installer improvements
Improved support for installing older device family packs
AVR 8-bit GCC Toolchain 3.6.0 with upstream versions:

gcc 5.4.0

Binutils 2.26.20160125
avr-libc 2.0.0

gdb 7.8

ARM GCC Toolchain 6.2.1 with upstream versions:

gcc (ARM/embedded-6-branch revision 243739), GNU ARM Embedded Toolchain: 6-2016-
qg4-major

Binutils 2.27

gdb 7.12

Advanced Software Framework 3.34.1

Atmel Studio 7.0.1416 contains a fix for the following issues that were present in 7.0.1188:

.

AVRSV-7492: lllegal PC value after a few resume-suspend cycles on SAMD10.
AVRSV-7486: Debugging may fail in Cortex-M0+ SAM devices at high clock.
AVRSV-7693: Go to source from Watch window crashes studio.
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*  AVRSV-7741: Writing Flash or EEPROM with size of 0x100 or 0x1000 fails on ISP/SPI
programming.

Atmel Studio 7.0.1188
The following changes are done in Atmel Studio 7.0.1188:

*  Added support for new AVR8X architecture
* Installer improvements
e Improved Arduino import
* Change how fuses are listed in the programming dialog
* AVR 8-bit GCC Toolchain 3.5.4 with upstream versions:
— gccd.9.2
— Binutils 2.26
— avr-libc 2.0.0
— gdb7.8

Atmel Studio 7.0.1188 contains a fix for the following issues that were present in 7.0.1006:

*  AVRSV-7149: When writing EEPROM, bytes that are OxFF are wrongly skipped.

*  AVRSV-7393: Atmel Studio backend crashes when debugging a COFF obiject file.

*  AVRSV-7564: Atmel Studio installation is hanging.

*  AVRSV-7580: Atmel Studio not handling DCACHE properly on SAM Cortex® M7 devices.
« AVRSV-7582: Remove white spaces while saving file does not show the anticipated effect.
*  AVRSV-7594: Atmel Studio crashes in some cases when you stop debugging.

« AVRSV-7602: Cannot find bounds of the current function.

*  AVRSV-7607: Invalid MTB buffer start address for SAML2x and SAMC2x devices.

Atmel Studio 7.0.1006
The following changes are done in Atmel Studio 7.0.1006:

* New Atmel START extension that allows the user to create and configure Atmel START projects
within Atmel Studio

*  Ability to load multiple modules in a debug session (experimental)
* AVR 8-bit GCC Toolchain 3.5.3 with upstream versions:

— gcc4.9.2

— Binutils 2.26

— avr-libc 2.0.0

— gdb7.8
*  ARM GCC Toolchain 5.3.1 with upstream versions:

— gcc (ARM/embedded-5-branch revision 234589)

— Binutils 2.26

— gdb7.10

Atmel Studio 7.0.1006 contains a fix for the following issues that were present in 7.0.943:

*  AVRSV-6878: Atmel Studio write the write-once wdt registers on some SAM devices.
«  AVRSV-7470: SAM Cortex®-M7 devices fails launch occasionally.

*  AVRSV-7471: Devices with external and internal RAM lists all the RAM as available.
*  AVRSV-7473: Atmel Studio hangs during startup.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 7



Atmel Studio 7 User Guide

Introduction

*  AVRSV-7474: Kits connected to Atmel Studio are not getting enumerated in the QTouch Start Page.
*  AVRSV-7477: Show all files does not work from solution explorer.

*  AVRSV-7482: Exception when adding a breakpoint on SAM4L.

*  AVRSV-7486: Debugging may fail in Cortex-M0+ SAM devices at high clock speeds.

Atmel Studio 7.0.943
Atmel Studio 7.0.943 contains a fix for the following issue:

*  AVRSV-7459: Projects containing files with uppercase file names can fail to build. Saving files with
uppercase file names convert file names to lower case.

Atmel Studio 7.0.934
The following changes are done in Atmel Studio 7.0.934:

* AVR 8-bit GCC Toolchain 3.5.2 with upstream versions:
— gccd.9.2
— Binutils 2.26
— avr-libc 2.0.0
— gdb7.8
*  AVR 32-bit GCC Toolchain 3.4.3 with upstream versions:
— gccdd47
— Binutils 2.23.1
—  Newlib 1.16.0
*  ARM GCC Toolchain 4.9.3 with upstream versions:
— gcc (ARM/embedded-4_9-branch revision 224288)
— Binutils 2.24
— gdb 7.8.0.20150304-cvs

Atmel Studio 7.0.934 resolves the following issues present in Atmel Studio 7.0.790:
*  AVRSV-7376: Atmel-ICE slow programming.
*  AVRSV-7379: Unhandled exception when writing fuses or lock bits when Auto Read is turned off.
*  AVRSV-7396: Some machines shows an error regarding 'Exception in MemoryPressureReliever'.

*  AVRSV-7400: When in Standard mode, Disable debugWire and Close are not visible in the
Debug menu.

*  AVRSV-7408: When using Atmel Studio in Standard mode, the Set Startup Project menu is
missing.

Atmel Studio 7.0.790
The following features are added in Atmel Studio 7.0.790:

*  Support for mass storage mode in embedded debugger (EDBG), enabling drag and drop
programming

* Introduction of user interface profiles. The user can choose an interface where some of the toolbar
buttons and menu items are removed.

*  Support for importing libraries to previously imported sketches. Added support for Arduino Zero and
Zero Pro.

«  Parallel build turned on by default

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 8



Atmel Studio 7 User Guide

Introduction

Atmel Studio 7.0.790 resolves the following issues present in Atmel Studio 7.0.634:
*  AVRSV-7084: Persist user settings during the upgrade.
« AVRSV-7014: Some ATmega and ATtiny devices failed to start debugging with the Simulator.
*  AVRSV-7230: 'Show all files' in Solution Explorer not consistent.
*  AVRSV-7062: Firmware upgrade of Xplained Mini kits not detected.
* AVRSV-7164: Reading flash to .bin file created incorrect .bin file.
*  AVRSV-7106: Hex files with UNIX or mixed file endings fail to load.
*  AVRSV-7126: Data breakpoints for ARM should not be limited to RAM.

Atmel Studio 7.0.634
This release adds device support for the SAM B11 device family.

Atmel Studio 7.0.634 resolves the following issues present in Atmel Studio 7.0.594:

*  AVRSV-6873: Jungo Driver issue with Windows 10.
*  AVRSV-6676: Launching debugging fails due to an issue with Intel graphics driver.

Atmel Studio 7.0.594
Atmel Studio 7.0.594 resolves the following issues present in Atmel Studio 7.0.582:

*  AVRSV-7008: Opening a 6.2 project in Atmel Studio 7.0.582 persists Debug configuration settings
for all the other configurations.

*  AVRSV-6983: Uninstalling Studio extensions does not work in some cases.
*  AVRSV-7018: Project Creation fails with some culture-specific user-names.
* AVRSV-7019: Help Viewer does not work on 32-bit machines.

* Issues with getting tools/debuggers recognized or visible see section 2.4 in ‘Atmel Studio 7.0.594-
readme.pdf’ for workarounds.

Atmel Studio 7.0.582
*  Updated to Visual Studio Isolated Shell 2015
* Integration with Atmel START

— This tool will help you select and configure software components, drivers, middle-ware, and
example projects to tailor your embedded application in a usable and optimized manner

*  New device support system, CMSIS Pack compliant
» Data Visualizer, used for processing and visualizing data
*  Updated help system, improved context-sensitive help

* Advanced Software Framework version 3.27.3. ASF is an extensive software library of software
stacks and examples.

* A major upgrade of the Visual Assist extension to Atmel Studio that assists with reading, writing, re-
factoring, navigating code fast

* Import Arduino Sketch projects into Atmel Studio

*  Support for Flip-compatible bootloaders in atprogram and programming dialogue. The connected
device appears as a tool.

+  AVR 8-bit GCC Toolchain 3.5.0 with upstream versions":
— gcc4.9.2
— Binutils 2.25
— avr-libc 1.8.0svn
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— gdb7.8
AVR 32-bit GCC Toolchain 3.4.3 with upstream versions':
— gccdd4y
— Binutils 2.23.1
— Newlib 1.16.0
ARM GCC Toolchain 4.9.3 with upstream versions':
— gcc 4.9 (revision 221220)
— Binutils 2.24
— gdb 7.8.0.20150304-cvs

1.2.2 Atmel Studio 6.2 Service Pack 2

Advanced Software Framework 3.21.0
Added support for the ATSAML21 device family
Added support for the ATSAMV7 device family, based on the ATM Cortex-M7 core

1.2.3 Atmel Studio 6.2 Service Pack 1

.

Advanced Software Framework 3.19.0
AVR 8-bit Toolchain 3.4.5 with upstream versions:

- GCC4.81
— Binutils 2.41
— avr-libc 1.8.0svn
- gdb7.8
AVR 32-bit Toolchain 3.4.2 with upstream versions:

- GCC447
— Binutils 2.23.1
ARM GCC Toolchain 4.8.4 with upstream versions:

- GCC4.84

— Binutils 2.23.1

— gdb7.8
Support for trace buffers for ARM (MTB) and 32-bit AVR UC3 (NanoTrace)
Support for attaching to targets

1.2.4 Atmel Studio 6.2

Advanced Software Framework 3.17.0

AVR 8-bit Toolchain 3.4.4 (with upstream GCC 4.8.1)
AVR 32-bit Toolchain 3.4.2 (with upstream GCC 4.4.7)
ARM GCC Toolchain 4.8.3

Support for Atmel-ICE

' For more information, see the readme that is installed as part of the toolchain.
2 For more information, see the readme that is installed as part of the toolchain.
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*  Support for Xplained Mini

*  Support for data breakpoints

+  Read OSCCAL calibration for tinyAVR® and megaAVR®

*  Create ELF production files for AVR 8-bit using the programming dialogue
*  Live Watch

*  Non-intrusive trace support for SAM3 and SAM4 family of devices including

— Interrupt trace and monitoring
— Data trace
—  FreeRTOS" awareness
— Statistical code profiling
*  Polled Data trace support for Cortex MO+

*  Default debugger for SAM devices is now GDB. GDB does in some scenarios handle debugging of
optimized code better.

*  Support to create a GCC Board project (Atmel board\User board) for ALL the installed versions of
ASF

. New ASF Board Wizard, to Add or Remove Board Project Template

* Improved loading time of New Example Project dialog, by loading only one ASF version by default
+ IDR events now gets displayed in a separate pane in the output window

+ LSS file syntax highlighting

Atmel Studio 6.1 Update 2
*  Support for SAM D20 devices on the JTAGICE3
* Advanced Software Framework 3.11.0

Atmel Studio 6.1 Update 1.1
«  Fix programming of boot section for XMEGA® devices introduced in 6.1 update 1
*  Fix SAM4LSP32 bare-bone project setup

Atmel Studio 6.1 Update 1
¢ Advanced Software Framework 3.9.1

*  Extension Development Kit (XDK). Support for packaging an Embedded Application project into an
Atmel Gallery Extension.

*  Support for SAM D20 and SAM4N devices
* ARM GCC Toolchain 4.7.3 with experimental newlib-nano and multilibs

Atmel Studio 6.1
»  Support for Embedded Debugger platform
*  Support for Xplained Pro kits
* Advanced Software Framework 3.8.0
* AVR 8-bit Toolchain 3.4.2 (with upstream GCC 4.7.2)
*  AVR 32-bit Toolchain 3.4.2 (with upstream GCC 4.4.7)
* ARM GCC Toolchain 4.7.3
+ CMSIS 3.20
*  Updated Visual Assist
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.

Command line utility for firmware upgrade
Stimulus for simulator. Create a stimuli file to write register values while executing simulation.

Atmel Studio 6.0

Support for ARM-based MCUs with SAM-ICE "™
Advanced Software Framework 3.1.3

AVR Toolchain 3.4.0

ARM Toolchain 3.3.1

Advanced Software Framework Explorer
Support for QTouch Composer as extension
Updated Visual Assist

New extension gallery

AVR Studio 5.1

.

New version of AVR Software Framework (ASF)

Availability and installation of new ASF versions through extension manager, without having to
upgrade Studio 5

Support for side by side versioning of ASF, with the ability to upgrade projects

Syntax highlighting and better debugging support for C++ projects

Support for importing AVR 32 Studio C++ projects

New version of AVR Toolchain

New command line utility (atprogram) with support for all Microchip AVR tools and devices
Enhancements to programming dialog including support for ELF programming

New version of Visual Assist with several enhancements and bugfixes

Installation

Installation instructions.

Supported Operating Systems

.

.

.

Windows 7 Service Pack 1 or higher

Windows Server 2008 R2 Service Pack 1 or higher
Windows 8/8.1

Windows Server 2012 and Windows Server 2012 R2
Windows 10

Supported Architectures

.

32-bit (x86)
64-bit (x64)

Hardware Requirements

Computer that has a 1.6 GHz or faster processor
RAM

— 1 GB RAM for x86
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— 2 GB RAM for x64
— An additional 512 MB RAM if running in a Virtual Machine
* 6 GB of available hard disk space

Downloading and Installing
. Download the latest Atmel Studio installer

*  Atmel Studio can be run side-by-side with older versions of Atmel Studio and AVR Studio.
Uninstallation of previous versions is not required.

*  Verify the hardware and software requirements from the 'System Requirements' section

* Make sure your user has local administrator privileges

»  Save all your work before starting. The installation might prompt you to restart if required.
»  Disconnect all USB/Serial hardware devices

*  Double-click the installer executable file and follow the installation wizard

*  Once finished, the installer displays an option to Start Atmel Studio after completion. If you
choose to open, then note that Atmel Studio will launch with administrative privileges, since the
installer was either launched as administrator or with elevated privileges.

Contact Information

Report any problems you experience with this version of Atmel Studio. We would also like to receive good
ideas and requests that can help to improve further development and releases of Atmel Studio.

Check out the Microchip Support for any issues that you might encounter. From this page it is possible to
contact Microchip Support through the support portal.

For the latest updates visit the Atmel Studio 7 product page on the Microchip web site.
Reporting Bugs

Copy the information from the version dialog (see the figure below) and include it in the email to
Microchip. Also, make sure to provide a detailed description of the problem:

1. Describe how to recreate the problem.

2. Attach any test program that causes the problem.

3. Check that the copied version information contains used debug platform and device.

The version dialog is opened by the file menu Help — About Atmel Studio. Debug platform and device
are only displayed if you are in debug mode. Push the copy button to copy the contents to the clipboard.
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Figure 1-1. Atmel Studio About Box
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2. Getting Started
Getting Started Atmel Studio 7 - playlist.

el AVR® & SAM Tools: Introduction S =~ AVR®& SAM HW Tools e Studio 7: Data Visualizer
S 2 % & Debuggers T~ & Power Debugging
uVideo 12 Description uVideo 12 Description uVideo 12 Demo code
. T Installation & Updates o Gallery & Extensions o Atmel START Integration
ICROCHIR MicROCHIR MiCROCHIR
uVideo & Hands-on uVideo (3 Hands-on uVideo (3 Hands-on
Mn@m_ Creating a New Project Mn@m_ Create from & Sketch Mn@m_ In System Programming

ST & Kit connection

uVideo ﬂ Hands-on uVideo ﬁ Hands-on uVideo ﬁ Hands-on
el 11O View & Bare-Metal Prog. Refs. ‘2 Studio 7 Editor (Visual Assist) W AVR® MCU Simulator Debugging
Peegram Counter 000000023
g 1:.?...?
S PTBOUETD -
e T i
s | 5k miin i
ﬂ Hands-on uVideo ﬁ Hands-on uVideo ﬁ Hands-on
Studio 7: Debugging — 1 wl  Studio 7: Debugging — 2 wed  Studio 7: Debugging - 3
2 |( .r'k:rw :lm:lrl:u. & Prae_bmp; =
Memary View ; B Watt:h.;":.;\:'\:I
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This Getting Started training for Atmel Studio 7 will guide you through all the major features of the IDE. It
is designed as a video series with accompanying hands-ons. Each section starts with a video, which
covers that section.

Prerequisites
Much of the training could be completed by using the editor and simulator, however, in order to cover
everything the following is recommended.

Hardware prerequisites:
*  ATtiny817 Xplained Pro
»  Standard-A to Micro-B USB cable

Software prerequisites:
*  Atmel Studio 7.0
* avr-gcc toolchain
«  Latest Part Pack for tinyAVR® devices

Atmel Studio 7.0 plugins used:

<  Atmel START 1.0.113.0 or later
. Data Visualizer Extension 2.14.709 or later

Icon Key ldentifiers
The following icons are used in this document to identify different assignment sections and to reduce
complexity.

ﬂ Info: Delivers contextual information about a specific topic.
Tip: Highlights useful tips and techniques.
To do: Highlights objectives to be completed.

Result: Highlights the expected result of an assignment step.

Indicates important information.

/A\WARNING
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a Execute: Highlights actions to be executed out of the target when necessary.

Atmel Studio 7, START, and Software Content

This section gives an overview of the various pieces in the AVR® and SAM Tools ecosystem and how they
relate to each other.

Getting Started Topics

A AVR® & SAM Tools: Intro & Overview

MicrocHIP

In this video:

Context in Microchip Tools Ecosystem ‘

+ IDE, Compiler, MCU & SW configurator tools,
Firmware Libraries

START, Software Content and IDEs

» How these pieces fit together.

» START-based development
+ START user manual
» Getting Started projects in START

Atmel Studio 7

» Bare-metal- vs. START-based development

¢ Build from scratch (bare-metal):
+ Getting Started Atmel Studio 7
+» Getting Started with AVR Tools

Video: AVR and SAM Tools ecosystem overview

Atmel START

Atmel START is a web-based software configuration tool, for various software frameworks, which helps
you get started with MCU development. Starting from either a new project or an example project, Atmel
START allows you to select and configure software components (from ASF4 and AVR Code), such as
drivers and middleware to tailor your embedded application in a usable and optimized manner. Once an
optimized software configuration is done, you can download the generated code project and open it in the
IDE of your choice, including Studio 7, IAR Embedded Workbench®, Keil® uVision®, or simply generate a
makefile.

Atmel START enables you to:
*  Get help with selecting an MCU, based on both software and hardware requirements
* Find and develop examples for your board

»  Configure drivers, middleware, and example projects
*  Get help with setting up a valid PINMUX layout
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»  Configure system clock settings
Figure 2-1. Relation between START, Software Content, and IDEs

Explore/Select: i ) T — ot | START m

-

 BBECACE EY A RAD .
AROWSE EXAMPLES

Configure Device: J L

COMPONENT SETTINGS

CLOCES

OrivariADC Window

S KEIL !

Tachs by ARM

m o Comrgd 1 17 008 Wl s O - 2900 A L, s
g T ot it by il sl e

21.2 Software Content (Drivers and Middlewares)

Advanced Software Framework(ASF)

ASF, the Advanced Software Framework, provides a rich set of proven drivers and code modules
developed by experts to reduce customer design-time. It simplifies the usage of microcontrollers by
providing an abstraction to the hardware through drivers and high-value middlewares. ASF is a free and
open-source code library designed to be used for evaluation, prototyping, design, and production phases.

ASF4, supporting the SAM product line, is the fourth major generation of ASF. ¢ represents a complete
re-design and -implementation of the whole framework, to improve the memory footprint, code
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performance, as well as to better integrate with the Atmel START web user interface. ASF4 must be used
in conjunction with Atmel START, which replaces the ASF Wizard of ASF2 and 3.

Microchip.com: ASF Product Page

AVR Code

AVR Code, supporting the AVR product line, is a simple firmware framework for AVR 8-bit MCUs,
equivalent to Foundation Services, which supports 8- and 16-bit PIC MCUs. AVR Code is optimized for
code-size and -speed, as well as simplicity and readability of code. AVR Code is configured by Atmel
START.

Integrated Development Environment (IDE)

An IDE (Integrated Development Environment) is used to develop an application (or further develop an
example application) based on the software components, such as drivers and middlewares, configured in
and exported from Atmel START. Atmel START supports a range of IDEs, including Studio 7, IAR
Embedded Workbench®, Keil® pVision®.

Atmel Studio 7 is the integrated development platform (IDP) for developing and debugging all AVR and
SAM microcontroller applications. The Atmel Studio 7 IDP gives you a seamless and easy-to-use
environment to write, build, and debug your applications written in C/C++ or assembly code. It also
connects seamlessly to the debuggers, programmers, and development kits that support AVR and SAM
devices. The development experience between Atmel START and Studio 7 has been optimized. Iterative
development of START-based projects in Studio 7 is supported through re-configure and merge
functionality.

This Getting Started training for Atmel Studio 7 will guide you through all the major features of the IDE. It
is designed as a video series with accompanying hands-on. Each section starts with a video, which
covers that section.

AVR® and SAM HW Tools and Debuggers
This section describes the HW Tools ecosystem for AVR® and SAM MCUs.

Getting Started Topics
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‘S\ AVR ® & SAM HW Tools & Debuggers

MICROCHIP

In this video:
Debugging Platform & user interface
e Xplained Development kit platform
e Incircuitdebuggers i .
» Atmel ICE / Power Debugger . \\_/

o Data Visualizer
» User Interface for debugging platform
» Visualizes data to give insight to application
» Analyze and correlate power consumption to code

Visualize application/power

Data Visualizer . b Hal-

Xplained Ultra Atmel ICE  Power Debugger

Video: AVR & SAM HW Tools & Debuggers
Data Visualizer

The Data Visualizer is a program to process and visualize data. The Data Visualizer is capable of
receiving data from various sources such as the Embedded Debugger Data Gateway Interface (DGI) and
COM ports. Track your application’s run-time using a terminal or graph, or analyze the power
consumption of your application through correlation of code execution and power consumption, when
used together with a supported probe or board. Having full control of your codes’ run-time behavior has
never been easier.

Both a stand-alone and a plug-in version for Atmel Studio 7 are available at the website link below.
Website: Data Visualizer.
Atmel-ICE

Atmel-ICE is a powerful development tool for debugging and programming AVR microcontrollers using
UPDI, JTAG, PDI, debugWIRE, aWire, TPI, or SP! target interfaces and ARM® Cortex®-M based SAM
microcontrollers using JTAG or SWD target interfaces.

Atmel-ICE is a powerful development tool for debugging and programming ARM Cortex-M based SAM
and AVR microcontrollers with on-chip debug capability.

Website: Atmel-ICE
Power Debugger:

Power Debugger is a powerful development tool for debugging and programming AVR microcontrollers
using UPDI, JTAG, PDI, debugWIRE, aWire, TPI, or SPI target interfaces and ARM Cortex-M based SAM
microcontrollers using JTAG or SWD target interfaces.

In addition, the Power Debugger has two independent current sensing channels for measuring and
optimizing the power consumption of a design.
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Power Debugger also includes a CDC virtual COM port interface as well as Data Gateway Interface

channels for streaming application data to the host computer from an SPI, USART, TWI, or GPIO source.

The Power Debugger is a CMSIS-DAP compatible debugger which works with Studio 7.0 or later, or other

frontend software capable of connecting to a generic CMSIS-DAP unit. The Power Debugger streams
power measurements and application debug data to the Data Visualizer for real-time analysis.

Website: Power Debugger

Data Visualizer and Power Debugging Demo
This section shows a demo using the Data Visualizer including Power Debugging.

Getting Started Topics

@ Studio 7: Data Visualizer & Power Debugging

MICROCHIP

In this video: i
Studio 7: Data Visualizer & Power Debugging - i
Context o
Low-power demo: RTC periodic timer, starts ADC < 10
conversion, via event system. ADC result sent on USART.
Features covered: R
« mEDBG: ATtiny817 Xplained Mini o meme maom we o om so__vio s
« Datainput: serial port ;
» Visualization: terminal, graph 2o
+ EDBG: ATtiny817 Xplained Pro He
« Datalnput: Serial + DGI (USART, SPI, I°C, GPIO) S :‘;
« Visualization: Graph (serial + DGI GPIO) G o
+» Power Debugger Analog module: 2 e ———rne
ATtiny817 Xplained Pro e s mo mo ws e w0 wa wa o
+ Power measurement& DGl GPIO graphs s
U id 9153, B5HS8.
» User-guide e e PPt

» Tips forF1access

Video: Data Visualizer and Power Debugging Demo

/*
* Power Demo ADC SleepWalking.c

* Device/board: ATtiny817 Xplained Pro
* Created: 8/6/2017 3:15:21 PM

7

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/sleep.h>

#define F_CPU (20E6/2)

void sys_init (void)
{
_ PROTECTED WRITE (CLKCTRL.MCLKCTRLB, CLKCTRL PEN bm | CLKCTRLiPDIV72X7gC);

}

void rtc_pit_init (void)
{
RTC.CLKSEL = RTC_CLKSEL INT1K gc;
RTC.PITCTRLA = RTC PITEN bm | RTC_ PERIOD CYC256 gc;
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}

//picoPower 4: Event system vs. IRQ. Compare to not using IRQ
void evsys init (void)
{
EVSYS.ASYNCCH3 = EVSYS ASYNCCH3 PIT DIV128 gc;
EVSYS.ASYNCUSER1 = EVSYS ASYNCUSER1 ASYNCCH3 gc;

}

//picoPower 3: Evaluate own sample, e.g. window mode.
// Significantly reduce awake time.

void adc_init (void)

{
ADCO.CTRLC = ADC PRESC DIV8 gc | ADC REFSEL VDDREF gc;
ADCO.CTRLA = ADCiENABLEibm | ADCiRESSEL78BIT7gC;
ADCO .MUXPOS ADCiMUXPosiAIN67gc;

ADCO.CTRLA |= ADC_RUNSTBY bm; //picoPower 1: So can run in sleep.
ADCO.CTRLE = ADC_WINCM OUTSIDE gc; //picoPower 3: So can evaluate own sample.
ADCO.INTCTRL = ADC_WCMP bm;

ADCO.WINHT = 200;
ADCO.WINLT = 100;

ADCO.EVCTRL = ADC STARTEI bm; //picoPower 4: So event can trigger conversion
}

uint8_t adc_get_ result (void)
{

return ADCO.RESL;
}

//picoPower 5: Send quickly, then back to sleep: compare 9600, 115200, 1250000 baud rates
//note only sending 1 byte
#define BAUD RATE 57600
void usart init ()
{
USARTO.CTRLB = USART TXEN bm;
USARTO.BAUD = (F_CPU * 64.0) / (BAUD RATE * 16.0);
}
void usart put c(uint8 t c)
{
VPORTB.DIR |= PIN2 bm | PIN6 bm; //picoPower 2b: see Disable Tx below
USARTO.STATUS = USART TXCIF bm;

VPORTB.OUT |= PIN6 bm;
USARTO.TXDATAL = c;
while (! (USARTO.STATUS & USART TXCIF bm));
VPORTB.OUT &= ~PIN6 bm;
VPORTB.DIR &= ~PIN2 bm | PIN6 bm;
//picoPower 2b: Disable Tx pin in-between transmissions

}

//picoPower 2: Disable unused GPIO
// compare: Nothing, PORT_ ISC_INPUT_DISABLE gc, PORT_PULLUPEN_bp

void io_init (void)

{
for (uint8 t pin=0; pin < 8; pin++)
{

(§PORTA.PINOCTRL) [pin] = PORT ISC INPUT DISABLE gc;
(§PORTB.PINOCTRL) [pin] = PORT ISC_INPUT DISABLE gc;
(§PORTC.PINOCTRL) [pin] = PORT ISC_INPUT DISABLE gc;

}

int main(void)

{
sys_init ();
rtc_pit_init();
evsys init();
adc_init();
io _init();
usart init();

VPORTB.DIR |= PIN6 bm;
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VPORTB.OUT &= ~PIN6 bm;
sei();

//picoPower 1l: Go to sleep. Compare with no sleep, IDLE and STANDBY
set sleep mode (SLEEP MODE STANDBY) ;

while (1)
{
sleep mode () ;
}
}

ISR (ADCO_WCOMP vect) //picoPower 3: Only called if relevant sample
{

ADCO.INTFLAGS = ADC_WCMP bm;

usart put c(adc_get result());

24 Installation and Updates

This section describes the process of installing Atmel Studio 7, installing updates for Studio or plugins, as
well as adding support for new devices.

Getting Started Topics

@ Studio 7: Installation & Updates

MICROCHIP

e W ]

Atmel Studo 7.0 Atmed Studio 7.0

In this video:
Studio 7 installation experience

Installation choices:

o AVR? 8-bit MCU, AVR 32-bit MCU, . P
SAM MCU

o Atmel Software Framework and
example projects
Updating Studio 7:
« Update notifications Notifications =g

. Notifications: 2
- InSta”ing Supponfor Updates available for installed device packs

|atest devic es (pac k ma nager) Updates available for ATAUTOMOTIVE_DFP, ATTINY_DFP, SAMC20_DFP, SAMC21_DFP,

SAMHAL_DFP, XMEGAB_DFP, XMEGAC_DFP, XMEGAD_DFP, XMEGAE_DFP

New device packs available

SAMDSL_DFF, SAMESL_DFP, SAMES4_DFP, UC3A_DFP, UC3B_DFF, UC3C_DFP, UC3D_DFP,
LIC3L_DFP are available.

Video: Installation and Updates

241 Installation

Supported Operating Systems
*  Windows 7 Service Pack 1 or higher
*  Windows Server 2008 R2 Service Pack 1 or higher
*  Windows 8/8.1
*  Windows Server 2012 and Windows Server 2012 R2
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¢ Windows 10

Supported Architectures
*  32-bit (x86)
*  64-bit (x64)

Hardware Requirements
* A computer that has a 1.6 GHz or faster processor
+  RAM

— 1 GB RAM for x86

— 2 GB RAM for x64

— An additional 512 MB RAM if running in a Virtual Machine
* 6 GB available hard disk space

Downloading and Installing
*  Download the latest Atmel Studio installer: Atmel Studio 7

— The web installer is a small file (<10 MB) and will download specified components as needed
— The offline installer has all components embedded

*  Atmel Studio can be run side-by-side with older versions of Atmel Studio and AVR Studio®.
Uninstallation of any previous versions is not required.

*  Verify the hardware and software requirements from the 'System Requirements' section

* Make sure your user has local administrator privileges

»  Save all your work before starting. The installation might prompt you to restart if required.
»  Disconnect all USB/Serial hardware devices

*  Double-click the installer executable file and follow the installation wizard

*  Once finished, the installer displays an option to Start Atmel Studio after completion. If you
choose to open, then note that Atmel Studio will launch with administrative privileges, since the
installer was either launched as administrator or with elevated privileges.

* In Atmel Studio you may see an update notification (flag symbol) next to the Quick Launch field in
the title bar. Here you may select and install updated components or device support.

Downloading Offline Documentation

If you would like to work offline, it would be advisable to use the offline documentation for Studio 7.

To do this, from the Studio 7 Start Page, click on Download documentation. When the help viewer pops
up, first click the Online button and search for documentation of interest, such as data sheets, user
manuals, and application notes (wait for the available documents to show up).

In the example below, we are choosing to download the Power Debugger user manual, the ATtiny817
Xplained Pro user manual, as well as the ATtiny817 Complete data sheet. Clicking update will then
initiate the download.

= }'-'1 va &
C.

Start Page I
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Pending Changes (master) main.c” ATtiny817 Xplained Pro - 0703

Start Discover Atmel Studio
MNew Project...
New Example Praject.. Getting started with Atmel Studio

Open Project...
i Getting started with AVR development

R Open Atmel Start Configurator

g st . Download Atmel Studio Extensions

Geeapplicationl Download documentation

Ultrasonic Distance Measurement tiny817

0 Microsoft Help Viewer 2.2 - Atmel Studic Documentation - 0 X
= Lt e

Contents ip Viewer Home Manage Content:

Filter Contents el
Add and Remove Content

4 Help Viewer Home Adding content will automatically refresh all local documentation with available updates

b ATmega32BPB
b Data Visualizer
b mega3ZBPB Xplained Mini Installation source: Local store path:
b [TEST] ATmega328P Datasheet - Preim

@ Online () Disk: ! } .‘ ProgramData\Microsoft\He Moye...
power s Pending changes:
Name Action Status Add
ATLINYSLE [ ATLIYELS [ ATUIYEL0 / A1 S0 ATtinydL7 Xplained Pro [x]
ATtiny417 [ ATtiny817 Complete Cancel ATtinyd17 [ ATtiny817 Complete [
4 User Guides Power Debugger [X]
4 Evaluation Kits
UC3L Evaluation Kit Add
4 Programmers and Debuggers
Power Debugger Cancel -
4 * 4 L4
Estimated download size: 15 MB
Free disk space: 158213 ME
Required disk space: 75MB

oyl [ndex  Favorites  Search

ks returned from hitp://alexandria.atmel.com/catalogs/AtmelStud

Microchip Gallery and Studio Extensions

This section describes how Atmel Studio can be extended and updated through the Microchip Gallery.
Some of the most useful and popular extensions are described.

Getting Started Topics
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‘S\ Studio 7: Gallery & Extensions

MICROCHIP
In this video: O e ?&;} n LI
How to add extensions S e
« Tools -> Gallery Profile SRR e
Extensions: e

+ Part of Studio 7; Visual Assist, Atmel
START, Data Visualizer, Toolchain

= Popular: Arduino® IDE for Studio 7,
LUFA Library, ASF (Naggy)

» Used in series: Doxygen integrator,
Git Source Control Provider,

Extension options/settings
¢ Tools < Options

RECENTLY ADDED MOST POPULAR HIGHEST RATED

o i ek

w'

D0 0§ 00008

Video: Gallery, Studio Extensions, and Updates

This short video describes the process of adding extensions to Atmel Studio. It covers extensions
included by default, what these are used for. Popular extensions are also covered, as well as how to
modify Extension Options and Settings.

See 8.2 Registering at the Microchip Gallery for more information about how to get started.

Website: Microchip Gallery.

2.6 Atmel START Integration

The development experience between Atmel START and Studio 7 has been optimized. This section
demonstrates the iterative development process of START-based projects in Studio 7, through the re-
configure and merge functionality.

Getting Started Topics
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e\

Studio 7: Atmel START Integration

MicrocHIP
. . E3 avRizms Unasonic Distance Measurement - AtmelStudio
In thIS vl deo: File Edit View Vs ASF plb_vﬂ Build :'OLuq Tock Wind:
= B Mew 8 Project CirleShifta N
START-based dev. in Studio 7 Ope AR cuen
Add ® | A5 Atenel Start Peoject
Creating: Close At Ml Start Exsmgle Project B
B Clese Salutssn 8]  Exenple Project - Cirls ShiftaE

» New Atmel START project
+ New Atmel START example project

» Open: Ultrasonic distance
measurement example

Iterative development

Fl

(@ Solution 'AVRAZITS Utrasonic Distan

@ b-dB F-B0R
i [

Reconfigure Atrmel Start

B

AVRAZTTA Ultrasonic Distance Measurement

4l Dependencies
» Re-configure Atmel START project R
P . b [ Config
+ Handling Diff/Merge — -

» AVR® code project documentation

[ There e differences between some of the imported Abmel Start s and the comespensding fies i your
progect.

~ Files Modified
e/ mdeyindow.e
|~ Fies adtes
+| Import Fie : daxygen/genenston Donygend syoutami
| =1 Import Fike : dosygen/generntor/ domfis.dorygen

Video: Atmel START Integration

%

To do: Exporting the Project from Atmel START.

1. On the Atmel START website, create a new project (Example or Board).

2. Click on the Export Software Component button. Make sure the Atmel Studio check-box is
checked.

3. Click on Download pack. An atmelstart.atzip pack file will be downloaded.
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Figure 2-2. Download Your Configured Project

DOWNLOAD YOUR CONFIGURED PROJECT

Download a generated pack containing all your configured software components.

Select which IDE or command line tool you want the pack to include support files for:

(E Atmel Studio: ]

VY pvision from Keil:

@ IAR Embedded Workbench:
; Somnium DRT (Atmel Studio plugin):

&2 Makefile (standalone):

— KKK

Specify file name (optional): | My Project

+» DOWNLOAD PACK

g
A
To do: Import the Atmel START Output into Atmel Studio.

4. Launch Atmel Studio.
5. Select File > Import > Atmel START Project.
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Figure 2-3. Import Atmel START Project

AtmelStudio (Administrator)

File | Edit View ASF  Project Debug Tools
Mew » |
Open -
Close
Close Solution
Import »
Save Selected ltemns Ctrl+5
Save Selected lterns As...

W Save All Ctrl+Shift+5
Export Template...

Page Setup...

Print... Ctrl+P

Recent Files ]

Recent Projects and Scolutions ]
B bt Alt+F4

6. Browse and select the downloaded atmelstart.atzip file.

Window  Help

Q|

AVR32 Studio Project... Ctrl+3
AVR Studio 4 Project... Ctrl+4
Atmel Start Project

Project Template... Ctrl+T

7. The Atmel START Importer dialog box will open. Enter the project details as Project name,

Location, and Solution name. Click OK.
Figure 2-4. START Project Importer

Atmel Start Importer

Import Atmel Start Project

Atmel Start Project(.atzip): C\Users\m43934\Downloads\My817Pro.atzip

View project summary {CM315 package information)

Project Name: My817Prol

Location: CA\Users\m43934) Documents\Atmel Studic\7.0
Solution: Create New Soluticn

Solution Name: My817Prol

View project import summary

Device Pack Manager

~on
o

Browse

Browse
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8. A new Atmel Studio project will be created and the files will be imported.

EJ mye17pron - Atmelstudio

File Edit View VAssist{ ASF Project Build Debug Tools Window Help
o - I ‘ 3-8 -8 W d"| b | - -‘ E{‘ P Bl Debug ~ Debug Browser ~ | 5 full
C | Pt @k T He BB H.ohh

W ATENYB1T  § NoTeol _

atmel_start.c = X

Solution Explorer
@ o-a@m|F =20
Search Solution Explorer (Ctrl+ )

5 /** ‘@l Solution 'My817Prol' (1 project)
* Initializes MCU, drivers and middleware in the project 4 My817Pro0

= atmel_start.c (=

#include <atmel start.h> =

=d| Dependencies
| Output Files
-2 Libraries
3 Config

3 doxygen
[3 examples
1 include

[ src

3 utils

< atmel_start.c
| atmel_start.h
* driver_isr.c
main.c

Slvoid atmel start_init{void)

{
system_init();

¥

L

o, [0, [=

To do: Import the Atmel START Output into Atmel Studio.

9. Some projects contain documentation formatted for Doxygen.
Note: Doxygen must be downloaded from http://www.doxygen.org and installed. You will be asked
to configure Studio to locate Doxygen executable, this defaults to C:\Program Files\doxygen\bin
\doxygen.exe.

10. Click on the Doxygen button to generate the documentation. Doxygen will run and the generated
documentation will open in a new window.

To do: Reconfigure the project using Atmel START.

11. Click on the Reconfigure button or right-click on the project node in the Solution Explorer, and, from
the menu, select Reconfigure Atmel START Project.

12. Atmel START will open in a window inside Atmel Studio.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 30



2.7

Atmel Studio 7 User Guide
Getting Started

Figure 2-5. Reconfigure START Project and Doxygen Buttons

I Solution Explorer

&l o-am| s = @@

Search Selution Explorer (Ctrl+7) $
ﬂ Solution 'My817Prol’ (1 project)
p My817Pro0 Doxygen

=d| Dependencies
=d| Output Files Reconfigure
- Libraries

[ Cenfig

[ doxygen

[ examples

[ include

A src

[ utils

o atmel_start.c
h| atmel_start.h

R~

¢ driver_isr.c
c main.c

13. Do the necessary changes to the project. Click the GENERATE PROJECT button at the bottom of
the Atmel START window.

Creating a New Project
This section will outline the process of creating a new Atmel Studio project.

Getting Started Topics
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‘S\ Studio 7: Creating a New Project

MICROCHIP

] =

In this video:
Create new project: T —

- — s
Selecting the right project type
» GCC C/C++ Executable Project GCCCrs bctabltPrcject TG Ny
» GCC C/C++ Static Library Project POCCHE N iy Frpic ‘
» Create project from Arduino® Sketch Selewgilndbog e Btk
ASF3 Projects = =
o GCC ASF Board Project [~ = ==
» ASF Example Project ATiiy&17 ¥plained Pro
ASF4/AVR® Code Projects: ¢
» Atmel START project

o Atmel START example project

AS Atmel START mple projects using this board.
Mew Atrnel START project using this board
Video: Create New Project
E_.]" To do: Create a new bare-metal GCC C Executable project for the ATtiny817 device.
A

1.  Open Atmel Studio.
2. In Atmel Studio, go to File — New — Project as depicted in Figure 2-6.
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Figure 2-6. Creating a New Project in Atmel Studio

E ATtiny817 Xplained Mini - 2870 - AtmelStudio (Administrator)
File | Edit View VAssistX ASF Project Debug Tools Window  Help

New * {3 Project... Ctrl+Shift+N I Deb
Open * [ %3y File.. Ctrl+N i

Close Atmel Start Project

Close Solution Atmel Start Example Project
Import * | 8] Example Project... Ctrl+Shift+E

ed tems Ctrl+

W Saveal Ctrl+Shift+5S

Print. Ctrl+F

ined Mini evaluation kit is a hardware
Recent Files * tmel ATtiny817 microcontroller. Supported
gted development platform, the kit
¢ features of the Atmel ATtiny817 and
B Bt Alt+Fd he device in a customer design.

Recent Projects and Solutions ’

[E,'_ﬂ New ASF Example Project...
[ L

3. The project generation wizard will appear. This dialog provides the option to specify the
programming language and project template to be used. This project will use C, so make sure C/C+
+ is selected in the upper left corner. Select the GCC C Executable Project option from the
template list to generate a bare-bones executable project. Give the project a Name and click OK.
See Figure 2-7.
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Figure 2-7. New Project Programming Language and Template Selection

Mew Project 7|23
b Recent Sort by: Default - #= earch Installed Ternplate P -
4 Installed T c/c
GCC C ASF Board Project C/C+= = et
Creates an AVR 8-bit or AVR/ARM 32-bit C
ssembler GCC C Executable Project C/C+= project
AtmelStudio Solution
GCC C QTouch Executable Project C/Ces Q
GCC C Static Library Project C/C++
GCC C++ Executable Project C/Crr
GCC C++ Static Library Project CiC++ Bin. —
Create project from Arduino sketch C/Cr= " B g
Mame: IMyFirstProject 1
Location: c\usershalexander_eide.thors\Documents\Atmel Studic\7.0 - Browse...
Solution name: MyFirstProject (| Create directory for solution

Tip: All Atmel Studio projects belong to a solution, and by default, Atmel Studio will use
the same name for both the newly created solution and the project. The solution name
field can be used to manually specify the solution name.

Tip: The create directory for solution check-box is checked by default. When this box is
ticked, Atmel Studio will generate a new folder with the specified solution name at the
location specified by the Location field.

About Project Types
Table 2-1. Project Types

C/C++ GCC C ASF Board Select this template to create an AVR 8-bit or AVR/ARM 32-bit
Project ASF3 Board project. Choose between the different boards
supported by ASF3.

C/C++ GCC C Executable Select this template to create an AVR 8-bit or AVR/ARM 32-bit
Project GCC project.
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C/C++ GCC C Static Library | Select this template to create an AVR 8-bit or AVR/ARM 32-bit
Project GCC static library(LIB) project. This pre-compiled library (.a) can
be used to link to other projects (closed source) or referenced from
applications that need the same functionality (code reuse).

C/C++ GCC C++ Executable | Select this template to create an AVR 8-bit or AVR/ARM 32-bit C++

Project project.
C/C++ GCC C++ Static Select this template to create an AVR 8-bit or AVR/ARM 32-bit C++
Library Project static library (LIB) project. This pre-compiled library (.a) can be

used to link to other projects (closed source) or referenced from
applications that need the same functionality (code reuse).

Assembler Assembler Project Select this template to create an AVR 8-bit Assembler project.
Category | Project Templates Description
(B Attention: This table only lists the default project types. Other project types may be

added by extensions.

4. Next, it is necessary to specify which device the project will be developed for. A list of devices will
be presented in the Device Selection dialog, which can be scrolled through, as depicted in Figure
2-8. It is possible to narrow the search by using the Device Family drop-down menu or by using the
search box. This project will be developed for the ATtiny817 AVR device, so enter ‘817" in the
search box in the top right corner. Select the ATtiny817 entry in the device list and confirm the
device selection by clicking OK.
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Figure 2-8. New Project Device Selection

"

Device Selection
Device Family:  |All . 817
Name App./Boot Memory (Kbytes) Data Memory (bytes)EEPROM (bytes) Device Info:
I a2 : 212 128 I Device Name: ATtiny817
Speed: N/A
Veo N/A
Family: ATtiny

Datasheet (Summary)

Device Page

"

Supported Tools
» Atmel-ICE

X EDBG

X EDBG MSD

2. JTAGICE3

Ml mEDBG

A Power Debugger
“= STK600

Tip: A search for 'tiny' will provide a list of all supported ATtiny devices. A search for
'mega’ will provide a list of all supported ATmega devices. Tools — Device Pack
Manager can be used to install support for additional devices.
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Result: A new GCC C Executable project has now been created for the ATtiny817 device. The
Solution Explorer will list the content of the newly generated solution, as depicted in Figure
2-9. If not already open, it can be accessed through View — Solution Explorer or by pressing

Ctrl+Alt+L.
Figure 2-9. Solution Explorer

! Solution Explorer
@ o-d@|p -
Search Solution Explorer (Ctrl+") P~

@l Solution 'MyFirstProject’ (1 project)
4 MyFirstProject
=d| Dependencies
=d| Output Files
P .3 Libraries
¢, main.c

Available To... ASF Explorer VA View VA Outline SINd-LY31.28

2.8 Creating From Arduino Sketch
This section will outline the process of creating a new Atmel Studio project from an Arduino Sketch.

Getting Started Topics
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MICROCHIP

Studio 7: Create from @ Sketch

In this video:

Create project from Arduino®
sketch file

+ Sketch project, with sketch file

¢ Arduino core project, core & library
files

-
GCC C ASF Board Project

GCC C Exmcutable Preyect
GEE € Static Libraey Preject Cites
GCC Cve Evecutable Project s

GEC e Static Library Project s

O Creme progect from Arduine thetch  CiCe+

B

Video: Create from Arduino Sketch

%

29 In-System Programming and Kit Connection

To do: Create a new project from an Arduino Sketch.

This video gives an overview of the Device Programming dialog box, to check the kit connection. The
ATtiny817 Xplained Pro kit has an on-board embedded debugger (EDBG) which eliminates the need for a
dedicated programmer/debugger. This section will also go through the process of associating the EDBG

with your project.

Getting Started Topics
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‘S\ Studio 7: In System Programming

MICROCHIP

In this video: A-.'....;u'mp..,...., -—| ATtiny817 Xplained Pro

Kit Autodetection '.;}';_u.%m i
« Xplained Pro MCU B -

& Extension Boards
» Key links By the amer st

eeeeeeeeeeee e tures of the At

2

o eatu
explains how to integrate the device in 8 customer

Device Programming Dialog e ] = s
« Device signature & target voltage i =

« Tool/device information
+ Device silicon version

» Memories
» Flash, EEPROM
¢ Fuses (Config bits equivalent)
« Project output files
AVR, SAM and PIC Differences

¢ (in terms of) Memory programming

Video: Kit Connection and In-System Programming

E_.]" To do: Associate the EDBG on your ATtiny817 Xplained Pro kit with your project.
A

1. Connect the ATtiny817 Xplained Pro board to the computer using the provided Micro-USB cable.
The kit page should be present in Atmel Studio as in the figure below.
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Figure 2-10. ATtiny817 Xplained Pro Start Page

ATtinB17 Xplained Pro -0150 -+ i A

MCU board . .
ATtingE17 Xplained Pro ATtiny817 Xplained Pro

Extension

The Atmel ATtiny817 Xplained Pro evaluation kit is a hardware
platform to evaluate the Atrnel ATtiny817 microcontroller. Supported
by the Atrnel Studio integrated development platform, the kit
provides easy access to the features of the Atmel ATtiny817 and
explains how to integrate the device in a customer design,

AllS Atmel START example projects using this board...
Mew Atmel START project using this board...

. Launch Data Visualizer

External Links:

@ Technical Documentation
@ ATtiny817 Device Datasheet
@ Xplained Pro Hardware Development Kit (HDK) User Guide

# | Kit Details

Serial number ATML2654041800000150
Board name ATtiny817 Xplained Pro
Manufacturer Atrnel
Target name ATtinyE17
Interfaces 5P TWI GPIO CDC

Show page on connect

Update board database

1.1. There are links to documentation for the board and data sheet for the device.

1.2. It is possible to create an Atmel START project for the board. Clicking on the Atmel START

links project links will bring you into Atmel START where you get options for this specific
board.

2. Opening the Programming Dialog by Tools — Device Programming.

2.1. Select EDBG Tool and assure that Device = ATtiny817, then you may read Device
Signature and Target Voltage.
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2.2. Interface settings: You may see and change the interface clock frequency.

2.3. Tool information: Shows information about the EDBG tool.

2.4, Device information: Shows information about the device. Note that you can also see the
silicon revision of the device. This may be useful in customer support cases.

2.5. Memories: May program the flash, EEPROM, and user signature separately from the files.

2.6. Fuses: Read and set fuses, for instance, oscillator frequency (16 or 20 MHz), brown-out

voltage detection etc.

2.7. Lock bits: Lock memory.

2.8. Production file: Program the device using a production file to program flash, EEPROM, and
user signatures.

2.9. Note that AVR has flash in the HEX file and EEPROM in the EEP files, while PIC has
everything, even fuses, in a HEX file.

2.10. Forinstance, SAML21J devices don't have EEPROM (may be emulated in flash). It also
has a security bit option to lock the device.

3. Create a new project by selecting File — New project, select for instance C executable project,
select the device by filtering on the device name. Different project types are discussed in another
Getting Started video.

4. If a project is selected, click the Tool button located in the top menu bar to open the tool dialog as
indicated in the figure below.

Figure 2-11. Tool Button

Window Help
2 |[z]| Gt | b Wi Debug ) (e
B ok | 2 o mATEny817 | T NoTool L

5. The Tool tab of the Project Properties will open. In the drop-down menu, select the EDBG tool, as
indicated in the figure below. The interface should automatically initiate to UPDI (Unified
Programming Debugging Interface).
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Figure 2-12. Select Debugger/Programmer in Project Properties

MyFirstProject* = ATtiny817 Xplained Pro - 0806 main.c

Build

N/A N/A

Build Events

Toolchain

Selected debugger/programmer

Device

-

Components

Advanced

A\WARNING

4041 800000806

Simulator

Pl Custom Programming Tool

Erase entire chip ~

¥| Preserve EEPROM

Debug settings
| Keep timers running in stop mode

¥| Cache all flash memory except

Tip: The serial number of the tool will accompany its name in the drop-down menu. This
serial number is printed on the backside of each tool, allowing differentiation when more
than one is connected.

Tip: These steps can always be repeated if a different tool should be used for the next debug/
program session.

On the ATtiny817 Xplained Pro, the EDBG is permanently connected to the target MCU, but for
a custom hardware solution it is necessary to ensure the target device is powered and properly
connected before a debug session can be launched.

Result: The tool to be used by Atmel Studio when a debug/programming session is launched,
has now been specified.
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291 Settings Verification

This section is a guide to verifying the tool and project configuration setup by compiling the empty project
and writing it to the ATtiny817.

To do: Verify the tool and project configuration setup done in the previous sections.

1. Click the Start Without Debugging button located in the Debug menu, as shown in the figure
below. This will compile the project and write it to the specified target MCU using the configured
tool.

Figure 2-13. Start Without Debugging

Build | Debug | Tools Window Help

I & Windows ’
Hex M Start Debugging and Break Alt+F5
- B Attach to Target
alexand —— — ) — irstPr
—1 P Start Without Debugging Ctrl+F5 F—

2.  When Atmel Studio 7 builds the project (automatically done when pressing Start Without
Debugging), several generated output files will show up in the Solution Explorer window. The
following output files are generated:

21. EEP file: EEPROM content written to the device.

2.2. ELF file: Contains everything written to the device, including program, EEPROM, and
fuses.

2.3. HEX file: Flash content written to the device.

24, LSS file: Disassembled ELF file.

2.5. MAP file: Linker info, what did the linker do, decisions about where to put things.

2.6. SREC file: Same as HEX but in Motorola format.
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appear, as depicted in Figure 2-14. Click the Upgrade button to start the firmware upgrade.
Figure 2-14. Firmware Upgrade Dialog

= =

Firmware Upgrade ||

ﬂ Info: If there is new firmware available for the selected tool, the Firmware Upgrade dialog will

EDBG firmware must be updated before continuing

On Tool On Disk
Firmware Version 3.1c¢ 3.1f

Firmware Upgrade

Depending on the state of the connected tool and the actual firmware upgrade, the upgrade
may fail on the first attempt. This is normal and can be resolved by disconnecting and
reconnecting the kit before clicking Upgrade again. After the upgrade has completed, the dialog
should say 'EDBG Firmware Successfully Upgraded'. Close the dialog box and make a new
attempt at programming the kit by clicking the Start Without Debugging button again.

Result: By compiling the empty project and writing it to the ATtiny817 the following has been
verified:

»  The project is configured for the correct MCU

*  The correct tool has been selected

»  The tool's firmware is up-to-date

Under View > Available Tools you are able to see a list of available or recently used Tools. Here you can
specifically ask Atmel Studio 7 to upgrade the firmware for a tool.
Figure 2-15. Atmel Studio 7 Available Tools (on view menu)

Hovailable Tools * 0 X
Tools and Simulators Status
x EDBG (4TML26540418000006583) Disconnected

" onnected

Device Programming

b Simulator Add Target... onnected

Upgrade... b
Show Info Window
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I/0 View and Other Bare-Metal Programming References

This section describes how you would typically write code in Studio 7, independent of a software
configuration tool or framework, i.e. bare-metal. This is covered both as video (linked below) and hands-
on document. The main focus is on each of the relevant programming references, how each is accessed,
and what each is used for. The project context is to turn ON an LED, then blink with a delay. Although the
ATtiny817 Xplained Pro is used the principles are general enough to use with any kit in Studio 7, though
the principles apply to most devices supported in Studio 7.

Getting Started Topics

‘K\ Studio 7: 1/O View & Bare-Metal Prog. Refs.

MICROCHIP

In this video:
Context:
o Turn on LED, then blink with delay.

Programming References:

(How to easily access & what to use each for)
» Device datasheet
» Datasheet (from IO view)

¢ |O view (debugging)
» Kit user-guide & schematics
« Device header files
« Editor (Visual Assist) I

« AVR®LibC ‘

o Atmel START

Mame Acldvess Vebue Bits
= BCTRLA 6600 05 0 [ [u] |
0 EMABLE (i3] |
8 FREERUN (] ]
B8 RESSEL 01 a
| [F]
% @ CTRLE i 1)} ooo
% Bete :un:m;!.nm :J k4 +0O0O0-@0o0
# @cTrn ey e ¢  DOO0DO000
5 @ CTRLE Addere 000 |, |00
# B SAMPCTRL 0605 000 0oooo
® @ Mupos G0 (il =] |mis] |
FrT————
-H_ —-— |

Video: I/O View and Bare-metal programming references

The list below is an overview of the programming references which are typically used. Particular
emphasis is placed on I/O View, which provides a way to navigate data sheet register descriptions when
editing or debugging, as well as to understand the current configuration when debugging. This second
use of 1/0 view when debugging is also used to test new register configurations.

This topic is closely related to both 2.15 Debugging 3: /0 View Memory View and Watch as well as 2.11
Editor: Writing and Re-Factoring Code (Visual Assist).

Device data sheet

Data sheet (from 1/O view)

Kit user guide and schematics
I/0O View (debugging)

Editor (Visual Assist)

Device header files

AVR Libc (AVR specific)

Atmel START: ATtiny817 project
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In the process the following code is written. Although the code is simple, the decision process, using the
list of programming references above, is described.

#include <avr/io.h>
#define F CPU 3333333
#include <util/delay.h>

int main (void)
{
PORTB.DIR = PIN4 bm;

while (1)

{
_delay ms (500) ;
PORTB.OUTTGL = PIN4 bm;

AWARNING Be sure to keep the #include <avr/io.h> line at the top of main.c. This header file will
include the correct register map for the selected device, and without this statement, the compiler
will not recognize any of the macros referenced in the code above.

Device Data Sheet (PDF)

Although I/O View allows easy access to navigate the data sheet at a register level, the PDF version still
has a role. The device data sheet, in PDF format, tends to be used at least to get an understanding of the
peripheral, through the block diagram and functional description. For example, to understand the
PORT peripheral of the ATtiny817, we consulted the PORT Block Diagram and Functional Description >
Principle of operation sections of the data sheet. These two sections together, connecting the description
to the diagram, give a basic understanding of the PORT peripheral.
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Figure 2-16. PORT Block Diagram from the PDF Data Sheet

17.3. Block Diagram (ATtinyS17 data sheet extract POR {O Pin Controller chapter)
Figure 17-1. PORT Block Diagram
Pull Enable 3’—‘1{
C
o Pull Keep
PINRCTRL 4]
- U | pull Direction ;}l:)—{ g
r
Q
! _
,.-J'"l| ¢
% Input Disabl
g nput Disable
' T wired ANDIOR
c
Slew Rate Limit
Inverted W2
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Pxn
A
DIRn
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/J.-"‘ _INn__
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R
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Figure 2-17. Principle of Operation from the PDF Data Sheet of ATtlny817

17.6. Functional Description (ATtunyS17 data sheet extract PORT - /0 Pin Controller chapter)

17.6.1. Principle of Operation
The 1/O pins of the device are controlled by PORT peripheral registers. Each of the port pins has a
corresponding bit in the Data Direction (PORT.DIR) and Data Output Value (PORT.OUT) registers to
enable that pin as an output and to define the output state. For example, pin PB3 is controlled by DIR[3]
and OUTI[3] of the PORTB instance.

The direction (input or output) of each pin in a pin group is configured by the PORT.DIR register.

When the direction is set as output, the corresponding bit in the PORT.OUT register will select the level of
the pin. If bit n in PORT.OUT is written to '1", pin n is driven HIGH_ If bit n in PORT.OUT is written to "0,
pin n is dnven LOW. Pin configuration can be set by writing to the Pin n Control registers
{PORT_PINnCTRL) with n=0..7 representing the bit position.

The Data Input Value (PORT.IN) is set as the input value of a PORT pin with resynchronization to the
Main Clock. To reduce power consumption, these input synchronizers are clocked only when the value of
the Input Sense Configuration bit field (ISC) in PORT.PINNCTRL is not INPUT_DISABLE. The value of
the pin can always be read, whether the pin is configured as input or output.

Note: We used the device data sheet for the peripheral block diagram, as well as a description of the
PORT DIR and OUT registers.

1/0 View Data Sheet
Studio 7 allows to easily access the data sheet register descriptions by clicking F1 on the relevant
register description. The HTML version of the data sheet opens online (by default). The data sheet will
open in the context of the relevant register description.
Note: In this way we use the Data sheet from 1/O View to understand that:

1.  Writing a "1' to PORT.DIR[n] configures and enables pin n as an output pin.

2. If OUT[n] is written to '0', pin n is driven low.

Figure 2-18. Opening an Online Data Sheet from 1/O View
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1/0 View (Debugging)
This functionality can directly be tested by starting a debug session, using Start Debugging and Break. So
we are now able to begin testing functionality, as shown in the image below.
I/0 View is covered in more detail in 2.15 Debugging 3: I/O View Memory View and Watch.
Note: 1/O View when debugging is used to:
1. Verify that writing a '1' to PORT.DIR4, sets pin as OUTPUT, LOW by default to LED turns ON.
2. Verify that writing a '1' to PORT.OUT4, turns OFF the LED.

Table 2-2. Atmel Studio Button Functionality (Programming and Launching Debug Sessions)

_ Functionality Keyboard Shortcut

Bl Start Debugging and Break Alt + F5

é Attach to Target

» Start Debugging F5

n Break All Ctrl + Alt + Break
b Start Without Debugging Ctrl + F5

Figure 2-19. Turning ON/OFF Kit LEDs Through Manipulating I/O View Registers when Debugging

# W10 Ports (PORTC)
M Interrupt Comtroller {CPIA
# B Lockbit {LOCKET)

- L 3 il Hon-volatde Memory Con.

Clicking PORT.DIR4 sets PB4 R .

to QUTPUT — _Emﬁ:l:ﬂ
B birseT  Gen a0 OO0 ooo
Bokrcr  SedE 620 OODORODOO0O
Borma il Wi OOOBOOO0O
B our Wil w0 00000000
Boumser s 0 DOODOO00O0

Boutar e e OOO00000
BouttaL i &b OOOO0DOO0O
Bm wmE o BNEDOIEED
5 EANTFLAGS Sul &) O0ODO0O0000

# D ArOCTRL 030 00 [ ooo0
# BrracTRL o3l 0 O cogoo
& @ FrOCTRL 032 00 O Qoo
& [ FrEcTRL 0433 0 O oooo
& B MrCTRL Ouil G O oooo
o B PMSCTEL oulds G O oooo
# HPArSCTRL Owds G0 [ o000
% @ PNPCTRL Oud3T  0e0 ) oooo

Procevsor Staiyn AN Sohstion Explorer  Fropertios

Downloading Studio 7 Documentation
The data sheet can also be downloaded by using the Studio 7 help system. In this case, a similar
functionality will work offline. This is described here: 2.4.2 Downloading Offline Documentation.

Atmel Studio 7 Editor (Visual Assist)

The Studio 7 Editor, powered by Visual Assist has powerful features to help you write and refactor code,
as well as easily navigate large projects. Suggestion functionality is shown in Figure 2-20, while an
overview of the code navigation is shown in Figure 2-21. In the next section, 2.11 Editor: Writing and Re-
Factoring Code (Visual Assist), the editor features are covered in more detail.
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Figure 2-20. Suggestion Functionality in the Studio 7 Editor for Writing Code

int main(void)

{
PORTE.DIRSET = PIN4 bm;
PORTB.PINSCTRL = PORT
Iel" PORT_ISCZ_bm -
/* Replace wit s PORT_ISC2 bp
while (1} Iel' PORT_ISC_gm
{ I»l' PORT_ISC_gp
} I»I' PORT_PULLUPEN_bm
} ¥ #define PORT_PULLUPEN _bp 3
¥l PORTA_DIR s /* Pullup enable bit position. */
I¥' PORTA_DIRCLR Accept with: <TAB= or <ENTER>
I»l' PORTA_DIRSET
I+l PORTA_DIRTGL I

"!""] ER [Elﬁl

Figure 2-21. Atmel Studio 7 Editor Navigation Overview

ar] P rnain_c 4 M Fro
{% PIN5_bm » Q¥ register3_t PINSCTRL l_'ﬂGu
Context Definition Goto --
field field Definition

T(PORTE. TN & FINI_ b}
3

}

int main(vaid)

PORTE.DIRSET = PIN4 bm;
PORTB.PINSCTRL = PORT_PULLUPEN bm;

e %
i "Alt+ G

" Goto Definition

)
else

Specifically in the video related to this section, the editor is used for the following.

Device Header Files

Through the Goto Definition functionality of the editor, it is easy to access the MCU device header files,
i.e. by clicking on any register and then clicking on the goto button, or typing Alt+G. Writing PORTB. gives
a suggestion list of potential registers, from the PORT structure, shown in figure Suggestion lists and the
MCU device header files. For more information about how the AVR header files are structured, see
AVR1000 for more information.
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Figure 2-22. Suggestion lists and the MCU device header files

anElih = X T Stait Page

pedel gnum PORT_I5C_enum

/® 10 Ports " »  pinSckd Mow g w o +
-ty F st BORT struct
typedef struct PO [ kiR arenk Docamint

{ registerB t DIR; /* Deta Direction */
registerE t DIRSET;/* Deta Direction Set */
ister8 t DIRCLR;/® Data Direction Clear *J DIR =
DIRTGL; /™ Data Direction Toggle®™4 DIRCLR
t OUTCLR;/* Output Value Clear */
" IM
3t reserved Bodi;
-_'. reserved BwBE[
QUTCLR

i e i a

oUT;  /* Output Value */ @' DIRSET
OUTTGL; /™ Output Value Toggle */ s
L

iy i, @ INTFLAGS

-
£ reserved SwolF; - ﬁ

@ OUTSET
gt

t OUTSET;/" Dutput Value Set */
- uf
DIRTGL
L Fesrrve-:l_MA:.
t reperved_BwdDy
out
t PINGCTRL

t PINICTEL}
B_t PIN2CTRL;
PINZCTREL ;
_t PIMNSCTREL;

QUTTGL -
+ PENSCTRL;

T PINGCTEL; [ F catrel * T e
_t PIN7CTRL; * Pin 7 Comtral =/

_t reserved_BwlB;

I £ reserved Bxl9;

| k
it reserved_Bxlas 2
t reserved BxlBy yp I n g -
t reserved BlC;
FEserved_Bxll;

Esemiennd o References PORT _struct
" (device header file)

* Input/Sense Conf
- typedef snam POAT

{
PORT_ISC_INTDISABLE gc = (@wB@<<8), /* Iterrupt disabled but Imput buffer enabled =
PORT_15C_BOTHEDGES g = {Bwdli<d), e Both Edges
PORT_T5C_RISING ge = (@:03<cB), /° Se .
PORT_ISC_FALLING gc = (@#B3:<B), /* Sense Fallin
21 PORT_ISC_INPUT_DISABLE gc = (Gda<<@), /* Digital Input Buffer dissbled */
14 PORT_ISE_LEVEL g = (8w@5<ed), /* Sense low Level ®
} PORT_ISC_t;

Kit Schematics and User Guide

The kit schematics and user guide are useful to understand the MCU pin connections on the kit. Full
schematics and kit design files, such as Gerbers, are available on www.microchip.com, on the kit's
product page.
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Figure 2-23. How to Find Schematics for a Particular Development Board
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Figure 1-1. ATtiny817 Xplained Pro Evaluation Kit Overview
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The LED and button are connected to the pins as per the table below, from the ATtiny817 Xplained Pro
User Guide.

Table 2-3. ATtiny817 Xplained Pro GPIO Connections

Silkscreen Text ATtiny817 GPIO Pin

LEDO PB4
SWO0 PB5

The ATtiny817 Xplained Pro design documentation schematic shows the connections for the LED and
button, as in the figure below.

Figure 2-24. ATtiny827 Xplained Pro GPIO Connection Schematics

PB4 GPIO2
FB3 GPIO

USER LED USER BUTTON

VvCC _THEET_PBX’B

[t ]
= = e
[s4 =
=
™ -
= & =
- LT —
=¥z o
= b W - -1
\KE = =L
Wl o i
—~ " o
GND

From the schematics, it is concluded that:
*  The LED can be turned ON by driving PB4 low.
*  SWO is connected directly to GND and to PB5 through a current limiting resistor.
*  SWO does not have an external pull-up resistor.

*  SWO will be read as '0"' when pushed and as '1' when released, if the ATtiny817 internal pull-up is
enabled.

AVR Libc

All the references covered to this point are just as relevant for SAM as for AVR, however, as the name
suggests, this one is specific to AVR. AVR Libc is a Free Software project whose goal is to provide a high-
quality C library for use with GCC on AVR microcontrollers. Together, avr-binutils, avr-gcc, and avr-libc
form the heart of the Free Software toolchain for the AVR microcontrollers. Further, they are accompanied
by projects for in-system programming software (avrdude), simulation (simulavr), and debugging (avr-
gdb, AVaRICE).

The library reference is usually a quick interface into AVR Libc, as shown in Figure 2-25. One can quickly
search the page for a relevant library. Relevant header files, which should be added to the project, are
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indicated in the module name. For example searching for 'interrupts’, the relevant include will be #include
<avr/interrupt.h>. Clicking into the module, a list of available functions and relevant interrupt callbacks
can be found, as shown in Figure 2-26.

Figure 2-25. AVR Libc Library Reference

™

y o sr-libe Mooulss x
— C | @ www.nongmaong, nar : 5. ht b+ I?“ *] o q] OB
1 Apps [% Treshouse Leam W [ Home- Atmel Teche 4 Trimng e ) np-trd/ASF - Gtk Gl WebHome < Custerr [ Apps Progeam Revi E] Ouner bookmane

®

AVR Libc Home m ) a nterrupts AW
m w"mUPTT'IG'III
. Pages
Wain Fage User Manual ibrary Reference FAQ Example Projects

Modules

Here = 3 sl of all modukes

[omtai lavel 12]
<alloca.h>: Aliccate space in the stack
<agserths>: Diagnostics
<ctype.h>: Character Operations
<armo.h>: System Errors
<inttypes.h>; Integer Type conversions
<miath. he: Mathematics
<setjmp.h>: Non-docal goto
<sidint.h>: Standard integer Types
<stdio.h>: Standard 10 facilities
<$taND.h>: General utilities
<string.h>: Strings
<tifie, ! Time
<avriboolh>: Bootioader Support Utilmes
<avricputunc.h>: Special AVR CPU functions
<avrigeprom h>: EEFROM handling
<avrifuse.h> Fuse Support
<avriinterrupt.hz: TUp
<avrfio.h>: AVR device-specific 10 definitions
<avriock.h>; Lockbit Support
<3VFipgMEpace.n>: Program Space Utiites
<avripower.h>: Power Reduction Management
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Figure 2-26. Using Interrupts with AVR Libc

/ [ AVR Libc Home Page X \-:s !

& C | @ www.nongnu.org):

<avr/interrupt.h>: Interrupts

Global manipulation of the interrupt flag

The giobal interrupt flag s maintained in the | bt of the status register (SREG)

Handing intermupts Mequently requings attention reganding alomic access 10 objects that could be altered by code runming within an ntermupl context
see =utiliatemic,h>

Frequently. intermupls are being disabled for periods of time in order 1o perform cerain operations without being disturbed, see Problems with
reordering code for things to be taken into account with respect to compier optimizations

#define sei() |Enables interrupts by setting the global interrupt mask.

=defing  clif

Macros for writing interrupt handler functions
ddefine |SR(veciorn atinibutes)

#define  SIGNAL (vecior)

mdefine  EMPTY INTERRUPT(vector)

#define ISR_ALIAS(vecton, target_vector) Add header flle’ mp #include <avr/interrupt.h>
S i Relevant IRQ Vector — F%(wc_vectl

/{ user code here

Atmel START

Atmel START is a web-based software configuration tool, for various software frameworks, which helps
you getting started with MCU development. Starting from either a new project or an example project,
Atmel START allows you to select and configure software components (from ASF4 and AVR Code), such
as drivers and middleware to tailor your embedded application in a usable and optimized manner. Once
an optimized software configuration is done, you can download the generated code project and open it in
the IDE of your choice, including Studio 7, IAR Embedded Workbench, Keil pVision, or simply generate a
make-file.

Although Atmel START is a tool for MCU and software configuration, it can still be useful even in bare-
metal development, i.e. writing code from scratch using the list of programming references described in
this section. Creating a new project for the kit you are using, can be a useful alternative to the board
schematic, using the PINMUX view. In addition, the CLOCKS view can be useful to check the default
clocks of a device. Furthermore, viewing the configuration code, useful pieces can be pasted back into
your project. For example, the AVR Libc delay functions require that the clock frequency is defined, as
shown in Figure 2-29. For the ATtiny817 this default value would be: #define F_CPU 3333333.
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Figure 2-27. Using START to Creating a New Project for a Relevant Board
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Figure 2-29. Checking Default Clock Configuration and Using VIEW CODE to Find F_CPU Define
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') PREVIEW - CLOCK_CONFIG.H
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--= config

i AUto gen._'ated config file clock_config.h */

clock_config.h

+0 doxygen

+- 0 include {f <<« Use Configuration Wizard in Context Menu >>>»
+ 03 modules 7 #ifndef F CPL

b0 sre B define F CPU 333333

#endif

+- 103 utils 1
1 ! nd of configuration section >

atmiel_startc I. { <«<< end of configuration s on >

atmel_starth 13 #endif // CLOCK_CONFIG_H

driver_isr.c

Editor: Writing and Re-Factoring Code (Visual Assist)

The Studio 7 Editor is powered by an extension called Visual Assist, a productivity tool for re-factoring,
reading, writing, and navigating C and C++ code.

Getting Started Topics
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‘K\ Studio 7: Editor (Visual Assist)

MICROCHIP

int main{void)

In this video: (

" s PORTE.DIR = PIN4 _bm;
Studio 7 Editor... PORT;.PIHSCTRL -_p;
Context: i #define PORT_PULLUPEN_bm 0:08

5 * PORT_PULLUPEN bp ™ /™ Pullup enable bit mask. */
e Turn on LED, when switch pressed 5" PORTA_PINSCTRL Accept with: <TAB> or <ENTER>
+ Polled, then with pin change IRQ ¥} PORTB_PINSCTRL
=l 1= PORTC_PINSCTRL

Writing Code A

» Suggestion lists, enhanced list boxes

s Visual assist code snippets ASF Project Build Debug Teools Window

" 5 Open File in Solution... Shift«Alt«0
Refactori ng Code 3  Open Corresponding File (h/cpp, aspr/cs) AltsQ
¢ Extract method &3 List Methods in Current File N Alt=M
* Introduce wvariable B Find Symbol... Shift+AlteS
« Contextual rename a®  Find References Shift+Alt+F
a®  Find References in File
Header File Navigation Bt
¢ Finding enumerators to configure bit groups a® | Find Previous by Context
?5  Find Next by Context
B Goto Implementation Alts G
2  Goto Related Shift+Alt+G

Video: Studio 7 Editor (Visual Assist)
1. Starting with the basic functionality from 2.10 /O View and Other Bare-Metal Programming
References , main.c has the following code:
#include <avr/io.h>

int main (void)
{
PORTB.DIR = PIN4 bm;

while (1)
{
}

The ATtiny817 Xplained Pro design documentation schematic shows the connections for the LED and
button, as in the figure below.
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Figure 2-30. ATtiny827 Xplained Pro GPIO Connection Schematics
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From the schematics, it is concluded that:
*  The LED can be turned ON by driving PB4 low.
*  SWO0 is connected directly to GND and to PB5 through a current limiting resistor.
*  SWO0 does not have an external pull-up resistor.
*  SWO will be read as '0' when pushed and as '1' when released, if the ATtiny817 internal pull-up is
enabled.

1. Enable the pull-up on PORTBS5, using suggestion list and enhanced list box. Note that
suggestion lists support acronyms, so typing 'pp' PORT_PULLUPEN is the top suggestion.
int main{void)

{

PORTE.DIR = PIN4 bm;

PORTB.PINSCTRL = pp
[ FQET_'EULLUFH‘LEm k‘ ZFdefine PORT_PULLUPEN_bm 0:08
[el" PORT_PULLUPEN_bp /* Pullup enable bit mask. */
[vl" PORTA_PINSCTRL Accept with: <TAB> or <ENTER=
[el" PORTB_PIMNSCTRL
[wl" PORTC_PINSCTRL

”|

2. However, before hitting enter, first type 'POR’, then hit CTRL+SPACE. This will bring up the
Enhanced Listbox with all possible options.
Now it is possible to filter suggestions by type, as indicated in the picture below.
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int main(void)

{
PORTE.DIR = PIN4 bm;
PORTB.PINSCTRL = por]

] PHT_PULLUP‘EN_hm s #define PORT_PULLUPEN_bm 0:08

" PORT_PULLUPEM_bp /* Pullup enable bit mask, */

=a PORT struct Accept with: <TAB> or <ENTER>
== PORT_t

[l PORTA

[w* PORTA_DIR

I+ PORTA_DIRCLR
I¥" PORTA_DIRSET
I+ PORTA_DIRTGL
PORTA_IM -

.*“1 S 2l © = |
P11

ENUM or #Define Typedef

typedef structure

Parameter in Extern

Enum/typedef (Global
variables)

3. Testif SWO is pressed, using if( ){...}else{...} visual assist code snippet.
Simply typing 'if will bring up the option. Or, you could R-click and choose Surround With (VA),
which gives a full list of snippets. This is an editable list, so you can add your own snippets.
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int main{wvoid)

{
PORTE.DIR = PINA_bm;
PORTE.PINSCTRL = PORT_PULLUPEN_bm;

if]
g i

¥ LR < VA Snippet [ Edit ]
L& Accept with: <TAB> or <ENTER>

@)

int main{wvoid)

{
PORTE.DIR = PIN4 bm;
PORTE.PINSCTRL = PORT_PULLUPEN bm;

Goto Implernentation Alt+G
Refactor (VA) 3
Surrcund With (VA) ] #ifdef .. Zendif
%71 Insert Snippet... Ctrl+ K, Ctrl+X £if 0 ... #endif
171 Surround With... Ctrl+ K, Ctrl+5 #ifndef ... Fendif
Breakpoint k switch (] { Sselecteds }
k  Run To Cursor Ctrl+F10 0L}
Run Flagged Threads To Cursor i s I}
X cCut Ctrl+X mhiiest-)
! Copy Ctrl+C —_—cfr
Paste Ctrl+V il
do{..}while (]
Outlining 3
: try { ... } catch {}
o [ #ifdef guard in a header
namespace (VA)
#ifdef (VA)
Fregion (VA)
o}
(i)

4. Test if the switch is pressed, as the if( ){...}else{...} condition, turn the LED ON if pressed and OFF
if not. main.c should now look as follows:

#include<avr/io.h>

int main (void)

{
PORTB.DIRSET
PORTB.PINS5CTRL

PIN4 bm; /* Configure LED Pin as output */
PORT PULLUPEN bm; /* Enable pull-up for SWO pin */
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while (1)
{
if (! (PORTB.IN & PIN5 bm)) /* Check switch state */

{
PORTB.OUTCLR = PIN4 bm; /* Turn LED off */

}

else

{
PORTB.OUTSET = PIN4 bm; /* Turn LED on */

}
}

5. Verify that LEDO lights up when pushing SW0. Run the code by clicking Start Without

Debugging b (Ctrl+Alt+F5), to verify that LEDO lights up when pushing SWO0 on the ATtiny817
Xplained Pro kit.
Now that the basic functionality is in place, let's refactor the code to make it more readable.

6. Create functions LED_on( ) and LED_off( ) using Refactor — Extract Method The line of code
to turn the LED ON is executed when SWO is pressed. Highlight this line of code, right-click and go
to it, as indicated in the figure below.

Figure 2-31. Extract Method
{

PORTE.OUTCLR = PIN4 bm; /* Turn LED o

} ek Goto Implementation AltsG
else Refactor (VA) »
SR OUTSET = Surraund With (VA) b
} 11 Insest Snippet.. Ctri+ K, Ctri+X
1 Surround With... Ctri+K, Ctrl+5S
Breakpoint ¥
&k  Run To Cursor Ctri+F10
¥ Cut Ctrl+X
I} Copy Ctrd+C
Al Paste Ctri+V
Outlining b

Extract Method..
& View Help

A Extract Method dialog will appear. Name the function 'LED_on', as indicated in the following
figure.
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Figure 2-32. Extract Method Dialog

P "

@ Extract Method [ % | [mE3m]

Mew method names

LED _on

Preview of method signature:

wvoid LED_on()

QK Cancel

Click OK, and the code should change. A new function called LED on () should appear at the top
of the file, with a function call where the line of code used to be. Use the same method to
implement LED off ().

Create a variable for SWO0 state, using Refactor — Introduce Variable. Next, it is necessary to
create a variable for the SWO state. Highlight the condition inside the i £ () inthe main ()
while (1) loop. Right-click and go to it, as indicated in the figure below.

Figure 2-33. Introduce Variable
while(1)

if (!(PORTE.IN & PINS bm)) /* Check switch state */

Goto Implementation Alt+G
LED_on(); :
Refactor (VA) b Rename... Shift+Alt+R
T else { Surround With (VA) 4 Change Signature...
LED_off(); 1 Insert Snippet... Ctrl+K, Ctrl+X Encapsulate Field
B 11 Surround With... Ctrl+K, Ctrl+5 Create From Usage... Shift+Alt+C
} ¥ Breakpoint 3 Create Declaration
&  RunTo Cursor Ctrl+F10 Create Implementation
Run Flagged Threads To Cursor Add Missing Case Statements
M cut Cirl+X Add Member...
al Copy Chrl+C Add Similar Member...
&1 Paste Chrl+V Add Include
1 St . Add/Remove Braces
Extract Method...
Add Data Plot rac °

In Cqg )
Remove Data Plot Introduce Variable...

_ Implement Interface
€ View Hel
E Document Method

Create File...
Move Selection to New File...
Mowe Implementation to Source File
Rename Files...
Edit Refactoring Snippets...
a®  Find References Shift+Alt+F

The Introduce Variable dialog will appear, as depicted in Figure 2-34. Name the variable 'uint8_t
SWO_state'.
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Figure 2-34. Introduce Variable Dialog

P "

@ Introduce Variable @

Variable signature:

uintd_t SW0_state

QK Cancel

tip: Change the automatically generated bool return value to uint8_t to avoid having
to include an extra header to deal with Boolean values.

Click OK and the code should change. The condition inside the if () statement should now
reference a variable assigned to the variable on the line above it, as shown in the code block below.

while (1)
{
uint8 t SWO0 state = ! (PORTB.IN & PIN5 bm);
if (SWO_state) B
{
LED on();
}
else
{
LED off();
}
}

8. Create a function SW_get_state, using Refactor — Extract Method. Select the right side of
the sW0_state assignment and extract a method for SW_get state.

9. Implement a function void LED_set state(uint8_t state). Extract the method. Atmel
Studio will detect the argument SW0 state, as indicated in Figure 2-35.

Flgure 2- 35 Extract Method with Argument

28 PURIB.PLN5UCIRL = PURI_FULLUFEN _bm; /= Enable pull-up Tor SW¢ pin =/

while(1)
- { . @ Extract Method %) ==
32 wintd t SWa_state = SW_get_state();
33 if (Swe_state) /* Check switch state */
34 {

Mew method name:

LED _set_state

LED_on();
Preview of method signature:
}else { void LED_set_state(uintd_t SW0_state)
40 LED_off();

45 oK Cancel

Click OK and the code should change. Now, there is a separate method for setting the LED state.

10. In function void LED_set_state(uint8_t state) rename SWO0_state to state using Refactor —
Rename. In a larger application, this function may be used for setting the LED state in a context
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1.

that is irrelevant to the SWO state. Atmel Studio is capable of contextual renaming, so this feature
can be used to easily rename the argument and avoid confusion. Inside the LED set state ()
function, right-click on the SW0_state variable and go to Refactor — Rename, as indicated in
Figure 2-36.

Figure 2-36. Contextual Rename

=lvoid LED set_state(uint® t SW@_state)

1
if (5wl _state) /* Check switch state */
{ Goto Implementation Alt+G
LED o Refacter (VA) b Rename... Shift+Alt+R
Surround With (VA) 3 C
I else { .
] Insert Snippet... Ctrl+ K, Ctrl+X
LED o *71 Surround With... Ctrl+K, Ctrl+S Shift+ Alt+C
} Breakpoint 4
1 &k Run To Cursor Ctrl+F10

The Rename dialog will appear, as depicted in Figure 2-37. Rename the SW0_state variable to
'state’. Atmel Studio will detect all occurrences of the variable with the same context as the one
which has been selected, and which are presented in a list and able to be individually selected or
deselected.

Figure 2-37. Contextual Renaming Dialog

@& Rename @

Rename SWO0_state (in file) to:

state Rename Cancel

Display inherited and overridden references ["] Display uses in comments and strings
[ ] Search all projects
4 [v]*+ chusers\elizabeth.roy'\Documents\Atmel Studich7.0\debugging_in_atmel_studio\debugging_in_atmel_studic\main.c
[vI@ LED set state (20): wvoid LED_set_state(uint®_t SWO_state)
O LED_set_state (22): if (SWO_state] /* Check switch state */

Click Rename and the code should change. Observe that the argument of LED set state () and
all of its references inside the function have been renamed, but the references to SW0_state in
main () have remained the same.

Create function definitions, moving created functions below main ().
main.c should now look as follows:

#include <avr/io.h>

void LED on (void);

void LED off (void);

void LED_set state(uint8_t state);
uint8 t SW get state(void);
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int main (void)

{
PORTB.DIRSET
PORTB.PINSCTRL

PIN4 bm; /* Configure LED Pin as output */
PORT PULLUPEN bm; /* Enable pull-up for SWO pin */

while (1)

{
uint8 t SWO_state = SW _get state(); /* Read switch state */
LED set state(SWO_state); /* Set LED state Wy

}

uint8_t SW_get_state(void)
{

return ! (PORTB.IN & PIN5 bm); /* Read switch state */
}

void LED off (void)
{
PORTB.OUTSET = PIN4 bm; /* Turn LED off */

}

void LED on (void)
{

PORTB.OUTCLR = PIN47bm; /* Turn LED on */
}

void LED_set state(uint8_t state)
{
if (state)
{
LED on();

}

else

{
LED off();

}

212 AVR Simulator Debugging

This section will demonstrate the use of the AVR Simulator key features, such as: Cycle Counter,
Stopwatch (only available in the simulator), and basic debugging (setting breakpoints and stepping
through code). We will also show how to simulate interrupts.

Getting Started Topics
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‘S'\ Studio 7: AVR® MCU Simulator Debugging

MICROCHIP

Program Counter  (h00000028

In thiS Video: Stack Pointer 0x3FFD
. . . X Register 0:0000
Studio 7: AVR MCU Simulator Y Register OaFFF
H . Z Register 00000
Project Setup: Status Register NEOVEEO
Modify project from Studio 7 Editor video Cycle Counter
. = = F 000 MH:;
« Basic debugging: set breakpoint, step, ... i e
» Processor view: Demonstrate use of = Registers

cycle counter & stop watch
+ Dissassembly view: difference how B wstetid]
code compiled {

* Simulate IRQ (IO view) 1)  Use read-modify-write in code — >:I:E;: ?: pI.I;Ljh:

#include <avr/fio.h>

2)  HW read-modify-write registers —— //70"7% 27ET -

Context:
» Set up 3 options to clear, then set register 3) Bit-accessible virtual port I/O EVEORIR OO e 2
bit .
while (1)
» LED on when switch pressed (using pin {
change IRQ). )

Video: AVR Simulator Debugging

The code used in the video above was written in the video: 2.11 Editor: Writing and Re-Factoring Code
(Visual Assist).

i

To associate the simulator with the project, click on the Tool icon , then select Simulator.

o Pl |Hec % | @~ < M, | o e aTingCE NoTool )

GechApplicationl” = X EUEHRd ATtiny817 Xplained Pro - 0703 Pending Changes

Build

Build Events

Toolchain
Selected debugger/programmer

Device

Toal*

Compaonents

EDBG
| ATMLZE54041300000703

Advanced

F'1| Custom Programming Tool

|Erase entire chip »
[#] Preserve EEPROM
Debug settings

[ Keep timers running in stop mode
[¥] Cache all flash memory except

The Cycle Counter and Stopwatch is only available with the simulator. To use these, first, click Start

Debugging and Break Wl to start a debug session and then open the Processor Status window by
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typing 'Processor’ into the quick-launch bar and hitting enter (or this can be found under Debug >
Windows > Processor Status). Similarly, the Disassembly window can also be opened.
Standard Mode Y1 pro X
Mast Recently Used (2)

Debug — Windows — Processor Status

Standard Mode W1  dis ®
Most Recently Used (2)

= Debug — Windows — Disassembly (Alt+8)

The AVR Simulator is using models based on the same RTL code used to make the real device. This
makes the Cycle Counter both bug and delay accurately. Note that the Stop Watch is related to the
Frequency, which you can set by double-clicking on the value and entering the clock frequency you

would like to use.

Processor
Name Value ‘

Program Counter  0x00000380 <— address of the instruction being executed
StackPonter  0x00003821 «— current stack pointer value

X Reqister Ox0002

Y Register 0X3FF1

I Register 0x3874

StatusRegster (DDHEMN

Cycle Counter 8186 «— cycles elapsed from the simulation’s start

Frequency 1,000 MHz

Stop Watch 8 186,00 us [« time elapsed based on cycles and frequency
+ Registers

The Cycle Counter can be reset by clicking on the value and entering 0. Values in the Processor Status
window are updated every time the program breaks, similar to the I/O view. Then running to a breakpoint.
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B rens-modity-wiite (Debugging) - tmetstudic

Ele Edt  Yew VAuaX ASF Project  Budd  Qebug  Jook  Weedos Help

e- . S HP X - - & g Bruwser = B enatie_sieep made FRAfEEESE-
AUkt Pt T e - EENEE, & 1 ol

Pragraen Counter

Stack Poimter

X Ragriter

¥ Ragista S
I Regites D

PORTB.DIR &= ~PIN4 bm; | Sahus Fegsier HEOEDE

= Cyele Courn
® 1 POATA.OTR B ~PIH4_ba; © peeeeazs LDI R38,0x20 Load immediate i -
PORTS.DIR |= PIN4_bw; 80@60027 LDI R31,0x04 Load immediate Stop Wikch b0 s

Beeeca2E LDD R24,Z+0 Load indirect with displacement 3 Regriers

#include <awrfic.hs

g udin',7. 0\ Read-mod § Fiy-wrd te'Read-mod] fiy-wr e Debugs . ./, fmadn.c
10]=dnt main{woid) {

200883823 ANDI R24,0xEF Logical AND with immediate
ooeaoaza STD Z+8,R24 Store indirect with displacement
PORTE.DIR |= PING bm; Frequency 1.000 MHz
00PRRA2E LDD R24,Z+8 Load indirect with displacement Stop Watch 0.00 ps
[ 20eea2C ORI R24,8x10 Logical OR with immediate $ ::
3 20000820 STD Z48,R24 Store indirect with displacement &3 e
.Enxle f1) asm{"nop"); oy tde
} @ 020RRR2E  NOP Mo operation o i
1 BOB0a2 RIMP PC-Bxe888 Relative jump R12 0

Note the difference in generated assembly code between the SW read-modify-write (above) and the
virtual port registers (see below).

El - o

Ele  ESt  Vww WAmaND  ASF Preer  Budd  Debug  Issh  Wedee  Hee

- - - RPI AT = “< Debug Browser = B erasie_serp_made SR AEBED-
(s k[t NT e P, EEedE, & 1 ]

Nulug

Ainclude sariieib | Program Counter 000000028
int wain(void) D Ciarere e onsumene s\l Bt o7 wisasd-mcll fy-urtoeieved-nodbfy i e \nebug?. . £ fasdne Stack Pointer 03FFD
L X Register 00000
//PORTE,.DIR &= ~PIN4 bm; ' Register 0x3FFF
//PORTE.DIR |= PINS_bm; 7 Register 01,0000
: //PORTE . DIRSET = PIN4_bm; Status Register NEANEEG
//PORTE,.DIRCLR = PIN4 bm; Cycle Counter
Frequency 000 MHz
VPORTE.DIR 8= ~PINS bam; VPORTB.DIR &= ~PIN4_bm; Stop Watch 2000 pe
WPORTB.DIR |= PING_be; 2peepe2c CBI 8wdd, 4 Clear bit in IO register - 2
VPORTE.DIR |= PIN4_ba; 1 | Registers I
o BT  SBI Bwbd, 4 Set bit in 1/0 register i e
asm{ "nop”); x m
i (1) © pocosazs e v
E 20800829 Relative jump £ ot
i 1 00
} e ) L f]
a Lab ] st

The result of comparing these three methods are summarized in the table below:

SW read-modify-write 10
HW read-modify-write req. 5 Atomic instruction (IRQ safe)
Bit-accessible virtual port /O 2 Atomic instruction (IRQ safe), really fast

Next, we would like to simulate a pin change IRQ. We can do this by setting the relevant IRQ flag in the
1/0 view when debugging.
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Lo
== | Filter: porTB - | v
Mame Value
(1[e]
U@ Virtual Ports (VPORTE)
Mame Address Value Bits
DIR 0420 000 OO000000
DIRSET 2l 00 OO000000
DIRCLR d22 00 OOOOCOOOD
DIRTGL 023 00 OO00000O0
ouT 024 00 OO0O0OO0O0OO
OUTSET 0d25 00 OOOOCOOOO
OUTCLR 026 000 OO0O0O0O00O0
OUTTGL 27 60 OOOO0OOOO
Bm 028 000 OO000000
- k @E B0DEE8
EAINT 20 OOROO0000
PIMOCTRL 030 00 O amEEE
PIN1CTRL i3l 000 O Bt )op0o
PIM2CTRL 032 000 O EEEE

As shown below the ISR is hit. Note that the INTERRUPT still needs to be enabled, as shown in the write
to PORTB.PIN5SCTRL in the code below.

76  EISR(PORTB_PORT vect) OOECOO000
5 { [ ¥ e 0O@0O0000
© 78 |[_uint8 t intflags = PORTB.INTFLAGS;] ® B PINOCTRL 030 000 O 0doo
79 PORTB.INTFLAGS = intflags; E B PINLCTRL O3l 000 O 0aoag
oo ® B PIN2CTRL 0432 000 (O ooao
T B ] = B PIN3CTRL 0433 000 (O o0ao
81 bool SW_state = SW_get_state(); ® B PINCTRL 0d3d 000 ) 0000
8% LED_set_state(SW_state); = B PINSCTRL 0435 000 O ™ala]
83 INVEN 600 [0
84 |} Bisc 001 me]
a5 PULLUPEN 0:01 (]
® B PINGCTRL 0136 000 (O 0ooo
® B PIN7CTRL 0437 000 O ooag

The pin change IRQ could also have been triggered by writing to the Port Input register in the 1/O view.
Writing a bit in the Port Input register is the same as applying that value to the physical pin of the device
package. The internal Port logic will then trigger the interrupt if it is configured accordingly.

Most of the standard debugging features of Studio 7 are available when using the simulator, and those
features will also be available on devices that lack on-chip debugging capabilities and cannot be
debugged using hardware debuggers. See the debugging sections of this Getting Started guide.

Code Used to Demonstrate AVR Simulator (Written for ATtiny187)

#include <avr/io.h>
#include <stdbool.h>
#include <avr/interrupt.h>

void LED on();

void LED_off();

bool SW get state();

void LED set state(bool SW_state);
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int main (void)

{
PORTB.DIR &= ~PIN4 bm;
PORTB.DIR |= PIN47bm;

PORTB.DIRCLR = PIN4 bm;
PORTB.DIRSET = PIN4 bm;

VPORTB.DIR &= ~PIN4 bm;

VPORTB.DIR |= PIN47bm;
PORTB.PINSCTRL |= PORT_PULLUPEN_ bm
sei();
while (1)

{
}
}

#pragma region LED functions
void LED_on(
{
PORTB.OUTCLR = PIN4 bm; //LED on
}

void LED off ()
{

PORTB.OUTSET = PIN4 bm; //LED off
}

void LED_set_ state(bool SW_state)
{
if (SW_state)
{
LED on();

#pragma endregion LED functions

bool SW get state()
{

return ! (PORTB.IN & PINS5 bm);
}

ISR (PORTB_PORT vect)

{
uint8 t intflags = PORTB.INTFLAGS;
PORTB. INTFLAGS = intflags;

bool SW state = SW get state():;
LED set state(SW_state);

PORT ISC BOTHEDGES gc;

Debugging 1: Break Points, Stepping, and Call Stack

This section will introduce the debugging capabilities of Studio 7, both as video (linked below) and hands-
on document. The main topics are breakpoints, basic code stepping using the Breakpoint, and Callstack-
Windows, as well as adjusting project compiler optimization settings.

Getting Started Topics
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‘S'\ Studio 7: Debugging - 1

MICROCHIP

In this video:
Studio 7: Debugging 1
Context:
Debug project from Studio 7 Editor video
Features Covered:
» Basic break points
Code stepping

H|&HID &

Breakpoints window

Call stack

Project compiler optimization
Attach to target @ '

Attach to Target

-lbool SW_get_state()
61 {
] 62 | return !(PORTB.IN & PINS_bm);
g }
- ISR({PORTE_PORT_vect)

{
uint8 t intflags = PORTB.INTFLAGS;
PORTB.INTFLAGS = intflags;

7@ bool SW_state = SW pet state();

71 - @ SW state 0 = |
-+ 72 LED_set_state(SW_state);

Name

© Getting Started.elf! LED_on Line: 39
Getting Started.elf! LED_set_state Line: 57
Getting Started.elf! _vector_d Line: 74

Launch a debug session on the selected target
without RESET or uploading a new application.

Video: Studio 7 Debugging-1

The same code as the one created in section 2.11 Editor: Writing and Re-Factoring Code (Visual Assist),

is used.

E_I]" To do: Place a breakpoint and inspect a list of all breakpoints in the project.
A

1. Set a breakpoint on the line getting the switch state, as indicated in Figure 2-38.

Figure 2-38. Placing a Breakpoint

65 [ ISR(PORTB_PORT vect)

66 {
67 uint8 t intflags = PORTE.INTFLAGS;
68 PORTB.INTFLAGS = intflags;

it ¢

78 bool SW state = SW pet state();

Location: main.c, line 70 character 1[tate (SW_state);

e

[T
et
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ﬂ Info: A breakpoint can be placed at a line of code by:
+  Clicking the gray bar on the left edge of the editor window.
* Inthe top menu bar, go to Debug — Toggle Breakpoint.
+ By pressing F9 on the keyboard.

2. Launch a debug session > The breakpoint will be hit when the switch (SWO0) on the Xplained Pro
kit is pressed. Observe that execution is halted when the breakpoint is hit, and the execution arrow
indicates that the line of code where the breakpoint is placed is about to execute. See Figure 2-39.

Figure 2-39. Execution Halting when a Breakpoint is Hit
—IISR(PORTE_PORT_wect)

LA

cho Ch

6 {
67 uint8 t intflags = PORTB.INTFLAGS;
68 PORTB.INTFLAGS = intflags;

® 7o | bool SW_state = Sk_get_state();]
71 LED_set_state(SW_state);
72
73 |}

tip: If a breakpoint is hit in a file that is not currently open, Atmel Studio will open the file
in a temporary pane. A file containing a breakpoint that is hit in a debug session will
always be brought to focus.

3. Since most of the logic of the program is handled only when an ISR is processed, it is now possible
to check the logical flow of the program. If the switch is pressed and then released when the ISR is
hit - what will be the state of the switch that the function returns? The assumption is that since
pressing the switch triggered the interrupt, that switch will be set as pressed, and the LED will thus
be turned ON.

Code stepping can be used to check this assumption. The key buttons used for code stepping are
illustrated in the table below, found in the top menu bar or in the Debug menu. The corresponding
functionality and keyboard shortcuts are outlined in the figure below.

Figure 2-40. Atmel Studio Buttons for Code Stepping

"> 0> e R]RIEINME]

Table 2-4. Atmel Studio Button Functionality (Code Stepping)

_ Functionality Keyboard Shortcut

H Step Into Function Call F11

~~
.

Step Over F10
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_ Functionality Keyboard Shortcut

?
k

T

%

Step Out of Function Call Shift + F11
Run to Cursor Ctrl + F10

Issue System Reset

To do: Find out what state is returned if the switch is pressed and then released when
the ISR is hit. Is our assumption correct that since pressing the switch triggered the
interrupt, it will be set as pressed, and the LED will thus be turned ON?

The Step Into Function Call H can be used first. To go into the SW_get_state( ) function, the Step Out of

Function Call H can be used to move to the next line after returning from the function. Pressing Step

Over ‘s from the breakpoint would land us at this same point directly. Note that we could step further into
the function LED_set_state(SW _state) to determine if the LED is turned ON or not. However, we could
simply hover the mouse pointer over the SW _state variable to see that it is now set to 0, i.e. the LED will
be turned OFF. Verify this by stepping further.

Figure 2-41. Checking Value of SW_state Using Mouse Hover

)]

60
61
62

-
=
(.

F= Tll

¥

o0

-—
b

=]

IO

69

® 7o
7

o

¢' i

- o
=5

74

—-lbool SW get state()

1
| return !(PORTB.IN & PIN5_bm);

}

SJISR(PORTB_PORT vect)

{

uint8 t intflags = PORTB.INTFLAGS;
PORTB.INTFLAGS = intflags;

FF, o @ SW state 0 =
LED set_state(SW_state);

Info: Although the breakpoint was triggered by the falling edge by pressing the switch, only

when calling the SW _get state( ) function the switch state is recorded. Verify that SW_state will

read 1 if the switch is held down when stepping over ! this line.
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1. A window or view to keep track of the breakpoints in a program is needed. The Quick Launch bar
performs a search of the Studio 7 user interface menus. This is demonstrated below, by comparing
the two figures Figure 2-42 and Figure 2-43. Note that each of the hits in the Quick Launch bar is
from 'break’ related entries in the Debug menu.

Figure 2-42. 'Break’ Search in the Quick Launch Bar
Standard Mode W1  break s
Most Recently Used (1]

@ Debug — Windows — Breakpoints (Alt+F3) I}

- @
5[]
Menus (7] | Debug — Windows — Breakpoints (Alt+F3)
@ Debug — Windows — Breakpoints (Alt+F3)

Debug — Windows — Data Breakpoints

Debug — Toggle Breakpoint (F9)
Debug — Mew Breakpoint — New Data Breakpoint (Ctrl+Shift+D, E)
Debug — Mew Breakpoint — Function Breakpoint... (Ctrl+E]
&® Debug — Delete All Breakpoints (Ctrl+Shift+F3)
Debug — Disable All Breakpoints
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Figure 2-43. 'Break’ Hits in Debug Menu

Debug | Tools
Windows

Window  Help

Start Debugging and Break
Attach to Target

B Stop Debugging
Start Without Debugging

Disable debugWIRE and Close

P Continue
Execute Stimulifile

Set Stimulifile

O Restart
Break 4ll
& QuickWatch...
¥ Steplnto
d  Step Over
T Step Out
k  Run To Cursor
T Reset

Toggle Breakpoint
MNew Breakpeint

& Delete All Breakpoints
Disable All Breakpoints
Clear All DataTips
Export DataTips ...
Import DataTips ...

Save Dump As...

£} Options...
A Getting Started Properties...

v | @l Breakpoints
ﬁ Data Breakpoints
,; Processor Status

Alt+F5

Ctrl+Shift+F5

Ctrl+ Aft+ F5

LIr+

Es

Ctrl+F5
Shift+F2
F11

F10
Shift+F11
Ctri+F10
Shift+F5
Fa

@ MNew Data Breakpoint

Ctrl+Shift+F9 Function Breakpoint...

Alt+F9

Ctrl+5hift+D, B
Ctrl+EB

Open the Breakpoints Window by clicking on the top result (Debug — Windows — Breakpoints).
The Breakpoints Window lists all the breakpoints in the project, along with the current hit count, as

depicted in Figure 2-44.

tip: A breakpoint can temporarily be disabled by unchecking the checkbox next to a

breakpoint in the list.
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tip: The Disassembly view can be conveniently displayed alongside the source code, as
demonstrated in the Figure 2-45 section.

Figure 2-44. Breakpoints Window
Breakpoints

Mew - | X | ? .F“" | G | ']lE [ﬂ}| Columns = | Search:
L Lab| Go To Disassembly iHit Count
----- [ @ main.c, line 70 character 1 ino condition]  break always (currently 2)

Figure 2-45. Disassembly View

main.c ® X

= main.c =2 C\Users\M43958\Documentsl, 'Q’GO Address: _vector_4 -
~ ISTFORTOFURTATETT) =
66 { o v | Viewing Options
5 iNtE £ TRCElEEE e eeaesg;ﬁs izipfiEQHQ' e Load indirect with displ &
. - = = intflags;
; PORTE'INTFLAGS’_ @BAGRESS STD 7+0,R24 Store indirect with disp
68 PORTB.INTFLAGS = intflags; = -~ C:\Users\23959\Documents\Atmel Studio\7.®\Getti
69 S bool Sw_state = SW_get_state();
78 bool SW_state — SW_get state(); S @ 00806056 CALL ©x@0860039 Call subroutine
71 et LED_set_state(SW_state);
& 72 LED_set_state(SW_state); n L 8080858 CALL Oxeeeese2F Call subroutine
73 80688854 POP R31 Pop register from stack
74 } —— 806BEESE POP R38 Pop register from stack
l-l-," To do: Examine the Call Stack and the effect on it when optimizations are disabled.
E o

1. Following from the previous section, set a breakpoint on the LED on () function, then trigger the
breakpoint so that it is hit.

2. Open the Call Stack window by typing 'Call' in the Quick Launch bar, selecting Debug — Windows
— Call Stack, as represented in Figure 2-46.
Note: A debug session needs to be active to open this window.

Figure 2-46. Open the Call Stack Window
Standard Mode Y1 call X
. Mast Recently Used (2)
f= Debug — Windows — Call Stack (Alt+7)
L} Text Editor — All Languages — General (Apply Cut or Copy to blank lines, T...
Menus (1)

= Debug — Windows — Call Stack (Alt+7)

. ; LAg
Options (3) | Debug — Windows — Call Stack (Alt+7) ||

3. Itwould be expected that the Call Stack shows LED set state () as the caller of LED on (),
since that's how the code is written. However, in the Call Stack window, _vector 4 is listed as the
caller (as in Figure 2-47); this is because of compiler optimization.
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Figure 2-47. Call Stack with Optimization

Call Stack

Mame

()] Getting Started.elf! LED on Line: 39

Getting Started.elf! _vector 4 Line: 74

&8 14 d Breakpoints Command Window  Immediate Windo

Stopped

ﬂ Info: The call order is different because of the compiler optimization. This code is
relatively simple to follow and it is possible to understand what is going on even though
the compiler has optimized and made subtle changes to what is expected. In a more
complex project, it can sometimes be helpful to disable the compiler optimization to track
down a bug.

Note: To see why the Call Stack shows that it comes from _vector 4 initially, click on
PORTB_PORT_vect and look in the context field for the definition, as shown in Figure 2-48.

Figure 2-48. _ vector_4 is the PORTB ISR Vector

{2 PORTE_PORT vect - :Im #define PORTB_PORT _vect _VECTOR(4)
64
65 FISR(PORTB_PORT| vect)
66 |{
67 uint® t intflags = PORTE.INTFLAGS;
63 PORTE.INTFLAGS = intflags;

4. Stop debugging by clicking the Stop Debugging button " or pressing Shift + F5.

5. Open the project settings by going to Project — <project_name> properties or pressing Alt + F7.
Go to the Toolchain tab on the left menu, as in Figure 2-49.

6. Under AVR/GNU C Compiler — Optimization, set the Optimization Level to None (-O0) using
the drop-down menu.
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Figure 2-49. Disabling Compiler Optimizations

Getting Started” = X
Build
Configuration: | Active (Debug) '| Platform: ln:tive(mfR] -
Build Events
| Tooichain®
Device o
Tool 4[] AVR/GNU Commen AVR/GNU C Campiler = Optimization |
& General ;
Components [ OutputFiles Optimization Level: Optimize (-O1)
4 [B] AVRIGNU € Compiler
Advanced 0% General . :
5 ko Cther optimization flags: Optimize (-O1) ©
. Optimi (-02
& symbols 7] Prepare functions for gard " o 2
E% Directories Optimize most (-03)
[¥] Prepare data for garbage | Optimize for size (-Os)
¥ Pack Structure members ttlmIze tlur g experience (0g)
& Wamings
T locate only as many bytes needed by enum types (-fshort-enums
& Miscellanecus 71 Allocat Iy y byt ded by Ly {-fshort ]
4 | AVR/GNU Linker | Use rjmp/reall (imited range) on >B8K devices (-mshort-calls)
P ) ]
“ General
& Libraries
7 Optimization
AWARNING | . . . s . . .
Disabling compiler optimization will result in increased memory consumption and can

result in changes in execution timing. This can be important to consider when debugging
time is a critical code.

7. Launch a new debug session and break code execution inside LED on ().

8. Observe the Call Stack. It should now adhere to how the code is actually written and list
LED set state () as the caller of LED on (), as shown in Figure 2-50.

Figure 2-50. Call Stack Without Optimization

Mame

€ Getting Started.elf! LED_on Line: 39
Getting Started.elf! LED_set_state Line: 57
Getting Started.elf! _ vector 4 Line: 74

tip: Atmel Studio will try to link the compiled code to the source-code as best it can, but the
compiler optimization can make this challenging. Disabling compiler optimization can help if
breakpoints seem to be ignored during debugging, or if the execution flow is hard to follow
during code stepping.

Result: The call stack has now been examined both with and without optimization enabled.

Code used for Debugging 1

/*
LED is turned on when switch is pressed, LED is turned on (via a pin change interrupt) .
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MY mistake() written to demonstrate Attach to Target, is commented out, to avoid hanging
project unintentionally.

From the schematics, it is concluded that:

The LED can be turned on by driving PB4 low.

SWO is connected directly to GND and to PB5 through a current limiting resistor.

SWO0 does not have an external pull-up resistor.

SWO will be read as '0O' when pushed and as 'l' when released, if the ATtiny817 internal pull-
up 1is enabled.

Y/

#include <avr/io.h>
#include <stdbool.h>
#include <avr/interrupt.h>

void LED on();

void LED off ();

bool SW_get state();

void LED_set_ state(bool SW_state);

int main (void)

{
PORTB.DIRSET = PIN4 bm;
PORTB.OUTSET = PIN4 bm;

PORTB.PINSCTRL |= FORTﬁPULLUPENibm | PORT ISC BOTHEDGES gc;
sei();
while (1)

{
}
}

#pragma region LED functions
void LED on ()
{
PORTB.OUTCLR = PIN4 bm; //LED on
}

void LED off ()
{

PORTB.OUTSET = PIN4 bm; //LED off
}

void LED set state(bool SW _state)
{
if (SW_state)
{
LED on();
}
else
{
LED off ();
}
}

#pragma endregion LED functions

bool SW_get state()
{

return ! (PORTB.IN & PINS5 bm);
}

/*
void My mistake ()
{
while (1)
{
asm("nop") ;

}
}
*/

ISR (PORTB_PORT vect)

{
uint8 t intflags = PORTB.INTFLAGS;
PORTB.INTFLAGS = intflags;
//My_mistake () ;
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bool SW_state = SW_get state();

LED_set_state(SW_state);

214 Debugging 2: Conditional- and Action-Breakpoints

This section covers more advanced debugging topics with Studio 7 both as video (linked below) and
hands-on document. The main topics are how to modify variables in the code, conditional- and action-
breakpoints, as well as memory view.

Getting Started Topics

‘S\ Studio 7: Debugging — 2

MicrocHIP
i ; uint8_t SW_get_states_logic(void)
In this video: {
= : static wint8 t SWe_prv_state = 8;
Studio 7: Debugglng 2 static wint8_t SWe_edge_count = @;
1
CONtEXt * Read the current SWé state
Project from Studio 7 Editor video (polled), l;s‘ a S'-*e.curéstates-e!(“URT?IH & Pnsc:m}i i
. i W@_cur_state != SW rv_state /* Check for edges */
added logic to SW_get_state( ): R prv_state) e
o SW_get_state( ) -> SW_get_states_logic() SWe_edge_count++;
[+] return SW8_cur_state || I(SW8_edge count X 3);
Braakpoint Sattings X
Features Covered: e
» Watch: view & modify variables
s true b &g = A u ate
+ Conditional Breakpoints
—] To do: In SW get states logic( ) Output
_—¢ break only every 5th edge count, && Show cutput from: | Debug - E m
—_— if edge was rising: Prv state:@, Cur_state:®, Edge count:@
Prv state:®, Cur_state:@, Edge count:@
¢ Action Breakpoints Pry state:e, Cur_state:o, toge count:e
ﬂ Todo: Lngvarious state VF_T'iQhI'.::S Prv state:8, Cur_state:8, Edge count:@
*_'*_V to output window.
— Autos Locals Watch1 Call Stack Breakpoints [QEREIRE Eror List

Video: Debugging - 2

A To do: Use Atmel Studio to inspect and modify the contents of variables in the code.
A

&

1. The code (see below) used is the same as the one developed in section 2.11 Editor: Writing and
Re-Factoring Code (Visual Assist). The SW_get state () function has just been replaced with the
following code (note also the change in return value type):

uint8 t SW _get state(void)
{

static uint8 t SWO prv state = 0;
static uint8 t SWO_edge count = 0;
uint8 t SWO cur state = ! (PORTB.IN & PINS5 bm); /* Read the current SWO state */
if (SWO0_cur_ state != SWO_prv_state) /* Check for edges */

{
SWO_edge_count++;
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}
SWO0 prv state = SWO0 cur state; /* Keep track of previous state */

/*

* Report the switch as pushed when it is pushed or the edge counter is a
* multiple of 3

*/

return SWO0 cur state || ! (SWO edge count % 3);

ﬂ Info: This code will count how many times the SWO0 push button has been pressed or
released. The return statement has also been modified to always report the button as
pushed if the SWO edge count variable is a multiple of three.

2. Go to Debug — Disable All Breakpoints to disable all breakpoints. This should be reflected by all
the checkboxes becoming unchecked in the Breakpoints window.

3. Launch a new debug session by clicking the Start Debugging button >

4. Push SWO0 on the kit several times and observe how the changes to the code have affected the
LED's behavior.

5. Break execution by placing a breakpoint at the return line of the SW_get state function.

6. Hover over the SWO edge count variable to observe the current value, as indicated in Figure
2-51.
Figure 2-51. Hover Over Variable to See Current Value

* Report the switch as pushed when it is pushed or the edge counter is 3
* multiple of 3
© || return swe_cur_state || !(Swe_edge_dount X 3);

@ SWO0_edge_count 26

ﬂ Info: When the cursor hovers over a variable that is in scope at the point where
execution is halted, Atmel Studio will present the content of the variable in a pop-up.

7. Right-click the SWO_edge count variable and select Add Watch from the context menu to add the
variable to the data Watch window. The Watch window should appear, with the SWO_edge count
variable listed, with the variable value, data type, and memory address, as in Figure 2-52.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 82



Atmel Studio 7 User Guide
Getting Started

Figure 2-52. Add Variable to Watch Window

main.c® H X

{S SW_get_state SW0_edge cc ~| -
* multiple of 2
*f

o | return swe_cur_state || !(Swe_edge count X 3);]

S

@ ctatic uint8_t SW0_edge_count = 0

Watch 1

Mame

Value Type

@ SWO_edge_count 26 uintd_t{data}@0x3e0l

Autos Locals

LU Call Stack Breakpoints Output Error List

Stopped
8. Modify the contents of a Watch Window variable, using the process described below. Assign the
value '3' to the SW0_edge count variable. The value will reflect as updated by turning red, as
indicated in Figure 2-53.
— Double-click a variable value in the Watch window
— Type in the desired new value of the variable
— Press Enter to confirm

Figure 2-53. Newly Updated Variable Value in the Watch Window

Watch 1
Marme Value Type
& SWO_edge_count 3 uintd_t{data}@0:3e0l
ﬂ Info: The Value column in the Watch window can be displayed in hex by right-clicking in

the Watch window and selecting Hexadecimal Display from the context menu.

9. To have the device evaluate the new value of SWO edge count, disable all breakpoints and

continue the debug session by clicking 4 or pressing F5. Observe how the LED stays ON as a
result of the change made to SW0_edge count.
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Info:

A variable can also be added to the Watch window by clicking on an empty field name and
typing the variable name. This way, it is even possible to cast a variable to a different data type
for better readability in the Watch window. This is especially useful if it is required to look at an
array that is passed to a function as a pointer.

For example, if an array is passed to a function, it will be passed to the function as a pointer.
This makes it impossible for Atmel Studio to know the length of the array. If the length of the
array is known, and it needs to be examined in the Watch window, the pointer can be cast to an
array using the following cast:

*(uint8_t (*) [<n>])<name of array pointer>

Where <n> is the number of elements in the array and <name of array pointer> is the
name of the array to be examined.

This can be tested on the SWO_edge count variable by entering the following in an empty
name field in the Watch window:

*(uint8 t (*) [5])&SWO0_edge count

Note that the 's' symbol must be used in this case to obtain a pointer to the variable.

Result: Atmel Studio has now been used to inspect and modify the contents of variables in the
code.

Conditional Breakpoints
This section is a guide to using Atmel Studio to place conditional breakpoints.

Conditional breakpoints are those which will only halt code execution if a specified condition is met, and
can be useful if it is required to break if certain variables have given values. Conditional breakpoints can
also be used to halt code execution according to the number of times a breakpoint has been hit.

oo bdh =

To do: Place a conditional breakpoint inside SW_get state () to halt execution for
debugging at every 5" edge count, but only if the edge was rising, and check its functionality.

Clear all breakpoints from the project using the Breakpoints window.

Place a breakpoint at the return line of SW_get state (), as in Figure 2-54.
Right-click the breakpoint and select Conditions... from the context menu.
Enter the following in the condition textbox:

((SWO0_edge count % 5) == 0) && SWO_cur state
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Figure 2-54. Conditional Breakpoint Expression Example

&l "é“{ur‘n Swa_cur_siats || |{Swe_edge_count % 3);] i ]
Breakpoint Settings X
Location: main.ec Line: 66 Characten 1, Must match source
E Conditions
Conditional Expression - [struc - ([SWO_zdge_count % 5) == 0) 8.8 SWI_cur_state] ol
[ Actions
[ Close 1
5. Press Enter to confirm the break condition.
6. Continue/Start a new debug session by clicking the » button or pressing F5.
7. Push SWO on the kit several times and observe how code execution is halted when the condition is
fulfilled.
8. Verify that the condition is met by double-checking the variable values in the Watch window.
/AWARNING Even though code execution is completely halted only if the specified break condition is met,
Atmel Studio temporarily breaks code execution each time the breakpoint is hit to read the

variable content and determine if the break condition is met. Conditional breakpoints will,
therefore, have an impact on execution timing, even if the actual break condition is never met.

tip: Use the Hit Count condition if execution needs to break based on how many times a
breakpoint has been hit.

Result: Atmel Studio has been used to halt execution when the specified break condition is
satisfied.

Action Breakpoints
This section is a guide to using Atmel Studio to place action breakpoints.

Action breakpoints can be useful if variable contents or execution flow needs to be logged without having
to halt code execution and manually record the required data.

oo bdh =

To do: Place an action breakpoint to log SW0 cur state, SWO _prv state and
SW0 edge count, and check the output for the relevant variable states.

Stop the ongoing debug session and clear all the breakpoints from the Breakpoints window.
Place a breakpoint at the SW0_prv_state = SW0 cur state; line, as in Figure 2-55.
Right-click the breakpoint and select Actions... from the context menu.

Enter the following in the output message text box:

Prv state:{SWO_prv_state}, Cur_state:{SW0 cur state}, Edge count:{SWO_edge count}
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Figure 2-55. Action Breakpoint Example

s
S cWe_pry_state = SWe_cur_state; /* Keep track of previous state #/|

Breakpoint Settings X
Location: main.c, Line: 80, Character: 1, Must match source
I:‘ Conditions
Actions
Log a message to Output Window:  Prv state:{SW0_prv_state}, Cur_state:{SWO_cur_state}, Edge count:{SWO_edge_countH (D Cancel

Continue execution

Close

5. Press Enter to confirm.
6. Start a debug session.

7. Open the Debug Output window by going to Debug — Windows — Output. It should list the
variable contents as in Figure 2-56. If SWO0 is pushed on the kit, the content is updated.

Figure 2-56. Debug Output Window Showing Variable Contents

Output
Show output from:  Debug = | |§ &d
Prv state:®, Cur_state:8, Edge count:@
Prv state:®, Cur_state:8, Edge count:@
Prv state:®, Cur_state:®, Edge count:@
Prv state:8, Cur_state:®, Edge count:8&
Prv state:8, Cur_state:8®, Edge count:8

Autos Locals Watchl Call Stack Breakpoints 8[NIN& Error List

When using action breakpoints, Atmel Studio will temporarily halt code execution in order to
read out variable content. As a result, execution timing will be affected. A less intrusive
approach would be to place the action breakpoint at the SWO_edge count++ line, which is
only executed upon SWO0 edge detection. This will cause a temporary halt only when SWO is
pressed, but will also cause the debug window output to be delayed by one line of code.

AWARNING

tip: Action and Conditional breakpoints can be used together in order to log data only if a
condition is satisfied.

Result: Atmel Studio has been used to log variable data using an action breakpoint.

Code used (for ATtiny817 Xplained Pro)
Code used for conditional- and action-breakpoints.

#include <avr/io.h>
#include <avr/interrupt.h>
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void LED on();

void LED off();

uint8 t SW get state();

void LED_set state(uint8_t SW_state);

int main (void)

{

PORTB.DIRSET PIN4 bm;
PORTB.OUTSET = PIN4 bm;

PORTB.PINSCTRL |= PORT PULLUPEN bm | PORT ISC_BOTHEDGES gc;
sei();
while (1)

{
}
}

#pragma region LED functions
void LED on ()

PORTB.OUTCLR = PIN4 bm; //LED on
}
void LED off ()
{

PORTB.OUTSET = PIN4 bm; //LED off

}

void LED set state(uint8 t SW state)
{

if (SW_state)
{

LED on();
}
else
{

LED off ();

}
}

#pragma endregion LED functions

uint8_t SW_get_state(void)
{

static uint8 t SWO prv_state
static uint8 t SWO_ edge count

0;
0;

uint8 t SWO0 cur state
if (SWO0_cur state
{

! (PORTB.IN & PINS
!= SWO_prv_state)

SWO0_edge count++;
}
SWO0 prv_ state

SWO0 _cur state;

/*

* Report the switch as pushed when it is
* multiple of 3

=Y

return SWO0 cur state

|| !(SWO_edge count

}

ISR (PORTB PORT vect)
{

uint8_t intflags
PORTB.INTFLAGS

PORTB. INTFLAGS;
intflags;

uint8 t SW state SW_get state();

LED set state(SW_state);

_bm) ;

/* Read the current SWO state
/* Check for edges

*/
&/

/* Keep track of previous state */

pushed or the edge counter is a

3);
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215 Debugging 3: I/O View Memory View and Watch

This section covers more advanced debugging topics with Studio 7 both as video (linked below) and
hands-on document. The main topics are using I/O View to work with Configuration Change Protected
(CCP) registers, Memory View to validate EEPROM writes, as well as using the Watch window to cast
pointers as an array.

Getting Started Topics

ﬁ\ Studio 7: Debugging — 3

MICROCHIP
g ; /O View  _ o e L
In this video: s e e TR i
_ = ] 26 () =
Studio 7: Debugging 3 ~Neme  Adiress Vaue T
Context: CRonms a6t ae_ssspopom
Project from Debugging 2, add function to save By ccssssemn
data tO eeprom Change C|OC|( fl’eq to 10 MHZ _PROTECTED_WRITE{CLKCTRL.MCLKCTRLE, CLKCTRL_POIV_2X_gc CLECTRL_PEN_bm);
Features Covered: % Vi
. emao lew
o /O View: & Ll

» Configuration Change Protect (CCP) registers

+ Memory view: TR _
» EEPROM Write (AVR® LibC) o 4 a5 TELE

1800 08 00 00 18 00 17 06 11 0
£f £F £F £ £Ff £f £F 1F £ £F #f
. : . It
o watch_ £F #F 6F £F £F FF £F §F FF FF 6F #F

£F £F F £F £F FF FF FF F FF FF 45

» Cast pointer to array of specified size, :
so can view in Watch Window Watch Vle“.r

Mame Value

Video: Debugging - 3

2.15.1 1/O View

The I/O view provides a graphical view of the I/O memory map of the device associated with the active
project. This debug tool will display the actual register content when debugging, allowing verification of
peripheral configurations. It can also be used to modify the content of a register without having to
recompile.

O To do: Use I/O view to:
L_‘f *  Get an overview of the device memory map.
*  Check current peripheral configurations.
*  Modify peripheral configurations.
» Validate configuration changes.

1. Remove all breakpoints and start a new debug session.

2. Break code execution by pressing the Break All button n
3. Open the I/O view from the top menu bar by going to Debug — Windows — 1/O.
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4. Scroll through the list of peripherals and select /0 Ports (PORTB). Find the OUT register and click
on Bit 4 in the Bits column, so the corresponding square changes color, as depicted in Figure 2-57.
Observe that clicking Bit 4 in the PORTB.OUT register toggles the output level on GPIO pin PB4,
which controls the LED on the ATtiny817 Xplained Pro.

Figure 2-57. Manipulate Bit Value in Register Using /0 View

o
=] = | Filter: -
Name Value
i+ [E Fuses (FUSE)
40 General Purpose 10 (GPIO)
* MO /0 Ports (PORTA)

Ik

# MO 1/0 Ports (PORTC)

Name Address Value Bits

DIR 0420 00 OO0O@O000
[ DIRSET 0d21 00 OO00O®O000
B DIRCLR 022 00 QOO0O@0O000
B DIRTGL 0423 0d0 00080000
B SEEEEEEES
B ouTsET 0d25 000 OO000000
B ouTCLR 0d26 000 OOO00O0O000
B ouTTGL 0427 000 O0O000O000
BN 0422 0xEC BE@@OBB00
# LJINTFLAGS 0420 000 OO000000

+# B PINOCTRL  0x430 0x00 (O 00O
# B PINICTRL 0xd31 000 (O O000
= PIN2CTRL 0x432 000 (O O00oo
# B PIN3CTRL 0433 0x00 (O O0oOoo
# B PINACTRL 0x434 000 (O 0000
# B PINSCTRL 0435 008 (J OO0
+ PINGCTRL 0x436 000 (O O00oo
® B PIN7CTRL  0x437 000 (O 0000
ﬂ Info: The I/O view is refreshed after any register has been modified, and all detected

changes are highlighted in red.

tip: Multiple bits can be modified simultaneously by double-clicking the value field and
typing in the desired value to be assigned to the register.

5. Expand the Clock controller (CLKCTRL) in the 1/O view, and answer the following questions:
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— What is the currently selected clock source (Clock select)?
— What is the configured prescaler value (Prescaler division)?
— Is the main clock prescaler enabled (MCLKCTRLB.PEN)?

Result: The Clock controller should be configured with the ATtiny817 default clock
settings; the main clock is running from the internal RC oscillator with prescaler enabled
and a division factor of six.

ﬂ Info: The default clock configuration guarantees that the device will execute code
reliably over the entire supported operating voltage range, 1.8V to 5.5V. The Xplained Pro
kit powers the ATtiny817 at 3.3V. According to the 'General Operating Ratings' section in
the device data sheet, the device can be safely run at 10 MHz with a 3.3V supply.

6. The code will now be changed to run the ATtiny817 at 10 MHz. Modify the start of main () as
below:
int main(void)
{
/*
* Set the Main clock division factor to 2X,
* and keep the Main clock prescaler enabled.
=/
CLKCTRL.MCLKCTRLB = CLKCTRL PDIV 2X gc | CLKCTRL PEN bm;

7. Start a new debug session in order to recompile the project and program the device.

8. Halt code execution by clicking Il Examine the clock settings in 1/O view, depicted in Figure 2-58.
Figure 2-58. Clock Settings in I/0 View Remain Unchanged
= @) Clock contreller (CLKCTRL)

O [clockselect (MOEKETRLA) I 20MHz internal oscillator_0:00 ~

Prescaler divition (MCLECTELE) 6% 008 = |
Crystal startup time ({O5C32KCTR... [1K cycles 00 - |

Result: There is a problem! The prescaler remains unchanged.

9. Select the MCLKCTRLB register in 1/0O view, as indicated in Figure 2-59.
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Figure 2-59. Select MCLKCTRLB in I/O View

Marme Addrezs Yalue Bits
® B MCLKCTRLA 060 000 [ 0 -
PDIV 008 B0
PEM 001
® B MCLKLOCK 062 0x00 O
® B MCLKSTATUS ez 00 (JOO OJ
= B OSC20MCTRLA 070 000
RUNSTDEY 0:00 OJ
= B OSC20MCALIBA o7l e BOOBRE00
CALSEL20M 002 0]
CAL20M 0x1C OBBe0

10. Push F1 on the keyboard to bring up a web-based register description.

ﬂ Info: Internet access is required to use the web-based register description. Refer to an
offline version of the ATtiny817 data sheet if internet access is not available.

11. Find out if any access restrictions apply to the MCLKCTRLB register.

Result: The register is protected by the Configuration Change Protection (CCP)
mechanism. Critical registers are configuration change protected to prevent unintended
changes. These registers can only be modified if the correct unlock sequence is followed,
as described in the data sheet.

12. Replace the line of code, which was just added, with the following:

_ PROTECTED WRITE (CLKCTRL.MCLKCTRLB, CLKCTRL PDIV 2X gc | CLKCTRL PEN bm) ;

ﬂ Info: PROTECTED WRITE () is an assembly macro that guarantees timing
requirements for unlocking protected registers are met. It is recommended to use this
macro when modifying protected registers.

tip: Right-click the macro name in the code and select Goto Implementation to
navigate to the implementation of the macro. This is also possible by placing the cursor at
the macro name in the code and pressing Alt+G on the keyboard. The same process can
also be used for variable declarations and function implementations.
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13. Stop the previous debug session and launch a new session to program the device with the
changes.

14. Break code execution and use the I/O view to verify that the prescaler is now successfully set to
2X, as indicated in Figure 2-60.

Figure 2-60. Clock Settings in I1/0 View Changed Successfully
= @) Cleck centreller (CLKCTRL)

O cloek select (MEUKETRLA) I 20Mrz internal oscillator_0x00 ~ [

Prescaler divition (MCLKECTRLE) (2% 0x00 = |
Crystal startup time (KOSC32KCTR...  [1K cycles 0:00 - |

tip: The Processor Status window is the register view tool for the AVR Core. This tool can be
opened from the top menu bar by going to Debug — Windows — Processor Status. This
window will provide a detailed view of the status of the internal AVR Core registers. This view
can be used to check if global interrupts are enabled; look for the I-bit in the status register.

Result: The capabilities of the I/O view have been used to find and fix a bug in the project.

2.15.2 Memory View

- To do: Write two strings to the beginning of the ATtiny817 EEPROM and use Memory view to
L_‘, verify the EEPROM contents.

Add #include <avr/eeprom.h> afterthe #include <avr/io.h> line.
2. Add the following code before the while (1) loop inmain ():

uint8 t hello[] = "Hello World";
eeprom write block(hello, (void *)0, sizeof (hello));
uint8 t hi[] = "AVR says hi";

eeprom write block(hi, (void *)0, sizeof (hi));

3. Place a breakpoint next to the first call to eeprom write block() as in Figure 2-61.
Figure 2-61. Breakpoint to Halt for Checking EEPROM

uintd t hello[] = "Hello wWorld";

.
uintg t hi[] = "AVR says hi";
eeprom_write_block(hi, {woid *)@, sizecf(hi});

|  while(1)
{
uintg t SWe_state = SW_get_state(); /* Read switch state */
LED set_state(cwa_state); /* Set LED state *J

h

4. Start a new debug session in order to program the device with the updated code.

5. After the breakpoint has been hit, open the memory window from the top menu bar by going to
Debug — Windows — Memory — Memory 1. Look at the current content of the EEPROM.
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6. Push F10 on the keyboard to step over the eeprom write block () call and verify the EEPROM
write.

7. Allow the ATtiny817 to execute the next EEPROM write before verifying the write using the Memory
view. The view should appear as in Figure 2-62 at each interval respectively.
Figure 2-62. Memory View Updating After EEPROM Writes

Memory 1 v 1 X
Memory: data EEPROM = | Address: 0x1400,data = % | Columns: Auto -

data @x1480 48 65 6c B¢ 6f 2@ 77 6f 72 6c 64 21 @@ ff ff ff ff ff £f ff ff ff £f ff ff £f Hello world!.Jyyyyyyyyyvyy
data @x141A Ff £f Ff Ff Ff Ff Ff Ff Ff £f f £f Ff FF £f £f F £f Ff Ff ff Ff FF £ FF Ff j
434 ff £f ff £ £f ¥f ¥f ff F £f £ £f £f £F £Ff £F £Ff £F £Ff Ff ¥F €F ¥F £F ¥Ff £F

: (E Ff Ff FF £f £f £f £f £ £f £f £f £f £f £f £f £f £f £f £f £f £f £F £F £F £F £F  Gyy999599yyvyyvymyyssiigy
data @x1468 FFf FF FFf £f FFf FF £f FFf FF £f FFf FF £F FF FF FF FF FF FF FF £F FF £F £F 22 2} Gy9yyyyvyyyyyy vy yyy. -
jata @x1482 R R R RN RN B RN N RN
22022 22 27 22 22 22 33 33 23 3P 32 23 3P 3P 3D 23 2P 22 23 3P 223X 33 33 P

Memory 1

Mzmory: data EEPROM - | Address: (x1400,data - & | Columns: Auto -
lata @x1408 41 56 52 20 53 61 79 73 20 68 69 21 @@ If Ff ff Ff £f £F Ff £Ff £F £ff £f Ff £f AVR Says hil FYFFVHVFIvFF -
f AF 71 £1 11 £f 17 17 17 11 1 £ £f Af 17 1f 1 £1 TF £f 17 17 11 11 07 £F  yyyyysyyyyyvIvyyyynwyyyyyr
d xid fF £F £ Ff £f FF £f £f £F £f £Ff FF £F If £F £f £Ff £ £F £F £F £f £Ff £f Ff £F g3y GG
data Ow144E #F 4F £ Ff £ £F FF £F §F +F 4 ¥ FF i F FF +§ £ FF FF £F £F £F Ff Ff ¥F
data ox1468 ff ff ff ff P Ff FF IFf fC Ff If ff FF If ¥F Ff Ff 1 £F FF 7 €€ €1 £F 22 2}
data @x1482 R 2 R MM MR MMM MR BRI IR I

PV VT

tip: The Memory view tool can also be used to investigate the contents of other AVR
memory sections, including the program memory. This can be useful when debugging
bootloaders.

Result: The content of the EEPROM is updated after each call to eeprom write block().
The updated content is highlighted in red, and the ASCII interpretation of the EEPROM content
matches the written strings. Therefore, the contents of EEPROM after writing to it have been
verified using Memory view.

2.15.3 Watch Window

This is covered in more detail in section 2.14 Debugging 2: Conditional- and Action-Breakpoints ,
however, the note on how to cast pointers as an array in the Watch window is repeated here.
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and typing the variable name. This way, it is even possible to cast a variable to a different data
type for better readability in the Watch window. This is especially useful if it is required to look at
an array that is passed to a function as a pointer.

For example, if an array is passed to a function, it will be passed to the function as a pointer.
This makes it impossible for Atmel Studio to know the length of the array. If the length of the
array is known, and it needs to be examined in the Watch window, the pointer can be cast to an
array using the following cast:

ﬂ Info: A variable can also be added to the Watch window by clicking on an empty field name

*(uint8_t (*) [<n>])<name of array pointer>

Where <n> is the number of elements in the array and <name of array pointer> is the
name of the array to be examined.

This can be tested on the SWO_edge count variable by entering the following in an empty
name field in the Watch window:

*(uint8 t (*) [5])&SW0_edge count

Note that the 's' symbol must be used in this case to obtain a pointer to the variable.

Result: Atmel Studio has now been used to inspect and modify the contents of variables in the
code.

Code used for Debugging 3

#include <avr/io.h>
#include <avr/eeprom.h>

void LED on(void);

void LED off (void);

void LED set state(uint8 t state);
uint8 t SW _get state(void);
uint8 t SW get state logic(void);

int main(void)

{
PORTB.DIRSET
PORTB.PINSCTRL

PIN4 bm; /* Configure LED Pin as output */
PORT PULLUPEN bm; /* Enable pull-up for SWO0 pin */

_PROTECTED_ WRITE (CLKCTRL.MCLKCTRLB, CLKCTRL PDIV 2X gc | CLKCTRL_PEN bm) ;

uint8 t Hello[] = "Hello World!";
save (Hello, sizeof (Hello)) ;
uint8 t Hi[] = "AVR says hil";

save (Hi, sizeof (Hi));

while (1)

{
uint8 t SWO_ state = SW _get state logic(); /* Read switch state */
LED set state(SWO_state); /* Set LED state */

}

void save(const uint8 t* to save, uint8 t size)

{
eeprom write block(to_save, (void*)O0,size);

}

uint8 t SW_get state()
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{

return ! (PORTB.IN & PIN5 bm);

}

uint8 t SW get state logic(void)

{

static uint8_t SWO_prv_state = 0;
static uint8 t SWO edge count = 0;

uint8_t SWO_cur_state =

if (SWO cur state != SWO prv_state)

{
SWO_edge count++;

}

SWO0_prv_state = SWO_cur state;

/*

* Report the switch as pushed when it is pushed or the edge counter is a

* multiple of 3
/)
return SWO_cur state ||

}

void LED off (void)
{
PORTB.OUTSET = PIN4 bm;

}

void LED on (void)
{
PORTB.OUTCLR = PIN47bm;

}

! (PORTB.IN & PIN5 bm); /* Read the current SWO state */

! (SWO0_edge count % 3);

/* Turn LED off */

/* Turn LED on */

void LED_set state(uint8_t state)

{

if (state)
{
LED on();
}
else
{
LED off();

}

/* Check for edges

*/

/* Keep track of previous state */
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Introduction
Atmel Studio is an Integrated Development Environment (IDE) for writing and debugging applications for

AVR/ARM platforms. Currently, as a code writing environment, it supports the included AVR Assembler
and any external AVRGCC/ARMGCC compiler in a complete IDE environment.

Using Atmel Studio as an IDE gives you several advantages:

Editing and debugging in the same application window allows for a faster error tracking.
2. Breakpoints are saved and restored between sessions, even if the code was edited in the
meantime.
3. Project item management is made convenient and portable.

The Solution Container

With AVR Studio 5, the concept of 'solution’ is introduced. The solution is a container that may contain
several projects. A project cannot exist outside a solution. If you try to open a project file ( . cpro

or .asmproj extension) a solution will be created for you. This allows you to keep for example a
bootloader project and several application projects in the same solution. In practice, the Solution is stored
as an . ats1n file. In general, projects that are added to the solution are placed in a separate folder
inside the folder that the . ats1n file resides in.

Save and Open Projects

All projects are saved under a chosen name with the . cproj extension for GCC projects and . asmpro
extension for 8-bit assembler projects. The user can reopen a project, either from the file menu, from the
recently used projects list, or from the Project menu, under Open project.

Project Output View

After building, assembling, or compiling the project, the operation result will be shown in the build output
window. If any errors occur, the user can double-click on the message, which will position the marker over
the corresponding line in the source window.

Solution Explorer

Solution Explorer allows you to view items and perform item management tasks in a solution or a project.
It also allows you to use the Atmel Studio editors to work on files outside the context of a solution or
project. By default, it appears on the right side of the Atmel Studio GUI.
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Figure 3-1. The Solution Explorer Pane

Solution Explorer * [ X

= | 20
ﬂ Solution 'ADC_EXAMPLEZ21' (1 project)
= ADC_EXAMPLE2]1
=d| Dependencies
=d| Output Files
«g] Libraries
El | sre
o asf
|43 config
] adc_example2.c
h] asf.h

Toolbar Icons
Buttons specific to the item selected in the tree view appear on the Solution Explorer.

= Displays the appropriate property user interface for the selected item in the tree view.

2N Shows all project items, including those that have been excluded in the project and those that
are hidden.

Hierarchical Display

A single solution and all its projects appear in a hierarchical display. This allows you to work on several

projects at the same time and at the same time keep track of all projects and items. Most source control
system extensions (such as AnkhSVN) will also add icon overlays to the item icons, to signal the up-to-
date status of the project items that are under revision control.

Item Management Commands
Solution Explorer supports a variety of management commands for each project or solution item. Right
click on any item to get a menu with the available commands for that particular item.

Project Components
A project will contain a set of device specific components. This includes startup code, linker scripts, and
other support libraries.

Components are small pieces of code or other supporting files that are included in any project.
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Figure 3-2. Project Components
aechpplications7 = < |

it N/A N/A
Build Events

Toolchain

Device Components provides files to the project. These files may be device libraries, startup code, linker scripts or other software modules.

Tool

Component: CMSIS_CORE
Components

Advanced Bl

Curentveson: 3400

Description :

I Doc
I Include

Dependencies:

Name Version

Device_Startup 1.0.0

Components that are included in a project are listed in the Component drop-down menu. Selecting a
component from the drop-down menu shows the component version, the files that the component is
contributing with, and the dependencies that the component has.

The version of the component can be changed by clicking the Change version button.

Change Version
Components are versioned when added to the project. To change the version that is used, use this
dialog.

There are two options when choosing the version of a component
Use a specific version Lock the project to a specific version of the component.

Use the latest version Choose the most recent version of the component that is available.

Figure 3-3. Change Version

Change version X

Change version

(® Use a specific version 13400 ~:

() Use the latest version

Ok | | Cancel

Components are part of the device packs in Atmel Studio. These device packs are managed using the
Device Pack Manager.

Related Links
6.1 Device Pack Manager
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GCC Projects

New Project Wizard
Select File — New from the menu, and the dialog below will appear. The startup wizard will also have an
option to start a new project.

Figure 3-4. New Project

- ObjProjectl - AtmelStudio (Administrator)

File = Edit View WVaAssist{ Project Build Debug Tools Window Help

=T Y| 2] Project.. Ctrl+Shift+N
Open * | ' File.. Ctrl+M
Add r | dl Example Project from ASF... Ctrl+5hift+E
Cloze

j Closze Solution

Project types

Currently, several project types are available in the Project Type box. AVR board examples - to guide
you through the usage of the AVR boards, User board project - if you have created your own product with
the AVR tools, and a general AVR GCC project - a board independent project with a GNU compiler. It is
also possible to create an AVR Assembler project and a general AVR Solution, which may include any
supported source code type.

Tip:
Projects can also be created by loading supported object files. If you want to create such a
project, you should use the File — Open file menu.

Project name and initial file

Input the project name. The project main file, which is generated automatically, will be named with the
same name by default (ASM or C). If you wish, you can change this name. It is possible to check a box to
create a new folder, bearing the project name. This box is unchecked by default.

You can choose to create a new solution in the Solution drop-down menu or to reuse existing code. Input
the solution name in the Solution Name field.

If you are satisfied with the project name and type, press OK and proceed to the debugging platform
selection stage. You can also leave the platform undefined for now, but then you will have to select the
debug platform and device upon starting a debug session. See also 3.3 Assembler Projects and 4.17
Object File Formats.

Starting a New GCC Project for AVR Device

1. Create a new project by selecting New Project from the Project menu. This will open the Project
Wizard.
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r 5
New Project [ 2 [t
Recent Templates Sort by: | Default - | Search Installed Templates b |
Installed Templates T cic
4 ++
GCC C ASF Board Project C/C++ ypes &
T/ Creates an AVR 8-bit or AVR/ARM 32-bit C
Assembler . project
Atmel Studio Solution GCC C Executable Project C/C++
GCC C Static Library Project C/C++
Il GCC C++ Executable Project C/C++
L
GCC C++ Static Library Project C/C++
U
Narne: GecApplicationd
Location: ChUsers\Test DocumentsiAtmel Studio'6.2 - Browse... ‘
Solution name: GecApplication3 Create directory for solution
| )

2. Select C/C++—-GCC C Executable Project as a template, then specify a project name, select a
location, and write a solution name for the project. A file with the same name as the project will be
created and added to the project by default. It will contain an empty main () function. If you want to
change the name of the initial file, just edit the main file name afterward. Press OK when you are
satisfied with the settings.

3. Select C/IC++—GCC C Static Library Project as a template, then specify a project name, select a
location, and write a solution name for the project. This creates a Static Library (LIB) project, which
is a good way to reuse code.

Tip:
See section 3.2.6 Starting a New GCC Static Library Project to learn more about Static
Library projects.

4. A device selection table will appear. Choose the appropriate target platform for your project. To start
you can select the ATxmega128A1 device.
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Figure 3-5. Device Selection

Device Selection [ﬁ
Device Family: AVR XMEGA, 8-bit earch for devi ;—)-

5 or device
Name App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (by Device Info: = |
ATxmegal28A1 136 8192 2048 “ | Device Name: ATxmegai23A1
ATxmegal28A1U 136 8192 2048 Speed: 32
ATxmegal28A3 136 8192 2048 Ve 16/36
ATxmegal28A3U 136 8192 2048 = | Family AVR XMEGA
ATxmegalZ8A4l 136 8192 2048 b
ATxmegal28Bl 136 8192 2048 'EJ Datasheets
ATxmegalZ8B3 136 8192 2048
ATxmegal28C3 136 8192 2048 Supported Toals o
ATxmegal28D3 136 8152 2048 - Atmel-ICE |
ATxmegal28D4 136 8192 2048 . AVR Dragon
ATxmegalfhd 20 2048 1024 ® AVRISP mill
ATxmegal6fdU 20 2048 1024 H
ATxmegalsC4 20 2048 1024 7 AVR ONE!
ATxmegalbD4 20 2048 1024 X XPRO-EDBG
ATxmegalSES 20 2048 512 __ ITAGICES
ATxmegal92A3 200 16384 2048 e
ATxmegal22A3U 200 16384 2048 B JTAGICE mkil =1
ATxmegal92C3 200 16384 2048 . & QTROD
4 | m | v & Simulator =

oc ] cree

b

5. The project tree will be set up. Notice that the initial file created in step 2 has been added to the
project node. Also, the initial file will be opened in the editor.

6. In order to facilitate applications development and verification, you can also use the Driver
Selection Wizard, invoked from Project — ASF Wizard...
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ASF Wizard

Device: ATxmegal28Al

Project: | GecApplication1dl »

Extensions Version

Available Modules

Extensions: [Atme\ASFB.G.U] '] Show: IAII

Search for modul

Selected Modules

4 B AC - Analog Comparator (driver)
4 Sleep manager - XMEGA AJAU/B/D implementation (service)

& Generic board support (driver)

Bl Sensors - ATAVRSBPRL Sensor Board (component)
& Sensors - ATAVRSBIML Sensor Board {component)
E Sensors - ATAVRSBIM2 Sensor Board (component)
B Sensors - ATAVRSEINAL Sensor Board (component)
E Sensors - ATAVRSBLPL Sensor Board (compenent)
EATSHA204 device (component)

EJ LCD - HX83474 Display Controller (component)

B LCD - 1119341 Display Controller {component)

B 5501306 OLED controller (compenent)

B 5T7565R LCD controller (component)

E SD/MMC stack (component)

&l Virtual Memory in RAM (component)

& maXTouch - mXT143E Controller {component)

E NVM - Men Volatile Memory access (Commaon API) (driver)
B Calendar functionality (service)

E System Clock Control (service)

E Chip Reset Cause Access (Common API) (service)

Info Actions Details

Generic board support

The generic board support module includes board-specific definitions and function prototypes, such as the beard initialization function.

4 Sleep Controller driver (driver)
I XMEGA compiler driver (driver)
System Clock Control - XMEGA A1/A3/A3B/A4/D/E implementation (service)
[ CPU specific features (driver)
PMIC - Programmable Multi-level Interrupt Controller (driver)
4 XMEGA compiler driver (driver)
Interrupt management - XMEGA implementation (driver)

mn
N

Part identification macros (service)
CPU specific features (driver)
XMEGA compiler driver (driver)

=

Lo

In the ASF Wizard you can select which Drivers, Components, and Services you would like to use
in the project for current build architecture and board.

7. Now, write the following code into the open editor window.

#define MAXINT 200000

int main (void)

{
unsigned int t=1000, k=0, 1= pn=2;
unsigned int primes|[t];
primes([0]=2;
primes[1]=3;
while (pn < t || primes([pn] < MAXINT)
{
for ( k = 0; k <= pn; k++)
{
if (1 % primes[k] ==
goto otog;
}
else
{
if (k == pn)
primes [pn++]=1;
}
}
otog:
1 4#= 2g
}
return 0;
}

8. Build the project.
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Dependencies

Output Files

Libraries Options
All Static Library files, Toolchain Library, and other Library Files will be displayed below this item.

Figure 3-6. View of a GCC Project after Build Completed

Solution Explorer

ﬂ Solution 'GecApplication1' (1 project)

= GocApplicationl
E | Dependendes
& common.h
& fuse.h
& inttypes.h
& io.h
# iox128al.h
Z loduh
@ portpins.h
@ sfr_defs.h
# stdint.h
# stdint.h
# wersion.h
=l | Qutput Files
[(] GecApplication1.eep
[(] GecApplication 1. elf
[(] GecApplication 1.hex
[(] GecApplication1.lss
[(] GecApplication 1.map
= | Libraries
+ libm
g GocApplication1.c

All output files will be displayed below this item.

See section Library Options to know more about Library options.

All the included files are listed here. Double-click on any file to open it in the editor.

All Static Library files, Toolchain Library, and other Library Files will be displayed below this item.
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Figure 3-7. Libraries

x

[5T)
]
5
f
[}
‘]
i
]
1]
’,
[T}
=]
™
T

Toolchain Libraries _ Mame
Project Libraries [w libm
Browse Libraries [~ libnosys

Toolchain Libraries
The toolchain libraries would be listed here.

The Library search path provided by the toolchain would be enumerated to form the library list.

Project Libraries

The projects available at the current Solution would be enumerated and the static libraries would be listed
here.

Browse Libraries
You can browse for other libraries.

How to Add Project Library

Tip:
Ensure you have static library projects in the current solution.

Right click on Project or Libraries Node in the project to invoke 'Add Library' Wizard.
Select Project Libraries Tab; here you will see all the static libraries in the current solution listed.

Select the Static Library which you would like to add.
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Click OK.

Figure 3-8. View of a Project after Adding Libraries

=

ECINC

FHMH

Solution Explorer

_i Solution 'StaticLibrary1' (2 projects)

GocApplicationl
=d| Dependendes
=d| Output Files
_ Libraries

3 libm

ﬂ GooApplication1.c
StaticLibrary 1

=d| Dependendes
=d| Qutput Files

«J] Libraries

c] staticlibrary1.c

Also, you will see that Project — Project Dependencies Static Library is added.

Figure 3-9. View of a Project Dependencies after Adding Libraries

Project Dependencies

......................................

Projects:

| Build Order I

2l

IG::n:AppIiu:aﬁu:-n 1

Depends on:

-

vl StaticLibrary1

]

Cancel

3.2.3.5 How to Add Toolchain Library

Right click on Project or Libraries Node in the project to invoke 'Add Library' Wizard.

Select Toolchain Libraries Tab; here you will see the available toolchain libraries for the currently selected

toolchain for the project.

Select the libraries which you like to add.
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Click OK.

Figure 3-10. View of a Project after Adding Libraries

Solution Explorer

ﬂ Solution 'StaticLibrary1’ {2 projects)

=

0= MH

HFHH

GocApplicationl
=d| Dependendes
=d| Qutput Files
o Libraries

A2 libm

= Fibprintf_fit
ﬂ GroApplication1.c
StaticLibrary1
=d| Dependendes
=d| Qutput Files
w3 Libraries
c] Staticlibrary1.c

'EX

You will also be able to see the new library added in the Toolchain Linker Settings.
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Figure 3-11. View of a Linker Option after Adding Libraries

GooApplication1 3 gefaw:los le=tis shis Staticlibrary1.c

Build

Configuration: I.ﬁ.cﬁve (Debug) j Flatform: Iﬁ.cﬁve (AVR) j
Build Events

Configuration Manager...

Toolchain

Device = [Z] AVR/GNU Comman | AVR/GNU Linker = Libraries

= General

Tool _ [ OutputFiles Libraries (-Wl,1)

= 2] AVR/GNU C Compiler —

Advanced H General
& Preprocessor -
5 Symbols
& Directories
=& Optimization
=& Debugging
& Warnings -
= Miscellaneous Library search path (-Wl,L)

[=] Iﬁﬁ.‘l.l'R.."GNU Linker D:\abmel\Studio\Projects)\StaticLibrary 1\ StaticLibrary 1\Debug
& General
i Libraries
& Optimization
& Memory Settings
=& Miscellanegus

= [2] AVR/GNU Assembler
= General
=& Debugging

= [Z] AVR/GMU Archiver
= General

3.24 Starting a New GCC Project for SAM (ARM) Device
1. Create a new project by selecting New Project from the Project menu. This will open the Project
Wizard.
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r 5
New Project l 9 &J
Recent Templates Sort by: | Default = | Search Installed Templates 2 |
Installed Templates T cic
4 ++
GCC C ASF Board Project C/C++ ypes &
T/ Creates an AVR 8-bit or AVR/ARM 32-bit C
Assembler . project
Atmel Studio Solution GCC C Executable Project C/C++
GCC C Static Library Project C/C++
| GCC C++ Executable Project C/C++
GCC C++ Static Library Project C/C++

GCC C++ Static Library Project

Narne: GecApplications
I Location: ChUsers\Test DocumentsiAtmel Studio'6.2 - Browse... ‘ I
Solution name: GecApplications Create directory for solution

2. Select C/C++ — GCC C Executable Project as a template, then specify a project name, select a
location, and write a solution name for the project. Some start-up files will be added to the project
by default, which will contain some device specific functions and libraries. Press OK when you are
satisfied with the settings.

3. Select C/C++ — GCC C Static Library Project as a template, then specify a project name, select
a location, and write a solution name for the project. This creates a Static Library (LIB) project,
which is a good way to reuse code.

Tip:

See section Static Library Project to learn more about Static Library projects.

4. A device selection table will appear. Choose the device family as SAM3 or SAM4 and select the
target platform for your project. To start you can select the ATSAM3S1A device.
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B Device Selection £ _|
Device Family: SAM3, 32-bit - Search for device 'j'J
Mame App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (byte Device Info:

ATSAM3S1A 64 16384 N/A “ Device Nama: ATSAM3S1A
ATSAM3S1E 64 16384 A Speed: 0
ATSAM3S1C B4 16384 N/

Ve QM
ATSAMIS2A 128 32768 /A Eomi -
ATSAM3S2E 128 32768 /A anmiy:
ATSAMISZC 128 32768 fA T Datasheets
ATSAMISAA 256 49152 /A
ATSAM3IS4E 256 40152 /A — | | Supported Tools
ATSAM32S4C 256 49152 /A # SAMICE
ATSAM3ISEE 512 53538 /A
ATSAMISEC 512 55538 /A
ATSAM3ISDEE 512 65536 /A =
ATSAM3ISDEC 512 53538 /A
ATSAM3ULC 64 16384 A
ATSAMIULE 54 16384 /A |
ATSAM3UZC 128 32768 A
ATSAMIUZE 128 32768 /A
ATSAM3UAC 256 449152 MN/A -
P e ———ssaco |

5. The project tree will be set up. Notice that the initial files created in step 2 have been added to the
project node. Also, the file containing main() function will be opened in the editor.
Here is a list of files that will be created:

— Afile with the same name as the project will be created and added to the project by default. It
will contain the main () function.

— A startup file(startup_*.c) will be available at 'cmsis\src' directory. It contains the default
interrupt handlers for all the peripherals.

— A system file(system_*.c) available at 'cmsis\src' provides the system level initialization
functions that are called on start-up

— Linker scripts with appropriate sections based on the device will be created at 'cmsis
\LinkerScripts' directory in the project folder

— In case if you have deleted any files in cmsis folder and want to revert it back or if you have
changed the device, just right click the Project and click 'CMSIS Update from Atmel' to get the
appropriate files.
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Solution Explorer * [ X

ﬂ Solution 'ARMApplication’ (1 project)
=] ARMApplication
=d| Dependendes
=d| Output Files
«Jj Libraries
(=g msic
E = linkerSoripts
sam3a_flash.!d
sam3a_sram.|d
sam3a4_flash.ld
sam3a4_sram.ld
sam3a4dc_flash.|d
sam3adc_sram.|d

ErErEl

H =

%]
]
=

] startup_sam3xa.c
] system_sam3xa.c
] ARMApplication.c

Note: Itis recommended not to change the contents of the startup_*.c and system_*.c files unless
you have no other choice. These startup, system, and linker scripts will not be created for ARM
static library projects.

6. In order to facilitate applications development and verification, you can also use the Driver
Selection Wizard, invoked from Project — ASF Wizard.
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8.

ASF Wizard *0Xx
Device:  ATSAMISIA Project: | ARMApplication = @
Extensions Version

Available Modules

Extensions: | Atmel ASF(3.6.0) =| Show: |All »|  Search for modul

I el CAN - SMNBSHVLZS4 Transcerver (component)
W& Display - AAT31XX Backlight Contreller (component)

Bl Display - HX8347A LCD Controller (component)

W& Display - 1L19225 LCD Controller (component)

W&l Display - IL19325 LCD Controller (component)

1Bl Display - ADS7843 Touch Controller (compenent)

I W Accelerometer MMAT341L (component)

I [ ADC - Analog-to-digital Converter (driver)

B CHIPID - Chip Identifier (driver) |
& CRCCU - Cyclic Redundancy Check Calculation Unit (driver)
1Bl 5MC - Static Memory Controller (driver)

E EEFC - Enhanced Embedded Flash Controller {driver)

W& GPER - General Purpose Backup Register (driver)

B HSMCT - High Speed MultiMedia Card Interface (driver)

E MATRIX - Bus Matrix (driver)

B PDC - Peripheral DMA Controller Example (driver)

W& PIO - Parallel Input/Output Controller (driver)
& PMC - Power Management Controller (driver)

Selected Modules

4 B ACC - Analog Comparator Controller (driver)
4 B SAM3S compiler driver (driver)
4 E Commeon SAM compiler driver (driver)

E Preprocessor Utility Macros (driver)
E Syscalls for C library (driver)
B Interrupt management - SAM implementation (driver)

E Part identification macros (service)
E SAM3S part definitions (driver)
E, SAM3S component definitions (driver)
E SAM3S instance definitions (driver)
B SAM3S PIO definitions (driver)
B SAMSS startup code (driver)

Info Actions Details

Generic board support

The generic board support medule includes board-specific definitions and function prototypes, such as the beard initialization function,

l Add =>

l Apply I Revert Summary

In the ASF Wizard you can select which Drivers, Components, and Services you would like to use
in the project for current build architecture and board.

Now, write the following code into the open editor window:

#define MAXINT 200000

int main (void)

{
unsigned int t=1000, k=0, 1=5, pn=2;
unsigned int primes|[t];
primes[0]=2;
primes[1]=3;
while (pn < t || primes[pn] < MAXINT)
{
for ( k = 0; k <= pn; k+t++)
{
if (1 % primes[k] == 0)
{
goto otog;
}
else
{
if (k == pn)
primes[pn++]=1;
}
}
otog:
1 += 2;
}
return 0;
}

Build the project.
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Code Editing

For the following part of the introduction, we will reuse the same code as you have previously seen.

#define MAXINT 200000

int main(void)

{

unsigned int t=1000, k=0, 1=5, pn=2;
unsigned int primes([t];

primes([0]=2;

primes[1]=3;

while (pn < t || primes[pn] < MAXINT)

{
for ( k = 0; k <= pn; k++)
{
if (1 % primes[k] == 0)
{
goto otog;
}
else
{
if (k == pn)
primes[pn++]=1;

}
otog:
1 += 2;
}

return 0;

Atmel Studio has a rich editor that is made even richer by Microchip and third-party plugins. Atmel Studio
has an automatic code generation faculty for snippets of C source code. To use it select and right click
the part of the code you wish to enclose in a conditional structure (like for, while, if ... etc).

Using the code snippets you can add parts to your core source. In some snippets the variable names and
exit conditions are parametric within the IDE, so as if only one instance is changed all instances within the
snippet will also change, such is the case of for loop.

Table 3-1. Using 'Surround With'

=

“lint mainivoid) f =

/% TODO: replace this commwent with we
unsigned int t=1000,k=0,1=5,pn=2; un:
if (l3primeslkl==0I

g =&, Insert Snippet... Chri+, Chr+2

2l -ﬂ, Surround With... Chrl4+k, Chrl+s
: Breakpoint 3
#=  Run To Cursor Chrl+F10
otuqi & Cut Chl+:
retur| 53 Copy Chr+C
' Paste Chrley
Cutlining »

int mainivoid) {

J% TODO: replace this comment wit
unsigned int t£=1000, k=0, 1=5,pn=2;
for (int k = 0; k < pn; k++)
{
if(13primes[k]==0)
goto otog;
else
{
if (k==pn)
primes[pn++]=1;

otog: 1+=2;
return 0O;

—lint main{wvaid) {

£ TODO: replace this comment witl
unsigned int c=1000,k=0,1=5,pn=2;
while [pr<t||primes[pn]<MLXINT)
i
for (k= 0; Kk < pn; k++)
i
if (1%primes[k]==0)
goto otog?
else
{
if (k==pn)
primes[pn++]=1;
}
i
otog: 14=2;
i
return 0O:
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Starting a New GCC Static Library Project

Why Static Libraries

Static Libraries (LIB) is a good way to reuse code. Rather than re-creating the same routines/functions in
all the programs, the user can write them once and reference from the applications that need the
functionality.

Create New Static Library Project
Figure 3-12. New Static Library Project

New Project l 2 iz-]
Recent Templates Sort by: [Defauh: D BB Search Installed Templates R |
Installed Templates T c/c

GCC C ASF Board Project C/C+s ype: LA
CfCer Creates an AVR 8-bit or AVR/ARM 32-bit C
Assembler . Static Library project
Atmel Studio Solution GICC C Executable Project C/C++
GICC C Static Library Project C/C++
[ GICC C++ Executable Project C/C++
GCC C++ Static Library Project C/C++
i \
[
Narne: Geelibraryl
I Location: ChUsers\ Test\Documents\ Atmel Studioh6.2 - Browse... | I
Solution name: Geelibraryl Create directory for solution
b

Click OK to create the Static Library project. A default source file with the same name as the project will
be added to the solution. You may then write and compile your routines/functions. You can also add new
source files or header files into the project.

Open the Project Properties on the menu Project — 'Your_project_name Properties’. This menu item
is only available when a Static Library project is open. Select the Build property page. Here you will see
that the Artifact Type is selected as Static Library.
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Figure 3-13. Static Library Build Properties

Geclibraryl *Ox
Build
Configuration: | Active (Debug) W Platform: | Active (AVR) w
Build Events
Toolchain Configuration Manager...
Device [[] Use External Makefile

Tool
Make file Name

Advanced
Build Commandline

Clean Commandline

1. OutputFile must equal project name with appropriate extension to file (e.g. ProjectName.elf)
2. Makefile and QutputFile must exist in the same folder.

Build Artifact
Artifact Type Static Library b
Artifact Name libGeclLibraryl a

Compile the project by selecting Build Solution from the Build menu. This creates a Static Library, which
can be used by other programs.

3.2.6.3 Static Library Project Options (AVR/GNU Archiver)
The AVR/GNU archiver, avr-ar, combines a collection of object files into a single archive file, also known
as a library.

Open the Project Properties on the menu Project — 'Your_project_name Properties’. This menu item
is only available when a Static Library project is open. In order to configure Static Library options, click on
the Toolchain property tab.

In the Toolchain property page, you will see AVR/GNU Archiver active and enabled. You may also see
that the AVR/GNU Linker is disabled for a static library project.
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Figure 3-14. AVR/GNU Archiver Setup Dialog, Command Line Shown

Gechpplication * [ X

Build

Configuration: lActive (Debug) v| Platform: | &Active (AVE] -

Build Events

Toolchain

4 [ AVR/GNU € Compiler | AVR/GNU Archiver = General
Device & General
& Preprocessor Archiver Flags: T
Tool & Symbols
% Directories
Advanced & Optimization
g Debugging
ASF 5 Warnings
F Miscellaneous

4 [F] AVR/GNU C Linker
& General
5 Libraries
F Optimization
H Memory Settings
& Miscellaneous

4 [Z] AVR/GNU Assembiler
 General
& Symbols
g Debugging

4 [Z] AVR/GNU Archiver
& General

You can set the AVR/GNU Archiver flags at the Archiver Flags textbox in the above General options.

Now, save the project and compile by selecting Build Solution from the Build menu.

GCC Project Options and Configuration

Project options and configuration can be set up by either right clicking on the Solution Explorer — Project
Properties, or by pressing Alt Enter .

This will call up the Project properties window, which has seven tabs.

If a tab supports properties that are configuration specific, then the tab has two slide-down menus. The
Configuration field defines the project configurations to modify. By default, two configurations are
provided in each project - Debug and Release. The Platform field is set to AVR. If a tab supports
configuration independent properties, then the Configuration and Platform fields are disabled.

Note: Use the 'Save All (Ctrl Shift S)' from the File menu or toolbar to update the changes in the project
file whenever changes are made.
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3.2.7.1 Build Options
Figure 3-15. Build Configuration

GecApplication

Build

Configuration: | Active (Debug) W Platform: | Active (AVR) W
Build Events

Configuration Manager...
Toolchain —ontiguration Manager...
Device [[] Use External Makefile
Tool

Make file Mame

Advanced

Build Commandline

Clean Commandline

1. OutputFile must equal project name with appropriate extension to file (e.g. ProjectMame.lf)
2. Makefile and OutputFile must exist in the same folder.

Build Artifact
Artifact Type Executable i
Artifact Name Gechpplication &lf

In the Build tab page, you can configure whether you want to use an external Makefile for your project. In
that case, just tick the Use External Makefile checkbox and browse to select the correct path of
makefile.

Build Commandline will be provided to the external makefile when build is invoked for the project. The
default build target is 'all'.

Clean Commandline will be provided to the external makefile when clean is invoked for the project. The
default clean target is 'clean’.

Besides the external makefile configuration, you can also specify the type of application to build. The
options are Executable or Static Library, which can be selected using the Artifact Type combo box.

Note: Custom makefile must fulfill these conditions:
1. Target name must the same as the project name.
2. Makefile and target must exist in the same folder (can be referenced with NTFS links too).
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3.2.7.2 Build Events
Figure 3-16. Build Events Options
chcAppIication *AOX ]

Build
Configuration: | Active (Debug) v Platform: | Active (AVR) W

Build Events

) Configuration Manager...
Teolchain - -

Device Pre-build event command line:

Tecl

Advanced

Edit Pre-build ...

Post-build event command line:

Edit Post-build ...

The Build events tab contains a list of scheduled events for each configuration, launched by the pre-
build and post-build scripts. These events can be added, deleted, or modified by clicking either the Edit
pre-build... or Edit post-build... buttons. Upon clicking these buttons, you should manually add your
commands in the following dialog. As of the current release, it is possible to use environment variables
and values declared within them as a link with other available applications. In order to use that function
press the Show Macros button.
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Figure 3-17. Build Event Editor
Build Event Editar [ B

Show Macros l I Export Macros QK ] ’ Cancel

L

Macros

Expands the edit box to display the list of macros/environment variables to insert in the command line edit
box.

Macro Table

List the available macros/environment variables and its value. You can select only one macro at a time to
insert into the command line edit box. MSBuild also provides a set of reserved properties that store
information about the project file and the MSBuild binaries. These properties may also be listed in the edit
box.

See Macros/environment variables below for a description which are specific to Atmel Studio.
Table 3-2. Atmel Studio Build Macro Table

oo omaion

$(AVRSTUDIO_EXE_PATH) | The installation directory of Atmel Studio (defined with drive and path)
$(SolutionDir) The directory of the solution (defined with drive and path)

$(SolutionPath) The absolute path name of the solution (defined with drive, path, base
name, and file extension)

$(SolutionFileName) The file name of the solution

$(SolutionName) The base name of the solution

$(SolutionExt) The file extension of the solution. It includes the '.' before the file
extension.

$(Configuration) The name of the current project configuration, for example, 'Debug'

$(Platform) The name of the currently targeted platform, for example, 'AVR'

$(DevEnvDir) The installation directory of Atmel Studio (defined with drive and path)
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$(ProjectVersion)
$(ProjectGuid)
$(avrdevice)
$(avrdeviceseries)
$(OutputType)
$(Language)

$(OutputFileName)

$(OutputFileExtension)

$(OutputDirectory)
$(AssemblyName)
$(Name)
$(RootNamespace)
$(ToolchainName)
$(ToolchainFlavour)

Macro

The version of the project

A unique identifier of the project

The name of the currently selected device

The series of the selected device. Used internally by the Atmel Studio.
Defines if the current project is an Executable or a Static Library type
Language of the current project; for example, C, CPP, or Assembler

The file name of the primary output file for the build (defined as base file
name)

The file extension of the primary output file for the build. It includes the '
before the file extension

The absolute path of the output file directory

The assembly name of the primary output for the build
The base name of the project

The base name of the project

The name of the toolchain

The name of the toolchain's compiler

Description

© 2018 Microchip Technology Inc.

User Guide DS50002718B-page 119



Atmel Studio 7 User Guide

Project Management

3.2.7.3 Compiler and Toolchain Options

Figure 3-18. Compiler and Toolchain Options

GecApplication

Build

Configuration: | Active (Debug)

Build Events

] Configuration Manager...
Toelchain =

v Platform: | Active (AVR) W

Device 4 ﬂA\u"F‘JGNU Commaon
jGeneraI
Tool j’OutputFiIes
4 [ AVR/GNU C Compiler
Advanced 5% General
& Preprocessor
ijmbols
% Directories
jcptimizatian
;?Debugging
5 Warnings
jl’\-"liscellaneous
4 [ AVR/GNU Linker
5 General
% Libraries
5 Optimization
;:fl'\-"lemor)-I Settings
& Miscellaneous
4 [ AVR/GNU Assembler
% General
5 Debugging
4 [H] AVR/GNU Archiver
% General

AVR/GNU C Compiler

Command: L EE

All Options: -funsigned-char -funsigned-bitfields -DDEBUG -O1 -ffunc

AVR GNU C Compiler Options

Table 3-3. AVR GNU C compiler Options

I =

-mcall-prologues
-mno-interrupts
-funsigned-char

-funsigned-bitfield

-nostdinc

-F

General options

Use subroutines for functions prologues and epilogues
Change stack pointer without disabling interrupts
Default char type is unsigned
Default bit field is unsigned

Preprocessor options
Do not search system directories
Preprocess only

Symbols options
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Symbols in source can be defined (-D) or undefined (-U). New symbol declarations can be added,
modified, or reordered, using the interface buttons below:

LAdd a new symbol. This and all following icons are reused with the same meaning in other

parts of Atmel Studio interface.

gRemove a symbol.

"*iIEdit symbol.

JMove the symbol up in the parsing order.

|JMove the symbol down in the parsing order.
Include directories

Contains all the included header and definition directories, can be modified, using the same interface as
symbols.

Optimization options

Optimization level (drop-down menu): -O0, -  No optimization, optimize for speed (level 1 - 3), optimize
01, -02, -03, -Os for size

Other optimization flags (manual input form) | Here you should write optimization flags specific for the
platform and your requirements

-ffunction-sections Prepare functions for garbage collection, if a function is
never used, its memory will be scrapped

-fpack-struct Pack structure members together

-fshort-enums Allocate only as many bytes as needed by the
enumerated types

-mshort-calls Use rjmp/rcall limited range instructions on the >8K
devices

Debug options

Debug level (drop-down menu): none, -g1, - | Specifies the level of tracing and debugging code and
g2, -g3 headers left or inserted in the source code
Other debug options (form field) Architecture specific debug options

Warning messages output options

-Wall All warnings
-Werror Escalate warnings to errors
-fsyntax-only Check syntax only

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 121



Atmel Studio 7 User Guide

Project Management

N

-pedantic

-pedantic-errors

Other flags (form field)
-V

-ansi

-save-temps

Option

3.2.7.3.1 AVR GCC Linker Options
Table 3-4. AVR GCC Linker Options

Check conformity to GNU, raise warnings on non-
standard programming practice

Same as above, plus escalate warnings to errors

Miscellaneous options

Input other project-specific flags
Verbose

Support ANSI programs

Do not delete temporary files

Description

I

-WI -nostartfiles
-WI -nodefault
-WI -nostdlib
-WI -s

-WI -static

Libraries -WI, -l (form field)

Library search path -WI,-L (form field)

-WI, -gc-sections
--rodata-writable

-mrelax

Other linker flags (form field)

Do not use standard files
Do not use default libraries
No start-up or default libraries
Omit all symbol information
Link statically

Libraries options

You can add, prioritize, or edit library names here, using these

buttons: E EI ‘El E J

You can add, prioritize or edit path where the linker will search for
dynamically linked libraries, same interface as above

Optimization options
Garbage collect unused sections
Put read-only data in writable spaces
Relax branches

Miscellaneous options

Input other project-specific flags
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3.2.7.3.2 AVR Assembler Options
Table 3-5. AVR Assembler Options

@ e ]

Optimization options
Assembler flags (form field) Miscellaneous assembler flags

Include path (form field) You can add, prioritize or edit path to the architecture
and platform specific included files here

-V Announce version in the assembler output
Debugging options

Debugging level (drop down menu) -Wa -g1, - Defines a level of debugging symbol and debugging
Wa, -g2, -Wa, -g3 source insertion

3.2.7.4 Device Options
This tab allows you to select and change the device for the current project and is similar to the device
selector, see Figure 3-5.

Tip:
Click on the Device button on the Device and Debugger toolbar to get to this tab quickly while
editing.

w4 ATxmegal28A1 7§ JTAG on JTAGICE mkII (090000006F4E)
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Geelibraryl B8 x
Build
MN/A N/A

Build Events
floui=bay Current Device: ATxmegal28A1 Change Device...
Device .

Device Name: ATxmegai28A1
Tool App./Boot Memory (Kbytes): 136

Data Memory (bytes): 8192
Advanced ;

EEPROM (bytes): 2048

Speed: 32

Ve 1.6/3.6

Family: AVR XMEGA

T Datashests

Supported Tools
% AVR Dragon
® AVRISP mkil
+ AVR ONE!

X XPRO-EDBG
B JTAGICE3
B JTAGICE mkil
< QT600

& Simulator

“m STK600

3.2.7.5 Tool Options
This tab allows you to select and change the debugger platform for the current project.

Tip:
Click on the Device button on the Device and Debugger toolbar to get to this tab quickly while
editing.

A ATxmegal28A1 7§ JTAG on JTAGICE mkIl (090000006F4E)
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Gechpplication *AXx

Build
N/A N/A
Build Events

Teelchain Selected debugger/programmer

Device AVR ONE! - 00000BEBCTAA ~ | Interface: | JTAG

Tool
JTAG Clock

Advanced A00MHz

The maximum ITAG clock speed is limited by the device, and varies with VCC. A
safe value is 12 MHz.

Use external reset

[] Use external reset

JTAG Daisy chain settings
(®) Target device is not part of a JTAG daisy chain
(0 Daisy chain: Devices before |0 nstruction bits before |0

Devices after |0 nstruction bits after
Programming settings

Erase entire chip ~ | Label
[] Preserve EEPROM

Debua settinas

Select tool/debugger from the drop-down list. The current selection is shown.
Select Interface from the drop-down list. The current selection is shown.

Note: Only tools and interfaces valid for the current device selection are shown.
Further Properties are dependent on the tool and interface selected.

JTAG

If you have selected JTAG as the programming interface clock speed, use external reset - and daisy-
chain setting may be available. This depends on the tool and device.

JTAG clock

JTAG clock is the maximum speed the tool will try to clock the device at. The clock range is different for
different tools and devices. If there are restrictions, they will be stated in a message below the clock
slider.

The clock can be set to Manual (all tools), Auto (SAM-ICE only), or Adaptive (SAM-ICE only).
Use external reset
If checked, the tool will pull the external reset line low when trying to connect to the device.

JTAG daisy-chain settings
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Specify the JTAG daisy-chain settings relevant to the device to program.
Target is not part of a daisy-chain. Select this option when the target device is not part of a daisy-chain.

Daisy chain - Manual. Allows you to manually configure the JTAG daisy-chain in case you are
programming in a system-on-board.

+ Devices before - specifies the number of devices preceding the target device.

* Instruction bits before - specifies the total size of the instruction registers of all devices, preceding
the target device.

* Devices after - specifies the number of devices following the target device.

* Instruction bits after - specifies the total size of the instruction registers of all devices, following
the target device.

Daisy chain-Auto. Automatically detects the devices in the JTAG daisy-chain. Allows you to select the
device in the JTAG daisy-chain. Auto-detection is supported only for SAM devices.

JTAG Daisy chain settings
() Target device is not part of a JTAG daisy chain

w
2 AL Position Mame IRLength
0 CoreSight JTAG-D 4 | [Detect
1 CoreSight JTAG-D 4

Device at position 1 has TDI pin connected directly to debugger.

PDI
The PDI interface has only one setting — the PDI clock speed.

PDI Clock is the maximum speed the tool will try to clock the device at. The clock range is different for
different tools and devices. If there are restrictions, they will be stated in a message below the clock
slider.

The clock cannot be adjusted on all tools, so an empty Interface settings page will be presented.
Programming and debug settings

In the drop-down menu, it is possible to specify which parts of memory that should be erased during a
programming/debug cycle.

»  Skip programming - specifies that no programming should occur. The tool will try to attach to the
program already in memory.

* Erase only program area - specifies that only the program area of memory should be erased.

* Erase entire chip - specifies that the entire chip is to be erased.

The 'Preserve Eeprom' option lets you decide whether EEPROM data should be written when launching a
debug session. The EESAVE fuse will be set and cleared accordingly.

When a device is programmed at the start of a debug session, the default behavior is to erase the content
of the device (chip erase, if available). This can be changed by selecting a different option from the drop-
down box under 'Programming settings'.
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Keep timers running in stop mode

When checked, the timers set in the program will continue to run even when the program breaks at
breakpoint or is halted

This setting is enabled for only certain tool/interfaces.
Override Vector Table Offset Register
At reset, load PC and SP from the specified address.

Note: The tool you select on this page is also used with the command Start without Debugging. That
is why you can also select tools that do not have debugging capabilities. See 4.5 Start without
Debugging for more information.

Advanced Options

Setting Toolchain Flavours
The Toolchain path configured in the flavor is used for building the projects. It is possible to add a new
toolchain flavour to the current project. For configuring and adding new flavors see 9.3.11 Toolchain.

Build
N/A N/A

Build Events
Toolchain Toolchain flavour
Device Toolchain packages for the toolchain 'Atmel AVR 8-bit (C language)' toclchain can be modified from {Tools -> Options -> Toolchain - Flavour Configurat on
Tl Toolchain Flavour: | Native e
Advanced [] use GDB

Current GDEB Path: Selected Toolchain Flavour doesn't contain GDB.

Current GDB Path is taken from Tools -> Options -» Debugger -> GDB Settings'if configured. Otherwise it is taken from selected Toolchain Flavour if GDB is found there.

Override Current GDB Path
GDEB Custom Path
Use GDB

This section allows you to select whether GDB has to be used for the current project. The Current GDB
Path will be computed by the following

1. The Current GDB Path is taken from "Tools — Options — Debugger — 9.3.12 GDB Settings.
2. Otherwise, it is taken from selected Toolchain Flavor if GDB is found there.

The Current GDB Path will be overridden when we use the option 'Override Current GDB Path’ in the
'Advanced’ project property page, see figure below.
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Build
N/A N/&
Build Events
Toolchain Toolchain flavour
Device Toolchain packages for the toolchain 'Atmel AVR 8-bit (C language)' toolchain can be modified from Tools -> Options -> Toolchain -> Flavour Configuration’
Toolchain Flavour: | Native v
Tool
Advanced” Use GDB

Current GDB Path:  Selected Toolchain Flavour doesn't contain GDB.

Current GDB Path is taken from Tools -> Options -> Debugger -> GDE Settings'if configured. Otherwise it is taken from selected Teolchain Flavour if GDB is found there.

["] Override Current GDB Path

GDB Custom Path: Browse

Note: The option '‘Use GDB' is enabled by default for ARM-based devices and also the following
warning will be shown for AVR 32-bit devices if GDB is enabled.

AtmelStudio n

Debugging using GOE in AVR32 platform is not validated in this release,

!R

Creating ELF Files with Other Memory Types
ELF files that contain data for all memory types can be made with the GCC compiler. The data sections
are specified in code as shown in following code examples.

Creating ELF Files for tinyAVR, megaAVR, and XMEGA devices

This code shows how to add memory sections for tinyAVR, megaAVR, and XMEGA devices (except
ATtiny4/5/9/10). This example is for an ATxmega128A1 device. For other devices, it has to be modified
accordingly.

#include <avr/io.h>

// Example data for ATxmegal28Al
const char eeprdata[]  attribute  ((section (".eeprom"))) =
"Hello EEPROM";
// The order of the fuse values is from low to high. 0xA2 is written to Fuse byte 0, 0x00 to
byte 1...
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const uint8 t fusedata[] _ attribute  ((section (".fuse"))) =
{0xA2, 0x00, OxFF, OxFF, OxFF, O0xF5};

const uint8 t lockbits[] _ attribute  ((section (".lockbits"))) =
{0xFC};

const char userdata[] _ attribute  ((section (".user signatures"))) =
"Hello User Signatures";

// Remember to set the following Toolchain project options,
// under AVR/GNU -> Miscellaneous:

//

// -Wl,--section-start, .user signatures=0x00850000

int main (void)
{

while (1)

{

// TODO:: Please write your application code

}

Linker setup for User Signature section

The User Signatures section must have a specific Linker Setup, as shown below. This is necessary to get
the correct address offset for the User Signature section in the elf file. Other memory sections get the
correct address automatically.

Figure 3-19. Linker Setup for User Signature Section

| RAEFRE @O EE| T2 | 0P8 HaE e 3.
| o .| #ATmegal28 § NoDebugger .
LS8 FroductionFile
Build
Configuration: [Active (Debug) v] Platform: lActi\re (AVR) V]
Build Events
Toolchain
4 [Z] AVR/GNU C Compiler [AVR/GNU C Linker = Miscellaneoys. —m— —_—
Memory = General
jPreprocessor Other Linker Flags: -WI,--section-start,.user_signatures=0x00850000
Device & Symbols
5% Directories
Debugging = Optimization
jDebugging
Advanced & Warnings

& Miscellaneous
4 [F] AVR/GNU C Linker

H General

= Libraries

E?Otiml'zati:un
4 [ AVR/GNU Assembler
H General
) & Debugging

AV AN Arrhiver
2] AVR/GNU Archiver

3.2.7.7.2 Creating ELF Files for ATtiny4/5/9/10
This code shows how to add memory sections for ATtiny10.

#include <avr/io.h>

typedef struct tagConfig
{

unsigned char f1;
} Config;

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 129



Atmel Studio 7 User Guide

Project Management

typedef struct tagLock
{

unsigned char f1l;
} Lock;

typedef struct _tagSig
{
unsigned char f1l;
unsigned char f2;
unsigned char £3;
} Signature;

Config  config  attribute ((section(".config"))) =
{

f1 : 0xfb, // Set CKOUT
}i

Lock  lock _ attribute ((section(".lock"))) =
{

f1 : Oxfc, // Further programming and verification disabled
}i
Signature  sig attribute ((section(".signature"))) =
{

f1 : 0x03,

f2 : 0x90,

£f3 : Oxle,

}i

int main (void)
{
while (1)
{
// TODO:: Write your application code
}

3.2.7.7.3 Creating ELF Files for UC3
The example below shows how to add data for the user page in UC3 devices.

#include <avr/io.h>
const char userdata[] _ attribute ((section(".userpage"))) = "Hello Page";

int main (void)
{
while (1)
{
//TODO:: Write your application code
}

3.2.7.7.4 Project Properties
If the memory sections are defined but not referenced in the application code, the 'Garbage collect
unused sections' option in Project Properties — Linker — Optimization must be unchecked. Otherwise,
the linker will not include the sections in the .elf file.
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Figure 3-20. Project Properties
. TEEEEEEETTEEEEEL.000902"Shhh—_——"|"|

ools Window Help
*=h| b B Debug - | MR - o R 1@ a8 &5l
I P | s FE(E2 Hex | @~ <) & = 2 ol B < B | o 2| WA AT32UC3L064 T aWire on STKE00 (0048395CT7A47)

S e ]

==y

=

GecApplication_AT32UC3L064.c

Build

Configuration: ’Active (Debug) v] Platform: [Acti\.re (AVR) V]
Build Events
. igurati ENaQer...
Toolchain Configuration Manzager.
et 4 [2] AVR32/GNU Common [ AVR32/GNU Linker = Optimization
& General
Tool qutputFiIes ] Garbage collect unused sections (-WI,--gc-sections) I
4 [Z] AVR32/GNU C Compiler e e e e
Advanced o Preprocessor [C] Enable fast floa ing-point library (-mfast-float)
ijmbols [T Enable unsafe match optimizations (-funsafe-math-optimizations)
ErDire.ctc_:rie.s [C] Enable fast math (-ffast-math)
_J‘f"Ophmlzatmn
jDehugging [C] Generate position-independent code (-fpic)
;:'fwlarnings Put read-only data in writable data section (--rodata-writable)
& Miscellaneous
4 IjAVRBZ,-"GNU Linker Allow direct references to data section (-WI,--direct-data)
& General
& Libraries
= Optimization

& Miscellaneous
4 [ AVR32/GNU Assembler
& General
& Debugging
4 ﬂAVRBZ.-’GNU Preprocessing Assem|
& General
ijmbols
& Debugging
4 [H] AVR32/GNU Archiver
& General
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Assembler Projects

Create New Assembler Project
Figure 3-21. New Assembler Project

-

Mew Project

B e |

Recent Templates Sort by: [ Default

Installed Templates

C/C++
Aszembler
Atmel Studie Solution

AVR Assembler Project

Search Installed Templates 2 |

Assernbler Type: Assembler

Creates an AVR 8-bit Assembler project

Mame: AssemblerApplicationl
Location: chAtrmel Studio
Solution: [Create new solution bt |

Solution name: AssemblerApplicationl

s

Create directory for selution

After pressing OK, you are asked to select your microcontroller.

You can try out the Assembler build and code debugging, using a simple LED-chaser code, given below.
It should fit any AVR 8-bit microcontroller, simply change the port (in this case E) to your hardware.

start:

nop

1di R1l6, Oxff

sts PORTE DIR, rlé6

1di r17, 0x80
output:

sts PORTE_OUT, rl7
rol rl7

1di rle, 0x00
delay:

1di rl18, 0x00
delayl:

inc rl8

brne delayl
inc rlé6

brne delay
break

rimp output
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When a new project is created or an old project is loaded, the project view will be displayed with all the
project files. Files can be added, created, or removed from the project list using the context menu in the
Solution Explorer window.

Figure 3-22. View of an Assembler Project

Solution Explorer * 08X

@l Solution 'AssemblerApplication’ (1 project)
4 AssemblerApplication

=d| Dependencies

=d| Labels

=d| Output Files

asm| AssemblerApplication.asm

All the source files will be listed at the end of the list. Double-click on any file to open it in the editor.

All custom include files will be listed directly under the project name item unless you create a new folder
in the project.

Figure 3-23. View of an Assembler Project after Build Completed

Solution Explorer * A X

8- Solution 'AssemblerfApplicationl' (1 project)
4 AssemblerApplicationl
4 |y Dependencies
% atwrnegal28al def.inc
4 | Labels
labell
label2

4 |7 Output Files
Assemblerfpplicationl.hex
Assemblerfpplicationl.lss
Assemblerfpplicationl.map
Assemblerfpplicationl.obj

asm| AssemblerApplicationl.asm

Dependencies: All include files are listed here. Double-click on any file to open it in the editor.

Labels: All labels in your assembler program are listed here. Double-click on any item to show its location
in the source. A marker will point to the correct line.

Output Files: All output files will be displayed below this item.
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Figure 3-24. File Context Menu

3 Qpen
Open With...
[Z] View Code Ctrl+Alt+0
& Cut Ctrl+X
53 Copy Ctrl+(C
X Remove Del
Rename F2

%]  Set As EntryFile

Properties

a0

Table 3-6. File Context Menu

Open Right click O Open the selected file

Open With... Right click n Open selected file with another editor or tool
Cut Ctrl X Cut the file from current category

Copy CtriC Copy the file from current category

Remove DEL Remove the selected file from the project
Rename F2 Rename the selected file

Set As EntryFile Set the selected file as entry file

Properties Alt ENTER Current file properties

Menu text Shortcut Description

All the interface views are docked by default. You can switch between docked and undocked views by
dragging windows around to a desirable location, or by dragging and dropping a window on a quick
docking menu of the Visual Studio IDE. The quick docking menu will appear every time you start dragging
an interface view or window.

3.3.1.1 Project Context Menu

Several build commands are available from the menu and the toolbars. There is also a context menu for
the project:
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Figure 3-25. Project Context Menu

4 Build
Rebuild
Clean
Add

Set as StartUp Project
Cut

3 B

Remove

Rename
Unload Project

== Properties

Table 3-7. Project Context Menu

e Tox——Sherou | peserpion

Build
Rebuild
Clean

Add

Set as StartUp
Project

Cut

Remove
Rename
Unload Project

Properties

Assembler Options

Right click+u
Right click e
Right click n

Ctrl Shift A/Shift Alt A (existing
item)

Right click + a

Ctrl X

Del
F2
Right click |

Alt Enter

Ctrl+X
Del
F2

Build the selected project
Will clean the project and build it
Clean up and erase artifacts

Add new files or existing files to the project

Will set up to automatically open current
project at start-up

Cut project to paste it as a sub-project to
another solution

Remove project or sub-project under cursor
Rename current project
Unload active project files from the IDE

Project properties

Open the options window on the menu Project — 'Your_project_name Properties’. This menu item is
only available when an assembler project is open. After opening the Project properties window, you will
see six tabs, in order to configure assembler options click on the Toolchain.
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Figure 3-26. Assembler Setup Dialog, Command Line Shown

AVRAssembler?

Build

Build Events

Toolchain

Device

Tool

Advanced

Configuration: |Active (Debug) - Platform: | Active (AVR) -

4 (2] AVR Assembler
= General

Figure 3-27. Assembler Setup Dialog, General Options Shown

AVRAssembler?

Build

Build Events

Toolchain

Device

Tool

Advanced

Configuration: |Active (Debug) - Platform: | Active (AVR) -

4 [& AVR Assembler
¥ General

*Ox
[ AvR Assembler |
Command: avrasm2
All Options: -fl -m ($MapFileName) -1 ($LssFileName) -W-+iw -i($IncludeFile) -d "($QutputDir)/($OutputFile).obj”
“{$EntryFile)"
*Ox
[ AVR Assembler = General |
Hex Output Format: Intel . ‘
V| Generate MAP file
V| Generate LSS file
Generate EEP file
Wrap Releative Jumps
Unsupported Instructions: Warning -

Include Paths (-) E| =

Other aptimization flags:

Include File: ($IncludeFile)

Description of the Various Settings

Configuration menu allows choosing which stages of project maturity are going to be affected by the
modifications to the project properties. By default, Debug is the initial stage and initially active
configuration. The following options are available:

1. Debug.
2. Release.
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3. All configurations.
Platform menu shows compatible target platforms available for prototyping.
Hex Output format. The following file formats can be selected as additional output format:

1. Intel Hex.
2. Generic Hex.
3. Motorola Hex (S-record).

Wrap relative jumps. The AVR RIMP/RCALL instructions allow a 12-bit PC-relative offset,
corresponding to +2k words. For devices having 4k words (8 kB) or less FLASH program memory, the
Wrap option causes the assembler's offset calculation to wrap around over the addressable program
memory range, enabling the entire program memory to be addressed using these instructions.

For devices with more than 4k words of program memory, using this option may cause unpredictable
results and it should be turned OFF. If it is left ON, the assembler will produce a warning when wrap takes
effect:

Attention:
Wrap rjmp/rcall illegal for device > 4k words - Turn off wrap option and use jmp/call.

This diagnostic is given as a warning and not an error to retain compatibility with earlier versions of the
assembler, but should be treated as an error by the user. The JMP/CALL 2-word instructions take 22-bit
absolute addresses and should be used instead.

Unsupported Instructions. By default, this option is set to give a warning when the assembler finds
unsupported instructions for the actual device. Optionally, you can output an error.

Include Paths (-1). Additional include paths can be set here when using third-party modules or your own
IP.

Other optimization flags can be set to tailor optimization to your specific needs, see Assembler help for
more information (Help > View Help > AVR Assembler Help).

Import of Projects

Introduction

Atmel Studio allows import of projects from several pre-existing project sources. This section details how
to import existing projects.

Import AVR Studio 4 Project
Click the menu File — Import — AVR Studio 4 Project.. or Ctri+4.
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File | Edit Wiew Project Debug  Tool
=

Open

Close

Close Solution

Imnport

g Save Selected Items
Save Selected Ikems As...
Save Al

Export Template. .

Page 2etup...

Prink, ..

Recent Files

Recent Projecks and Solukions

Ezxit

= Window  Help

=

K

¥

|Hex |E]'

=i
o

i

| |

boan g
[ | iz

- =

AWR3Z Studio Project, . Chel+3

ZErl+5

AR Studio 4 Project. ., Chel+4

Praojeck Template. .. Chel+T

Ctrl+Shifk+5

ZErl+F

Alt+F4

An Import AVR Studio 4 Project dialog will

appear.

Type the name of your project or browse to the project location by clicking the Browse button of the APS

File location Tab.

Import AVR Studio 4 Project

Import AVR Studio 4 Project

Select AVR Studio 4 Project

APS File Location:  C:\Atmel Studic\ADCExample.aps

Select Location To Save Atmel Studio 6 Project

Solution Folder: ChAtmel Studic

Browse

Browse
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Atmel Studio will proceed with conversion, giving updates the progress. Warnings and errors will be
shown in the Summary window.

Check Show conversion log after this page is closed to view the complete conversion log.

Click Finish to access your newly converted project.

Import AVR Studio 4 Project

Conversion Status

- Started : Updating TeolChainSettings In Atmel Studic 6.0 Project [Cenfiguration default] -
- Completed : Updating ToelChainSettings In Atmel Studio 6.0 Project [Configuration default]

- Started : Updating FileLevelSettings In Atmel Studio 6.0 Project [Configuration default]

- Completed : Updating FileLevelSettings In Atmel Studio 6.0 Project [Configuration default]

- Started : Updating ExternalMakeFileSettings In Atmel Studic 6.0 Project [Configuration default]

- Completed : Updating ExternalMakeFileSettings In Atmel Studio 6.0 Project [Configuration default]
- Started : Updating BuildEvents In Atmel Studio 6.0 Project [Configuration default]

- Completed : Updating BuildEvents In Atmel Studic 6.0 Project [Configuration default]

- Atmel Studio 6.0 Project Created Successfully

¢ [

[] Show conversion log after this page is closed

Atmel Studio 6.0 Project Created Successfully

< Previous Convert Finish
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Atmel Studio 6.0 Project ConversionLog

URL: | Ch\Atmel Studio\ConversionLog-02-22-2012 18-24-54 xml

Atmel Studio 6.0 Project ConversionlLog
1 project(s) chosen for conversion.

1 project(s) successfully converted.
0 project{s) converted with errors.

 ADCExample

Hide Logs

Source Project Path: C:\Atmel Studic\ADCExample.aps 23;122!2012 G:24:52
StudioS Project Path: C:\Atmel Studio\ADCExample.avrgcoproj g,;22f2012 G222
Studio5 Solution Path: C:\Atmel Studio\ADCExample.atsin g;22!2012 h=24:52
Started : Processing General settings from source project g;;122f2012 6:24:52
Completed : Processing General settings from source project 23;122!2012 SR
Started : Processing Project files information from source project g,;zzfzmz 6:24:52
Completed : Processing Project files information from source project g;22!2012 G=24:-52
Started : Processing Build Dependency settings from the source project 2/22/2012 6:24:52

PM
Started : Processing ProjectLevel Toolchain settings from source project g,;qzzfzmz hz24zad

m

Completed : Processing Build Dependency settings from the source project 2/22/2012 6:24:52

Solution Explorer

=29

[l Solution 'ADCExample' (1 project)

4

ADCExample

[=d| Dependencies
[=d| Output Files
2] ADCExample.c

Note: Currently, conversion only adds a project file and solution file if the Solution Folder is the same as

the APS File Location. No other files will be modified.

Import AVR 32 Studio Project
Click the menu File — Import — AVR Studio 32 Project.. or Ctrl+3.
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B AtmelStudio

File | Edit View VAssistX Project Debug Tools Window Help

MNew v (S-S ER | P | Wil | Debug |E
Open * I B i bl @ | oonb|EESE
Close

Close Solution

Import - AWR32 Studio Project... Ctrl+3
= Save Selected Items Ctrl+5 AVR Studic 4 Project... Chrl+4

Save Selected Items As... Project Template... Cirl+T
@ SaveAll Ctrl+Shift+5

Export Template...
Page Setup...

= Print... Ctrl+P
Recent Files ]
Recent Projects and Solutions J
Exit Alt+F4

An 'Import AVR Studio 32 Project' dialog will appear.

Import AVR32 Studio Project

Import AVR32 Studic Project

Workspace: Cdtmel Studioh32importer D

Solution Folder:  C:\Atmel Studio*32Importer E]

Solution Name:  UC3BSF

Awailable AVR32 C/C++ Project [7] | Unsupported AYVR32 Projects [ﬂ]l
[ Select / Deselect Al

[] ACPPStaticLibraryProject
[] CPPExecutebleProject
[ CPPLibranyConsumer

[ UbranyConsumer

[] StaticLibranyProject fo
I -

| »

M
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Type the name of your workspace or browse to the workspace location by clicking the ... (Browse button)
of the Workspace Tab. Click Find Projects to find all the project files and populate other folders available
in the workspace.

The Available AVR32 C/C++ Projects tab will be populated with all AVR32 C/C++ Projects that can be
imported and it will also display the total number of available projects.

r 5]

Import AVR32 Studio Project

Import AVR32 Studic Project

Workspace: C:\Atmel Studio®32importer E

Solution Folder:  C:\Atmel Studio®32Importer E

Solution Mame:  UC3BSF

| Available AVRI2Z C/C++ Project [7] ; Unsupported AVR3Z Projects [1] |

Folder Reason
AwrLibrary Invalid Project File

E==on B =i

The Invalid AVR32 Projects tab will be populated with all Unsupported AVR32 Projects that cannot be
imported and it will also display the total number of nonconvertible projects along with the reason.

Atmel Studio will proceed with conversion, giving updates the progress. Warnings and errors will be
shown in the Summary window.

Check 'Show conversion log after this page is closed' to view the complete conversion log.

Click Finish to access your newly converted project.
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z

Import AVR32 Studio Project

Conversion Status

- Started : Updating ToolChainSettings In Atmel Studio 6.0 Project [Configuration Release] -
- Completed : Updating ToolChainSettings In Atmel Studio 6.0 Project [Configuration Release]

- Started : Updating FileLevelSettings In Atmel Studio 6.0 Project [Configuration Release]

- Completed : Updating FileLevel Settings In Atmel Studio 6.0 Project [Configuration Release]

- Started : Updating ExtemalMakeFileSettings In Atmel Studio 6.0 Project [Corfiguration Release]

- Completed : Updating ExtemnalMakeFile Settings In Atmel Studio 6.0 Project [Configuration Release]

- Started : Updating BuildEvents In Atmel Studio 6.0 Project [Corfiguration Release]

Comqlgtued. . Updating Bl__liIdE\rentg‘I‘n Atmel _Studio 6.0 Project [Configuration Release] |

Show conversion log after this page is closed

Atmel Studio 6.0 Project Created Successfully

Atmel Studio 6.0 Project ConversionLog
URL: | C\ConversionLog-02-22-2012 18-12-53.xml|

- L olution taticLibraryProjec «
Sol 'ACPPStaticLibraryProj

Atmel Studio 6.0 Project ConversionLog 4 [ ACPPStaticlibraryProject
= |=4 Dependencies

5 project(s) chosen for conversion. L4 |=d] Output Files

5 project(s) successfully converted. ﬂ Base.h

0 project(s) converted with errors. G staticfile.cpp

4 CPPExecutebleProject
|=d| Dependencies
[=d| Output Files
i [ Chummalncludes
2/22/2012 &4 Main.cpp
6:12:45 4 | CPPLibraryConsumer

Jl AcPPstaticLibraryProject
Hide Logs

Source Project Path: D\Trunk\AVRStudio\TestSuite\IntegrationTests\Data\AvrStudio32Projects\ACPPStaticLibraryProject
PM

StudioS Project Path: g’?%”iglz

D:\Trunk\AVRStudio\TestSuite\IntegrationTests\Data\AvrStudio32Projects\ACPPStaticLibraryProject\ACPPStaticLibraryProject.avrgccproj PIIV! "

[=d| Dependencies
= OQutput Files
9 Consumer.cpp

m,

2/22/2012 ¢+ ReleaseExclude.cpp
StudioS Solution Path: D:\Trunk\AVRStudio\TestSuite\IntegrationTests\Data\AvrStudio32Projects\ACPPStaticLibraryProject.atsin 6:12:45 i LibraryConsumer
PM g
3/92/2012 |=d| Dependencies
Started : Processing General settings from source project 6:12:45 [=4 Output Files
PM a4 [E sic
2/22/2012 _C} File_Inside_Sub_Directc
Completed : Processing General settings from source project 6:12:45
PM ] Consumer.c
2/22/2012 Pl StaticLibraryProject
Started : Processing Project files information from source project 6:12:45 |=d| Dependencies
PM
[Zd Qutput Files L4
2/22/2012 e .
Completed : Processing Project files information from source project 6:12:45 : LS A
PM i ] lihranch
A [T 1 4 [ »

*  The current version of AVR32 Importer supports AVR32 C/C++ Projects
*  APY7 device family is currently not supported by Atmel Studio

»  Currently, conversion only adds project files and solution file if the Solution Folder is the same as
the Workspace folder. No other files will be modified.

*  Pre/Post builds settings are not imported
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*  Automatically generate listing (*.Iss) files setting is not imported

344 Import Project Template

A number of predefined projects can be imported to Atmel Studio by File — Import — Project
Template..or Ctri+T

These templates provide a starting point to begin creating new projects or expanding current projects.
Project templates provide the basic files needed for a particular project type, include standard assembly
references, and set default project properties and compiler options.

/" Start Page - AtmelStudio =|ol=] ﬁ\
File | Edit View VAssistX Project Debug Tools Window Help
New » |@-53 [ B8] b | o [pebug EEF T =E
e i@ on b |SELES=E T Hex |Z)F L[E2
Close

Close Solution

Import U AVR32 Studio Project... Ctrl+3
Save Selected Items Ctrl+S AVR Studio 4 Project... Ctrl+d
Save Selected Items As... Project Template... ChrleT
G saveall Ctrl+Shift+5
Export Template... .
Page Setup... Started | Tools Help = Latest News
Print... Ctrl+P
i come  Tutorials  Links and Resources
Recent Files
Recent Projects and Solutions k
Exit Alt+Fd ST e - Welcome to Atmel Studio
L . = Get tn know AtrmelStodin.

In the ' Import Project Template ' window, specify the following:

»  The location of your project template
* The save location. The combo box will show installed templates that are available in the New
Project — Installed Templates.

Select any template under which you would like to add your template. You can also add your
template at the root by selecting <root> in 'Add to folder'.
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F — =
B Im port Project Template Iﬂ

Select a project template

7 Files (xB6P\AtmelAVR Studio 5.0\projecttemplates\User Boards\xmegaa.zip || ..

| - Specify Save Location
Add to folder Atmel Boards =
<Root>
Ah'nel Boards
Add to subfolder (Optional) A‘«.'rG{I
Trainings

User Boards

*  You can create a separate folder by specifying the name of the folder under the specified 'Add to
Folder (Optional)', where you want to add your project template.

® Import Project Template 23

Select a project template

i Files [(x8&)\Atmel\Atmel Studio 6.0\projecttemplates\Atmel Boards'\xplainzip | .. |

Specify Save Location

Add to folder: Atmel Boards x

Add to subfolder [Optional) ¥PLAIN

The resulting project template will be added to the existing installed templates and can be accessed from
File —» New — Project .. or Ctrl+Shift+N.
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New Project @ | =
Sort by: [Default = | Search Installed Templates 2 |
Installed Templates T e
. ++
h User application template - Xplain C/C++ ype: M
4 C/Cs+ This user application template contains
4 Atmel Boards the bare minimum of files needed to start
XPLAIN a project which works with the ASF
{icar Boari appl!cat!on builder wizard. [User
application template - Xplain -
Assembler ATxmegal2841]
Atmel Studio Selution
Name: USER_APPLICATION11
I Location: Ch\Users\karthiga.m.CORP\Documents\Atrmel Studio - Browse... | I
Solution name: USER_APPLICATIONI1 | V] Create directory for solution

Note: 'Import Project Template Importer' will work with a template created for the same version.

Debug Object File in Atmel Studio

Introduction
Debug session requires you to load an object file which is supported by Atmel Studio. The debug file
contains symbolic information for debugging.

Atmel Studio Supported Debug Formats
Table 3-8. Object File Formats Supported by Atmel Studio

Object File Description
Format

UBROF .d9oo0 UBROF is an IAR proprietary format. The debug output file contains a
complete set of debug information and symbols to support all types of
watches. UBROF8 and earlier versions are supported. This is the default
output format of IAR EW 2.29 and earlier versions. See below how to force
IAR EW 3.10 and later versions to generate UBROF8.

ELF/DWARF .elf ELF/DWARF debug information is an open standard. The debug format
supports a complete set of debug information and symbols to support all
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Object File Description
Format

types of watches. The version of the format read by Atmel Studio is
DWARF2. AVR-GCC versions configured for DWARF2 output can
generate this format.

AVRCOFF .cof COFF is an open standard intended for 3™ party vendors creating
extensions or tools supported by the Atmel Studio.

AVR Assembler .obj The AVR assembler output file format contains source file info for source

format stepping. It is a Microchip internal format only. The .map file is

automatically parsed to get some watch information.

Before debugging, make sure you have set up your compiler/assembler to generate a debug file like one
of the formats above. 3™ party compiler vendors should output the ELF/DWARF object file format.

Opening Object File for Debugging
Steps to create an Object Project
*  On the File menu, click Open, and then click Open Object File For Debugging.
Open Object File For Debugging wizard will appear.

" Start Page - AtmelStudio (Administrator)
File | Edit View VAssist{ Project Debug Tools Window Help

Mew DLH'__:'{,||:3“4‘§|I>QJJ Debug |@‘
Open 4 "_E| Project/Solution... Ctrl+Shift+ 0
Close 5 File.. Ctrl+0
Close Solution % Open Object File For Debugging
Import 3

7l  Save Selected ltems Ctrl+5

Save Selected ltems As...

@ Saveal Ctrl+Shift+S
Export Template...

0 Page Setup... Get Started = Tools Help Latest News
3 Print... Ctrl+P
: Welcome  Tutorials  Links and Resources

Recent Files 3

Recent Projects and Solutions 3

Bxit Alt+F4 o Ty . p— Welcome to Atmel Studio

Get to know Atmel Studio.
Recent Projects _. - Atmel Studio User Guide
[ - Getting Started

i ObjProjectt = Programming Dialeg
(@ AC_EXAMPLET £5g

(@] AC_EXAMPLES

(@ solution1 = & Getting Started with Atmel Software Framework Example Pro

— In the Select the object file to debug, select your object file to debug. The object file must
be supported by Atmel Studio.
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— In the Project Name, type a name for the project. Atmel Studio will suggest a name, which
you can override if wanted.

— In the Location, select a save location. Atmel Studio will suggest a name, which you can
override if wanted.

— Maintain Folder Hierarchy for Source Files option is selected by default which would create
a similar folder structure in the Solution Explorer as that of the source project i.e. the project
used to create the object file. Otherwise, all the files are added to the root folder of the project
file i.e. the user would not see any folder in the Solution Explorer.

— Add File As Link option is selected by default in which the object project shall refer the files
from its original location without a local copy into the project directory. If the option is not
selected, Atmel Studio would copy the files into the object project directory.

Open Object File For Debugging - Project Creation Wizard

Object File Path and Project Mame Selection

Specify the object fle path, project name, and project location

Select the Object File To Debug

I | Ca]
Specify Project Name and path

AtmelStudio will create & new project {.objproj) for the object file opened for debugging. Specify a name for the project and the location where the
project folder should be created.

Project Name: |ObjProject

Location: C:\lUsersideenz_000\Documentsiitmel Studio't.2 |:|

Maintain Folder heirarchy for source files (Recommended)
[] Add File As Link

Mext > Cancel

*  Click Next. The Device Selection dialog will appear.

— Choose the appropriate target device. The target device should be the same, which was
originally chosen to create the object file.
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r ~

Open Object File For Debugging - Project Creation Wizard

Device Selection
Select the Target MCU device

Device Family: |4l - Se vice 2
ﬁ” B

MName finyAVR, S-bit ’) Data Memory (bytes) EEPROM (bytes) Device Info:

AT32UC3A0128 |megahVR, B-bit 32768 NIA -

AT32UCIA0256 B5536 NiA, =

ATIUCIA0512 |2pms it 65536 NiA

AT32UC3AT128 | Sama’ 22.bit 65536 NiA

AT32UC3A1256 756 65535 NiA

AT32UC3AI512 512 65536 NIA No device selected

ATI2UC3IA3128 128 65536 NiA

AT32UC3A31285 128 65535 NiA

AT32UC3A3256 256 65536 NiA

AT32UCIA32565 256 £5536 NiA

AT32UC3A364 64 B5536 NiA -

o o]

»  Click Finish. The object project files re-mapper appears (see screen-shot below). This dialog
enables you to remap the location of the project files.

If the user resolves the parent folder for any original file, all other files in the subsequent directory
will be remapped recursively. So, it is useful for the user to remap the number of files by just
remapping only one.
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&) Remap Object Files To Disk Files )
[ |
! File B2 Original File Path Alias File Path

'@' CiUsers\Prasad.Khare. CORP\Documentsi\Atmel Studioh\GecA - ChUsers\Prasad.Khare CORP\Decuments\Atmel Studic\Goch E

m Chhome'\toolshhudsonwaorkspaceavrB-gnu-toolchainisrchg: l

4 n ] ¥

Missing : 1 Resolved: 1 Finish l [ Cancel l

*  Now the Object Project is Created. The files that are not remapped properly are shown in solution
explorer like 'libgcc.S', with a warning sign. Press F5 to debug this Project.
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-
& ObjProject] - AtmelStudio (Administrator)

HE)

File
A= =Ry I N
iIPESmE T b

Edit View VAssist{ Project Build Debug Teols
TIERCRT -1

Window Help

L8 A/ b B [Debug

Ei=]

o N ST S I |

“ | He |3

~ Solution Explorer

-5 B v
i ATxmegal2841 7 Notool selected

= Gechppl.c

*/

Author: prasad.khare

#include <avr/io.h>

Zint main(void)

while(1)

Output

* Created: 3/22/2812 1:48:31 PM

//T0D0: : Please write your application code

Show output from: | General

EIEREEY

13:4
13:52:42:

: [WARNING] Error in updatimg the Debug Levels :
[WARNING] Error in updatimg the Debug Levels :

Gechpple X
% GecAppl.c ~[5]] > ciUsers\Prasad.Khare.CORP\Do cuments\Atmel Studio\ ObjProject\ ObjProject!\GecAppl.c -[co)
=/* %

[T

=2 |00E M3 2

-1 x
@@
(@l Solution 'ObjProjectl’ (1 project)
4 M ObjProjectl
[z Output Files
€] GechAppl.c
&7 libgee.S

BN ASF Bxplorer & VA View g VA Outline [ERECITUEIN

Properties

2z 405
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Introduction

Atmel Studio can be targeted towards the built-in Simulator, or a variety of tools (see 6.3 Available Tools
View), for example, AVR ONE!, JTAGICE mkill, or JTAGICE3 (bought separately).

Debug Platform Independent Debug Environment

Independent of which debug platform is running, the Atmel Studio environment will appear identical.
When switching between debug platforms, all environment options are kept for the new platform. Some
platforms have unique features, and new functionality/windows will appear.

Differences Between Platforms

Although all debug platforms appear identical in the debug environment there will be small differences
between them. A real-time emulator will be significantly faster than the simulator for large projects. An
emulator will also allow debugging while the system is connected to the actual hardware environment,
while the simulator only allows predefined stimulus to be applied. In the simulator, all registers are always
potentially available for display, which might not be the case with an emulator.

Starting a Debug Session

To start a debug session and halt, press Alt+F5 or choose Debug — Start Debugging and Break from
the menu, alternatively, press the toolbar button as illustrated below:

Figure 4-1. Starting a Debug Session
TS 0000
v Help
1 B | Ml | Debug | | [
0000GF4E) Moo T3 A an KD OCH v S

| Start Debugging and Break (Alt+F5)

To start a debug session and keep executing, press F5 or press the toolbar button with the continue
symbol, or choose Debug — Continue from the menu as illustrated below:

Figure 4-2. Starting a Debug Session

[ ]

J 3

Continue FS E

Ending a Debug Session
To end the debug session use the Stop Debugging button or keyboard shortcut Shift F5.

@ stop Debugging Shift+F5

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 152



Atmel Studio 7 User Guide
Debugging

4.4 Attaching to a Target

To attach a target, use the Attach to Target option in the Debug menu, or the attach & icon in the
debug toolbar. This causes Atmel Studio to launch a debug session on the selected target without
uploading a new application or causing a reset. Once the debug session is established, the core of the
target is halted and the current execution position of the target is mapped to the code in the project. This
means that the state of the target is kept and is possible to inspect with normal debug techniques, and
the program halts in the current position. Full run control and symbolic debugging should be available
after a successful attach.

Note:

»  The code in the project is mapped to the content of the running target, without any possibility to
verify the correctness of this mapping. This means that if the project contains code that is not on
the target, then the state and run control might not reflect the truth, as variables and functions might
have different code locations on the target than in the project.

*  The ability to activate a debug session without resetting a target is architecture dependent. Not all
architectures support this feature.

Attention:

"-1 Physically connecting a debug probe to a target might cause the target to reset, as most debug
probes need an electrical connection to the reset line of the device. Normal electrical
precautions need to be taken to avoid this.

|-I_.

4.5 Start without Debugging

4.5.1 One Click Programming - Program and Run
The Start without Debugging command is a one-click alternative to the programming dialog. Execute it

by selecting Debug — Start without Debugging from the menu, or press the b button on the toolbar.
Figure 4-3. Start without Debugging

ild  Debug | Tools Window Help

. Windows ]
5| Bl Start Debugging and Break Alt+F5 |
B Start Debugging F5 I
— =l*  Start Without Debugging -
Chd N s

— RESEL

oL e

This will build the solution (if any changes are made) and program the target device without starting a
debug session.

Start without Debugging uses the tool and interface settings specified in the project options. This is
different from what takes place when using the stand-alone Programming Dialog, which is not related to
the project at all.
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Note: Programmers and starter kits can also be used with the Start without Debugging command, not
only debuggers.

The Start without Debugging command will also program the EEPROM, fuses, lockbits, and user
signature (XMEGA only) segments if they are present in the object file. The GCC compiler can generate
ELF object format files with such segments. See 3.2.7.7 Creating ELF Files with Other Memory Types for
more information.

Note: The user signature is not erased by Start without Debugging. The programmed user signature
from the ELF file will be AND-ed with the content in the device. If you want to replace the signatures with
what is in the file, you must perform a user signature erase manually.

Keyboard Shortcut

By default, there is no keyboard shortcut to this function, but you might want to add one if you use it a lot.
To add one, simply click the Tools — Options menu button and go to Environment — Keyboard. Start
typing startwithouttdebugging in the Show commands containing input field, and select
Debug.StartWithoutDebugging in the list. Then select the Press shortcut keys input field, and press
the desired key combination. You can, for example, press Ctrl+F5. Note that this shortcut is already
assigned to the BreakAll command. If you choose to override it, press the Assign button to assign the
new keyboard shortcut. Or, you can select an unused key combination.

Figure 4-4. Add Keyboard Shortcut

( Options L 2 i:hJ\

a Environment = Apply the following additional keyboard mapping scheme:
General lavrstudic-S 'l ’ Reset ]
Add-in/Macros Security
AutoRecover Show commands containing:
Custom Settings startwithou
Documents

Extension Manager

m

Find and Replace

Fonts and Colors

Import and Export Settings
International Settings

Keyboard
Startup
Task List Use new shortcut in: Press shortcut keys:

> Projects and Sclutions

Remove

+ Source Control Shortcut currently used by:
» Text Editor ’Debug.BreakAlI (Ctrl+F5 (Global)) "l
. Debuaaer i

ok || Cancel |

Debug Control

Several commands are available for controlling the debugger. They are available from both the Debug
menu and several toolbars. The Atmel Studio Integrated Development Environment (IDE) has two major
operating modes; design mode and debug mode. Design mode is when you are editing the source code
project, while debug mode is when you debug your project. The IDE adapts to modes, menus, and
toolbar changes.
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Note: Some debug commands are available in design mode, some in debug mode.

* In design mode, the available debug commands are those that will start the debug session, e.g.
Start Debugging and Break, Start Debugging, Start without Debugging.

* In debug mode, you will find commands like Break All, Step Out, and Reset.

Start Debugging and
Break

Start Debugging

Start Without
Debugging

Break All

Stop Debugging

Bl

i

¢

O @

Windows

Start Debugging and Break
Start Debugging

Start Without Debugging
Break All

Stop Debugging

Restart

Reset

Disable debugWIRE and Close
Step Into

Step Over

Step Cut

QuickWatch...

Toggle Breakpoint

Mew Breakpoint

Delete All Breakpoints
Disable All Breakpoints
Clear All DataTips

Clear All DataTips

Export DataTips ...

Import DataTips ...

Options and Settings...

Alt+F5
F5

Ctrl+F5
Ctrl+Shift+F5

Shift+F5

F11

F10
Shift+F11
Shift+F39
F3

Ctrl+Shift+F2

Starts the debugger and breaks the execution on the first statement of the
program.

Starts the debugger and runs the program. In debug mode and stopped, it
resumes execution.

Programs the project without starting debugging. For details, see 4.5 Start
without Debugging.

Halts the debugger.

Stops and terminates the debug session, and returns to design mode.
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Restart

Reset

Disable debugWire
and Close

Step Into

Step Over

Step Out

Quick Watch

Toggle Breakpoint

New Breakpoint

Disable All
Breakpoints

Clear All DataTips
Export Data Tips

Import DataTips

Restarts the debugger and reloads the program.
Resets the program to the first statement.

Available when debugging a device using the debugWire interface. The
command disables the debugWire interface (enabling the use of the ISP
interface) and terminates the debug session.

Executes one instruction. When in disassembly level, one assembly level
instruction is executed, otherwise, one source level instruction is executed.

Similar to Step Into, Step Over executes one instruction. However, if the
instruction contains a function call/subroutine call, the function/subroutine is
executed as well. If a user breakpoint is encountered during Step Over,
execution is halted.

Continue execution until the current function has completed. If a user
breakpoint is encountered during Step Over, execution is halted. If a Step Out
command is issued when the program is on the top level, the program will
continue executing until it reaches a breakpoint or it is stopped by the user.

Adds a Quick Watch for the variable or expression under the cursor. For
details, see 4.9.4 QuickWatch and Watches.

Toggle the breakpoint status for the instruction where the cursor is placed.
Note that this function is available only when the source window or
disassembly window is the active view.

Create a new breakpoint at the location of the cursor. For more information,
see 4.7 Breakpoints.

This function clears all set program breakpoints, including breakpoints which
have been disabled.

Clear all marked Data Tips. For more information, see 4.10 DataTips.
Save all marked Data Tips to a file in Visual Studio Shell format.

Load Data Tips from a Visual Studio Shell file.

Options and Settings Debug options and settings, see 9.3.5 Debugger.

Breakpoints

General Information on Breakpoints
A breakpoint tells the debugger to temporarily suspend execution of a program when a specific condition
takes place, e.g. when a certain instruction is about to be executed.

Breakpoints provide a powerful tool that enables you to suspend execution where and when you need to.
Rather than stepping through your code line by line or instruction by instruction, you can allow your
program to run until it hits a breakpoint, and then start to debug. This speeds up the debugging process.
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Breakpoint Glyphs
The source windows and the disassembly window show breakpoint locations by displaying symbols
called glyphs in the left margin. The following table describes these glyphs.

If you rest the mouse on a breakpoint glyph, a breakpoint tip appears with more information. This
information is especially useful for error and warning breakpoints.

Table 4-1. Breakpoint Glyphs

Normal breakpoint. The solid glyph indicates that the breakpoint is enabled. The hollow glyph

QO indicates that it is disabled.

Advanced breakpoint. Active/disabled. The + sign indicates that the breakpoint has at least one

» + advanced feature (such as condition, hit count, or filter) attached to it.

Breakpoint error. The X indicates that the breakpoint could not be set because of an error

@ Q condition.

£

Breakpoint warning. The exclamation mark indicates that a breakpoint could not be set because
of a temporary condition. Usually, this means that the code at the breakpoint or tracepoint
location has not been loaded. It can also be seen if you attach to a process and the symbols for
that process are not loaded. When the code or symbols are loaded, the breakpoint will be
enabled and the glyph will change.

Operations with Breakpoints

To Set a Breakpoint

1.

In a source window, click a line of executable code where you want to set a breakpoint. On the right
click menu, click Breakpoint, and then click Insert Breakpoint.

In a source window, click a line of executable code where you want to set a breakpoint.

On the Debug menu, click Toggle Breakpoint.

To Set an Address Breakpoint

1.

On the Debug menu, point to Windows, and then click Disassembly if the Disassembly window is
not already visible. You need to be in a debug session for this option to be visible.

In the Disassembly window, click a line of code, and then click Toggle Breakpoint on the Debug
menu.

Right click a line of code, and then select Insert Breakpoint.

To Edit a Breakpoint Location

1.

In the Breakpoints window, right click a breakpoint, then click Location on the right click menu.
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In a source, Disassembly, or Call Stack window, right click a line that contains a breakpoint glyph
and then click Location from Breakpoints on the right click menu.

Note:
In a source window, you might have to right click the exact character where the breakpoint is set.
This is necessary if the breakpoint is set on a specific character within a line of source code.

Hit Count Keeps Track of How Many Times a Breakpoint is Hit
By default, execution breaks every time that a breakpoint is hit. You can choose to:

*  Break always (the default)

*  Break when the hit count equals a specified value

*  Break when the hit count equals a multiple of a specified value

*  Break when the hit count is greater than or equal to a specified value

If you want to keep track of the number of times a breakpoint is hit but never break execution, you can set
the hit count to a very high value so that the breakpoint is never hit.

The specified hit count is retained only for the debugging session. When the debugging session ends, the
hit count is reset to zero.

To Specify a Hit Count

1. In the Breakpoints window, right click a breakpoint and then click Hit Count on the right click menu.

In a source, Disassembly, or Call Stack window, right click a line that contains a breakpoint, and
then click Hit Count from the Breakpoints sub-menu on the right click menu.

2. Inthe Hit Count dialog box, select the behavior you want from the When the breakpoint is hit list.
If you choose any setting other than Break always, a text box appears next to the list. Edit the
integer that appears in the text box to set the hit count you want.

3. Click OK.

To Enable or Disable a Single Breakpoint
In a source, Disassembly, or Call Stack window, right click a line that contains a breakpoint glyph, point to
Breakpoint, then click Enable Breakpoint or Disable Breakpoint.

In the Breakpoints window, select or clear the checkbox next to the breakpoint.
To enable or disable all breakpoints
From the Debug menu, click Enable All Breakpoints.

To Delete a Breakpoint
In the Breakpoints window, right click a breakpoint, and then click Delete on the right click menu.

In a source window or a Disassembly window, click the breakpoint glyph.

To Delete all Breakpoints
From the Debug menu, click Delete All Breakpoints.

Confirmation Prompt

When you delete all breakpoints, a prompt requesting confirmation of the action might appear, depending
on options settings.
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Breakpoint Window
Figure 4-5. Breakpoint Window
‘Breakponts
New= | X |90 |4 @ <] %] coumns- | Search: ~| In Column: | Al visible - X
Name | Labeks | condtion | HtCount |
(=¥ main.c, ine 19 character 1 (no condition) break akvays

HA@ main.c, ine 26 character 1 (no condition)  break akwvays

e
_i& Breakpoints [l _ el

You can open the Breakpoints window from the Debug menu.

To Open the Breakpoints Window
On the Debug menu, point to Windows, and then click Breakpoints.

To Go to the Location of a Breakpoint
In the Breakpoints window, double-click a breakpoint.

In the Breakpoints window, right click a breakpoint and choose Go To Source Code or Go To
Disassembly.

Click a breakpoint, and then click the Go To Source Code or Go To Disassembly tool.

To Display Additional Columns

In the toolbar at the top of the Breakpoints window, click the Columns tool, and then select the name of
the column you want to display.

To Export all Breakpoints that Match the Current Search Criteria
In the Breakpoints window toolbar, click the Export all breakpoints matching current search criteria icon.

1. The Save As dialog box appears.
2. Inthe Save As dialog box, type a name in the File name box.

3. This is the name of the XML file that will contain the exported breakpoints. Note the folder path
shown at the top of the dialog box. To save the XML file to a different location, change the folder
path shown in that box, or click Browse Folders to browse for a new location.

4. Click Save.

To Export Selected Breakpoints

1. In the Breakpoints window, select the breakpoints you want to export.
To select multiple breakpoints, hold down the Ctrl key and click additional breakpoints.

2. Right click in the breakpoints list, and choose Export selected.
3. The Save As dialog box appears.

4. Inthe Save As dialog box, type a name in the File name box.
This is the name of the XML file that will contain the exported breakpoints.

The folder path is shown at the top of the dialog box. To save the XML file to a different location,
change the folder path shown in that box, or click Browse Folders to browse for a new location.

5. Click Save.
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To Import Breakpoints
1. In the Breakpoints window toolbar, click the Import breakpoints from a file icon.
2. The Open dialog box appears.
3. Inthe Open dialog box, browse to the directory where your file is located, and then type the file
name or select the file from the file list.
4. Click OK.

To View Breakpoints that Match a Specified String
In the Search box, perform one of the following actions:

1. Type your search string in the Search box and press ENTER.
2. Click the Search drop-down list and select a string from the list of previous search strings.

To limit the search to a specified column, click the In Column drop-down list and then click the name of
the column that you want to search in.

To View all Breakpoints after a Search
In the Search box, select and delete the search string and then press ENTER.

Breakpoint Labels

In Atmel Studio, you can use labels to help keep track of your breakpoints. A label is a name that you can
attach to a breakpoint or a group of breakpoints. You can create a name for a label or you can choose
from a list of existing labels. You can attach multiple labels to each breakpoint.

Labels are useful when you want to mark a group of breakpoints that are related in some way. After you
have labeled the breakpoints, you can use the search function in the Breakpoints window to find all
breakpoints that have a specified label.

The search function searches all columns of information that are visible in the Breakpoints window. To
make your labels easy to search for, avoid using label names that might conflict with strings that appear
in another column. For example, if you have a source file that is named 'Program.c', 'Program. c' will
appear in the name of any breakpoint set in that file. If you use 'Prog' as a label name, all breakpoints set
in Program. c will appear when you search for breakpoints labeled 'Prog'.

To Label Breakpoints
1. In the Breakpoints window, select one or more breakpoints.

2. To select multiple breakpoints, use the Ctrl key when selecting breakpoints.
3. Right click the selected breakpoints, and then click Edit labels.

4. The Edit breakpoint labels dialog box appears.

5. Select one or more labels in the Choose among existing labels box.

Type a new label name in the Type a new label box, and then click Add.

To Search for Breakpoints that have a Specified Label

1. In the Breakpoints window toolbar, click the In Column box and select Labels from the drop-down
list.

2. Inthe Search box, type the name of the label you want to search for and press Enter.

To Remove Labels from Breakpoints

1. In the Breakpoints window, select one or more breakpoints.
Press Ctrl left click to select multiple breakpoints.
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2. Right click the selected breakpoints, and then click Edit labels.
3. The Edit breakpoint labels dialog box appears.

4. Inthe Choose among existing labels box, clear the checkboxes for labels that you want to
remove from the selected breakpoints.

4.7.3.13 To Sort the Breakpoint List by Label

4.8

4.8.1

1. In the Breakpoints window, right click the breakpoint list.
2. Point to Sort by and then click Label.

(Optional) To change the sort order, right click the breakpoint list again, point to Sort by, and then click
Sort Ascending or Sort Descending.

Data Breakpoints

Data breakpoints allow you to break execution when the value stored at a specified memory location is
accessed (read/write). In general, Data Breakpoint hardware module listens on the data address and data
value lines between the CPU and the data cache and can halt the CPU, if the address and/or value
meets a stored compare value. Unlike program breakpoints, data breakpoints halt on the next instruction
after the load/store instruction that caused the breakpoint has completed.

Adding Data Breakpoint
Adding Data Breakpoint using code editor context menu

You can add Data breakpoint from code editor. Select the variable in code editor and select Breakpoint
— Add Databreakpoint from the context menu. This adds data breakpoint for a given variable address.
Default access mode is write and default mask is none. You can invoke the same command using
shortcut key Ctrl + Shift + R.
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Figure 4-6. Adding Data Breakpoint from the Context Menu
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Adding Data Breakpoint from Debug menu

You can add new Data breakpoint from Debug — New Breakpoint — New Data Breakpoint. This
opens the Data Breakpoint Configuration window.

Adding Data Breakpoint from Data Breakpoints tool window

You can add new Data breakpoint using the New button in Data Breakpoints tool window. This opens the
Data Breakpoint Configuration window.

Note: You can add or modify Data breakpoint only in debug mode.

Data Breakpoints Window

Data Breakpoints Tool Window
The Data Breakpoint window provides the options to set data breakpoint and lists the added data
breakpoints. Enable this window by choosing Debug — Windows — Data Breakpoints.
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Figure 4-7. Data Breakpoint Window
Data Breakpoints * O X
PNew [ @ x |08 _
Mame Address Access Type  Byte Count  MaskValue Mask Message
[ @ &i (20000304 Write 1 000000064 C00000001

The Data Breakpoints toolbar has the following elements:

) New _ provides the data breakpoint configuration window to add a new data breakpoint.

e - provides the data breakpoint configuration window to edit the selected data breakpoint.

* _ removes the selected data breakpoint. You can invoke the same command using the Delete
key.

9 - removes all the data breakpoints.

S . enable or disable all the data breakpoints.

The Data Breakpoints window displays several columns related to breakpoint configuration. Some of the
columns are dynamically hidden based on the breakpoints configuration. E.g.: if none of the breakpoints
has Mask configured, then Mask related columns are not displayed.

Name column has three parts:

» Checkbox - Use Checkbox to enable or disable the breakpoint.
* lcon - Glyph to represent the current state of the breakpoint. The following table describes these
glyphs. If you rest the mouse on a breakpoint glyph, a breakpoint tip appears with more information.
This information is especially useful for error and warning breakpoints.
*  Text - Displays the configured location expression for the breakpoint.
Table 4-2. Breakpoint Icons

leonssrpien

@O Normal breakpoint. The solid glyph indicates that the breakpoint is enabled. The hollow glyph
indicates that it is disabled.

o@ Advanced breakpoint. Active/disabled. The + sign indicates that the breakpoint has hit count
attached to it.

.O Tracepoint. Active/disabled. Hitting this point performs a specified action but doesn't break
program execution.
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oo oo

0@ Advanced tracepoint. Active/disabled. The + sign indicates that the tracepoint has hit count
attached to it.

GQ Breakpoint or tracepoint error. The X indicates that the breakpoint or tracepoint couldn't be set
because of an error condition. Check Message column for more details on the error message.

(l‘_ﬁ Breakpoint or tracepoint is set but with a warning. Check Message column for more details on
the warning message.

4.8.2.2 Data Breakpoint Configuration Window for AVR ATmega

» Data Breakpoint
Location: &a (Ox00000200)
Access Mode: Read w

Address Mask

Mask: |0xFADH (0x0000FADF)

Masked Addr: Ob00000XTX00X00000

This window provides configuration options related to data breakpoint for ATmega devices. Address mask
is optional.

Location

You can enter a specific address in RAM (e.g.: 0x8004) directly or an expression that evaluates to an
address in RAM (e.g.: &x). Make sure the expression you enter represents the address of the data to
monitor.

Note: Data breakpoints on local variables can result in false hits due to reuse of stack memory.
Suggestion to declare it as static for debugging purpose.

Access Mode

You can configure the breakpoint to break on a specific Access Mode. Three types of access modes are
supported:

* Read - Program breaks on read at a specified location.

*  Write (Default) - Program breaks on write at a specified location.

*  Read/Write - Program breaks on read or write at a specified location.

Address Mask
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Address Mask on Mega Data Breakpoints is optional. Use address mask to break on more than one
address or a range of addresses on particular access.

Mask Mask value to mask the Location address to define more than one address or range of
addresses. Bits with value 1 in the mask are significant bits and 0 are don't care bits.

In general, for a given address A and mask M, an address B successfully matches when:

(A) & (M) == (B) & (M), where A is resolved address for the expression entered in Location,
M is mask value entered in Mask and B is any address in RAM.

Masked This is a read-only field which shows the range of matching addresses on which the
Address program can break. The masked address is shown in the binary format for simplicity. 'X'
represents don't care bits, remaining bits are expected to match.

E.g. 0b000000010XX000XX means it can break as per access mode, at addresses which
have all bits as per this string except X bits. In this case 0, 15t 5t and 6! bit (LSb) can be
anything since these bits are don't care (X).

Note: ATmega devices don't support Data Masks.

4.8.2.3 Data Breakpoint Configuration Window for XMEGA
» Data Breakpoint

Location: settdef_ptr {0x0000C0AT)

Access Maode: Write -

Data Match

Condition: Location content is equal to the value -

Value: (10

This window provides configuration options related to data breakpoint for XMEGA devices.
Location

You can enter a specific address in RAM (e.g.: 0x8004) directly or an expression that evaluates to an
address in RAM (e.g.: &x). Make sure the expression you enter represents the address of the data to
monitor.

Note: Data breakpoints on local variables can result in false hits due to reuse of stack memory.
Suggestion to declare it as static for debugging purpose.

Access Mode
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You can configure the breakpoint to break on specific Access Mode. Three types of access modes are
supported:

* Read - Program breaks on read at a specified location.

*  Write (Default) - Program breaks on write at a specified location.
» Read/Write - Program breaks on read or write at a specified location.

Data Match

Use the Data Match option to configure Data Breakpoint to compare the data at a specified location
based on one of the following conditions:

*  Location content is equal to the value

* Location content is greater than the value

* Location content is less than or equal to the value
* Location content is within the range

*  Location content is outside the range

»  Bits of the location is equal to the value

Note: Bit Mask: This is an 8-bit value where bits with '1' are significant and the bits with '0" are
don't care.

In general, for a given value V and bit mask M, the break event is triggered when the value in the
location field VL satisfies the following condition:

(V) & (M) == (VL) & (M)

For example, using value = 0xA0 and Bit Mask = 0xFO will trigger a break event when the
location field has any of the values between 0x20 to OxAF.

Note: The Condition Value field has to be 1 byte.
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4.8.2.4 Data Breakpoint Configuration Window for UC3
» Data Breakpoint
Location: 8word (0x00000538)
Access Mode: Write -
Access Size HalfWord Access =

Data Match

WValue: OxAAFFSEBE
Mask (Byte): ]
Match Value: (O XBE

This window provides configuration options related to data breakpoint for UC3 devices.
Location

You can enter a specific address in RAM (e.g.: 0x8004) directly or an expression that evaluates to an
address in RAM (e.g.: &x). Make sure the expression you enter represents the address of the data to
monitor.

Note: Data breakpoints on local variables can result in false hits due to reuse of stack memory.
Suggestion to declare it as static for debugging purpose.

Access Mode

You can configure the breakpoint to break on a specific Access Mode. Three types of access modes are
supported:

* Read - Program breaks on read at a specified location.

*  Write (Default) - Program breaks on write at a specified location.

*  Read/Write - Program breaks on read or write at a specified location.

Access Size

You can configure the breakpoint to break on a specific Access Size. Four types of access size are
supported:

*  Any Access (Default) - Program breaks on any access size at a specified location.
« Byte Access - Program breaks on Byte access at a specified location.

» HalfWord Access - Program breaks on HalfWord access at a specified location.
*  Word Access - Program breaks on Word access at a specified location.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 167



Atmel Studio 7 User Guide
Debugging

Example 4-1. Example for setting access size

Configuration:
» Data Breakpoint
Location: Buoword (Ox00000538)
Acress Mode: Write v
Access Size: HalfWord fccess
[] Data Match
alue
Mask (Byte)
latch Value
Code:
i int word = 0;
28 short *halfWord = (short*)&word;
3:
4 int main (void)
55 {
6: word = OxXAABBCCEFF;
7 g *halfWord = OxDDEE;
8: }

For the above configuration and code, program breaks at line eight after hal fWword
access.

Data Match

Use the Data Match option to configure Data Breakpoint to compare the data at a specified location with
a 32-bit value. Break event is triggered by a successful match.

Value 32-bit (4-byte) value to compare with data at Location address. The value can be decimal or
hexadecimal (e.g.: 100 or 0x64). Based on Access Size, respective bytes are used for data
comparison. For example, if you select 'HalfWord Access' as Access Size and enter
0xAABBCCDD as Value, then only the last two bytes (0xCCDD) are used for data comparison.
Further, you could refine the Value by specifying Mask.
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Mask Each checkbox controls the significance of respective byte in the Value field. Select the

(Byte) appropriate checkbox to mask specific byte in the Value field. The number of checkboxes
displayed is decided based on Access Size. Four checkboxes (one per byte) are displayed
for 'Any' and 'Word Access', two checkboxes for 'HalfWord Access', and one checkbox for
'‘Byte Access'.

Match A read-only field, which displays masked value based on Access Size, Value, and Mask
Value (Byte) field. A masked byte is represented as 'xx', which means that byte is insignificant in
data comparison.

4.8.2.5 Data Breakpoint Configuration Window for SAM

» Data Breakpoint
Location: Stword (0x20000454)
Access Maode: Write -
Address Mask Data Match
Byte Count: 5 Value: 0xCCAA
Mask Size (Bits): |4 (l=b) Mask: EHaIF'."'.fn::-rd ,

DraQCOCCAAL, D{CCAAXX

Address Range: | [0x20000450 - 0x2000045F] Match Value: | -

Provides the configuration options related to data breakpoint for SAM devices. Address mask and Data
match are optional.

Location

You can enter a specific address (e.g.: 0x8004) directly or an expression that evaluates to an address
(e.g.: &x). Make sure the expression you enter represents the address of the data to monitor.

Note: Data breakpoints on local variables can result in false hits due to reuse of stack memory.
Suggestion to declare it as static for debugging purpose.

Access Mode

You can configure the breakpoint to break on a specific Access Mode. Three types of access modes are
supported:

* Read - Program breaks on read at a specified location.
*  Write (Default) - Program breaks on write at a specified location.
» Read/Write - Program breaks on read or write at a specified location.

Address Mask
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Use this setting to define the range of addresses to monitor for access.

Byte Count You can enter a number of address locations to monitor starting at the Location address.
The actual range of monitored addresses can be wider than the expected range. E.g.: if
the Location is 0x23FA and the Byte Count is 5, then the actual range of the monitored
addresses is [0x23F8 to 0x23FF]. The way the actual range is computed is by calculating
the number of least significant bits that have to be masked in the Location address
(0x23FA) in order to cover the expected range [0x23FA to 0x23FA + 5]. In this case, the
number of bits to be masked is three. As a result, the actual range [0x23F8 to 0x23FF] is
wider than the expected range [0x23FA to 0x23FF].

Mask Size This is a read-only field, which displays the number of least significant bits masked in the
Location address. Mask Size is calculated based on the Byte Count and Location
addresses.

Address This is a read-only field, which displays the actual range of address monitored for access.
Range Range is closed interval including both minimum and maximum address.

Data Match

Use the Data Match option to configure Data Breakpoint to compare the data at a specified location with
a 32-bit value. The Break event is triggered by a successful match.

Value 32-bit (4-byte) value to compare with data at the Location address. The value can be
decimal or hexadecimal (e.g.: 100 or 0x64). You could further refine the Value by specifying
Mask.

Mask You can use Mask to extract the appropriate bytes from Value to use for data comparison.
E.g.: if the Value is 0xAABBCCDD and Mask is HalfWord, then the last two bytes (0xCCDD)
are extracted from Value and used for data comparison. This means data comparison would
succeed for the following matches 0xXXXXCCDD, 0xXXCCDDXX, and 0xCCDDXXXX, where X
is a don't care hexadecimal digit (O to F). Three types of Mask's are supported:

* Byte - Last byte extracted from Value is used for data comparison.
» HalfWord - Last two bytes extracted from Value is used for data comparison.
*  Word (Default) - Whole four bytes from Value is used for data comparison.

Match This is a read-only field which displays match values.
Value

4.8.2.5.1 Data Match Example

Example 4-2. Byte matching example
*  Location = 0x200008D4
*  Value = 0x0000CCAA
* Mask = Byte
The program breaks when Location0x200008D4 has any of the following values:

o OxXXXXXXAA
o OxXXXXAAXX
o OxXXAAXXXX
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o OXAAXXXXXX

Example 4-3. HalfWord matching example

* Location = 0x200008D4
¢« Value = 0x0000CCAA
. Mask = HalfWord

The program breaks when Location0x200008D4 has any of the following values:

*+  OxXXXXCCAA
+  OxXXCCAAXX
*+  OxCCAAXXXX

Example 4-4. Word matching example

. Location = 0x200008D4
*  Value = 0x0000CCAA
. Mask = Word

The program breaks when Location 0x200008D4 has the following value:

*  0x00000CCAA

4.8.2.6 Data Breakpoint Configuration Window for Simulator Tool

» Data Breakpoint
Location: settdef_ptr {0x0000COFT)
Access Mode: Wite -

Byte Count: 4|

The above configuration window is displayed for any device architecture when a simulator tool is
selected.

Location

You can enter a specific address in RAM (e.g.: 0x8004) directly or an expression that evaluates to an
address in RAM (e.g.: &x). Make sure the expression you enter represents the address of the data to
monitor.

Note: Data breakpoints on local variables can result in false hits due to reuse of stack memory.
Suggestion to declare it as static for debugging purpose.

Access Mode
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You can configure the breakpoint to break on a specific Access Mode. Three types of access modes are
supported:

* Read - Program breaks on read at a specified location.
*  Write (Default) - Program breaks on write at a specified location.
» Read/Write - Program breaks on read or write at a specified location.

Byte Count
You can enter a number of address locations to monitor starting at the Location address.

Note:
*  The Simulator supports an unlimited number of data breakpoints

4.8.2.7 How to: Specify a Data Breakpoint Hit Count
Hit count

The number of times the value stored in the specified memory location is accessed (read/write).

To specify a hit count

To specify or edit the Hit Count property, you must open the Hit Count Dialog Box.

In Data Breakpoints window, select a breakpoint row, and then choose Hit Count on the context menu.

Figure 4-8. Hit Count Dialog Box
® Data Breakpoint Hit Count [iE-J

A data breakpoint is hit when there is a memory access attempt and the condition is
satisfied. The hit count is the number of times the data breakpoint has been hit.

When the breakpoint is hit:

[Ereak when hit count is a multiple of v| 5
Current hit count: 10
[ Reset Ok | [ Cancel

S A

To set or modify a hit count property, use the following controls:

*  When the breakpoint is hit: This setting determines how the breakpoint should behave when it is
hit. You can choose to:

+ Break always (the default)

+  Break when the hit count equals a specified value

+  Break when the hit count equals a multiple of a specified value
»  Break when the hit count is greater or equal to a specified value

*  Current hit count: This value shows the number of times the data breakpoint has been hit. A read/
write data for a variable will be converted into multiple instructions, resulting in several memory
accesses. So the data breakpoint hits multiple times for the same variable and the hit count will be
updated accordingly.

. Reset: This button resets the value shown for the Current hit count to 0.
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If you choose any option other than the default in When the breakpoint is hit list control, an edit box
appears next to it. Edit the value in this edit box to set the hit count value. For example, you might choose
break when hit count is equal to and enter 5. This causes execution to stop the 5 time the breakpoint is
hit, not on any other hit.

When Breakpoint is Hit Dialog Box
With this dialog box, you can print a message in the output window when a data breakpoint is hit.

To open the When Breakpoint Is Hit Dialog Box, go to the Data Breakpoints window, select a
breakpoint row, and then choose When Hit on the context menu.

When Breakpoint Is Hit ?

Specify what to do when the breakpoint is hit.

[#] Print a message:
Function: SFUNCTION, Thread: $TID STMAME

You can include the value of a variable or other expression in the message by placing it
in curly braces, such as "The value of x is {x}." To insert a curly brace, use "\{". To insert a
backslash, use "\\".

The fellowing special keywords will be replaced with their current values:
SADDRESS - Current Instruction, SCALLER - Previous Function Mame,
SCALLSTACK - Call Stack, SFUMCTIOMN - Current Function Mame,

SPID - Process |d, SPMAME - Process Mame

STID - Thread Id, STMAME - Thread Mame

Run a macro:

Continue execution

QK Cancel

Specify the message
*  You can use any of the keywords that are described on the When Breakpoint Is Hit dialog box.
E.g.: Process Id : $PID.
*  You can also specify expressions in the message by placing it in the curly braces, such as sum={a
+b}
Specify the breakpoint behavior

To break execution when the breakpoint is hit, clear the Continue Execution checkbox. When Continue
Execution is checked, execution is not halted. In both cases, the message is printed.

General Information on Data Breakpoint
» Data Breakpoint can be edited/added only in debug mode

*  Local variables must always be qualified with the function name. This is also the case if the user
wants to add a variable from the function that the program has stopped in.
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Data breakpoints on local variables can result in false hits due to reuse of stack memory.

Tip:
Declare local variables as static and provide the static variable's address in the location
field, the address of the static variable is fixed during compilation/linking.

*  Global variables are initialized with default values during the start-up, the valid data breakpoint for
global variables will hit in the disassembly or initialization code during the start-up

*  There can be several instructions to perform read/write data for a variable, for example, 'int' data
type can have two individual bytes read/write instructions so the data breakpoint hits twice for the
same variable

»  Data breakpoint event can occur when the bus access happens for the specific address

*  Maximum number of data breakpoint supported: (this may vary based on specific device/family
refer data sheet)

Architecture Maximum Data Breakpoint Supported

ATmega +  Two without Data Mask (OR)
. One without Data Mask and one with Data Mask

XMEGA +  Two without Data Mask (OR)
*  One without Data Mask and one with Data Mask (OR)
+  Two with Data Mask

ucCs3 +  Two without Data Mask (OR)
*  One without Data Mask and one with Data Mask (OR)
+  Two with Data Mask

SAM Device dependent refer data sheet

Tiny Does not support data breakpoint

Most of the devices conform to the above limit.
Note: ATmega and SAM device uses multiple hardware resources when a data breakpoint with data
mask is set. Hence, using data mask can reduce the number of data breakpoint that can be set.
Data Breakpoint Usage

Stack Overflow Detection Using Data Breakpoint
You can decide on maximum stack size for your application and calculate the approximate end address
for the stack.

In the end address, set the data breakpoint for address range by applying address mask and access type
as Read/Write.

Note: The above method may cause a false break when heap memory tries to access the specified
stack end address.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 174



4.9

Atmel Studio 7 User Guide
Debugging

QuickWatch, Watch, Locals, and Autos Windows

The Atmel Studio debugger provides several windows, collectively known as variable windows, for
displaying variable information while you are debugging.

Each variable window has a grid with three columns: Name, Value, and Type. The Name column shows
the names of variables added automatically in the Auto and Locals windows.

In the Watch window, the Name column is where you can add your own variables or expressions. See
how to watch an expression in the Debugger.

The Value and Type columns display the value and data type of the corresponding variable or expression
result.

You can edit the value of a variable in the Value column.

The variable windows, Autos, Locals, and Watch display the values of certain variables during a
debugging session. The QuickWatch dialog box can also display variables. When the debugger is in
break mode, you can use the variable windows to edit the values of most variables that appear in these
locations.

Note: Editing floating-point values can result in minor inaccuracies because of decimal-to-binary
conversion of fractional components. Even a seemingly harmless edit can result in changes to some of
the least significant bits in the floating-point variable.

When an expression is evaluated in the Watch window, you might see a refresh icon. This indicates an
error or out-of-date value.

If you want to, you can enter an expression for a value. The debugger will evaluate the expression and
replace it with the resulting value. The debugger accepts most valid language expressions in a Watch
window. For more information, see 4.9.5 Expression Formatting.

If you are programming in native code, you might sometimes have to qualify the context of a variable
name or an expression that contains a variable name. The context means the function, source file, and
module where a variable is located. If you have to do this, you can use the context operator syntax.

Evaluating some expressions can change the value of a variable or otherwise affect the state of your
program. For example, evaluating the following expression changes the value of varl and var2:

varl = var2++
varl = var2++

Expressions that change data are said to have side effects, which can produce unexpected results if you
are not aware of them. Therefore, make sure you understand the effect of an expression before you
execute it.

To edit a value in a variable window

1. The debugger must be in break mode.

2. If the variable is an array or an object, a tree control appears next to the name in the Name box. In
the Name column, expand the variable, if necessary, to find the element whose value you want to
edit.

3. Inthe row you want to change, double-click the Value column.
4. Type the new value.
5. Press ENTER.

To display a variable window
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On the Debug menu, choose Windows, then choose the name of the variable window you want to display
(Autos, Locals, Watch, or Watch1 through Watch4).

You cannot access these menu items or display these windows in design mode. To display these menu
items, the debugger must be running or in break mode.

Watch Window

Watch 1 ~ 0 x
Mame Yalue Type -

Bf Autos B Locals ,;‘:] Watch 1 ﬁ Watch 2

The Watch window and QuickWatch dialog box are places where you can enter variable names and
expressions that you want to watch during a debugging session.

The QuickWatch dialog box enables you to examine a single variable or expression at a time. It is useful
for taking a quick look at one value or a larger data structure. The Watch window can store several
variables and expressions that you want to view over the course of the debugging session. Atmel Studio
has multiple Watch windows, which are numbered Watch1 through Watch4.

A variable name is the simplest expression you can enter. If you are debugging native code, you can use
register names as well as variable names. The debugger can accept much more complex expressions
than that, however. For example, you could enter the following expression to find the average value of
three variables:

(varl + var2 + var3) / 3

The debugger accepts most valid language expressions in a Watch window. For more information, see
4.9.5 Expression Formatting.

If you are programming in native code, you may sometimes need to qualify the context of a variable name
or an expression containing a variable name. The context means the function, source file, and module
where a variable is located. If you have to do this, you can use the context operator syntax.

Expressions that Affect the State of Your Program

Evaluating some expressions can change the value of a variable or otherwise affect the state of your
program. For example, evaluating the following expression changes the value of vari:

varl = var2

Expressions that change data are said to have side effects. If you enter an expression that has a side
effect into the Watch window, the side effect will occur every time the expression is evaluated by the
Watch window. This can produce unexpected results if you are unaware that the expression has side
effects. An expression that is known to have side effects is only evaluated one time when you first enter it.
Subsequent evaluations are disabled. You can manually override this behavior by clicking an update icon
that appears next to the value.
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Unexpected side effects are frequently the result of function evaluation. For example, you could enter the
following function call into the Watch window:

PrintFuncl (varl)

Funcl (varl)

If you call a function from the Watch window or QuickWatch, the function you are calling might change
data, creating a side effect. One way to avoid possible unexpected side effects from function evaluation is
to turn OFF automatic function evaluation in the Options dialog box. This disables automatic evaluation of
newer language features, such as properties. However, it is safer.

Note: When you examine an expression in the Watch window, you might see an update icon, which
resembles two green arrows, circling in opposite directions within a green circle. This is especially likely if
you have turned OFF automatic function evaluation. The update icon indicates an error or out-of-date
value.

The Atmel Studio debugger automatically expands common data types to show their most important
elements. You can also add expansions for custom data types.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export
Settings on the Tools menu. For more information, see 9. Menus and Settings.

To evaluate an expression in the Watch window

1. In the Watch window, click an empty row in the Name column. The debugger must be in break
mode at this point. Type or paste the variable name or expression you want to watch.
Drag a variable to a row in the Watch window.

2. Press ENTER.

3. The result appears in the Value column. If you type the name of an array or object variable, a tree
control appears next to the name in the Name column. Expand or collapse the variable in the Name
column.

4. The expression remains in the Watch window until you remove it.
To evaluate an expression in QuickWatch
1. In the QuickWatch dialog box, type or paste the variable, register, or expression into the Expression
text box.
2. Click Reevaluate or press ENTER.

3. The value appears in the Current value box.

4. If you type the name of an array or object variable in the Expression box, a tree control appears
next to the name in the Current value box. Expand or collapse the variable in the Name column.

To reevaluate a previous expression in QuickWatch

1. In the QuickWatch dialog box, click the down arrow that appears to the right of the Expression box.
2. Choose one of the previous expressions from the drop-down list.
3. Click Reevaluate.

4.9.2 Locals Window
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Locals * A X
Marne Value Type <
| #ntgp 00000000 __ unsignedint@RO |
W int_req 0000002 ec unsigned int@RE
W int_level 000000000 unsigned int@R12

The Locals window displays variables local to the current context.

To Display the Locals Window
From the Debug menu, choose Windows and click Locals. (The debugger must be running or in break
mode.)

To Choose an Alternative Context
The default context is the function containing the current execution location. You can choose an alternate
context to display in the Locals window:

»  Use the Debug Location toolbar to select the desired function, thread, or program
*  Double-click on an item in the Call Stack or Threads window

To view or modify information in the Locals window, the debugger must be in break mode. If you choose
Continue, some information may appear in the Locals window while your program executes, but it will not
be current until the next time your program breaks (in other words, it hits a breakpoint or you choose
Break All from the Debug menu).

To Modify the Value of a Variable in the Locals Window
1. The debugger must be in break mode.
2. Inthe Locals window, select the value you want to edit by double-clicking on it or by using the TAB
key.
3. Type the new value and press ENTER.

i Attention:
' " Editing floating-point values can result in minor inaccuracies because of decimal-to-binary

conversion of fractional components. Even a seemingly harmless edit can result in changes to
some of the least significant bits in the floating-point variable.

Setting Numeric Format
You can set the numeric format used in the debugger windows to decimal or hexadecimal. Right click
inside the Locals window, and check/uncheck the Hexadecimal display menu item.

Autos Window
The Autos window displays variables used in the current statement and the previous statement.

The current statement is the statement at the current execution location (the statement that will be
executed next if execution continues). The debugger identifies these variables for you automatically,
hence the window name.

Structure and array variables have a tree control that you can use to display or hide the elements.
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{
int al = @;
int a2 = 563
int bl = 2;
=+ int cl = al;
h
Marne Value Type -
W al 000000000 int@0h3fcd
W bl 0000000032 int@03fdi
i D200 int@03fod

To display the Autos window

From the Debug menu, choose Windows and click Autos. (The debugger must be running or in break
mode.)

To Modify the Value of a Variable in the Autos Window
1. The debugger must be in break mode.
2. Display the Autos window, if necessary.
3. Inthe Value column, double-click the value you want to change.
-or-
Single-click to select the line, then press the TAB key.
4. Type the new value and press ENTER.

i Attention:
' " Editing floating-point values can result in minor inaccuracies because of decimal-to-binary

conversion of fractional components. Even a seemingly harmless edit can result in changes to
some of the least significant bits in the floating-point variable.

Setting Numeric Format

You can set the numeric format used in the debugger windows to decimal or hexadecimal. Right click
inside the Autos window, and check/uncheck the Hexadecimal display menu item.

QuickWatch and Watches

While debugging you might want to track a value of a variable or an expression. To do so you can right
click on the expression under the cursor and select Add a Watch or Quickwatch.

The QuickWatch dialog box lets you examine and evaluate variables and expressions. Because
QuickWatch is a modal dialog box, you have to close it before you can continue to debug. You can also
edit the value of a variable in QuickWatch. For more information on how to watch a variable, see 4.9.1
Watch Window.

Some users might wonder why QuickWatch is useful. Why not add the variable or expression to the
Watch window? That is possible, but if you just want to do a quick scratch calculation that involves one or
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more variables, you do not want to clutter the Watch window with such calculations. That is when the
QuickWatch dialog box is especially useful.

Another feature of the QuickWatch dialog box is that it is resizeable. If you want to examine the
members of a large object, it is frequently easier to expand and examine the tree QuickWatch than it is in
the Watch, Locals, or Autos window.

The QuickWatch dialog box does not allow you to view more than one variable or expression at a time.
Also, because QuickWatch is a modal dialog box, you cannot perform operations such as stepping
through your code while QuickWatch is open. If you want to do these things, use the Watch window
instead.

Some expressions have side effects that change the value of a variable or otherwise change the state of
your program when they are executed. Evaluating an expression in the QuickWatch dialog box will have
the same effect as executed the expression in your code. This can produce unexpected results if you do
not consider the side effects of the expression.

Note: In Atmel Studio, you can view a variable's value by placing the cursor over the variable. A small
box called a DataTip appears and shows the value.

To open the QuickWatch dialog box
While in break mode, choose QuickWatch on the Debug menu.
To open the QuickWatch dialog box with a variable added

While in break mode, right click a variable name in the source window name and choose QuickWatch.
This automatically places the variable into the QuickWatch dialog box.

To add a QuickWatch expression to the Watch window
In the QuickWatch dialog box, click Add Watch.
Whatever expression that was displayed in the QuickWatch dialog box is added to the list of expressions

in the Watch window. The expression will normally be added to the Watch1 window.

Expression Formatting

The Atmel Studio debugger includes expression evaluators that work when you enter an expression in
the 4.9.4 QuickWatch and Watches, 4.15 Memory View, 4.9.1 Watch Window, or Immediate window.
The expression evaluators are also at work in the Breakpoints window and many other places in the
debugger.

General Syntax:

Val, formatString

Format Specifier for values

The following tables show the format specifiers recognized by the debugger.

Table 4-3. Debug Format Specifiers for Values

Signed decimal integer 0xFOOOFO065, d -268373915
u Unsigned decimal integer 0x0065, u 101
b Unsigned binary number Oxaa,b2 0b10101010
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Unsigned octal integer 0xF065, o 0170145
X, X Hexadecimal integer 61541, x 0x0000F065

1,2,4,8 As a suffix specifying number of bytes for: d, i, u, 0, x, X.  00406042,x2  0x0c22

s String 0x2000, s 'Hello World'

f Signed floating point (3.12.), f 1.500000

e Signed scientific notation (3.12.), e 1.500000e+000
g Signed floating point or signed scientific notation, (3.12.), g 1.5

whichever is shorter

© Single character 0x0065, c 101 'e'

Size Specifier for Pointers as Arrays

If you have a pointer to an object you want to view as an array, you can use an integer to specify the
number of array elements:

ptr,10o0rarray, 20
Memory type specifier

The following memory type specifiers will force the memory reference to a specific memory type. To be
used in the memory window in the address field, you should have a pointer to an object you want to view
as an array. You can use an integer to specify the number of the array elements:

Table 4-4. Debug Memory Type Specifiers

flash or program Program memory 0,flash

data Data memory 0x2000,data
sram SRAM 0x100,sram
reg or registers Registers 1,reg

io, eeprom, fusebytes, lockbytes, signature, Memory types with same names

usersign, prodsign

DataTips

DataTips provide a convenient way to view information about variables in your program during
debugging. DataTips work only in break mode and only with variables that are in the current scope of
execution.

In Atmel Studio, DataTips can be pinned to a specific location in a source file, or they can float on top of
all Atmel Studio windows.
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To display a DataTip (in break mode only)

1. In a source window, place the mouse pointer over any variable in the current scope. A DataTip

appears.
if (offset + cdﬁnt > 28)
i ¢ count 25 =
// Reset counter
v count = @;
h

2. The DataTip disappears when you remove the mouse pointer. To pin the DataTip so that it remains
open, click the Pin to source icon, or

— Right click on a variable, then click Pin to source

i if (offset + count > 28) & qunt 25
{ -
// Reset counter
1 count = @;
¥

The pinned DataTip closes when the debugging session ends.
To unpin a DataTip and make it float
* Ina pinned DataTip, click the Unpin from source icon

The pin icon changes to the unpinned position. The DataTip now floats above any open windows.
The floating DataTip closes when the debugging session ends.

To repin a floating DataTip
* In a DataTip, click the pin icon

The pin icon changes to the pinned position. If the DataTip is outside a source window, the pin icon
is disabled and the DataTip cannot be pinned.

To close a DataTip

*  Place the mouse pointer over a DataTip, and then click the Close icon
To close all DataTips

*  On the Debug menu, click Clear All DataTips
To close all DataTips for a specific file

¢ On the Debug menu, click Clear All DataTips Pinned to File
Expanding and Editing Information

You can use DataTips to expand an array, a structure, or an object to view its members. You can also edit
the value of a variable from a DataTip.

To expand a variable to see its elements:
* In a DataTip, put the mouse pointer over the + sign that comes before the variable name
The variable expands to show its elements in tree form.

When the variable is expanded, you can use the arrow keys on your keyboard to move up and down.
Alternatively, you can use the mouse.
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To edit the value of a variable using a DataTip

1. In a DataTip, click the value. This is disabled for read-only values.
2. Type a new value and press ENTER.

Making a DataTip Transparent

If you want to see the code that is behind a DataTip, you can make the DataTip temporarily transparent.
This does not apply to DataTips that are pinned or floating.

To make a DataTip transparent
* In a DataTip, press CTRL

The DataTip will remain transparent as long as you hold down the CTRL key.

Visualizing Complex Data Types

If a magnifying glass icon appears next to a variable name in a DataTip, one or more Visualizers are
available for variables of that data type. You can use a visualizer to display the information in a more
meaningful, usually graphical, manner.

To view the contents of a variable using a visualizer
*  Click the magnifying glass icon to select the default visualizer for the data type
-or-

Click the pop-up arrow next to the visualizer to select from a list of appropriate visualizers for the
data type.

A visualizer displays the information.

Adding Information to a Watch Window

If you want to continue to watch a variable, you can add the variable to the Watch window from a DataTip.
To add a variable to the Watch window
* Right click a DataTip, and then click Add Watch

The variable is added to the Watch window. If you are using an edition that supports multiple Watch
windows, the variable is added to Watch 1.

Importing and Exporting DataTips
You can export DataTips to an XML file, which can be shared with a colleague or edited using a text
editor.
To Export DataTips
1. On the Debug menu, click Export DataTips.
The Export DataTips dialog box appears.
2. Use standard file techniques to navigate to the location where you want to save the XML file, type a
name for the file in the File name box, and then click OK.
To Import DataTips
1. On the Debug menu, click Import DataTips.
The Import DataTips dialog box appears.
2. Use the dialog box to find the XML file that you want to open and click OK.
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Disassembly View

The Disassembly window is only available when debugging. When any supported high-level language is
used, the source window is automatically displayed and the disassembly window is OFF. Enable it by
choosing Debug — Windows — Disassembly or Ctrl Alt D during a debugging session.

The disassembly window shows your program code disassembled. Program execution and AVR
instructions can be followed in this view. By right clicking inside the Disassembly window, you will be able
to set breakpoints, run to the position of the cursor, or go to the source code. You cannot modify the
source code from the Disassembly window.

In addition to assembly instructions, the Disassembly window can show the following optional information:
*  Memory address where each instruction is located. For native applications, this is the actual
memory address.
*  Source code from which the assembly code derives
»  Code bytes byte representations of the actual machine
*  Symbol names for the memory addresses
*  Line numbers corresponding to the source code

Disassembly
Address: |
v \Viewing Options
L 00000178 CP R18,R24
0000017C 1.9, K25
00000170 PC-0x3
0000017E MP PC+0x0002
goto otog;
otog: 1+=2;
00000180 LDD R24,7+3 Load
181 LDD R25,Y+4 Load 1
00000182 ADIW R24,0x02 Bdd in diat yord
0000183 STD Y+3,Rz24 Store indirect with disp
""" 18 STD Y+4,R25 Store indirect with dis

Assembly-language instructions consist of mnemonics, which are abbreviations for instruction names,
and symbols that represent variables, registers, and constants. Each machine-language instruction is
represented by one assembly-language mnemonic, usually followed by one or more variables, registers,
or constants.

Because assembly code relies heavily on processor registers or, in the case of managed code, common
language runtime registers, you will often find it useful to use the Disassembly window in conjunction with
the Registers window, which allows you to examine register contents.

Note: You may see inconsistencies in instructions that work on explicit addresses. This stems from the
historic difference between the AVR Assembler and Assembly Language and the GCC Assembler and
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the assembly used on bigger computer systems. You might, therefore, encounter disassemblies that look
like the one below.

13: asm volatile ("JMP 0x0001778A") ;
0000007D 0c.94.c5.bb JMP 0x0000BBC5 Jump >
Here, the assembly instruction JMP 0x0001778A is being assembled by the GCC Assembler and
disassembled using the built-in disassembler in Atmel Studio, which resolves the jump to 0x0000BBC5,
which is exactly half of the address in the initial assembly.

It should be noted that the addresses are always of the same dimension as the line addresses shown in
the disassembly, so the code is functionally similar.

1/O View

About the I/O View

The purpose of the I/O View is to provide an overview of the registers of the target device for the current
project. It serves as a quick reference during design and is capable of displaying register values when the
project is in debug mode. The view supports both 32- and 8-bit devices equally.

10 View > O x
=1/[=] | Filter: | - | 2
Mame Yalue
B JTAG .
LOCKBIT
MISC

=] PORTA H

o PORTE
o PORTC
o PORTD
o PORTE
ua PORTF

Address Value Bits
WoPINA  0:39  xaF @BO@EOEEEE
T"'DDRA 0:3A  OxFF
WOPORTA 03B 0:0F IOBOBBEER

Mame

B 10 View ﬁ Processor ‘a Solution Explor... @& Properties
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The default view of the tool window is a vertically split window with peripheral groups in the top section
and registers in the bottom section. Each peripheral typically has a set of defined settings and value
enumerations, which can be displayed by expanding a register in the peripheral view (top section). The
register view (bottom section) will display all registers which belong to a selected peripheral group. If no
peripheral is selected, the view is empty. Each register can also be expanded to display the pre-defined
value groupings which belong to the register.

Using the 1/0 View Tool

The 1/0 View is confined to a single tool window in the development environment. There can only be one
instance of the I/O view at a time. To open the window, select Debug — Windows — 1/O View. When in
design mode, the 1/0 View will be disabled for inputs. It is still possible to change the layout or filters and
to navigate the view, but no values can be set or read. To read or change a value in the registers, AVR
Studio must be in debug break mode (execution paused). In this mode, all the controls of the 1/0O View will
be enabled and values can be read and updated in the view.

In addition to simply displaying the value of a register, the I/O View will display each bit in the register in a
separate column. Bits which are set will have a dark color by default, and cleared bits will have no color
(default white). To change a bit, simply click it, and the value will be toggled.

Editing Values and Bits in Break Mode

When the project is in debug break mode, any value can be changed by clicking the value field and
writing a new value. Some values and bits cannot be modified as they are read-only, and some bits may
be write-only. See the documentation for each device for more information. When a bit or value is set, it is
immediately read back from the device, ensuring that the 1/0 View displays only actual values from the
device. If a new value is set, but the I/O view does not update as expected, the register might be write-
only or simply not accessible.

When a register has changed since last time it was displayed, it will indicate so with a red colored value
and bits in the display. If a bit has been set since last time, it will be solid red. If it has been cleared it will
simply have a red border. This feature can be toggled ON or OFF in the toolbar.

Processor View
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Name Value I

Program Counter  0x00000380
L B S

X Register 0x0002

¥ Reqgister Ox3FF1

7 Register 0x3844

Status Register DODHENMNEC

Cycle Counter 8186

Frequency 1,000 MHz

Stop Watch 8 186,00 us
[# Registers

Processor

Debug — Processor View. The processor view offers a simulated or direct view of the current target
device MPU or MCU. On the picture above you can see a partial list of the simulated device's
ATxmega128U1 registers.

The program counter shows the address of the instruction being executed. The stack pointer shows the
application's current stack pointer value. The X, Y, and Z registers are temporary pointers that can be
used in indirect passing or retrieving arguments or objects to and from functions. The Cycle counter
counts the cycles elapsed from the simulation’s start. Status register or SREG shows the currently set
flags. Further on you will be able to toggle a setting for displaying the flag names.

The stopwatch field allows you to make rudimentary profiling of your application. It is influenced by the
frequency set in the Frequency field, which defines the target MCU/MPU frequency, in the case when the
prototyping board is connected.

Each register can be displayed in hexadecimal, decimal, octal, and binary (flag) format by right clicking
and choosing Display in binary, etc., or Display in.... Each field can also be modified as shown in the
below image. If a field is a status or flags register, composed of a number of the one-bit flags, you can

toggle individual flags by clicking on them - Om.

Name | Value

Program Counter  0x000002F6

0xfl000381E
X Pointer Ox0002
¥ Pointer M 3IFEE

The processor view is only active in the debug mode.
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Register View

Debug — Windows — Register View or Ctrl Alt G. The register view offers a simple way to see the data
and system registers of your target or simulated device. You cannot modify the registers' contents from
the Register view.

Registers 0 X
R31 = 0x38 R30 = 0x21 R29 = 0x3F R28 = 0OxEE -
R27 = 0x00 R26 = 0x02 R25 = 0x00 R24 = 0x02
R23 = 0x00 R2Z2 = 0xA7 R21 = 0x00 R20 = 0x00
R1%9 = 0x00 R18 = 0x00 R17 = 0x00 Rl6 = 0x00
R15 = 0x00 R14 = 0x00 R13 = 0x00 R1Z2 = 0x00
R11 = 0x00 R10 = 0x00 ROS = 0x00 RO8 = 0x00
RO7 = 0x00 RO& = 0x00 RO5 = 0x00 RO4 = 0x00
RO3 = 0x00 ROZ = 0x00 RO1 = 0x00 ROO = 0x00

Memory View

Debug — Windows — Memory view, or Ctrl Alt M n where n is the memory's number. The memory view
gives you an outline of the memory. It is possible to select among the attached memories to see all the
segments by switching between them in a Segment drop-down menu on top of the memory view. You
can also specify the starting address for the memory view window in the Address form field on top of the
memory view. In order to specify the address, you can use either a normal hexadecimal entry or an
expression. See 4.9.5 Expression Formatting. The Columns drop-down menu allows you to specify how
many byte-aligned memory columns you wish to see at one time, most often this should be left at Auto
setting, but if you have to manually check a fixed-length type values and you know how many words or
bytes those values occupy, you could align the memory view so that each row will correspond to a
desired number of values.

Memory 1 v O X
Memory: | prog APP_SECTION = | | Address: | 0x000000,prog = {#}  Columns: Auto -
I_ g 0x00001¢ c 94 DOa 01 Oc 94 Oa 01 Oc 94 Oa 01 Oc 94 Oa 01 Oc 94 0a 01 Oc 94 7. ."..."..."..."..." ﬂ
prog 0x I 0a 01 Oc 94 Oa 01 Oc 94 0a 01 Oc 94 O0a 01 Oc 94 0a 01 Oc 94 02 01 ... ."..."..."..."..."..

c 94 0a 01 Oc 94 Oa 01 Oc 94 Oa 01 Oc 94 Oa 01 Oc 94 0a 01 Oc 94 .. .."..."..."..."..." =

0a 01 Oc 94 0a 01 Oc 94 0a 01 Oc 94 O0a 01 Oc 94 0a 01 Oc 94 0a 01 ..."..."..."..."..."..

Oc 94 0a 01 Oc 94 0a 01 Oc 94 0a 01 Oc %4 0a 01 Oc 94 Oa 01 Oc 84 .7...7..."..."..."..."

Qa 01 0c 94 0a 071 0c 94 02 01 O0c o4 02 071 0c 94 02 07 Oc 94 (02 0] i i i it s b

Call Stack Window
Note: Call Stack Window is currently only supported for 32-bit devices.
Call Stack shows the hierarchical information of callers of the current method. By default, the Call Stack

window displays the name of each function. To display Call Stack, Click the menu, Debug — Windows —
Call Stack.
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Zall Stack w [,X

seif_dfll0_closedloop_start

scif_dfli0_closedloop_configure_and_start
pel_configure_clocks_dflo
pel_configure_clocks_uc3l
pel_configure_clocks

rain d|

E.__Z: Breakpoints |:5;'_'l o R P Command Window 88 Immediate Window B Output

Along with function name, optional information such as module name, line number, etc. may also be
displayed. The display of this optional information can be turned ON or OFF. To switch ON/OFF the
optional information displayed, right click the Call Stack window and select or deselect Show <the
information that you want>

557 ]

558 T\ EetuEn. Status.

559 * Yrecval 0 Jtatus iz high.

860 *: Yretcval <0 SCIF_FPOLL TIMEOUT Timeout expired before the status was high.
861 LF

S62 _—' long int scif pelksr statushigh wait (unsigned long statusMask)
563 {

=11 unsigned int timeout = FCIF_FOLL_TIMEOUT;

865

S66 while {! [AWR3Z SCIF.pclksr & statustask))

867 {

8568 if (—-timeocut == 0)

569 return —-1;

570 ¥

871 return PLIS;

872 }

873

Call Stack

Marme
| ADCIFB_EXAMPLE11 elfl scif_pelksr_statushigh_wait Line: 868
ADCIFBE_EXAMPLE11 elfl scif_dfll0_closedloop_start Line:585
ADCIFB_EXAMPLET1 eIt scif_dfl0_closedloop_configure_and_start Line:637
ADCIFBE_EXAMPLE11 elfl pel_configure_clocks_dfll0 Line:212
ADCIFBE_EXAMPLE1 elfl pol_configure_clocks_ucal Line: 231
ADCIFBE_EXAMPLET1.eIfl pel_configure_clocks Line:71
ADCIFBE_EXAMPLET1.2Il main Line: 166 j

E:__Z: Breakpoints

Marme Type
@ timeout 599470 | int@0x33c
@ statusMask | 512 unsigned long@0x3138

ES cutos PN B watch 1 JB Watch 2 (4 Call Stack Command Window B8 Immediate Window B Output

Stack frame of the current execution pointer is indicated by a yellow arrow. By default, this is the frame
whose information appears in the source, Disassembly, Locals, Watch, and Auto windows. The stack
frame context can also be changed to be another frame displayed in the Call Stack window.

Call Stack may not show all the call frames with Optimization levels -O1 and higher.

A\WARNING

To switch to another stack frame

1. In the Call Stack window, right click the frame whose code and data you want to view.
2. Select Switch to Frame.
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A green arrow with a curly tail indicates the changed stack context. The execution pointer remains
in the original frame, which is still marked with the yellow arrow. If you select Step or Continue from
the Debug menu, the execution will be continued from the yellow arrow, not the frame you selected.

Hlstatic long int pel configure clocks_uc3l(pel freq param t© Tparam)
{
Fl#ifdef AVRIZSTW _INPUT CHECK
4 Werify that £CPU »>= fPEx

if { (param->cpu f < param->pha f) || (param->cpu f < param->pbhb_f)] _|
returni-1);
#endif
if (PCL_NC_0SCO == param->main clk sre)

{

returnipcl configure clocks_oscOiparam));
i
else // PCL_MC DFLLO == parsam->wain_clk src
{

L | returnipel configure clocks_dfl10(parem));

5
L}

Elstatic long int pel configure synchronous clocks(pm clk src t main clk sre, unsigned long main clock freg hz, pcl_fr;l
100% ~ 4| | |

| | Mame i Yalue | Type ;I Mame

+ scif_pclksr_statushigh_wait
scif_dfl0_closedloop_start
scif_dfil0_closedloop_configure_and_start
pel_configure_clocks_dfill

| pcl_configure_clocks_uc3l
pel_configure_clocks

=] main

B sutos B Loca atch 1 PR

To view the source/disassembly code for a function on the call stack

1. In the Call Stack window, right click the function whose source code you want to see and select Go
To Source Code.

2. In the Call Stack window, right click the function whose disassembly code you want to see and
select Go To Disassembly.

To set a breakpoint at the exit point of a function call

In the Call Stack window, right click the stack frame to which you would like to add the breakpoint. Select
'BreakPoint — Insert Breakpoint' to add the breakpoint.
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/¢ Dithering disabled.
/4 Configure and start the DFLLO in closed loop mode.
J if(scif dfll0 closedloop start [&DfllConfig))
return -1;:
/¢ TODO: Future implementation note: add use of the generic clock CLE_DFLLIF_DITHER
/f as a reference for the 33G feature.
if{TRUE == enchle_ssg) = |
{
i
return FPL3S;
H
=]
o - 4 | i I
Call Stack
| Marme Yalue Type ;I Mame
W timeout 99508 inti@0x3rac I scif_pelksr_statushigh_wait
o statusMask 512 unsigned long@0x3r3s scif_dfl0_closedloop_start
scif_dfll_closedloop_configure_and_start
pel_canfigure_clocks_dfllo
pel_canfigure_clacks_ue3l
pel_canfigure_clocks
=l main

Q—:j Locals _&ﬂ Watch 1 _@ ‘Watch 2 ﬁ Breakpoints -5.»'_'1 EIEl B Command Window B Immediate

Object File Formats

While Atmel Studio uses ELF/DWARF as the preferred object file-/debug info-format, you may debug
other formats. Several object file formats from various compiler vendors are supported. You can open and
debug these files, but you may not be able to edit the code from within Atmel Studio. Using your own
editor to edit code and Atmel Studio to debug (use the reload button), you will still have a powerful code/
debug environment.

All external debug sessions require you to load an object file supported by Atmel Studio. An object file for
debugging usually contains symbolic information which is not included in a release file. The debug
information enables Atmel Studio to give extended possibilities when debugging, e.g. Source file stepping
and breakpoints set in a high-level language like C.

Precompiled object files can be opened by using the menu command Open file — Open Object File for
Debugging. See section 3.5 Debug Object File in Atmel Studio for more info.

Table 4-5. Object File Formats Supported by Atmel Studio

Object File Description
Format

UBROF .doo0 UBROF is an IAR proprietary format. The debug output file contains a
complete set of debug information and symbols to support all types of
watches. UBROF8 and earlier versions are supported. This is the default
output format of IAR EW 2.29 and earlier versions. See below how to force
IAR EW 3.10 and later versions to generate UBROF8.

ELF/DWARF -elf ELF/DWARF debug information is an open standard. The debug format
supports a complete set of debug information and symbols to support all
types of watches. The version of the format read by Atmel Studio is
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Object File Description
Format

DWARF2. AVR-GCC versions configured for DWARF2 output can
generate this format.

AVRCOFF .cof COFF is an open standard intended for 3" party vendors creating
extensions or tools supported by the Atmel Studio.

AVR Assembler .obj The AVR assembler output file format contains source file info for source

format stepping. It is a Microchip internal format only. The .map file is

automatically parsed to get some watch information.

Before debugging, make sure you have set up your external compiler/assembler to generate an object file
with debug information in one of the formats above.

3 party compiler vendors should output the ELF/DWARF object file format to ensure support in Atmel
Studio. Optionally, you could provide an extension to have both debugging and compile support. See 1.4
Contact Information for more information.

Tip:
How to generate AVR-compatible ELF file in IARW32:

In the Project options — Output format dialog, choose elf/dwarf, and in the Project options
— Format variant, select ARM-compatible '-yes'.

Tip:
How to force IAR EW 3.10 and later versions to generate UBROF8:

By default IAR EW 3.10 and later versions output UBROF9. Currently, Atmel Studio cannot read
this format. To force the debug format to UBROF8, open the project options dialog and change
the Output format setting to ubrof 8 (forced). Note that the default file name extension is
changed from '.d90' to '. dbg' when selecting this option. To keep the '.d90" extension, click the
Override default check button and change the extension.

Trace

In Atmel Studio, the Trace is provided on a plug-in basis. This means that different plugins separate from
the core of Atmel Studio will be the provider of the different graphics view to visualize Trace.

In the realm of the Trace, there is some terminology that describes the different Trace sources that a
device and tool combination supports. These high-level source names are mapped to different
architecture specific Trace sources.

The following sections will describe some of the high-level Trace sources that might be available, and
how it is mapped to the target architecture. Only a high-level description of the different sources will be
given, as the device-specific details are available in the respective data sheet.
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Note: The architecture for discovering Trace capabilities in Atmel Studio is based on what the chip itself
reports. This means that a debug session needs to be running so that the capabilities can be probed.
This means that when activating a Trace source, Atmel Studio might fail if the device does not support the
source that was asked for during launch.

Application Output

Application output is a common name for a technique that provides what is known as a stimuli port. This
implies some mean for the application running on the device to output data to a debugger that is
connected.

IT™

ITM is an optional part of the debug system on ARM cores. The module provides a set of registers that an
application can write data to, that will be streamed out to the debugger.

IDR Events

When the application program writes a byte of data to the OCDR register of an AVR device while being
debugged, the debugger reads this value out and displays it as IDR events in the output window as
shown in the figure below. The OCDR register is polled at a given interval, so writing to it at a higher
frequency than the one specified for the debugger will not yield reliable results. The data sheet of the
device will explain how to check that a given value has been read.

Figure 4-9. IDR Events

Output * [ X
Show cutput from: |IDR Messages I EEEEY I
[99:44:21.674] exoa r

[89:44:37.853] 8x81
[89:44:37.938] 8x82

[89:44:38.981] 8x83

[89:44:39.788] Ox84

[89:44:48.553] 8x85

[89:44:41.263] Bx86

[89:44:42.123] 8x87

[89:44:42.784] Ox88

[89:44:43.379] @xad|

[89:44:43.899] OxPa

[89:44:44.478] 8x8b

[89:44:44.987] OxBc .

4 ¥

Note that the Output window does not have the “IDR Messages” drop-down if no IDR events have been
sent from the debugger.

Program Counter Sampling
This trace source involves some sort of sample system that reads out the program counter of the device

periodically. This can then be used to graph where execution time is being spent, based on some
statistical average.

ARM Implementations

There are two ways of sampling the program counter on an ARM Cortex core. The first is using an
optional module in the debug system that emits the program counter to the debugger without any impact
on the core itself. The program counter is emitted on the SWO pin.
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As not all Cortex implementation can emit the program counter, Atmel Studio also supports doing a
periodical readout of the program counter while the core is running. This is possible as most Cortex
devices support readout of memory while the core is running, with a small impact on the running
application as the debug system needs to access the memory bus.

AVR 32-bit Implementation

Reading the program counter on the AVR 32-bit core is possible in the same way as mentioned in
4.18.2.1 ARM Implementations, as the core supports live readout of memory while the core is running.

Variable Watching

Watching variables are usually covered by data breakpoints, see 4.8 Data Breakpoints. However, on
some systems it is also possible to make a data breakpoint emit the information to the debugger without
halting the core, meaning that it is possible to watch variables in applications that for instance has some
sort of external timing requirement that a data breakpoint would cause to fail.

ARM Implementations

Data breakpoints on a Cortex core can be changed to emit a trace packet if the debug system
implements the needed modules. This means that it is possible to get information about reads or writes to
a specific memory location without an interference with the execution on the core.

As a fallback to this, it is also possible to read a memory location at a given interval while the core is
executing. This will not be any specific event data but means that if the core supports live memory
readout, it is possible to sample some parts of the memory. This has a minor impact on the execution, as
the debug system needs to have access to the memory bus.

AVR 32-bit Implementation

The AVR 32-bit core also supports live readout of memory locations. This means that Atmel Studio can
poll a memory location while the core is executing, giving a statistical view of how the variable is changing
over time.

Trace View

The Trace View allows you to record the program counter trace when a target is running. The program
counter branches are mapped with the respective source line information. It also contains coverage and
statistics for the source lines executed. To open the Trace View, go to Debug — Windows — Trace
View. To use the functionality of the Trace View, a project has to be opened in Atmel Studio.

Figure 4-10. Opening Trace View From the Menu
File Edit View ASF Project Build Debug Teools Window Help
e R NCEE Rl ™ = NP E=NF. Windows r

@ Breakpoints Alt+F9
i bl @ | W k| s S=[E == Ml Start Debugging and Break Alt+F5 g Data Breakpaints
@ Stop Debuggi Ctrl+Shift+F5 wl P Vi
Disassembly  StartPage  SAMD2 oF TEREagng e w rocessar e
74 (*((volatile unsig Start Without Debu g Ctrl+Alt+F5 B /0 View
75 return; Disable debugW Close Trace View
—: } b Continue F5 = Output
78 [Elint func(int a) Execute Stimulifile L2} Parallel Tasks Ctrl+5Shift+D, K
- { £ Set Stimulifile S5 Parallel Stacks Ctrl+Shift+D, S
=T
81 il Restart Watch ’
82 int cc = ¢ + 5; Il Break A Ctrl+F5 2l Autos Ctrl+Alt+V, A
83 return cc *7; . .
84 |} CuickWatch... Shift+F3 Fl Locals Alt+d
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Trace View Options
The Trace View toolbar has the following elements:

P - Starts the program trace

- Stops the program trace

% - Clears the program trace
5? - Toggles the highlighting of source code

p Configures the device to record the program trace

LA Finds the exception record in the Trace Stack view

E. Exports coverage statistics into an xml/xslt report

Starting the Program Trace

The Program Trace can be started by clicking the play button in the Trace View Window. The start button
is enabled during debug. Trace can be started and stopped any number of times in a debug session.
Starting a new trace session clears all trace information of the previous trace session.

Note: A region of SRAM has to be allocated to let the device record the trace. Refer to 4.19.1.5 Trace
View Settings for more information.

Figure 4-11. Trace View Window

Disassembly Start Page Ed| SAMD21_ABIT SAMD21_ABIT.c

i
Close
TraceView *[AX

Zlint main(void) Iy A2 |8 3| )
{ '.'.inECE a Coverage

oo c
@ N

<

InitMTBBuffer(); No. Of Records 20000
volatile int aj
volatile int b = 8;
int bbj

bb = 56;

func(bb);

WD CooCo 00 0O

J = @ WD oo

Sequence Mo Source Destination Repeat Count

b=a/b;
unsigned int x;

WO W WD WO WO o
13w

0 o~ o

99 /fb = autos[b-145];
@ 101 |HEEH
1@2 Exception MMM Missed packets
@3 |// b = autos[b - 145];
Stop Trace

Trace can be stopped in run or debug mode. The trace session will be ended automatically without user
intervention when the debugging session ends.

Clear Trace

The clear button clears the trace in the Trace View Window. New trace information will be logged in the
same tool window with a continuous sequence number. Clear can be done any number of times within a
trace session. Once cleared, the trace data cannot be recovered.

Highlight Source Code

Highlight is a toggle button which toggles between highlighting and non-highlighting of the source code.
The source code that is covered is highlighted with a green color and remaining source lines with a red
color representing the uncovered source code for the current execution.
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Figure 4-12. Code Highlight

Disassembly Start Page ~ Solution Explorer
?; i temp->1 = temp->r = NULL; TraceView
5
59 iy x| % e o= B
=} /* Function to insert the appropriate position to insert the new nf ¥ Trace a Coverage
51 Hvoid insertnode(struct btnoede *t)
52 |{ No. Of Records 20000
63 /* value more than root node value insert at right */ .
o $f ((tempoovalue > t-svalue) &8 (to>r 1= NULL)) Sequence No  Source Destination Repeat Cou
65 { 18 000000280, insertnode, bst.c, 73 0x000002C4, insertnode, bst.c, 77
66 insertnode(t->r); 13 0x0D0002EE, insertnode, bst.c, 81 0x00D001FS, insert, bst.c, 50
67 i 20 0x000001FC, insert, bst.c, 50 D%00000306, main, bst.c, 99
[ /* value less than root node value insert at left */ 21 (0x00000308, main, bst.c, 99 0x000001CC, insert, bst.c, 40
69 else if ((temp->value < t-»value) && (t->1 != NULL)) 2 0x000001D8, insert, bst.c, 41 0x0D000208, create, bst.c, 54
78 k] 0x0D000248, create, bst.c, 58 0x0DD0O1DC, insert, bst.c, 42
71 insertnode(t->1); 24 0x000001E2, insert, bst.c, 42 0xDDDDD1EE, insert, bst.c, 48
72 . 25 0xDDD00TFS, insert, bst.c, 48 0xDODO0258, insertnode, bst.c, 62
73 else if ((temp->value > t->value) && (E->r == NULL)) 26 000000274 000000282, insertnode, bst.c, 69
7j 2z 0x0D00028E, insertnode, bst.c, 63 0xD0000244, insertnode, bst.c, 73
zi ; e 23 0x000002C2, insertnode, bst.c, 75 0xODDO02E2, insertnode, bst.c, 81
° . 29 0x0D0002ES, insertnode, bst.c, 81 0xD000OTFS, insert, bst.c, 50
i else if ((temp->value < t->value) &8 (-1 == NULL)) 0 0x000001FC, insert, bst.c, 50 0x00DD030C, main, bst.c, 100
79 t->1 = temp;
88 ¥
a1 [} Exception W Missed packets
82
Note: Only the compilable lines are taken into consideration. For example, lines with comments and

variable declaration are ignored.

4.19.1.5 Trace View Settings
The device has to be configured to record the trace information in SRAM. The allocated size for recording
the program trace can be configured from this setting. The memory can be allocated in:

*  Source code, allocating a global array

»  Linker scripts, reserving an amount of the memory map
Select the memory size to be allocated for recording the program trace. Copy the snippet of code

displayed in configuration window by clicking on the CopyToClipBoard button and paste into your source
code. Follow the instructions given in the dialog to enable the tracing capability.
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Figure 4-13. Trace Settings Window Through Source Code

There are 2 opticns to configure MTB. Please choose one option.

Option 1 (3ource Code) | Option 2 (Linker Script)
Generate Code For Configuring MTE Trace

Allocate space for storing MTE packets in RAM,
MTE Buffer Size (In Bytes): 256 ~

For Enabling Trace

1. Paste following code before main() function.
Selected MTE Buffer Size is used in the generated code,

2. Call InithATEBuffer() from main(].
3. Build the project.
4. Break in the debugger and start trace.

_ attribute_ ({aligned(256]])
volatile char _mtbbuffer__[256];
volatile int __mthbuffersize_ = sizeof(_mthbuffer_):
void InitMTBBuffer()
{
int index = 0
uint32_t mtbEnabled = REG_MTBE_MASTER & MTB_MASTER_EM:

REG_MTB_MASTER = REG_MTE_MASTER & ~MTE_MASTER_EN:

for(index =0 index<256; index++)
{
__mtbbuffer_[index]:
__mthbuffersize__:

1

if(mtbEnabled)
REG_MTE_MASTER = REG_MTE_MASTER | MTE_MASTER_EN;

CopyToClipBoard

Note: If both the linker script and the source code is configured for trace, the linker script settings takes
the higher precedence over source code settings.
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Figure 4-14. Trace Settings Window through Linker Script

There are 2 options to configure MTB. Please choose cne option.

Option 1 (Source Code) | Option 2 (Linker Script]

Generate Linker Script for Configuring Trace

Allocate space for storing MTE packets in RAM.
MTE Buffer Size (In Bytes): 256 ~

For Enabling Trace

1. Paste following section in linker script as the first section that goe
Selected MTE Buffer Size is used in the generated script.

2. Build the project.
4, Break in the debugger and start trace,

£ mth section */
mtb (MOLOAD)
{
.= ALIGM(258);
_smth = .
L=+ 256
_emth = .
b= ram

CopyToClipBoard

Trace View Interpretation
The Trace View window contains the following items:

*  Trace Stack View
*  Coverage View

Trace Stack View

Trace Stack View is populated with program trace information while the target is in a running or
debugging state.

Trace Stack View contains a sequence number, source and destination address, and a repeat count. A
new program trace record is shown when a branching instruction happens on the target, for example as a
function call or a return from a function.

»  Sequence Number - Number that keeps track of the order of the record. This number is reset for
every trace session. This number will be continued without a break when the trace is cleared using
the clear button from the toolbar.

*  Source - Represents the instruction/source line from which the branch happened. For example, in a
function call, Source is the source line from where the function is being called.

» Destination - Represents the instruction/source line to which the branching happened. For example,
in a function call, Destination is the source code of the starting line of the function.
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* Repeat Count - Represents the number of times the same source and destination combination
occurred consecutively. For example, if there is a delay which is logging the same packets, it will be
grouped together and number of times record occurrence is termed as repeat count.

The source and destination contain instruction address, function name, source file name, and line
number. If the source line cannot be mapped only the instruction address is given. Double-clicking on the
source or destination navigates the cursor in the editor to the appropriate line. Navigation keys Up, Down,
Left, Right, and Tab can be used to locate the source/disassembly view for the trace records.

The program trace that is shown in the TraceStack view is cut down to the latest 20,000 records by
default. The threshold value can be changed using the slider.

The program trace records are highlighted with a yellow color when the branching instruction was not an
expected one. Unexpected branches usually happen due to some exception, and the entry and exit of the
exception handler are highlighted with yellow color. The branching inside the exception is not highlighted.

Figure 4-15. Exception Record

Disassembly Start Page SAMD21_ABIT
L LA eem e b Birmm o 5

SAMD21_ABIT.c

olatile unsigned long °
olatile unsigned long °
(volatile unsigned long *)(BxE@@GED38))) = _BFAR;*/
75 return;

78 Hint func(int a) ey

—_ 97 b=a/ b;

0xD00002ALC, main, SAMD21_ABIT.c, 105

0x0000022C, SVC_Handler, SAMD21_ABIT.c, 34

72 |{ i A28 e ¥ = _
:B W Trace "= Coverage
82 int cc = ¢ + 5; Mo. Of Records 20000
7
:i } return ce %75 Sequence No  Source Destination Repeat Count
85 1 000000280, main, SAMD21_ABIT.c, 88 0x00000280, main, SAMD21_ABIT.c, 88
86 2 000000288, main, SAMD21_ABIT.c, 90 0x000001F8, InitMTBBuffer, SAMD21_ABIT.c, 5
87 Eint main(void) 3 000000202, InitMTBBuffer, SAMD21_ABIT.c, 15 0x0D000216
88 |{ 4 0x0D00021A 0x00000204, InitMTBBuffer, SAMD21_ABIT.c. 17 256
89 5 000000220, InitMTBBuffer, SAMD21_ABIT.c, 24 0xD000028A, main, SAMD21_ABIT.c, 32
el InitMTBBuffer(); 6 0x00000298, main, SAMD21_ABIT.c, 95 0xDD00025C, func, SAMD21_ABIT.c, 79
91 volatile int a; 7 0xDD00D2TA, func, SAMD21_ABIT.c, 84 0x0000029A, main, SAMD21_ABIT.c, 97
92 volatile int b = @; 8 0x0000024A4, main, SAMD21_ABIT.c, 97 0x00000300
93 int bb; 9 0x00000302 (x00000338
:f ';b = :: 10 (xD00D038A (xD00D039A
» unc(bb); iR 0xD00003A4 0xD00003C0
o 12 0x000003CO 0xDD0DO2AE, main, SAMD21_ABIT.c, 97

98 unsigned int x;
ag //b = autos[b-145]; 14 (00000242, SVC_Handler, SAMD21_ABIT.c, 37 (:0000025C, func, SAMD21_ABIT.c, 79
100 ’ ’ 13 (D000027A, func, SAMD21_ABIT.c, 84 (00000244, SVC_Handler, SAMD21_ABIT.c, +1
@ 101 16 (00000246, SVC_Handler, SAMD21_ABIT.c, 41 (=000D0ZAC, main, SAMD21_ABIT.c, 105
102 17 0xD00002B8, main, SAMD21_ABIT.c, 107 0x0000025C, func, SAMD21_ABIT.c, 79
183 |// b = autos[b - 145]; 18 0xD000027A, func, SAMD21_ABIT.c, 84 0xD00002BA, main, SAMD21_ABIT.c, 107
le4
[* ISR (bb == 56)
106 | { Exception W Missed packets
107 a = func(a);
Tip:

The next and previous exception records can be easily navigated to by using the up and down
arrow buttons in the trace view window toolbar.

There are some exceptional cases where some program traces could be missed. In that case, there will
be a packet with red color which represents that there is some discontinuation of the program trace

information in the sequence. Since the number of missed packets is unknown, the sequence number

shown in the Trace Stack view will be continued without any break except adding a red colored packet
with a sequence number for it.

Note: The disassembly view is not supported when navigation keys are used, but it is supported when
the record is double-clicked using a mouse.
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4.19.2.2 Coverage View
The coverage view shows statistics on the source covered as part of the current target execution. All the
files and functions are listed in the coverage view with the information of the number of lines covered or
uncovered against the total number of lines in the source file.

Figure 4-16. Code Coverage

TraceView A X
Py A 2[R ¢ || .
H Trace d Coverage

Mame Cowverage (%) UnCowvered/Total Lines

= emsis/sro/startup_samd21.c 0% 15/15
Reset_Handler 0% 13713
Dummy_Handler 0% 2/2

# crnsis/src/system_samd21.c 100%% 0/4

= Gechpplicationl2.c 28% 28/39
InithTEBuUffer 100%% 0/9
insert 0% B/E
create 0% 5/5
insertnode 0% 10/10
main 22% 779

Note: Only the compilable lines are taken into consideration for the statistics. For example, lines with
comments and variable declaration are not taken into account.

A coverage report can be exported. Click the export icon = in the trace view toolbar to invoke the export
operation.
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Programming Dialog

Introduction

The Device Programming window (also known as the programming dialog), gives you the most low-level
control of the debugging and programming tools. With it, you can program the device's different
memories, fuses, and lockbits, erase memories, and write user signatures. It can also adjust some of the
starter kit properties such as voltage and clock generators.

Note: If you are editing a code project in Atmel Studio and want to see the results of a compilation by
downloading the code into the device, take a look at the Start without Debugging command. It is a sort of
one-click programming alternative to the programming dialog. See section 4.5 Start without Debugging
for more information.

The programming dialog is accessible from a button on the standard toolbar or the menu Tools —
Device Programming.

Figure 5-1. Device Programming Icon
E e =

: o NoDevice | Device Programming

Figure 5-2. Opening Device Programming Dialog
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Figure 5-3. Device Programming

JTAGICES (J30200010221) - Device Programming ? 2%
Teool Device Interface Device ID Target Yoltage
|_ITAGICB - | AT32UC3A325% - |JTAG = 042 002 0e60 0:3F | Read 32V | Read |
Interface settings JTAG Clock
Teol information 75 MHz

Device information
Mermaries
Use external reset
Fuses -
B (L} Use external reset
ITAG Daisy chain settings
@ Target device is not part of a JTAG daisy chain
) Daisy chain:  Devices before | 0 Instruction bits before | 0
Devices after | 0 Instruction bits after |0
| Set |
| Getting clock value..OK

Close

b A

The programming dialog contains the following options and tabs:

Top status bar
Tool

You can choose which tool you want to use from this drop-down menu. Only tools connected to the
machine are listed. Also, if a tool is used in a debug session, it will not be listed. Several tools of the same
type can be connected at the same time. In order to identify them, the serial number will be shown below
the tool name in the list.

When a tool is selected, the name (and serial number) will be shown in the title bar of the Device
Programming dialog.

Note: The Simulator will only offer limited support for the programming dialog features. The Simulator
has no persistent memory, so you will not be able to make permanent changes to any simulated devices.

Device

As soon as a tool is selected, the device list will show all devices supported by that tool. There are two
ways to select a device:

¢ Select from the list
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Device Intsg

ATxmegal28Al |+ [1T)

ATtinyB61 4
ATtiny&7

ATtinyE8

ATxmegal 28A1
ATxzmegal 2843
ATxmegal 2803
ATxrnegalbid
ATxrnegaleDd
ATxmegal9243
ATxmegal92D3
ATxmega256a3
ATxzmega256D3
ATxrmega32Ad &

Click on the arrow. This will reveal the list of supported devices. Click to select.
*  Select by typing. In this example, we will select the ATxmega128A3:

Device 1] Device 2] Device 3] Device 4]
AT32UCSA0128 - 128!—'«| - | 1284, b ATxmegalZBA3 -
ATxmegal2BA1 ]
ATxmegal2Ba3
21. Double-click in the text field to select the text already present.

2.2. Start typing some part of the device's name, in this example 128A. The list updates while
you type, showing all devices containing what is typed.

2.3. Press the Arrow Down keyboard button to move the selection into the list. Use the up and
down keys to navigate. Press ENTER to make a selection.

24. The ATxmega128A3 is now selected.

Note: A red border around the device selector indicates that the text entered is not a valid device
name. Continue typing until the device name is complete, or select from the list.

Interface

When a tool and a device is selected, the interface list will show the available interfaces. Only interfaces
available on both the tool and the device will appear in this menu.

Select the interface to use to program the AVR.

Interface

v |TAG  ~ || Appl
PDI

Apply button
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When tool, device, and interface are selected, press the Apply button to make the selections take effect.
This will establish a connection to the tool. The list on the left side of the window will be updated with the
relevant pages for the selected tool.

If a different tool, device, or interface is selected, the Apply button must be pressed again, to make the
new selections take effect.

Device ID

Press the Read button to read the signature bytes from the device. The device's unique tag will appear in
this field and can be used for tool compatibility checking and to obtain help either from customer support
or from the people at AVR Freaks®.

Target voltage

All tools are capable of measuring the target's operating voltage. Press the refresh button to make a new
measurement.

A warning message will appear if the measured voltage is outside the operating range for the selected
device, and the target voltage box will turn red.

Interface Settings

The programming interfaces have different settings. Some interfaces have no settings at all, some
interfaces settings are only available on some tools. This section will describe all settings, but they are
not available for all tools and devices.

JTAG

If you have selected JTAG as the programming interface, clock speed, use external reset and daisy-chain
setting may be available. This depends on the tool and device.
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JTAGICES {J30200010221) - Device Programming ? 2
Teool Device Interface Device ID Target Voltage
|_ITAGICB - | AT32UC3A325% « |JTAG = 042 002 0060 0:3F | Read 32V | Read |
Interface settings JTAG Clock
Teol information 75 MHz

Device information
Memaries
Use external reset
Fuses -
Security (] Use external reset
ITAG Daisy chain settings
@ Target device is not part of a JTAG daisy chain
7 Daisy chain: Devices before | 0 Instruction bits before |0
Devices after | 0 Instruction bits after |0
| Set |
| ~ | Getting clock value..OK

Cloze

JTAG Clock

L )

JTAG clock is the maximum speed the tool will try to clock the device at. The clock range is different for
different tools and devices. If there are restrictions, they will be stated in a message below the clock
slider.

Use external reset

If checked, the tool will pull the external reset line low when trying to connect to the device.

JTAG daisy-chain settings

Specify the JTAG daisy-chain settings relevant to the device to program.

Target is not part of a daisy-chain. Select this option when the target device is not part of a daisy-chain.

Daisy chain-Manual. Allows you to manually configure the JTAG daisy-chain in case you are
programming in a system-on-board.
» Devices before - specifies the number of devices preceding the target device.

* Instruction bits before - specifies the total size of the instruction registers of all devices, preceding
the target device.

« Devices after - specifies the number of devices following the target device.
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* Instruction bits after - specifies the total size of the instruction registers of all devices, following
the target device.

Daisy chain-Auto. Automatically detects the devices in the JTAG daisy-chain. Allows you to select the
device in the JTAG daisy-chain. Auto-detection is supported only for SAM devices.

ITAG Daisy chain settings
Target device is not part of a JTAG daisy chain

@ Daisy chain: Autc Position Mame IRLength

CoreSight JTAG-DP
1 CoreSight JTAG-DP 4

Device at Position 1 has TDI Pin connected directly to Debugger.

To accept the changes and configure the tool, press the Set button.
PDI
The PDI interface has only one setting — the PDI clock speed.
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JTAGICES {J30200010221) - Device Programming : ? =

Teool Device Interface Device ID Target Voltage

JTAGICE3 v | ATxmegal28Al ~ |PDI  + Read| 33V |Read|

Interface settings PDI Clock

Teol information _i 1 MHz
Device information

Memaries S ——
Fuses ik |
Lock bits

Production Signatures

Production file

|~ | Getting clock value..OK

Cloze

L )

PDI Clock is the maximum speed the tool will try to clock the device at. The clock range is different for
different tools and devices. If there are restrictions, they will be stated in a message below the clock
slider.

To apply the changes and configure the tool, press the Set button.

The clock cannot be adjusted on all tools, so an empty Interface settings page will be presented.
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Tool Information
Figure 5-4. Tool Info

STKE00 (0048395C7E2F) - Device Programming 2 23
Tool Device Interface Device ID Target Voltage
|STKGOO ~ | ATxmegal28Bl ~ [PDI = | 0:AEQ:@7 04D |Read| 35V |Read|

Interface settings

. ) STK600
Tool information _
Debug host 27001
Board settings Debug port 55467
Card stack Serial number 0048395CTE2ZF
Connection com.atmel.avrdbg.connection.jungoush
Device information Master Firmware Version 2.25

Slave 1 Firmware Version 2.1

Memories Slave 2 Firmwars Version 2.2
Fuses Hardware Yersion 3
Lock bits Copy to clipboard

Preduction Signatures
External Link:

Preduction file & Tool Information

|z| Getting tool info..0K

Close

b A

The Tool information page contains a number of useful tool parameters.

Tool Name denotes the common name for the connected tool.

Debug Host is the debug session's host IP address for the remote debugging case. If the tool is
connected to your machine, then the loopback interface IP (127.0.0.1) will show.

Debug Port is the port opened specifically for the remote debugging access to the debugging tool. The
port is automatically assigned when Atmel Studio starts and is usually 4711.

Serial number - tool serial number.
Connection - Microsoft Driver Framework Method's name used to connect the Tool to your PC.
XXX version - Firmware, hardware, and FPGA file versions are listed here.

Using the link on the bottom of the dialog you can access extensive information on your tool online.

Board Settings/Tool Settings

Some tools (Power Debugger, STK500, STK600, QT600) have on-board voltage and clock generators.
They can be controlled from the Board settings/Tool settings page.
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Power Debugger
The Power Debugger has a single voltage source and two channels of voltage/current measurement.

Figure 5-5. Power Debugger Tool Settings

Target Supply (WOUT) Channel & Channel B
Generated: 330V Vaoltage: 336V 336V
i MMeasured: 330V Current: 912 mA 0,00 A
Read ||  write Read

The voltage output (VOUT) is adjusted by the slider, or by typing a voltage in the Generated text boxes
below the slider.

After adjusting the set-point, press the Write button to apply the changes. The value is then sent to the
tool, and the measured value is read back.

Press the Read button to read both the set-point (Generated) and the Measured values from the Power
Debugger.
Note: There may be slight differences between the Generated and the Measured voltages.

The output voltage range is 1.6V to 5.5V.

The Channel A and Channel B measurements are snapshots of analog readings taken by the Power
Debugger. The tool is optimized for real-time monitoring of voltage and current, and this snapshot is thus
approximate. It does not perform calibration compensation, and readings are locked in the highest-current
range. For best results, use the Atmel Data Visualizer.

Note: When no load is connected to a measurement channel, non-zero measurements can be
expected.

STK600
The STK600 has three voltage sources and one clock generator.
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Figure 5-6. STK600 Board Settings

WTarget  ARefD ARefl  Clock generator

oV

Generated 409 330V 16,01 MHz

i Measured 50V 408V 329V

| Read || wiite |

The set-points of the three voltage sources (VTG, ARef0, and ARef1) are adjusted by the means of three
sliders. It is also possible to type a voltage in the Generated text boxes below the sliders. When you drag
the sliders, the text boxes will update. And when you type a value in the text box, the slider will move.

After adjusting the set-points, press the Write button to apply the changes. The values are sent to the
tool, and measured values are read back.

Measurements are shown in the Measured row and shown as blue columns as part of the slider controls.
The measured values cannot be edited.

Press the Read button to read both the set-point (Generated) and the Measured values from the
STK600.

Note: What is the difference between the Generated and the Measured voltages? The generated
voltage is the setting on the adjustable power supply, the measured voltage is the readout from the built-
in voltmeter. If the measured value is different from the generated voltage, this may indicate that the
target circuitry draws a lot of current from the generator.

Note: If the VTARGET jumper on STK600 is not mounted, the measured voltage will be 0, unless an
external voltage is applied to the VTARGET net.

The Clock generator is also adjusted by dragging the slider or typing into the text box below. Press the
Write button to apply the new value.

5.4.3 QT600
The QT600 has only one setting, the VTarget voltage. This voltage can be set to five fixed voltages: 0,
1.8, 2.7, 3.3, and 5V. Press the Write button to apply the changes.

The actual VTarget value is read back automatically when pressing the Write button. It is also possible to
read it back manually using the Read button.
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STK500
STK500 has settings similar to the STK600, but only one Aref voltage and combined generated/
measured values.

Card Stack

The STK600 uses a combination of routing and socket cards to let all AVR devices to be mounted. Given
the device, only certain combinations of routing and socket cards are valid. The Card stack page has
information about this.

Figure 5-7. Card Stack

STKB0O (0048395C7E2F) - Device Programming 2 2

Tool Device Interface Device ID Target Yoltage
STKG00 v | ATxmegal28Bl ~ [PDI  ~ | 0xlE0:97 0:4D  |Read| 35V | Read |

Interface settings

STK600 Card Stack

Tool information
Board settings

Card stack The currently selected device is ATxmegal28B1.
The following cards are installed on the STKG00:

Device information
@ STK600-RC100X-50 and STKe00-TQFP100

Memories which matches the selected device.
Fuses
. The cards support the following devices:
Lock bits .
* ATxmegall8Bl
Production Signatures * ATwmegafdBl

Production file

E| Getting board properties...Ok

Close

b A

The card stack page tells which cards are mounted on the STK600 and if they support the selected
device. If they do match, a list of devices supported by that card combination is listed.

If the mounted cards do not match, a list of suggested card combinations will be listed.
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Device Information
Figure 5-8. Device Information

|« | Reading device ID..OK

3

Memares ATXMEGA128A1-AU ATXMEGA128A1-CU
Fuses CPU: 8-bit AVR
; Flash size: 136 Khytes
Ecihits EEPROM size: 2 Kbytes
Production Signatures SRAM size: 8 Kbytes
WICC range: 16-36V 16-36V
Production file Maximum speed: 32 MHz 32 MHz
Copy to clipboard
External links
g Device Information @ Datasheets

Close

JTAGICES (J30200010221) - Device Programming ? 2
Tool Device Interface Device ID Target Voltage
\ITAGICE3 + | ATxmegal28Al ~ [JTAG ~ 0xE0:97 1AC  |Read| 33V |Read

Interface settings
: : ATxmegal28Al
Tool information
Device signature: Ox1E974C
Device information JTAG ID: Ox0974C03F

The device information page contains basic information

A

on the selected device. When the page is

accessed, it will try to read the JTAG (or device) signature from the connected device.

In the upper part of the dialog, you can see the device name, its signature, the JTAG part identification
number, and the device revision (extracted from the JTAG signature).

In the lower part of the dialog, you can see the device variants and characteristics of each variant.
Acceptable voltage range, followed by maximum operating clock speed, and the sizes of on-chip

memories.

The two links on the bottom of the dialog offer you to see a slightly more detailed device information in the
purchase catalog online or to download a complete data sheet of the target device.
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5.7 Oscillator Calibration
Figure 5-9. Oscillator Calibration

P )

STK600 (0045E5507D0C) - Device Programming [~ B[]
Taal Dewvice Interface Dewvice signature Target Waltage

STKGDD v | ATmegal2s > [ITag | Read| - [Read| [{J|

Interface settings Oscillator Calibration Byte

Toolinfarrnation Calibrate for frequency

Board settings

1.0 MHz -

Card stack N

Value: Address: Read ‘
Device information - @ Flash —_—
Oscillator Calibration OxEO Eeprom Write ‘
hemories
Fuses
Lock bits

Praduction file

Getting OSCCAL Walue,..,

(+] Getting OSCCAL Value...

Close

Oscillator Calibration Byte(s) for ATtiny and ATmega parts

From the Advanced tab, you can read the Oscillator Calibration Byte(s) for ATtiny and ATmega parts.
The oscillator calibration byte is a value that can be written to the OSCCAL register found in selected
devices, in order to tune the internal RC Oscillator to run as close to a chosen clock frequency as
possible.

Program

The oscillator calibration byte is stored in the device during manufacturing and can not be erased or
altered by the user. It is automatically transferred to the OSCCAL register during device start-up, or set
during program initialization, depending on the device. On devices where the application sets it during
program initialization, it must be transferred to FLASH or EEPROM first, using the programming dialog or
the command line tools.

Reading and Writing the Oscillator Calibration Byte for ATtiny and ATmega parts
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The calibration value is read from the storage in the device and shown in the Value text box by pressing
the Read button.

The calibration byte is programmed into FLASH or EEPROM memory by pressing the Write button.
Memory type and address must be specified first.

Memories
Figure 5-10. Memories Programming
STK600 (0048395CTE2F) - Device Programming =
Tool Device Interface Device ID Target Voltage
STKE00 v | ATxmegal28Bl ~ |PDI  ~| 0:E0:97 064D  |Read| 35V | Read|
Interface settings Device
Tool infarmation [Erase Chip v| [ Erase now |

Board settings Flash (128KB+B8KB BOOT)

Card stack ChbtmelMyProjectMyProjectFlash.hex - E|
Device information Eras_e Flash before prc:-gramrtning Program | [ Verity | [ —_— |
M ones ‘u"erlf],r Flash after programming
Fuses EEPROM [ZKE)
Lock bits ChAtmel\MyProject\MyPrajectEeprom.hex - E|
pebsionsams | (e SO T (gnn ) vy (s |
Production file

User Signatures (258bytes)

ChatmelMyProjectMyProjectUserSig.hex - E|
Erase User Signatures before programming [ Program | [ Verity | [ Reod.. |

Verify User Signatures after programming

(] OK

Close

From the Memories tab, you can access all the programmable memories on the target device. Memory is
erased by first selecting the memory type and then clicking on the Erase button. Selecting Erase Chip
will erase the entire contents of the device, including FLASH, EEPROM (unless the EESAVE fuse is
programmed), and lock-bits, but not Userpages if the device contains this.

.

Program

To program a file into the device's Flash memory, write the full path and file name in the combo box in the
flash section. Or, select the file by pressing the browse button (...).

Now, press the Program button to program the file into the memory.

If the Erase device before programming checkbox is checked, a chip erase operation will be
performed before the programming operation starts.

If the Verify device after programming checkbox is checked, the content will be verified after the
programming operation is done.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 214



Atmel Studio 7 User Guide

Programming Dialog

Some devices can also be programmed through a flashloader. This is mainly an advanced technique, but
it will usually give a significant speedup in the programming speed. For devices where this is supported, a
checkbox named Program flash from RAM will be shown. If this box is checked, the base address of the
location of the flashloader needs to be given.

Verify

To verify the flash content of the device, first, select the file you want to verify against, then, press the
Verify button.

Read

The contents of the Flash memory can be read out in Intel® hexadecimal file format, using the Read
button. Pressing the Read button will bring up a dialog offering you to specify where the file will be saved.

EEPROM
The device's EEPROM memory can be programmed in a similar way.
User Signatures

The XMEGA device's User Signature memory can be programmed the same way.
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5.9 Fuse Programming
Figure 5-11. Fuse Programming
JTAGICES (J30200010221) - Device Programming ? 2
Tool Device Interface Device ID Target Voltage
JTAGICE3 = | ATxmegal28Al ~ [JTAG | O:AE0:Q7 04C  |Read| 33V  |Read|
Interface settings Fuse Name Value

(V) ITAGUSERID  Ox00

@ wDwp ECLK ~ |

Tool information

Device information

) wWDP BCLK =
Memuories .

) DVSDON [
Fuses -

i) BOOTRST APPLICATIOM ~ |
Lock bits -

&0 BODACT CISABLED ~
Production Signatures —

¥ BODPD DISABLED ~
Production file () RSTDISBL [

¥ sut OMS ~

) WDLOCK ]

() ITAGEN

(¥) EESAVE

& BODLVL 2Vl -

Fuse Register  VWalue
FUSEBYTED  Ox00

FUSEBYTEL 0«00
FUSEBYTE2Z  OxFF
FUSEBYTE4  OxFE
FUSEBYTES  OxF5

[ Copy to clipboard |

Auto read
Verify after programming [ Program | [ Verify | [ Read |

E| Read registers..0K

Close

s A

The Fuses page presents the fuses of the selected device.

Press the Read button to read the current value of the fuses, and the Program button to write the current
fuse setting to the device. Fuse settings are presented as checkboxes or as drop-down lists.
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Detailed information on which fuses are available in the different programming modes and their functions
can be found in the device data sheet. Note that the selected fuse setting is not affected by erasing the
device with a chip-erase cycle (i.e. pressing the Chip Erase button on the Memories page).

Fuse values can also be written directly into the fuse registers in the lower pane as hexadecimal values.

Auto read If this check box is checked, the fuse settings will be read from the device
each time you enter the fuse page.

Verify after When this check box is checked, the settings will be verified after a
programming programming operation is completed.

The appearance of the fuse glyph describes whether the fuse information is up-to-date compared to the
state of the device.

) The fuse value is up-to-date, i.e the same state as in the device.
@ The fuse has been modified by the user and it is not yet programmed into the device.

? The fuse state is unknown, it has not been read from the device, nor modified by the user.

Lock Bits
The lock bit page is similar to the fuse page. For usage, see section 5.9 Fuse Programming.

Production Signatures

The production signature page is only visible for AVR XMEGA devices and shows factory programmed
data in the production signature row. It contains calibration data for functions such as oscillators and
analog modules. The production signature row cannot be written or erased.
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Figure 5-12. Production Signatures

Tool Device

Interface settings

Tool information

Device information
Memories

Fuses

Lock bits

Production Signatures

Production file

.

JTAGICES = | ATxmegal28Al

JTAGICES {J30200010221) - Device Programming

7| K
Interface Device ID Target Voltage
- maG. = OAE0O7 B4C  [Read| 33V [Read|
Production Signature.  Value Cescription 2
RCOSC2ZM 0x09 RCOSC 2MHz Calibration Value
RCOSC32K 0x2E RCOSC 32kHz Calibration Value
RCOSC32M 0x0B RCOSC 32MHz Calibration Value
LOTHUMO w30 Lot Number Byte O, ASCI
LOTMUML Ol Lot Number Byte 1, ASCII A
LOTHUMZ Ox36 Lot Number Byte 2, ASCI 1
LOTMLUM3 Ox38 Lot Number Byte 3, ASCI
LOTHURM4A 0x32 Lot Number Byte 4, ASCII
LOTNUMS 0x30 Lot Number Byte 5, ASCII
WAFNLUIN 0x13 Wafer Number
COORDHED 0x12 Wafer Coordinate X Byte 0 i
COORDX1 O0x00 Wafer Coordinate X Byte 1
COORDYO OwOE Wafer Coordinate ¥ Byte 0
COORDYL w00 Wafer Coordinate ¥ Byte 1
ADCACALD OxFF ADCA Calibration Byte 0
ADCACALL 0x00 ADCA Calibration Byte 1

-

E| Read registers..OK

Close

[¥] Auto read

Read |

A

Production Files

The ELF production file format can hold the contents of both Flash, EEPROM, and User Signatures
(XMEGA devices only) as well as the Fuse- Lockbit configuration in one single file. The format is based
on the Executable and Linkable Format (ELF).

The production file format is currently supported for tinyAVR, megaAVR, and XMEGA. See 3.2.7.7
Creating ELF Files with Other Memory Types for a description on how to configure the project in order to

generate such files.
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Figure 5-13. Production Files Programming

Simulator - Device Programming ?
Teool Device Device signature
Simulator ¥ | ATxmegal28Al ~  Apph O 1E974C @
Tool information Program device from ELF production file
Device information ChAtmelMyProject\xmegal28A1 elf N II|
Memories Flash EEPROM [] Fuses Lock bits
Fuses [] Verify Device ID
Lock bits [] Erase memory before programming
erl rogrammed content L Program_ | eri
Verify prog d P | [ Veriy |

Production file
Save to ELF production file

Flash:

1E
EEPROM: v E
1E

User Signatures:

Flazh EEPROM User Signatures [] Fuses [ ] Lock bits

Save

File Content

Flash: 340bytes
EEPROM: 2bytes
Fuses: 3bytes
Fuses: 127KE
Lock bits: Thytes
Signatures: 3bytes

Frogramming Flash.. UK
Verifying Flash...OK
Programming EEPROM...OK
Verifying EEPROM...OK
Programming Lock bits...OK
Verifying Lock bits.. 0K

[ +] Verifying Lock bits..OK

Close

Program device from ELF production file: To program your device from an ELF file, you must first

select a source file by typing its full path into the combo box, or by pressing the browse button E|
Depending on the contents of your file, checkboxes for the different memory segments will be activated.

It is possible to select one or several of the memory segments that the ELF production file contains. You
can then program and verify the device with the content of these segments in one single operation. Select
which memory segments you want to program by ticking off the corresponding checkboxes.

Select the Erase memory before programming check box, if you want an erase operation to be
performed before the programming operation.

Note: The erase memory operation will depend on the device selection. For tinyAVR and megaAVR,
both Flash, EEPROM, and lockbits will be erased (chip erase) independent of which memories are
selected, while for XMEGA only the selected memories will be erased.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 219



Atmel Studio 7 User Guide

Programming Dialog

Select the Verify device after programming checkbox, if you want the contents to be verified after the
programming operation is done.

Select the Verify Device ID checkbox, if you want to verify the device id stored in the file (signature
bytes) with the connected device.

Now, press the Program button to program the file into the memory.

You can verify the contents of the device against an ELF file by pressing the Verify button. The
verification will only verify the contents of the selected memory segments.

Figure 5-14. Production Files Creation

Simulator - Device Programming ?
Tool Device Device signature
Simulator ¥ | ATxmegal28A1 «  Apply O 1EG74AC @
Tool information Program device from ELF production file
Device information - III
Memories Flash EEPROM Fuses Lock bits

Fuses | Verify Device ID

Lock bits [] Erase memory before programming

[] verify programmed content Program
Production file

Save to ELF preduction file

Flash: ChAtme\MyProject\xmega128A1.elf V II'
EEPROCM: studichb \GocApplication8\GecApplication®\Debugh\GecApplication8.eep ~ II'
User Signatures: | GecApplication8\GecApplication8\Debug\GecApplication8.usersignatures + II'

Flash EEPROM User Signatures Fuses [] Lock bits

File Content

Flash: 540bytes
EEPROM: 2bytes
Fuses: 3bytes
Fuses: 127KB

Lock bits: Thytes
Signatures: 3bytes

Heading register FUSEBY [ EU.UK

Reading register FUSEBYTE1...OK

Reading register FUSEBYTEZ...0K

Reading register FUSEBYTE4...OK

Reading register FUSEBYTES...OK

Read registers...OK

Created elf file at C\Atmel\productionfilecreation.elf

E| Created elf file at C\Atmel\productionfilecreation.elf

Close

Save to ELF production file: Prior to creating the ELF file, specify the input file path for FLASH,
EEPROM, and Usersignature on the production file tab. Then configure the Fuse and Lockbits on the
corresponding tab and program it. The Fuse and Lockbits, which are programmed in the device will be

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 220



5.13

Atmel Studio 7 User Guide

Programming Dialog

taken as input while creating ELF file. Back on the production file tab, press the 'Save' button to generate
the ELF file.

You must specify which segments are to be present in the production ELF file by ticking the
corresponding checkboxes.

Security

The security bit allows the entire chip to be locked from external JTAG or other debug access for code
security. Once set, the only way to clear the security bit is through the Chip Erase command.

Figure 5-15. Security Page

s )

AVR Simulator - Device Programming ? 2
Tool Device Device ID
AVE Simulater = | AT32UC3L064 - 0232 0:03 000 0:3F | Read
Tool information Security Bit

Setting the security bit will lock the chip memory from further access to internal data
through all external programming and debugging interfaces.

Device information

Memories Cnce set, the only way to clear the security bit is using the Chip Erase command.
Fuses i

: Set | [ Read | Value: Unknown ¥ Auto Read
Security

| ~| Read SecurityBit..OK

Close

e o

To check the state of the security bit, press the Read button on the Security page of the programming
dialog. The value should now read Cleared or Set. Set meaning that the security bit is set, and Cleared
meaning that it is not set. If the Auto Read checkbox is ticked off, the Read operation will be performed
automatically when the Security page is opened.

To set the security bit, simply press the Set button on the Security page of the programming dialog. Now
the device is locked for all further JTAG or aWire access except for the Chip Erase command.

Locked device

When the security bit is set, the device is locked for most external debug access. Attempts to program or
read any memories or fuses will cause an error message to appear.
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Figure 5-16. Security Bit Error

JTAGICEZ {()30200010221) - Device Programming ; ® =
Tool Device Interface Device ID Target Voltage
JTAGICER ATIAUCIAIING ITAG (ed 2 ()2 (i) O3 12y
Interf3 ' =4
Tool if o : —
Security Bit is set, memories are locked for external access
Device Perform a Chip Erase command to enable programrming.
Memd
Fuses v | Details -
Securi

| Close |

Auto read

Verify after programming

E| Read registers..Failed! . . |E|

e A

To unset the security bit, issue the Chip Erase command. This can be done from the Memories page,
see 5.8 Memories.

5.14 Automatic Firmware Upgrade Detection

As mentioned in the 6.5 Firmware Upgrade section, you may encounter a dialog stating that your tool's
firmware is out of date when you open the Device Programming dialog.
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Device Pack Manage

r

The Device Pack Manager is used to manage the devices supported by Atmel Studio.

The Device Pack Manager is launched from Tools — Device Pack Manager.

Figure 6-1. Device Pack Manager Menu

Tools | Window  Help

5 |
=

o

Command Prompt
Device Pack Manager
Device Programming
Add target...

Data Visualizer

Select profile

Code Snippets Manager...
Extensions and Updates...
Atmel Gallery Profile...
External Tools...

Import and Export Settings...
Customize...

Options...

Ctrl+5hift+P

Ctrl+ K, Ctrl+B

THAEITTITI T T AT eI T VAT T X TP TEY
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Figure 6-2. Device Pack Manager

= Device Pack Manager = =

Advanced

& Install ~ i [M] Uninstall [ 3> Check for Updates Search Packs, Devices (Ctrl+5)
[ Pack Device Name B Family Core
@ ATautomotive_DFP Not Installed 2 ATAS5272 ATautomotive AVRE | &
] 1.1.79 (2015-12-28) - Split EEPROM address space in EEPROM and CALDATA segment. New
@ ATmega_DFP Update Available ATAS5505 (ATautomotive AVRE
] 1091 (2015-11-13) - Initial release. New ili;gimzz i:"“t“’m“‘f"e ‘XE:
;. ‘automotive
[] 1.0.68 (2015-06-16) - Initial release. ATAsTER ATautomotive VRS
(~) ATtinyDFP Up to date ATASTE3 ATautomotive  |AVRE
] 1.0.71 (2015-11-06) - Fix simulater load issue for ATtiny85, ATtiny43U, ATting88, ATtiny1634, ATtir ATAS790 ATautomative  [AVRE
ATASTOON [ATautemotive AVRE
(=) cwsis Up to date ATAS791 ATautomotive  |AVRS
[] 4.2.0(2014-09-24) - ATA5795 ATautomotive  [AVARS
@ SAM3A DFP Up to date ATA5331 [ATautemotive AVEE
- ATAS832 ATautomoti AVRS
[ 1.0.32 (2015-09-09) - Initial release. outometie
ATAS5833 (ATautomotive AVRE
(~) SAM2N_DFP Up to date ATAG285 ATautomotive |AVRS
] 1.041(2015-09-09) - Initial release. ATABG2E6 |ATautomotive AVRE
ATABE12C [ATautomotive AVRE
(~) sam3s DF? Up to date ATAB613C ATautomotive _|AVRE
[] 1.047 (2015-09-25) - Initial release. ATABE14Q ATautomotive AvRE
@ SAM3U DFP Up to date ATABB1BC [ATautemotive AVEE
[ 1.0.32 [(2015-09-09) - Initial release. ATABE17C Alautomatve  |AVRS
ATABB4251 |ATautomotive AVRE
(~) SAM3X_DFP Up to date ATAB210 ATautomotive  |AVRS
] 1033 (2015-09-09) - Initial release. ATAB215 ATautomotive  [AVRS
— v ATAS510 |ATautomotive AVRE
s 2 ATARS15 ATatamntive  [AVR o
Pack location: C:\Program Files (x86)\AtmeNStudio\7.0\Packs

The Device Pack Manager consists of two panes. The left pane shows the list of packs that are installed.
The right pane shows the devices that are provided by the pack selected in the left pane.

Packs can have any of the following statuses:

Up to date Pack is already up-to-date and latest.
Update Available New update is available.

Not Installed Pack is not installed but can be downloaded.
Actions

Install selected packs Download and install all packs that have been selected using the check-boxes
besides the version.

Install all updates Download and install all available updates.

Browse pack file Install an already downloaded pack file.

Uninstall Uninstalls all packs that have been selected using the checkboxes besides the
version.

Check for Updates Check for new and updated packs.

Search The search box can be used to search for a specific pack or a device in any of
the packs.
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Reset cache Resetting the cache will re-index all installed packs. This does not uninstall or
remove anything. It is in the Advanced menu.

Note: After installing, updating, or removing packs, Atmel Studio has to be restarted before the changes
become visible.

User Interface Profile Selection
Different user interface profiles targeted for different use are available in Atmel Studio.

The user interface profile controls the visibility of menus, window layouts, toolbars, context menus, and
other elements of Atmel Studio. The following modes are available:

Standard The default profile. Includes the most used windows and menus.

Advanced The profile used in previous versions of Atmel Studio. This profile includes advanced
debugging and refactoring tools.

Figure 6-3. Profile Selection

Atmel Studio Ul Profiles

Select a user interface profile.

Standard «
Advanced

A minimal profile optimized with most commonly used layout for development and debugging.

You can go to Tools — Select Profile to change the profile later.

The profile selection window is shown the first time Atmel Studio is started. Selecting a profile in the list
will show a description of the profile. Clicking the Apply button applies the profile to Atmel Studio.

The profile can be changed at any time by navigating to Tools — Select Profile, or by clicking the profile
name that is displayed in the top right corner of Atmel Studio.
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Figure 6-4. Selected Profile

E Start Page - AtmelStudio Standard Mode  X° | Quick Launch (Ctrl+Q) P - B x
File  Edit View Project Debug Tools Help
=2 o |

Start Page & X

e e | i = = Mo Device No Tool | -

' ATMEL
) STUDIO

Start Discover Atmel Studio

Solution Explorer

| &

)

New Example Project.. Getting started with Atmel Studio

Open Project...
penTE Getting started with AVR development

Recent Open Atmel Start Configurator

Download Atmel Studio Extensions

< Show feeds Download documentation

Keep page open after project load
~ Show page on startup

+ BGGiTERLLE Solution Explorer

Error List  Task List Output

Ready

When switching profiles, any changes done to the active profile is saved. Going back to the previous
profile will restore the changes as well as the profile.

Using the Reset option discards any changes saved to the profile and restores it to the default profile.

Available Tools View

Introduction

The Available Tools view (View — Available Atmel Tools) contains a list of all connected tools such as
programmers, debuggers, and starter kits. The Simulator is always present. Other tools will show up
when they are connected to the PC.
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Available Tools

Tools and Simulators Status

i{— A‘-.I‘F{ OME! (DODDOBEBCTAA) Connected

0 Simulataor Connected

6.3.2 Tool Actions
The following actions can be selected by right clicking tools in the Available Tools view:

Device Programming Opens the Device Programming window with the tool preselected.

Self-test Some tools are capable of performing a self-test. Follow the displayed
instructions.
Add target Adds a tool to the list of available tools that is not auto-detectable. See 6.3.3

Add a Non-Detectable Tool for more information.
Upgrade Starts the firmware upgrade tool with the selected tool.

Show Info Window  Shows the Tool Info window. Not all tools support this feature. See 6.4 Tool Info
Window for more information.

6.3.3 Add a Non-Detectable Tool
The STK500 does not have a USB connection, and cannot be automatically detected by Atmel Studio. So
it must be added to the list of available tools before it can be used by the Device Programming window.

To add an STK500, right click inside the Available Tools view, select Add target, and select the STK500
as the tool and the COM port your STK500 will be connected to.
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This wizard allows you to add tools that are not detectable (e.g. senal connected tools)

Select tool

Select Senal port

Press the Apply button and the STK500 will be displayed in the list of available tools.

Note: An STK500 that has been added will be visible in the Available Tools view event even if no
STKS500 is connected to the specified COM port.

If you want to remove STK500 from the list, you can right click on it and select Remove from the context
menu.

6.3.3.1 Add J-Link over IP
In the Add target dialog, it is possible to add a remote Segger J-Link debug probe. Both using a debug
probe with built-in ethernet such as the J-Link PRO? and any other Segger probe by using the J-Link
Remote Server software®.

Figure 6-5. Add J-Link over IP

P "

Add target @

This wizard allows wou to add tools that are not detectable (e.q. serial connected tools)

Select toal J-Link ower IP v|

Address

@iConnect by hostname

Port

Connect by serial nurmber

Spply ] [ Cancel

3 See https://www.segger.com/jlink-pro.html
4 See https://www.segger.com/jlink-remoteserver.html
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To add a debug probe that is connected to a J-Link Remote Server, choose Connect by hostname and
enter the IP address or the hostname of the computer running the J-Link Remote Server. If the J-Link
Remote server is running on a non-standard port® then the port also needs to be entered. If the J-Link
Remote Server is running on the default port, the port can be left empty.

To add a debug probe that has built-in ethernet, choose Connect by serial number in the Add target
dialog, and enter the serial number of the debug probe.

Tool Info Window

The Tools Info window shows information about connected tools. At the moment, only the Xplained Pro
series is supported.

5 The standard port of the J-Link Remote Server is port 19020
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Figure 6-6. The Tool Info Window

samt xplained pro 0021 < |

MCU board SAMAL Xolained P =
daine ro
SAMAL Xplained Pro P

Extension
101 Xplained Pro
OLED] Xplained Pro
Segrment LCDL Xplained Pro

m

The Atmel SAM4L Xplained Pro evaluaticn kit is a hardware platform
to evaluate the Atmel ATSAMALCACA microcontreller. Supported by
the Atmel Studic integrated development platform, the kit provides
easy access to the features of the Atmel SAM4L and explains how to
integrate the device in a custom design.

[L'l'_-_u| Mew Example Project.,

Atmel Studio Help:

& Kit userguide

External Links:

Technical documentation
ATSAMALCAC device datashest
.-.,r:.‘g Atmel Web Store

# | Kit details
Senal number ATMLI7EZ020200000021
Board name SAMAL Xplained Pro
Manufach Atrmel
Show page on connect ankactarer me -
Tarmat namo ATSARAL AT
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When a tool is connected, the window will open. It has a short description of the tool, an image of the tool,
and a section of links to the user guide, relevant data sheets on the internet, etc.

There is also a table with technical details about the tool, such as firmware version, serial number, etc.

Xplained Pro Kits

The Xplained Pro family of boards supports a range of expansion boards. When an Xplained Pro board is
connected, the Tool Info window will show a list on the left side of the window, containing the main board
and all connected expansions. Click on the main board and the expansion to see details about the
different boards.

Disable the Tools Info Window

By deselecting the Show page on connect check box, the window will not automatically open when
Atmel Studio is open and you connect the kit.

This feature works on a per-tool basis, which means you can select for every tool you have if they should
show the Tool Info window when connected.

Manually Showing the Window

If you want to see the Tool Info window again after it has been closed, you can right click on the tool in
the Available Tools view and select Show Info Window.

Figure 6-7. Show Tool Info Window

Available Tools

Tools and Simulators

Device Programming
Add Target...
Upgrade...

Show Info Window

See also 6.3 Available Tools View.

Firmware Upgrade

Introduction

Atmel Studio will include the latest firmware for all Microchip tools. New firmware may provide support for
new devices and bugfixes.

Automatic Upgrade

Atmel Studio will automatically upgrade the tool's firmware when needed. A potential firmware upgrade is
triggered once you start using a tool. Examples: the first time you launch a debug session or the first time
you select the tool in the Device Programming dialog.

The tool cannot be used by Atmel Studio if the user chooses not to upgrade.
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You can also check for firmware upgrades by using the Available Tools view (View — Available Atmel
Tools). Right click on a tool and select Upgrade.

For a description on how to do a manual upgrade, downgrade, and upgrade with a custom firmware
image, see 6.5.3 Manual Upgrade.

Manual Upgrade
Atmel Studio includes a command line utility called at fw.exe which can be used to do a manual
upgrade of most Microchip tools. at fw.exe is installed in the atbackend subfolder.

atfw.exe can be used to:
»  Perform upgrade from a script
*  Upgrade using a custom firmware file
* Read out firmware version

For details on how to upgrade using this utility, execute at fw.exe -h.

Note: If a tool is locked in firmware upgrade mode, and normal reset does not restore normal operation,
a forced firmware upgrade should reset the tool to a working state.

To do a firmware upgrade on a tool already in upgrade mode, invoke at fw the same way as a normal
firmware upgrade. Some warnings may be displayed as the tool is unable to switch the tool to upgrade
mode, but should proceed with the upgrade.

If a tool listing is done, the tool will have a name that is related to the mode it is in. at fw should, however,
be invoked with the tool name as it is presented to the user in normal operation.

Find and Replace Window

You can use the Find and Replace window to search for text strings, expressions, or entity names within
the code of your documents. To access this window, from the Edit menu, click Find and Replace, and
then select one of the options listed.

The Find and Replace window contains a toolbar with two drop-downs, one for find operations and one
for replace operations. When you select an operation, the corresponding options for the operation are
displayed. You can search and replace in one or more files or an entire solution for text, code, or symbols.
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Figure 6-8. Find and Replace

Find and Replace * [ X
(# Find In Files = | 87 Quick Replace ~

Find what:
| =] ¥
Loak in:
| 55
¥ Indude sub-folders
j—Find options
" Match case
™ match whole ward
[T Use:
IFf'.e-;--,-:ar EXpressions j

Look at these file types:

| =]
[} Result options

List results in:
¥ Find results 1 window

i~ Find results 2 window

[ Display file names only

[T keep modifiedifiles open after
Replace Al

Quick Find allows you to search the code of one or more open documents for a string or expression. The
selection moves from match to match, allowing you to review each match in its surrounding context.

Note: The matches found are not listed in the Find Results window.
You can use any of the following methods to display Quick Find in the Find and Replace window.
To display Quick Find

1. On the Edit menu, expand Find and Replace.

2. Choose Quick Find.
_or_
If the Find and Replace window is already open, on the toolbar, click the triangular View button on
the left drop-down and then choose Quick Find.

Quick Find can search through a document either forward or backward from the insertion point. The
search automatically continues past the end or start of the document into the unsearched portion. A
message appears when the entire document has been searched.

Find what

These controls allow you to specify the string or expression that will be matched.
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Reuse one of the last 20 search strings by selecting it from this drop-down list, or type a new text string or
expression to find.

Table 6-1. Quick Find

I o

[string with If you want to use wildcards such as asterisks (*) and question marks (?) in your
wildcards] search string, select the Use checkbox under Find options and then choose
Wildcards.

[regular expression] | To instruct the search engine to expect regular expressions, select the Use
checkbox under Find options and then choose Regular expressions.

Expression Builder

This triangular button next to the Find what field becomes available when the Use Checkbox is selected
in Find options and Regular Expressions appears in the drop-down list. Click this button to display a list
of wildcards or regular expressions, depending upon the Use option selected. Choosing any item from
this list adds it into the Find what string.

Find Next

Click this button to find the next instance of the Find what string within the search scope chosen in Look
in.

Bookmark All

Click this button to display blue bookmarks at the left edge of the code editor to indicate each line where
an instance of the Find what string occurs.

Look in

The option chosen from the Look in the drop-down list determines whether Quick Find searches only in
currently active files.

Look in
Select a predefined search scope from this list.

Table 6-2. Look in Scopes

oon oo

Selection This option is available when text is selected in the code editor. Searches only the
selected text in the currently active document.

<Current Block> | The name of this option indicates the location of the insertion point in the code
editor. Searches within the current procedure, module, paragraph, or code block.

Current This option is available when a document is open in an editor. Searches only the
Document active document for the Find what string.

Current Window | This option is available when a searchable tool window, such as the View in Browser
window, has focus. Searches all content displayed in this window for the Find what
string.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 234



Atmel Studio 7 User Guide

Miscellaneous Windows

oo ———————————————

All Open Searches all files currently open for editing as if they were one document. When the

Documents starting point of the search is reached in the current file, the search automatically
moves to the next file and continues until the last open file has been searched for
the Find what string.

Current Project Searches all files in the current project as if they were one document. When the
starting point of the search is reached in one file, the search continues in the next
until the last file in the project has been searched.

Find options
You can expand or collapse the Find options section. The following options can be selected or cleared:
Match case

Only displays instances of the Find what string that are matched both by content and by case. For
example, a search for 'MyObject’ with Match case selected will return 'MyObject' but not 'myobject’ or
'MYOBJECT".

Match whole word

Only displays instances of the Find what string that are matched in complete words. For example, a
search for 'MyObject' will return 'MyObiject' but not 'CMyObject’ or 'MyObjectC'.

Search up
When selected, files are searched from the insertion point to the top of the file.
Search hidden text

When selected, the search will also include concealed and collapsed text, such as the metadata of a
design-time control; a hidden region of an outlined document; or a collapsed class or method.

Use

Indicates how to interpret special characters entered in the Find what or Replace with text boxes. The
options include:

Table 6-3. Search with Special Characters

I o

Wildcards Special characters such as asterisks (*) and question marks (?) represent one or
more characters. For a list, see Wildcards (Visual Studio).

Regular Expressions  Special notations define patterns of text to match. For a list, see Regular
Expressions (Visual Studio).

Toolbar

A toolbar, with two drop-downs, appears at the top of the Find and Replace window. These drop-downs
allow you to choose the type of search or replace you intend to perform and changes the options
displayed in the window to match.
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Table 6-4. Find and Replace Toolbar

Find (left drop-down) Quick Find
Find in Files
Find Symbol

Replace (right drop-down) Quick Replace

Replace in Files

Figure 6-9. Find Results

Find Results 1 » [ X

3| = |8

J b

Figure 6-10. Find Symbol Results

Find Symbol Results »* [ X

&t Find Symbol Results

Export Template Wizard

Atmel Studio project and item templates provide reusable and customizable project and item stubs that
accelerate the development process because users do not have to create new projects and items from
scratch.

Note: This functionality is inherited from Microsoft Visual Studio® and the documentation from Microsoft
goes beyond what is mentioned in this section.

Open the Export Template Wizard by clicking File — Export Template.... This opens the Export Template
Wizard shown in the figure below.
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Figure 6-11. Export Template Wizard...
[ Export Template Wizard | X ]

t

i g

Choose Template Type

This wizard will allow you to export a project or project item from the current sclution to a template which future
projects can then be based upon.

Which type of template would you like to create?
@ Project template

A project template will allow a user to create a new project based on your exported project. A user will be able to
utilize your template from the Mew Project dialog box for client projects and from the New Website dialog box for
websites,

) Item template I

An item template will allow a user to add your item to one of their existing project. Your template will be available
to the user from the Add Mew Item dialog box.

From which project would you like to create a template?

TestTemplatell hd I

MNext = Cancel

Project Template

A Project template is a template that contains a whole project. This template can be redistributed to other
users to ease the setup of a default project. The code, which is to be the template, can contain
parameters that are substituted on creation. See 6.7.3.2 Default Template Parameters for information on
this.

The template wizard is mostly self-explanatory, and on completion, the created template will be available
in the File — File — New Project... dialog.

Item Template

An Item template is a template that contains a single file or collection of files. The code, which is to be the
template can contain parameters that are substituted on creation. See 6.7.3.2 Default Template
Parameters for information on this.

The template wizard is mostly self-explanatory, and on completion, the created template will be available
as a file type when files are added to the project.

Template Parameters

All templates support parameter substitution to enable replacement of key parameters, such as class
names and namespaces, when the template is instantiated. These parameters are replaced by the
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template wizard that runs in the background when a user clicks OK in the New Project or Add New Item
dialog boxes.

Declaring and Enabling Template Parameters

Template parameters are declared in the format Sparameters.

Default Template Parameters

The table below lists the reserved template parameters that can be used by any template.
Note: Template parameters are case-sensitive.

Table 6-5. Template Parameters

$itemname$ The name provided by the user in the Add New Item dialog box
$machinename$ The current computer name
$projectname$ The name provided by the user in the New Project dialog box

$registeredorganization$ The registry key value from HKLM\ Software\Microsoft\Windows NT
\CurrentVersion\RegisteredOrganization

$safeitemname$ The name provided by the user in the Add New Item dialog box, with all
unsafe characters and spaces removed

$safeprojectname$ The name provided by the user in the New Project dialog box, with all unsafe
characters and spaces, removed

$time$ The current time in the format DD/MM/YYYY 00:00:00

$userdomain$ The current user domain

$username$ The current username

$year$ The current year in the format YYYY

$guid[1-10]$ A GUID used to replace the project GUID in a project file. You can specify up

to 10 unique GUIDs (for example, guid1)

Custom Template Parameters

You can use the CustomParameter element in your .vstemplate file to add new parameters to a
template.

Locate the TemplateContent element in the .vstemplate file for the template.

2. Add acustomParameters element and one or more CustomParameter child elements as
children of the TemplateContent element.

Figure 6-12. Adding Custom Parameters
<TemplateContent>

<CustomParameters>
<CustomParameter Name="$MyParameterl$" Value="MyValue2"/>
<CustomParameter Name="$MyParameter2$" Value="MyValue2"/>
</CustomParameters>
</TemplateContent>

3. Use the parameter in one or more of the code files in the template as shown in 6.7.3.2 Default
Template Parameters.
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Kit Mode Setting
Some kits operate with different modes. This window can be used to change the mode.

Figure 6-13. Kit Mode Settings

Kit Mode Settings >

Current mode
Auto:  Automatic kit mode selection during boot (use persisted setting)

Select mode

Auto s Persistent

Autormatic kit mode selection during boot (use persisted setting)

Close

Some examples of the choices that can be made are listed in the following table.

Select mode m Resulting mode

Mass Storage Auto, enumerating as a Mass Storage Device kit

DGl ves Auto, enumerating as a DGI kit

Mass Storage Mass Storage, enumerating once as a Mass Storage Device kit before
No returning to the previous mode

DGI DGI, enumerating once as a DGI kit before return to the previous mode

Note: When the persistent mode is used, the kit will reboot into Auto mode, since the persistent choice
changes the kit default.
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GNU Toolchains

GNU Toolchains are a set of standalone command line programs used to create applications for SAM and
AVR microcontrollers.

GNU Compiler Collection (GCC)

The GNU Compiler Collection is used by Atmel Studio at the build stage. The architecture specific
versions of the GNU Compiler Collection supports C-code compilation, assembly and linking of C and
C++.

The AVR GNU compiler collection is distributed under the terms of the GNU General Public License,
http://www.gnu.org/licenses/gpl.html. A copy of this license is also found in the installation folder of Atmel
Studio.

ARM Compiler and Toolchain Options: GUI
To get help about ARM GCC Toolchain, you can do the following:

. For general information about GCC, visit the official GNU GCC web site
*  Alternatively, you can write arm-none-eabi-gcc —--help and see the explanation of some of the
parameters in the command output

This section illustrates the GUI options that are available for the ARM GNU Toolchain in Atmel Studio.
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Figure 7-1. ARM GNU Toolchain Properties

GecApplication *AaXx
Build
Configuration: | Active (Debug) v Platform: | Active (AVR) w
Build Events
Toolchain Configuration Manager...
Device o ﬂ;—\\-"RJ"GNU Common AVR/GNU C Compiler
& General
Tool =& OutputFiles Command: avr-goc
4 [ AVR/GNU C Compiler
Advanced & General All Options: -funsigned-char -funsigned-bitfields -DDEBUG -O1 -ffunc
j’Preprocessor
5%’ Symbols
jDirectories
E’Optimizatian
;'?Debugging
E’Warnings

7 Miscellaneous

4 [E] AVR/GNU Linker
A General
H Libraries
E’Optimfzation
& Memory Settings
jl’\-"liscellaneous

4 [ AVR/GNU Assembler
H General
E’Debugging

4 [ AVR/GNU Archiver
jGeneraI

Table 7-1. ARM GNU Common Options

N

Thumb(-mthumb)/ARM(-marm) Switch between ARM and Thumb processor mode

Table 7-2. ARM GNU C Compiler Options

e

Preprocessor options
-nostdinc Do not search system include directories
-E Preprocess only; Do not compile, Assemble, or link

Symbols options

There one can define (-D) or undefine (-U) a number of in-source symbols. New symbol declarations
can be added, modified, or reordered, using the interface buttons below:

T4
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N

Add a new symbol. This and all following icons are reused with the same meaning in other parts
of Atmel Studio interface.

5

Remove a symbol.

S

Edit symbol.

Move the symbol up in the parsing order.
Move the symbol down in the parsing order.

Include directories

Default Include Path Enabling this option will add the include path that is
specific to the selected SAM device

Contains all the included header and definition directories, can be modified, using the same interface as
symbols

Optimization options

Optimization level (drop-down menu): -O0, -  No optimization, optimize for speed (level 1 - 3),
01, -02, -03, -Os optimize for size

Other optimization flags (manual input form) | Here you should write optimization flags specific to the
platform and your requirements

-ffunction-sections Place each function into its own section
-funsafe-math-optimizations Enable unsafe match optimizations
-ffast-math Enable fast math

-fpic Generate position independent code

Debug options

Debug level (drop-down menu): none, -g1, - | Specifies the level of tracing and debugging code and
g2, -g3 headers left or inserted in the source code

Other debug options (form field) Architecture-specific debug options

-pg Generate gprof information

-p Generate prof information
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N

Warning messages output options

-Wall
-Werror
-fsyntax-only

-pedantic

-pedantic-errors

-W

Other flags (form field)
-V

-ansi

-save-temps

Option

Table 7-3. ARM GCC Linker Options

All warnings
Treat all warnings as errors
Check syntax only

Check conformity to GNU, raise warnings on non-
standard programming practice

Same as above, plus escalate warnings to errors
Inhibits all warnings

Miscellaneous options

Input other project-specific flags

Verbose (Display the programs invoked by the compiler)
Support ANSI programs

Do not delete intermediate files

Description

I

-WI -nostartfiles
-WI -nodefault
-WI -nostdlib
-WI -s

-WI -static

-Map

Libraries -WI, -I (form field)

Library search path -WI, -L (form field)

-WI, -gc-sections

Do not use standard files
Do not use default libraries
No start-up or default libraries
Omit all symbol information
Link statically
Generates Map file
Libraries options
You can ﬂ, prioritize, or edit library names here, using those

B (8] 512

You can add, prioritize, or edit path where the linker will search
for dynamically linked libraries. Same interface as above.

buttons: ks

Optimization options

Garbage collect unused sections
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G e

-funsafe-math-optimizations Enable unsafe math optimizations
-ffast-math Enable fast math
-fpic Generate position independent code

Miscellaneous options
Other linker flags (form field) Input other project-specific flags

Option Description

Linker Scripts

. In 'linker->miscellaneous->linker flags' ($LinkerScript FLASH) is added by
default. It will be replaced with the appropriate (device_name)_flash.Id file during Build. Similarly
($LinkerScript SRAM) will be replaced with the appropriate (device_name)_sram.ld file.

*  You can always override the default flash linker scripts by replacing ($LinkerScript FLASH) or
($LinkerScript SRAM) with your custom linker script option -
T'custom linker script.ld’

Note: These device-specific linker scripts will be available in the 'ProjectFolder/Linkerscripts' directory. In
case of changing the device after project creation, Atmel Studio will automatically add the correct linker
scripts for the selected device.

ARM Assembler Options
Table 7-4. Arm Assembler Options

N

Optimization options
Assembler flags (form field) Miscellaneous assembler flags

Include path (form field) You can add, prioritize, or edit path to the architecture and
platform specific included files here

-V Announce version in the assembler output
-W Suppress Warnings
Debugging options

Debugging level (drop-down menu) None, | Enable debugging symbols and debugging source insertion

(-9)-

Option Description

ARM Preprocessing Assembler Options
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Table 7-5. ARM Preprocessing Assembler Options

N T S

Optimization options
Assembler flags (form field) Miscellaneous assembler flags

Include path (form field) You can add, prioritize, or edit path to the architecture and
platform specific included files here

-V Announce version in the assembler output
-W Suppress Warnings
Debugging options

Debugging level (drop-down menu) None, -  Enables debugging symbols and debugging source
Wa -g. insertion

Option Description

ARM GNU Toolchain Options

ARM/GNU Common Options
. Thumb (-mthumb) /Arm (-marm)

Allows you to select the processor mode.

Compiler Options

Preprocessor

. -nostdinc

Do not search the standard system directories for header files. Only the directories you have
specified with -l options (and the directory of the current file, if appropriate) are searched.
« -E

Stop after the preprocessing stage; do not run the compiler proper. The output is in the form of
preprocessed source code, which is sent to the standard output. Input files which don't require
preprocessing are ignored.

Symbols
+ -D
* -D name

Predefine name as a macro, with definition 1.

Eg:
e -D name=value
Predefine name as a macro, with definition value. The contents of definition are tokenized

and processed as if they appeared during translation phase three in a #define directive. In
particular, the definition will be truncated by embedded newline characters.
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. -U

Cancel any previous definition of name, either built in or provided with a -D option.

-D and -U options are processed in the order they are given on the command line. All -imacros file and -
include file options are processed after all -D and -U options.

Directories

. -I dir

Add the directory dir to the list of directories to be searched for header files. Directories named by -I
are searched before the standard system include directories. If the directory dir is a standard
system include directory, the option is ignored to ensure that the default search order for system
directories and the special treatment of system headers are not defeated.

Optimization

» There is a general switch ‘-O<optimization_level>" which specifies the level of optimization used
when generating the code:

-0Os

Signal that the generated code should be optimized for code size. The compiler will not care
about the execution performance of the generated code.
-00

No optimization. GCC will generate code that is easy to debug but slower and larger than with
the incremental optimization levels outlined below.
-01 or -O

This will optimize the code for both speed and size. Most statements will be executed in the
same order as in the C/C++ code and most variables can be found in the generated code.
This makes the code quite suitable for debugging. This is default.

-02

Turn on most optimizations in GCC except for some optimizations that might drastically
increase code size. This also enables instruction scheduling, which allows instructions to be
shuffled around to minimize CPU stall cycles because of data hazards and dependencies, for
CPU architectures that might benefit from this. Overall this option makes the code quite small
and fast, but hard to debug.

-03

Turn on some extra performance optimizations that might drastically increase code size but
increase performance compared to the -O2 and -O1 optimization levels. This includes
performing function inlining

*  Other optimization options

-ffunction-sections

-fdata-sections

Place each function or data item into its own section in the output file if the target supports
arbitrary sections. The name of the function or the name of the data item determines the
section's name in the output file.

Only use these options when there are significant benefits from doing so. When you specify
these options, the assembler and linker will create larger object and executable files and will
also be slower.
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— —funroll-loops

Perform loop unrolling when iteration count is known. If code size is not a concern then some
extra performance might be obtained by making gcc unroll loops by using the ‘~funroll-loops”
switch in addition to the *-O3’ switch.

7.3.2.5 Debugging

-g level (Debugging level)
. —g]_
It produces minimal information, enough for making backtraces in parts of the program that

you don't plan to debug. This includes descriptions of functions and external variables, but no
information about local variables and no line numbers.

. —gz

It is the default debugging level.
. —g3

It includes extra information, such as all the macro definitions present in the program. Some
debuggers support macro expansion when you use -g3.

7.3.2.6 Warnings

.

-Wall

Show all warnings.

-Werror

Show warnings as errors.
-fsyntax-only

Check the code for syntax errors, but don't do anything beyond that.

-pedantic

Issue all the warnings demanded by strict ISO C, reject all programs that use forbidden extensions,
and some other programs that do not follow ISO C. Valid ISO C programs should compile properly
with or without this option (though a rare few will require -ansi or a -std option specifying the
required version of ISO C). However, without this option, certain GNU extensions and traditional C
features are supported as well. With this option, they are rejected.

-pedantic-errors

Pedantic warnings are produced as errors.

-W

Inhibit all warning messages.

7.3.2.7 Miscellaneous

-V

Verbose option. It prints (on standard error output) the commands executed to run the stages of
compilation. Also, print the version number of the compiler driver program and of the preprocessor
and the compiler proper.

-ansi

Support ANSI programs. This turns off certain features of GCC that are incompatible with ISO C90
(when compiling C code). For the C compiler, it disables recognition of C++ style // comments as
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well as the inline keyword. The -ansi option does not cause non-ISO programs to be rejected
gratuitously. For that, -pedantic is required in addition to -ansi.

7.3.3 Linker Options

7.3.3.1  General

-Wl,option

Pass option as an option to the linker. If option contains commas, it is split into multiple options
at the commas. You can use this syntax to pass an argument to the option. For example, *-WI,-
Map,output.map' passes -Map output.map' to the linker.

-W1l, -nostartfiles

Do not use the standard system startup files when linking. The standard system libraries are used
normally, unless —-nostdlib or -nodefaultlibs is used.

-W1l, -nodefault

Do not use the standard system libraries when linking. Only the libraries you specify will be passed
to the linker, options specifying linkage of the system libraries, such as -static-1ibgcc or-
shared-1libgcc, will be ignored. The standard start-up files are used normally, unless -
nostartfiles is used. The compiler may generate calls to memcmp, memset, memcpy, and
memmove. These entries are usually resolved by entries in libc. These entry points should be
supplied through some other mechanism when this option is specified.

-W1l, -nostdlib

Do not use the standard system start-up files or libraries when linking.

One of the standard libraries bypassed by -nostdlib and -nodefaultlibsis libgcc.a, a
library of internal subroutines that GCC uses to overcome shortcomings of particular machines, or
special needs for some languages. In most cases, you need libgcc.a even when you want to avoid
other standard libraries. In other words, when you specify -nostdlib or -nodefaultlibs you
should usually specify -Igcc as well. This ensures that you have no unresolved references to
internal GCC library subroutines.

-W1l,-s

Remove all symbol table and relocation information from the executable.
-Wl,-static

On systems that support dynamic linking, this prevents linking with the shared libraries. On other
systems, this option has no effect.
-Wl,-Map

Generates Map file.

7.3.3.2 Libraries

-Wl,-1library
Search the library named library when linking.

It makes a difference where in the command you write this option; the linker searches and
processes libraries and object files in the order they are specified. Thus, foo.o -1z bar.o searches
library z after file foo.o but before bar.o.

The linker searches a standard list of directories for the library, which is actually a file named
liblibrary.a. The linker then uses this file as if it had been specified precisely by name.
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.

-Wl, Ldir

Add directory dir to the list of directories to be searched for -I.

7.3.3.3 Optimization

-Wl, --gc-sections
Garbage collect unused sections.

Enable garbage collection of unused input sections. It is ignored on targets that do not support this
option. The default behavior (of not performing this garbage collection) can be restored by
specifying “--no-gc-sections' on the command line. “--gc-sections' decides which input sections are
used by examining symbols and relocations. The section containing the entry symbol and all
sections containing symbols undefined on the command-line will be kept, as will sections containing
symbols referenced by dynamic objects.

-funsafe-math-optimizations

Enable unsafe math optimizations.
-ffast-math

Enable fast math
-fpic

Generate position independent code.

7.3.4 Assembler Options

-I

Use this option to add a path to the list of directories as searches for files specified in .include
directives (see .include). You may use -l as many times as necessary to include a variety of paths.
The current working directory is always searched first; after that, as searches any "-I' directories in
the same order as they were specified (left to right) on the command line.

-V

Announce version.

Debugging (-g)

Use this option to enable the debug level.

7.3.5 Preprocessing Assembler Options

-I

Use this option to add a path to the list of directories as searches for files specified in .include
directives (see .include). You may use -l as many times as necessary to include a variety of paths.
The current working directory is always searched first; after that directories are searched in the
same order they are specified (left to right) on the command line.

-V

Announce version.
Debugging (Wa, -g)

Use this option to enable the debug level.

7.3.6 Archiver Options

-r
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Replace existing or insert new file(s) into the archive.

7.4 Binutils
The following ARM GNU Binutils are available:

.

arm-none-eabi-ld - GNU linker.

arm-none-eabi-as - GNU assembler.

arm-none-eabi-addr2line - Converts addresses into filenames and line numbers.
arm-none-eabi-ar - A utility for creating, modifying, and extracting from archives.
arm-none-eabi-c++filt - Filter to demangle encoded C++ symbols.
arm-none-eabi-nm - Lists symbols from object files.

arm-none-eabi-objcopy - Copies and translates object files.
arm-none-eabi-objdump - Displays information from object files.
arm-none-eabi-ranlib - Generates an index to the contents of an archive.
arm-none-eabi-readelf - Displays information from any ELF format object file.
arm-none-eabi-size - Lists the section sizes of an object or archive file.
arm-none-eabi-strings - Lists printable strings from files.

arm-none-eabi-strip - Discards symbols.

For more information about each util, use the built-in help command: <util name here> --help.

7.5 AVR Compiler and Toolchain Options: GUI
To get help about AVR GNU toolchain, you can do the following:

For information about avr32-gcc usage in Atmel Studio and general parameters, consult the 3.2.7
GCC Project Options and Configuration section

The API reference for the AVR libc implementation can be found here

The API Alphabetical index can be consulted here
For general information about GCC, visit the official GNU GCC web site

Alternatively, you can write avr32-gcc --help and see explanations on some of the parameters
in the command output

This section illustrates the GUI options that are available for the AVR GNU toolchain from the Atmel
Studio frontend.
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Figure 7-2. AVR GNU Toolchain Options

GecApplication *AaXx
Build
Configuration: | Active (Debug) v Platform: | Active (AVR) w
Build Events
Toolchain Configuration Manager...
Device o d;—\\-"RJ"GNU Common AVR/GNU C Compiler
& General
Tool =& OutputFiles Command: avr-goc
4 [ AVR/GNU C Compiler
Advanced & General All Options: -funsigned-char -funsigned-bitfields -DDEBUG -O1 -ffunc
;?Preprocessor
5%’ Symbols
jDirectories
jOptimizatian
;:f"Debugging
;?Warnings

7 Miscellaneous

4 [E] AVR/GNU Linker
A General
H Libraries
jOptiml’zati:Jn
& Memory Settings
jl’\-"liscellaneous

4 [ AVR/GNU Assembler
H General
E?Debugging

4 [ AVR/GNU Archiver
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AVR GNU C Compiler Options

Table 7-6. AVR GNU C Compiler Options

T T S

-mcall-prologues
-mno-interrupts
-funsigned-char

-funsigned-bitfield

-nostdinc

-E

General options

Use subroutines for functions prologues and epilogues
Change stack pointer without disabling interrupts
Default char type is unsigned
Default bit field is unsigned

Preprocessor options
Do not search system directories
Preprocess only

Symbols options
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T T

One can define (-D) or undefine (-U) a number of in-source symbols. New symbol declarations can be
added, modified, or reordered, using the interface buttons below:

w

Add a new symbol. This and all following icons are reused with the same meaning in other parts

of Atmel Studio interface.

L5

Remove a symbol.

o5

Edit symbol.

Move the symbol up in the parsing order.

21

Move the symbol down in the parsing order.

Include directories

Contains all the included header and definition directories, can be modified, using the same interface as
symbols.

Optimization level (drop-down menu): -O0, -
01, -02, -03, -Os
Other optimization flags (manual input form)

-ffunction-sections

-fpack-struct

-fshort-enums

-mshort-calls

Debug level (drop-down menu): none, -g1, -

92, -g3

Optimization options

No optimization, optimize for speed (level 1 - 3),
optimize for size

Here you should write optimization flags specific to the
platform and your requirements

Prepare functions for garbage collection, if a function is
never used, its memory will be scrapped

Pack structure members together

Allocate only as many bytes needed by the enumerated
types

Use rimp/rcall limited range instructions on the >8K
devices

Debug options

Specifies the level of tracing and debugging code and
headers left or inserted in the source code
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N

Other debug options (form field)

Architecture-specific debug options

Warning messages output options

-Wall
-Werror
-fsyntax-only

-pedantic

-pedantic-errors

Other flags (form field)
-V

-ansi

-save-temps

AVR GCC Linker Options
Table 7-7. AVR GCC Linker Options

All warnings
Escalate warnings to errors
Check syntax only

Check conformity to GNU, raise warnings on non-
standard programming practice

Same as above, plus escalate warnings to errors

Miscellaneous options

Input other project-specific flags
Verbose
Support ANSI programs

Do not delete temporary files

I

-WI -nostartfiles
-WI -nodefault
-WI -nostdlib
-WI -s

-WI -static

Libraries -WI, -I (form field)

Library search path -WI,-L (form field)

-WI, -gc-sections

--rodata-writable

Do not use standard files
Do not use default libraries
No start-up or default libraries
Omit all symbol information
Link statically
Libraries options
You can add, prioritize, or edit library names here, using those

buttons: E ﬂ El ﬂ J

You can add, prioritize, or edit path where the linker will search
for dynamically linked libraries, same interface as above

Optimization options
Garbage collect unused sections

Put read-only data in writable spaces
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N

-mrelax Relax branches

Miscellaneous options

Other linker flags (form field) Input other project-specific flags

Memory Settings

Displays a dialog where it is possible to configure memory segments. (Syntax for specifying segment
values: <segmentname> = <address>, for example boot=0xff)

The address must be given as a hexadecimal number prefixed with Ox. It is interpreted as a word address
for flash memory and a byte address for SRAM and EEPROM memory.

Figure 7-3. Memory Settings

GecApplication *Oox

Build
Configuration: | Active (Debug) v Platform: | Active (AVR) v

Build Events

. Configuration Manager...
Toolchain

Device “ dA}/R/CNU Comman AVR/GNU Linker = Memory Settings
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Tool & OutputFiles Initial Stack Address (hex):
4 [#] AVR/GNU € Compiler
Advanced H General
jPreprocessor
giymbols AVR port of GCC: The AVR is a Harvard architecture CPU. This means that it separates instruction memory and
= Directories data memory. The gce was originally designed to support Von Neumann architectures which
. efine a single storage structure to hold both instructions and data.This dichatomy is solve
[ Optimization defi gl g hold both d data.This dichotomy is solved
3 )y a series of nifty tricks in the port of gee, of which three should be noted:
_:fDthngg by i ks in the AVR f of which three should b d;
& Warnings
B Miscellaneous The .text segment starts at 0x0.
4 [Z] AVR/GNU Linker
" General FLASH se .E SRR
_ ey )| =] B |9
o Libraries =L
(& Optimization
# Memory Settings
[ Miscellaneous
4 [Z] AVR/GNU Assembler

ST <segmentname>= <address>, for example .boot=(xff

% General
d jDebuggmg
4 | AVR/GMU Archiver _ =
[ General SRAM segment EEEREE

|EEPRCM5egment l.' w4

Notes about the AVR port of GCC

The AVR is a Harvard architecture CPU. This means that it separates instruction memory and data
memory. The GCC was originally designed to support Von Neumann architectures which define a single
storage structure to hold both instructions and data. This dichotomy is solved by a series of nifty tricks in
the AVR port of GCC, of which three should be noted:

*  The .text segment starts at 0x0

*  The .data segment starts at 0x800000

* The .eeprom segment starts at 0x810000

These peculiarities have been abstracted away by the GUI, but users will see the truth when building
projects with relocated segments.

A relocation definition for flash will be passed to the GNU linker via avr-gcc as the option:

. -W1l, -section-start=bootloader=0x1£fc00
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Note that the address has been multiplied by 2 to get the byte address.

A relocation definition for the .data section will be passed as:

-W1l,-section-start=anewdatasegment=0x800

AVR Assembler Options
Table 7-8. AVR Assembler Options

e

Optimization options

Assembler flags (form field) Miscellaneous assembler flags

Include path (form field) You can add, prioritize, or edit path to the architecture and

platform specific included files here
Announce version in the assembler output

Debugging options

Debugging (drop-down menu) None, -Wa Enables debugging symbol and debugging source insertion

-9

7.6 Commonly Used Options

7.6.1 Compiler Options

7.6.1.1 General

-funsigned-char

Each kind of machine has a default for what char should be. It is either like unsigned char by
default or like signed char by default. This option says that the default char type is unsigned.

-funsigned-bitfields

These options control whether a bit-field is signed or unsigned when the declaration does not use
either signed or unsigned. These options say that the default bitfield type is unsigned.

7.6.1.2 Preprocessor

-nostdinc

Do not search the standard system directories for header files. Only the directories you have
specified with -l options (and the directory of the current file, if appropriate) are searched.
-E

Stop after the preprocessing stage; do not run the compiler proper. The output is in the form of
preprocessed source code, which is sent to the standard output. Input files which don't require
preprocessing are ignored.

7.6.1.3 Symbols

-D
. -D name

Predefine name as a macro, with definition 1.
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E.g.:
. -D name=value

Predefine name as a macro, with definition value. The contents of definition are tokenized
and processed as if they appeared during translation phase three in a #define directive. In
particular, the definition will be truncated by embedded newline characters.

. -U
Cancel any previous definition of name, either built-in or provided with a -D option.

-D and -U options are processed in the order they are given on the command line. All -imacros file and -
include file options are processed after all -D and -U options.

7.6.1.4 Directories
. -I dir

Add the directory dir to the list of directories to be searched for header files. Directories named by -I
are searched before the standard system include directories. If the directory dir is a standard
system include directory, the option is ignored to ensure that the default search order for system
directories and the special treatment of system headers are not defeated.

7.6.1.5 Optimization
* There is a general switch ‘-O<optimization_level>" which specifies the level of optimization used
when generating the code:

— -0s

Signal that the generated code should be optimized for code size. The compiler will not care
about the execution performance of the generated code.

- -00

No optimization. This is the default. GCC will generate code that is easy to debug but slower
and larger than with the incremental optimization levels outlined below.

— =01 or -0

This will optimize the code for both speed and size. Most statements will be executed in the
same order as in the C/C++ code and most variables can be found in the generated code.
This makes the code quite suitable for debugging.

- -02

Turn on most optimizations in GCC except for some optimizations that might drastically
increase code size. This also enables instruction scheduling, which allows instructions to be
shuffled around to minimize CPU stall cycles because of data hazards and dependencies, for
CPU architectures that might benefit from this. Overall this option makes the code quite small
and fast, but hard to debug.

- =03
Turn on some extra performance optimizations that might drastically increase code size but

increase performance compared to the -O2 and -O1 optimization levels. This includes
performing function inlining

*  Other optimization options

— -—ffunction-sections

— -—fdata-sections
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Place each function or data item into its own section in the output file if the target supports
arbitrary sections. The name of the function or the name of the data item determines the
section's name in the output file.

Only use these options when there are significant benefits from doing so. When you specify
these options, the assembler and linker will create a larger object and executable files and will
also be slower.

— —funroll-loops

If code size is not a concern then some extra performance might be obtained by making gcc
unroll loops by using the ‘~funroll-loops” switch in addition to the -O3’ switch.

Debugging
* -g level (Debugging level)
. —g]_
It produces minimal information, enough for making back-traces in parts of the program that
you don't plan to debug. This includes descriptions of functions and external variables, but no
information about local variables and no line numbers.
. —gz
It is the default debugging level.
. —g3
It includes extra information, such as all the macro definitions present in the program. Some
debuggers support macro expansion when you use -g3.
Warnings
. -Wall
Show all warnings.
. -Werror
Show warnings as errors.
o -fsyntax-only
Check the code for syntax errors, but don't do anything beyond that.
. -pedantic
Issue all the warnings demanded by strict ISO C, reject all programs that use forbidden extensions,
and some other programs that do not follow ISO C. Valid ISO C programs should compile properly
with or without this option (though a rare few will require -ansi or a -std option specifying the
required version of ISO C). However, without this option, certain GNU extensions and traditional C
features are supported as well. With this option, they are rejected.
. -pedantic-errors
Pedantic warnings are produced as errors.
. -w
Inhibit all warning messages.
Miscellaneous

-V
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Verbose option. It prints (on standard error output) the commands executed to run the stages of
compilation. Also, print the version number of the compiler driver program and of the preprocessor
and the compiler proper.

. -ansi

Support ANSI programs. This turns off certain features of GCC that are incompatible with ISO C90
(when compiling C code). For the C compiler, it disables recognition of C++ style // comments as
well as the inline keyword. The -ansi option does not cause non-ISO programs to be rejected
gratuitously. For that, -pedantic is required in addition to -ansi.

7.6.2 Linker Options

7.6.21 General
. -W1l,option

Pass option as an option to the linker. If option contains commas, it is split into multiple options
at the commas. You can use this syntax to pass an argument to the option. For example, *-WI,-
Map,output.map' passes "-Map output.map' to the linker.

. -W1l, -nostartfiles

Do not use the standard system startup files when linking. The standard system libraries are used
normally, unless -nostdlib or -nodefaultlibs is used

. -W1l, -nodefault

Do not use the standard system libraries when linking. Only the libraries you specify will be passed
to the linker, options specifying linkage of the system libraries, such as -static-1ibgcc or -
shared-1libgcc, will be ignored. The standard start-up files are normally used, unless -
nostartfiles is used. The compiler may generate calls to memcmp, memset, memcpy, and
memmove. These entries are usually resolved by entries in libc. These entry points should be
supplied through some other mechanism when this option is specified.

. -W1l,-nostdlib

Do not use the standard system start-up files or libraries when linking.

One of the standard libraries bypassed by -nostdlib and -nodefaultlibsis libgcc.a, a
library of internal subroutines that GCC uses to overcome shortcomings of particular machines, or
special needs for some languages. In most cases, you need libgcc.a even when you want to avoid
other standard libraries. In other words, when you specify -nostdlib or -nodefaultlibs you
should usually specify -Igcc as well. This ensures that you have no unresolved references to
internal GCC library subroutines.

. -Wl,-s

Remove all symbol table and relocation information from the executable.
. -Wl,-static

On systems that support dynamic linking, this prevents linking with the shared libraries. On other
systems, this option has no effect.

7.6.2.2 Libraries
. -Wl,-1library

Search the library named library when linking.
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It makes a difference where in the command you write this option; the linker searches and
processes libraries and object files in the order they are specified. Thus, foo.0 -1z bar.o searches
library z after file foo.o but before bar.o.

The linker searches a standard list of directories for the library, which is actually a file named
liblibrary.a. The linker then uses this file as if it had been specified precisely by name.

-Wl, Ldir

Add directory dir to the list of directories to be searched for -I.

Optimization

-Wl, --gc-sections
Garbage collect unused sections.

Enable garbage collection of unused input sections. It is ignored on targets that do not support this
option. The default behavior (of not performing this garbage collection) can be restored by
specifying “--no-gc-sections' on the command line. “--gc-sections' decides which input sections are
used by examining symbols and relocations. The section containing the entry symbol and all
sections containing symbols undefined on the command-line will be kept, as will sections containing
symbols referenced by dynamic objects.

--rodata-writable

Put read-only data in writable data section.

Assembler Options

-I

Use this option to add a path to the list of directories as searches for files specified in .include
directives (see .include). You may use -l as many times as necessary to include a variety of paths.
The current working directory is always searched first; after that, as searches any -I' directories in
the same order as they were specified (left to right) on the command line.

-V

Announce version.

8-bit Specific AVR GCC Command Line Options

This section describes the options specific to AVR 8-bit Toolchain.

AVR C Compiler

General

-mcall-prologues

Functions prologues/epilogues are expanded as call to appropriate subroutines. Code size will be
smaller.
-mno-interrupts

Change the stack pointer without disabling interrupts. Generated code is not compatible with
hardware interrupts. Code size will be smaller.

-mno-tablejump

Do not generate table jump instructions (removed from GCC 4.5.1 coz same as -fno-jump-tables).
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.

-msize

Output instruction sizes to the asm file (removed from avr-gcc coz same as using -dp switch which
prints the instruction length).

7.7.1.2 Optimization

-fpack-struct

Without a value specified, pack all structure members together without holes. When a value is
specified (which must be a small power of two), pack structure members according to this value,
representing the maximum alignment (that is, objects with default alignment requirements larger
than this will be output potentially unaligned at the next fitting location).

—-fshort-enums

Allocate to an enum type only as many bytes as it needs for the declared range of possible values.
Specifically, the enum type will be equivalent to the smallest integer type which has enough room.
-mshort-calls

Use rimp/rcall (limited range) on >8K devices.

7.7.1.3 Miscellaneous

.

—-save-temps

Do not delete temporary files. Store the usual 'temporary' intermediate files permanently; place
them in the current directory and name them based on the source file. Thus, compiling foo.c with -c
-save-temps would produce files foo.i and foo.s, as well as foo.o. This creates a preprocessed foo.i
output file even though the compiler now normally uses an integrated preprocessor.

7.7.2 AVR C Linker

7.7.21 Optimization

-mrelax

Relax branches. Linker relaxing is enabled in the linker by passing the ‘—relax’ option to the linker.
Using GCC as a frontend for the linker, this option is automatically passed to the linker when using
02’ or ‘-O3’ or explicitly using the ‘-mrelax’ option. When this option is used, GCC outputs pseudo
instructions like Ida.w, call etc. The linker can then if the input file is tagged as relaxable, convert a
pseudo instruction into the best possible instruction with regards to the final symbol address.

7.8 32-bit Specific AVR GCC Command Line Options

7.81 Optimization

-mfast-float

The switch, causes fast, non-ieee compliant versions of some of the optimized AVR 32-bit floating-
point library functions to be used. This switch is by default enabled if the ‘-ffast-math’ switch is
used.

-funsafe-math-optimizations

Allow optimizations for floating-point arithmetic that (a) assume that arguments and results are valid
and (b) may violate IEEE or ANSI standards. When used at link-time, it may include libraries or
start-up files that change the default FPU control word or other similar optimizations. This option is
not turned ON by any ‘-O’ option since it can result in incorrect output for programs which depend
on an exact implementation of IEEE or ISO rules/specifications for math functions. It may, however,
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yield faster code for programs that do not require the guarantees of these specifications. Enables ‘-
fno-signed-zeros’, ‘-fno-trapping-math’, ‘-fassociative-math’ and ‘-freciprocal-math’.
-ffast-math

This option causes the preprocessor macro _ FAST_MATH__ to be defined. This option is not
turned on by any ‘-O’ option since it can result in incorrect output for programs which depend on an
exact implementation of IEEE or ISO rules/specifications for math functions. It may, however, yield
faster code for programs that do not require the guarantees of these specifications. It sets ‘~-fno-
math-errno’, ‘-funsafe-math-optimizations’, ‘~ffinite-math-only’, ‘-fno-rounding-math’, ‘-fno-signaling-
nans’ and ‘-fcx-limited-range’.

-fpic

Generate position-independent code (PIC) suitable for use in a shared library, if supported for the
target machine. Such code accesses all constant addresses through a global offset table (GOT).
The dynamic loader resolves the GOT entries when the program starts (the dynamic loader is not
part of GCC; it is part of the operating system). If the GOT size for the linked executable exceeds a
machine-specific maximum size, you get an error message from the linker indicating that ‘-fpic’
does not work; in that case, recompile with ‘-fPIC’ instead. (These maximums are 8k on the SPARC
and 32k on the m68k and RS/6000. The 386 has no such limit.) Position-independent code requires
special support, and therefore works only on certain machines. For the 386, GCC supports PIC for
System V but not for the Sun 386i. Code generated for the IBM RS/6000 is always position-
independent. When this flag is set, the macros __pic__and _ PIC__ are defined to 1.
-mno-init-got

Do not initialize GOT register before using it when compiling PIC code.

-masm-addr-pseudos

This option is enabled by default and causes GCC to output the pseudo instructions call and Ida.w
for calling direct functions and loading symbol addresses respectively. It can be turned OFF by
specifying the switch ‘-mno-asm-addr-pseudos’. The advantage of using these pseudo-instructions
is that the linker can optimize these instructions at link time if linker relaxing is enabled. The ‘-
mrelax’ option can be passed to GCC to signal to the assembler that it should generate a relaxable
object file.

-mforce-double-align

Force double-word alignment for double-word memory accesses.

-mimm-in-const-pool

When GCC needs to move immediate values not suitable for a single move instruction into a
register, it has two possible choices; it can put the constant into the code somewhere near the
current instruction (the constant pool) and then use a single load instruction to load the value or it
can use two immediate instruction for loading the value directly without using a memory load. If a
load from the code memory is faster than executing two simple one-cycle immediate instructions,
then putting these immediate values into the constant pool will be most optimal for speed. This is
often true for MCU architectures implementing an instruction cache, whereas architectures with
code executing from the internal flash will probably need several cycles for loading values from
code memory. By default, GCC will use the constant pool for AVR 32-bit products with an
instruction cache and two immediate instructions for flash-based MCUs. This can be overridden by
using the option ‘-mimm-in-const-pool’ or its negated option ‘-mno-imme-in-const-pool’.
-muse-rodata-sections
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By default GCC will output read-only data into the code (.text) section. If the code memory is slow it
might be more optimal for performance to put read-only data into another faster memory, if
available. This can be done by specifying the switch ‘-muse-rodata-section’, which makes GCC put
read-only data into the .rodata section. Then the linker file can specify where the content of

the .rodata section should be placed. For systems running code from flash, this might, however,
mean that the read-only data must be placed in flash and then copied over to another memory at
start-up, which means that extra memory usage is required with this scheme.

7.8.2 Debugging

~Pg

Generate extra code to write profile information suitable for the analysis program gprof. You must
use this option when compiling the source files you want data about, and you must also use it when
linking.

-P

Generate extra code to write profile information suitable for the analysis program prof. You must

use this option when compiling the source files you want data about, and you must also use it when
linking.

7.8.3 AVR32 C Linker

7.8.3.1  Optimization

-mfast-float

Enable fast floating-point library. Enabled by default if the -funsafe-math-optimizations switch is
specified.
-funsafe-math-optimizations

Allow optimizations for floating-point arithmetic that (a) assume that arguments and results are valid
and (b) may violate IEEE or ANSI standards. When used at link-time, it may include libraries or
start-up files that change the default FPU control word or other similar optimizations. This option is
not turned on by any ‘-O’ option since it can result in incorrect output for programs which depend on
an exact implementation of IEEE or ISO rules/specifications for math functions. It may, however,
yield faster code for programs that do not require the guarantees of these specifications. Enables ‘-
fno-signed-zeros’, ‘-fno-trapping-math’, ‘-fassociative-math’, and ‘-freciprocal-math’. The default is ‘-
fno-unsafe-math-optimizations’.

-ffast-math

This option causes the preprocessor macro _ FAST_MATH__ to be defined. This option is not
turned on by any ‘-O’ option since it can result in incorrect output for programs which depend on an
exact implementation of IEEE or ISO rules/specifications for math functions. It may, however, yield
faster code for programs that do not require the guarantees of these specifications. It sets ‘-fno-
math-errno’, ‘-funsafe-math-optimizations’, ‘-ffinite-math-only’, ‘-fno-rounding-math’, ‘-fno-signaling-
nans’, and ‘-fcx-limited-range’.

-fpic

Generate position-independent code (PIC) suitable for use in a shared library, if supported for the
target machine. Such code accesses all constant addresses through a global offset table (GOT).
The dynamic loader resolves the GOT entries when the program starts (the dynamic loader is not
part of GCC; it is part of the operating system). If the GOT size for the linked executable exceeds a
machine-specific maximum size, you get an error message from the linker indicating that *-fpic’
does not work; in that case, recompile with ‘-fPIC’ instead. (These maximums are 8k on the SPARC
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and 32k on the m68k and RS/6000. The 386 has no such limit.) Position-independent code requires
special support and, therefore, works only on certain machines. For the 386, GCC supports PIC for
System V but not for the Sun 386i. Code generated for the IBM RS/6000 is always position-
independent. When this flag is set, the macros __pic__and __PIC__ are defined to 1.
-W1l,--direct-data

Allow direct data references when optimizing. To enable the linker to convert an Ida.w into an
immediate move instruction, i.e. linker relaxing, the option ‘—direct-data’ must be given to the
linker.

7.8.3.2 Miscellaneous

-Xlinker[option]

Pass option as an option to the linker. You can use this to supply system-specific linker options
which GCC does not know how to recognize. If you want to pass an option that takes a separate
argument, you must use -Xlinker twice; once for the option and once for the argument. For
example, to pass -assert definitions, you must write "-Xlinker -assert -Xlinker definitions'. It does not
work to write -Xlinker -assert definitions', because this passes the entire string as a single
argument, which is not what the linker expects. When using the GNU linker, it is usually more
convenient to pass arguments to linker options using the option=value syntax than as separate
arguments. For example, you can specify “-Xlinker -Map=output.map' rather than "-Xlinker -Map -
Xlinker output.map'. Other linkers may not support this syntax for command-line options.

7.9 Binutils
The following AVR 32-bit GNU Binutils are available:

avr32-ld- GNU linker.

avr32-as - GNU assembler.

avr32-addr2line - Converts addresses into filenames and line numbers.
avr32-ar - A utility for creating, modifying and extracting from archives.
avr32-c++filt - Filter to demangle encoded C++ symbols.

avr32-nm - Lists symbols from object files.

avr32-objcopy - Copies and translates object files.

avr32-objdump - Displays information from object files.

avr32-ranlib - Generates an index to the contents of an archive.
avr32-readelf - Displays information from any ELF format object file.
avr32-size - Lists the section sizes of an object or archive file.
avr32-strings - Lists printable strings from files.

avr32-strip - Discards symbols.

For more information about each util, use the built-in help command: avr32-<util name here> --

help.

For general information about GNU Assembler (GAS), GNU linker and other binutils, visit the
official GNU Binutils web site.
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Extending Atmel Studio

Atmel Studio includes a tool named Extension Manager that lets you add, remove, enable, and disable
Atmel Studio extensions. To open Extension Manager, on the Tools menu, click Extension Manager.

Extension developers are advised to uninstall previous versions of extensions in progress and uninstall or
disable potentially conflicting extensions to prevent conflicts during development.

Extension Manager Ul

The Extension Manager window is divided into three panes. The left pane lets you select by group:
installed extensions and new extensions from the online gallery.

Figure 8-1. Extension Manager
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Atmel Software Framework
Provides software drivers and libraries to build applications for Atmel
devices. The minimum supported ASF version is 2.9.0.

AVRAssembler
The AVR Assembler Toolchain Extension for Atmel Studio.
awrasm2 Version: 2.1.51

AVRGCC
The AVR Toolchain Extension for Atmel Studio, . |
AVRE-GMU Version: 3.4.0.653. AVR32-GNU Version: 3.4.0.332. J"'—'J‘.-Jde . -
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productivity-boosting features. ("Hep;
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ﬂ WaoVS DevStore (Atmel Studio)
J The door to productivity, through community.

Close

The extensions are displayed in the middle pane. You can sort the list by name or author from the
combobox above the list.

When you select an extension in the middle pane, information about it appears in the right pane.
Extension installed by the current user can be uninstalled or disabled, extensions distributed with Atmel
Studio cannot be changed.

The Extension Manager window also includes a search box. Depending on the selection in the left pane,
you can search installed extensions, the online gallery, or available updates.

Online Gallery Extension Manager can install extensions from the Atmel Studio Gallery. These extensions
may be packages, templates, or other components that add functionality to Atmel Studio.
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To get started with the extension manager, check the 8.3 Installing New Extensions in Atmel Studio.
Extension Types

Extension Manager supports extensions in the VSIX package format, which may include project
templates, item templates, toolbox items, Managed Extension Framework (MEF) components, and
VVSPackages. Extension Manager can also download and install MSl-based extensions, but it cannot
enable or disable them. Atmel Studio Gallery contains both VSIX and MSI extensions.

Dependency Handling

If a user tries to install an extension that has dependencies, the installer verifies that those dependencies
are already installed. If they are not installed, Extension Manager shows the user a list of dependencies
that must be installed before the extension can be installed.

Installing Without Using Extension Manager

Extensions that have been packaged in .vsix files may be available in locations other than the Atmel
Studio Gallery. Extension Manager cannot detect these files. However, you can install a .vsix file by
double-clicking it and then following the setup instructions. When the extension is installed, you can use
Extension Manager to enable it, disable it, or remove it.

Registering at the Microchip Gallery
In order to download extensions, registering at the Microchip Gallery is required.

Figure 8-2. Microchip Gallery Download
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Debugging ﬁ\ Micrachip Gallery | Free | Rating:
Development Microchip Gallery Reviews
\ bes  Doviod |
Frojects
I Toolchain
I Tools
b Training
i Utilities
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Wireless
Updates (2)
1
Change your Extensions and Updates sethings
Close

Once you click download, you will be taken to the sign-in page of the Microchip Gallery.
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Figure 8-3. Sign-in page to Microchip Gallery
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Clicking on Sign in, on the top right of the dialog, you will be asked to sign into your Microchip account.
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Figure 8-4. Sign in with a Microchip account
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Clicking on Sign In takes you to the myMicrochip sign-in page.
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Figure 8-5. myMicrochip Sign In
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8.3 Installing New Extensions in Atmel Studio

Step 1
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Figure 8-6. Extension Manager
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Opening the extension manager window will show extensions installed.

In order to find and install a new extension, click the Available Downloads tab in the left pane.
Step 2

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 269



Atmel Studio 7 User Guide
Extending Atmel Studio

Figure 8-7. Retrieving List of Extensions
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Updating the available extension list will take some time.

Step 3
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Figure 8-8. List of Extensions

Extension Manager @Iﬂ—hj
Installed Extensions Sort by: [Highest Ranked - | Search Available Downloads P |
Available Downloads

AnkhSVN # | Created by: Atmel
All 4 AnkhSVN - Subversion Support for Visual Studio Version: 5.0.395
Updates Downloads: 22

Rating:
More Information

o

Terminal Window
An extension for a terminal window inside Atmel
Studio providing serial port cormmunication.

Atmel Software Framework @
Atmel Software Framework

Reviews

QTouch Library 9
Provides libraries for QTouch. The minimum
supported ASF version is 211.1.

Help Search

A collection of extensions to the search interface,

0

QTouch Composer ()
Provides QTouch Analyzer and QTouch Design Wizard S

1

Cloze

A green check mark identifies already installed extensions.

Select QTouch Composer and press Download. If you have not previously registered as a user in the
Extension Gallery you will be taken to the 8.2 Registering at the Microchip Gallery at this point.
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Figure 8-9. Extension

Download Progression

i Extension Manager

Available Downloads

All
Updates

Sort by: [Highest Ranked

| Search Available Downloads

)

AnkhSVN
AnkhSVM - Subwversion Suppert for Visual Studio

Terminal Window
An extension for a terminal window inside Atrmel
Studio providing serial port cormmunication.

Atmel Software Framework
Atmel Software Framework

QTouch Library
Provides libraries for QTouch. The minimum
supported ASF version is 211.1.

Created by: Atmel
Version: 5.0.395
Downloads: 19
Rating:

More Information

Reviews

;) Help Search
# A collection of extensions to the search interface,
D ding QTouch Comp
QTouch
Provides
- -
1

The download will start as indicated in the status bar of Atmel Studio. If the extension is distributed as a
standalone installer you will be asked for a location to save the file. Downloading can take several

minutes for large files. A dialog with a running bar is displayed during download. Not that download can
take a long time for large extensions. Press Cancel to abort the download.

Step 4

Figure 8-10. Extension License

-

Download and Install

Install QTouch Composer

This extension does not contain a digital signature.
LICEMSE AGREEMENT

You ("Custemer” or "You") must read this Limited License Agreement
(this "Agreement") carefully and thoroughly

before downloading, installing, and/or using any software or content
("Software") provided herewith.

-

Each extension is licensed to you under a License Agreement by its owner,
not Microsoft. Microsoft dees not guarantee the extension or purpert to
grant rights to it.

By clicking "Install”, you agree with the

above license terms (if any). Install

| [ Cancel
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A license agreement will appear for you to read, most of the times when you install a new extension.

Read it carefully and install only the extensions you really need as most of the extensions' authors do not
take liability in a possible malfunction resulting from installation of mutually incompatible extensions and
collateral damages, for example, if extension security is breached.

Step 5
Once the extension is downloaded a message in the lower status bar will appear.

Figure 8-11. Extension Manager Restart Warning

You must restart AtmelStudio in order for the changes to take effect. Restart Now

Click the Restart Now button to restart the IDE immediately, otherwise, if you plan to restart it later - click
the Close button.

If you have an unsaved project you will be requested to save the changes you made, before restarting.

Step 6
Figure 8-12. QTouch Composer Button

File Edit WView WAssistX Project Debug Teools Window Help
PR - S AR - -8B ar| b
iEi@ﬂhﬁj%{}:shc—_‘l;ile|¢ll.f

After restarting Atmel Studio, a new button is added for starting QTouch Composer.

Visual Assist

The Atmel Studio comes with a preinstalled extension - the Visual Assist from WholeTomato Software.
The documentation on Visual Assist is available from several sources:
*  Go to the www.wholetomato.com. Click on the left-hand menu to browse documentation by feature.

Figure 8-13. WholeTomato Software Documentation
Encapsulate Field
Change Signature

Mowe Implementation to Source
File

IA::I::I Membéb
Add Similardember

* Jump directly to relevant documentation using hyperlinks in the Visual Assist options dialog
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Figure 8-14. Visual Assist Options

r -
@ Visual Assist X Options (S5
- Quick Config Listboxes
= Advanced Settings
- Fonts and Colors
Display filtering toolbar when hovering
-~ Suggestions [ shrink when possible
- Underlines -
- Corrections e . ’ .
. Refactoring '(] Hs;ehuld to highlight non-inherited entries.
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[+ Projects 5
- Performance e . LI
Starty B =@ attachControlSite —
e . =& AutoFill
- System In e = AutoSize
- About
Member lis
[¥] Bold non-inherited members | |

*  Click terms in the Glossary

D

Default Intellizense
Definition Field
Directories

Dictionares
Disable% ]

Dot to -=

8.5 Overview of QTouch Composer and Library

The QTouch Composer and library allows you to easily and seamlessly develop capacitive touch
functionality for your application. This simplifies the design process by tying together the tools required to
edit the code in Atmel Studio and tune the touch design. QTouch Composer, formerly called QTouch
Studio, is fully integrated in Atmel Studio 6 as an extension. QTouch Library is a software framework
extension to Atmel Studio, which allows you to add touch functionality on various Microchip devices.

8.5.1 Installation

1. Start Atmel Studio.
Go to Tools — Extension Manager — Online Gallery.
Select QTouch Library, click 'Download', and then install it.
Select QTouch Composer, click 'Download’, and then install it.
Click the 'Restart Now' button in the Extension manager window.

After starting Atmel Studio, go to Tools — Extension Manager. Check that the QTouch library and
the QTouch composer are listed and the status is enabled.

o0~ WD
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8.5.2 Overview of QTouch Project Builder

Fie EdA Voo Nikasistl -
Pl - J | Kit Design - Page 3of 7
B3 &g Yo

= Winee [ «vheells
g Configuration Options

A% Group MO_AKS GROUP
Dtent Trreshala

Detect bymaeress HYET 625
Prsteee Hecil Flag
Fresm Channg

Getting Started With the QTouch Composer in Atmel Studio on YouTube.

QTouch Project builder will guide you through all steps from selecting device and touch sensors to
automatically generate a complete touch project.

1. Start Atmel Studio.
2. Open the File menu. Click on 'New — Project'.

Fle Edl View Vlisald Pedject Debug Tosh Wislew Help

Hew * | Pesject. " Ctrl=Shift+ M
Opr, L . ™ Cir=H
Cleia H]  Eseerpis Progect froe A5F Cirt= St +

= »

3. The 'New Project' dialog is opened. Select 'GCC C QTouch Executable Project' in the New Project
dialog.
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Enter the following details in the 'New Project' dialog and click the OK button.

— Name of the project
— Location of the project and solution
— Name of the solution

4. The 'QTouch Project Builder' wizard is opened, which will guide you through the steps involved in
creating a project.

¥ s R ==

B > -
i

Welcome to the QTouch Project Builder
The QTouch Project Builder will guide you through all steps from selecting device and touch sersors to
automatically pererate a complete touch project....

Press Next to start setting up your touch project

Do not show this page sgein

<t [tictagll feeh ]
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Overview of QTouch Analyzer

The QTouch Analyzer reads and interprets touch data sent from the QTouch kit into different views. The
Analyzer is separated into Kit View, Kit/Sensor Properties, Sensor Data, Trace View, Power View, and
Graph view. When the touch kit is connected and Atmel Studio is opened, the QTouch Analyzer window
opens up and the connection information is updated.

The Virtual Kit view shows touch events such as button press, wheel, and slider use. The image is
updated based on the touch data read from the connected Touch Kit.

The Kit/Sensor Properties view allows you to view and modify the kit/sensor configuration options.
The Sensor Data View provides touch data information of the currently connected kit.

The Graph View displays one or more selected touch data on a graph. The Graph shall display the most
recent touch data. The data set to show can be selected from the data set list at the right side of the view.
The data sets are displayed in tabbed pages representing the Signals, Deltas, References, and Wheel/
Slider positions. Each data set selection list follows normal selection convention; click on an item in the
list to selected that item. To select a continuous range of items, first, click on the first item then hold down
the SHIFT key and select the last item in the range. Multiple items can also be selected one at a time by
holding down the CTRL key prior to selecting the next item in the list. In the last case, the items need not
be in a continuous range. Using CTRL select method also allows deselection of individual items from a
selection of multiple items.

The Trace contains one or more data series with touch data in a chart. The trace keeps all historical data
of one single reading session (pressing start and stop reading), and the data can be saved in a separate
file and opened again later.

QTouch Analyzer X
Start Reading (¥ Show Kit Information | “" Show Signal Strength |\ Tuning Wizard Save Design File = Open Solution File | (g Help
Virtual Kit Trace

(=) (@) ) =| 04242012 174212 (Tracefile 1 of files1 - 1

Readings
"
]

Samples 0 to 10

Kit/Sensor Properties

Physical | Firmware

. 0 1 2 3 4 5
it type 1 Trace | Power | Sensor Data
it Technology
Height(mm) 190 1 Graph
Width{mm) s0-
Name
it image CAUsers\weena kb\Documents\Atmel Studio\G Lo
Kit Panel Thicknesemm) 0.1 30
Project Td c o -

10-

004
Samples
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Scripting Extensions

Atmel Studio provides some scripting hooks that can be executed automatically by the IDE. These
extensions are written mainly in Python and will execute, for instance, when a breakpoint is hit, when an
expression is evaluated, or when the program is being reset.

Debug Scripting

The debug scripting interface is function based and depends on certain, named functions to be defined in
a Python® file. The function will then be called when the corresponding event is occurring inside Atmel
Studio.

Attention:

Error checking is kept at a minimum for the functions exported into the Python environment so
that the time used on initialization during normal sessions are kept low. This means that there
are many ways to crash Atmel Studio through this interface.

=
]

i 1

To load a Python file, place a file named debughooks.py in the Debug folder of your project, next to the
ELF file, or one folder up where the project file is. It is also possible to place this file inside the Atmel
Studio installation directory to make the script load for all projects.

Note: The Python file is loaded and compiled when a project is launched, so changes to the Python file
during a debug session will not be active until the next debug session is started. The Python file is
running in an IronPython context, with full access to .NET and a Python 2.7 runtime. See http://
ironpython.net/documentation/dotnet/ for more information of the runtime.

The functions that Atmel Studio will try to load are shown below with their function signature.

def should process breakpoint (studio_interface,
breakpoint address,
breakpoint id,
obj) :

Called to determine if a breakpoint should cause Atmel Studio to enter debug mode.

If this function returns False, Atmel Studio will not break at the breakpoint.

return True

def has processed breakpoint (studio interface,
breakpoint address,
breakpoint id,
obj) :
This function is called if Atmel Studio is breaking at a breakpoint.
The GUI is now in halted mode.

pass

def on reset (studio interface,
reset address):
wan
This function is called when the target is reset. The address
where the reset went to is 'reset address'.

pass
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def on_eval expr(studio_interface,
expression) :

This function is called for each expression that is evaluated in Atmel Studio.

This includes the watch window and other windows that show data from the target.
Pass the 'expression' string through to evaluate it, or return another expression
to be evaluated to override the expression. This override is not visible in the
Atmel Studio GUI.

return expression

Note: Atmel Studio expects all these functions to be available if the script has been found and is loaded
correctly. If, for instance, the should process breakpoint is undefined, breakpoints might start to
misbehave as the return value of an undefined function is in itself undefined.

In the code shown above, the main interface back into the Atmel Studio is the studio interface
object. This object contains some functions to show messages and do target interaction.

The Print function in the studio interface object is used to show text in the output window inside
Atmel Studio. The function takes two arguments; the string to print and the name of the tab in the output
window. The example below prints all the evaluated expressions to the “Expressions” tab.

def on_eval expr(studio_interface, expression):
studio interface.Print ("Evaluating {}".format (expression), "Expressions")
return expression

Note: The severity level of text sent through Print is set to INFO, which means that the output may be
masked by Atmel Studio. To lower the threshold, go to Tools > Tools, select Status Management, and
set the Display Threshold to INFO.

The Execstmt function in the studio interface objectis used to execute statements in the
debugger. This can, for instance, be used to set variables. See MSDN Debugger.ExecuteStatement
Method for more information.

The WriteMemory and ReadMemory are symmetric functions for reading and writing memory on the
target. It is important to use a System.Array[System.Byte] object to pass the data between the
script and Atmel Studio.

import System

def should process breakpoint (studio_interface,
breakpoint address,
breakpoint id,
obj) :
vals = System.Array[System.Byte] ([1, 2, 3, 4, 5, 6, 7, 8, 91)

studio_interface.WriteMemory(data=vals, adr=0, type="eeprom")
ret = studio interface.ReadMemory (adr=0, type="eeprom", count=9)

studio interface.Print ("ret == vals => {!r}".format (ret == vals), "Python")
return True

The CalcNumericvalue is a shorthand for the Calcvalue call. It will return the numeric value of the
symbol or the provided default value if the function fails to retrieve the value of the symbol.

def should process breakpoint (studio interface,
breakpoint address,
breakpoint id,
obj) :
a = studio_interface.CalcNumericValue ("a", 0)
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if a ==

studio_interface.Print ("a was 0 or default", "Value scripts")
else:

studio interface.Print ("a = {}".format (a), "Value scripts")

return True

The calcvalue function is used to retrieve information about a symbol in the scope where the target
code is running. The return value of this call is a list of information containing the address of the symbol,
symbol information, and value. The objects sent to this list contains all known information about a symbol,
but the most useful field is the last element which contains the value of the evaluated symbol.

def should process breakpoint (studio_interface,
breakpoint address,
breakpoint id,
obj) :

studio_interface.CalcValue ("a")

now contains all information about the variable a.

t is a list with the following members:

= [

<Atmel.VsIde.AvrStudio.Services.TargetService.TCF.Services.ValueInfo>,

<Atmel.VsIde.AvrStudio.Services.TargetService.TCF.Services.SymbolInfo>,

<Atmel.VsIde.AvrStudio.Services.TargetService.TCF.Services.ExpressionInfo>,

'1'" ] <-- This is the value of the symbol as a string, here it had the value 1

O H o |

o o o e e Q)

studio_interface.Print ("Value of a = {}".format(a[3]), "Value Scripts")
return True

Note: The different objects returned by the Calcvalue call contains objects that are either internal or
documented in the Atmel Studio SDK. Use the python dir () command to look at the fields that are
exported.
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Customizing Existing Menus and Toolbars

You can add or remove commands on any menu or toolbar, or change the order and grouping of those
commands. You can also add toolbars, and change the layout, position, and content of existing toolbars
in the integrated development environment (IDE).

To add a command to a menu or toolbar

1.
2.

On the Tools menu, click Customize.

In the Customize dialog box, on the Commands tab, under Choose a menu or toolbar to
rearrange, select the menu or toolbar you want to change and then click Add command.

In the Add Command dialog box, select a category name on the Categories list and then, on the
Commands list, select the command you want to add.

Click OK.
Click Close.

To remove a command from a menu or toolbar

On the Tools menu, click Customize.

In the Customize dialog box, on the Commands tab, under Choose a menu or toolbar to
rearrange, select the menu or toolbar you want to change.

Select the command you want to remove, and then click Delete.
Click Close.

To separate commands on a menu or toolbar

N —

ook~ w

7.

On the Tools menu, click Customize.

In the Customize dialog box, on the Commands tab, under Choose a menu or toolbar to
rearrange, select the menu or toolbar you want to change.

Select the command you want to separate from the commands above it.

In the Modify Selection list, select Begin a Group.

A separator bar appears on the list of commands, above the selected command.
Click OK.

Click Close.

The command appears on the menu or toolbar with a separator before it.

To add a new menu

1.
2.

3.
4.
5.

On the Tools menu, click Customize.

In the Customize dialog box, on the Commands tab, click Add New Menu. The menu appears,
named New Menu.

In the Modify Selection list, enter the name for the new menu.
Click OK.
Click Close.

The command appears on the menu or toolbar before it.

To change the order of menus
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1.  On the Tools menu, click Customize.

2. In the Customize dialog box, on the Commands tab, under Choose a menu or toolbar to rearrange,
select the menu or toolbar you want to move.

3. Select Move Up or Move Down to move the command.
4. Click OK.
5. Click Close.

The command appears on the menu or toolbar with a separator before it.
To create a toolbar

1.  On the Tools menu, click Customize.

2. In the Customize dialog box, on the Toolbars tab, click New.

3. Inthe New Toolbar dialog box, type a name for the toolbar.

4. Use the steps described earlier in this topic to add commands to the toolbar.

Changing Toolbar Layout

You can arrange toolbars by dragging them in the main docking area, or by using the Customize dialog
box to move them to other docking areas.

To arrange toolbars in the main docking area

Drag a toolbar by its left edge to move it where you want it.
Surrounding toolbars will be automatically rearranged.

To change the docking location of a toolbar.

On the Tools menu, click Customize.

In the Customize dialog box, on the Toolbars tab, on the Modify Selection list, select a dock
location.

6. Click Close.

o rowbd =

Resetting the Main Menu and Shortcut Menus

If you change the locations of commands or change command icons, you can reset them to their original
configurations.

To reset a menu or toolbar

1. On the Tools menu, click Customize.

2. In the Customize dialog box, on the Commands tab, under Choose a menu or toolbar to
rearrange, select the menu or toolbar you want to reset.

3. Click Reset all.

The selected menu bar, toolbar, or context menu returns to its original configuration.

Reset Your Settings

You can reset the integrated development environment (IDE) to a previous state using the Import and
Export Settings wizard. All settings and categories are applied by default; if you want to specify which
settings to change, use the option Import selected environment settings.

To reset your settings

1. On the Tools menu, click Import and Export Settings.
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2.  On the Welcome to the Import and Export Settings Wizard page, click Reset all settings and
then click Next.

3. If you want to save your current settings combination, click Yes, save my current settings, specify
a file name, and then click Next.

If you want to delete your current settings combination, choose No, just reset settings, overwriting
my current settings, and then click Next. This option does not delete default settings, which will still
be available the next time you use the wizard.

4. In Which collection of settings do you want to reset to, select a settings collection from the list.
5. Click Finish.

The Reset Complete page alerts you to any problems encountered during the reset.

Options Dialog Box

The Options dialog box enables you to configure the integrated development environment (IDE) to your
needs. For example, you can establish a default save location for your projects, alter the default
appearance and behavior of windows, and create shortcuts for commonly used commands. There are
also options specific to your development language and platform. You can access Options from the
Tools menu.

Note: The options available in dialog boxes, and the names and locations of menu commands you see
might differ from what is described in Help depending on your active settings or edition. To change your
settings, choose Import and Export Settings on the Tools menu.

Layout of the Options dialog box

The Options dialog box is divided into two parts: a navigation pane on the left and a display area on the
right. The tree control in the navigation pane includes folder nodes, such as Environment, Text Editor,
Projects and Solutions, and Source Control. Expand any folder node to list the pages of options that it
contains. When you select the node for a particular page, its options appear in the display area.

Options for an IDE feature do not appear in the navigation pane until the feature is loaded into memory.
Therefore, the same options might not be displayed as you begin a new session that was displayed as
you ended the last. When you create a project or run a command that uses a particular application, nodes
for relevant options are added to the Options dialog box. These added options will then remain available
as long as the IDE feature remains in memory.

Note: Some settings collections scope the number of pages that appear in the navigation pane of the
Options dialog box. You can choose to view all possible pages by selecting Show all settings.

How options are applied

Clicking OK in the Options dialog box saves all settings on all pages. Clicking on Cancel any page
cancels all change requests, including any just made on other Options pages. Some changes to option
settings, such as those made on Fonts and Colors, Environment, Options Dialog Box, will only take
effect after you close and reopen Atmel Studio.

Environment Options

The pages in the Environment folder in the Options dialog box let you set how certain elements of the
integrated development environment (IDE) display and behave. You can access the Environment pages
by clicking Options on the Tools menu, and then click Environment.
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General Environment Settings
Items shown in Window menu

Customizes the number of windows that appear in the Windows list of the Window menu. Type a number
between 1 and 24. By default, the number is 10.

Items shown in recently used lists

Customizes the number of most recently used projects and files that appear on the File menu. Type a
number between 1 and 24. By default, the number is 10. This is an easy way to retrieve recently used
projects and files.

Automatically adjust visual experience based on client performance

Specifies whether Atmel Studio sets the adjustment to the visual experience automatically or you set the
adjustment explicitly. This adjustment may change the display of colors from gradients to flat colors, or it
may restrict the use of animations in menus or pop-up windows.

Enable rich client experience

Enables the full visual experience of Atmel Studio, including gradients and animations. Clear this option
when using Remote Desktop connections or older graphics adapters, because these features may have
poor performance in those cases. This option is available only when you clear the Automatically adjust
visual experience based on client option.

Use hardware graphics acceleration if available
Uses hardware graphics acceleration if it is available, rather than software acceleration.
Show status bar

Displays the status bar. The status bar is located at the bottom of the IDE window and displays
information about the progress of ongoing operations.

Close button affects active tool window only

Specifies that when the Close button is clicked, only the tool window that has focus is closed and not all
of the tool windows in the docked set. By default, this option is selected.

Auto Hide button affects active tool window only

Specifies that when the Auto Hide button is clicked, only the tool window that has focus is hidden
automatically and not all of the tool windows in the docked set. By default, this option is not selected.

Restore File Associations

Registers file types that are typically associated with Atmel Studio. Registration causes Windows to
display the correct icons in Windows Explorer, and to recognize Atmel Studio as the correct application
for opening these file types.

This option can be useful if you have two different versions of Atmel Studio installed on the same
computer, and you later uninstall one of the versions. After uninstalling, the icons for Atmel Studio files no
longer appear in Windows Explorer. In addition, Windows no longer recognizes Atmel Studio as the
default application for editing these files. This option restores those associations.

Add-in/Macros Security

Add-in Security Settings
To enhance security by preventing malicious add-ins from automatically activating, Atmel Studio provides
settings in a Tools Options page named Add-in/Macros Security.
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In addition, this options page allows you to specify the folders in which Atmel Studio searches for .Addin
registration files. This enhances security by allowing you to limit the locations where .Addin registration
files can be read, helping prevent malicious .Addin files from inadvertently being used.

The settings in the Add-in/Macros Security, Environment, and Options Dialog Box that relate to add-in
security are:

*  Allow add-in components to load. Checked by default. When checked, add-ins are allowed to load
in Atmel Studio. When unchecked, add-ins are prohibited from loading in Atmel Studio.

*  Allow add-in components to load from a URL. Unchecked by default. When checked, add-ins are
allowed to be loaded from external Web sites. When unchecked, remote add-ins are prohibited
from loading in Atmel Studio. If an add-in cannot load for some reason, then it cannot be loaded
from the web. This setting controls only the loading of the add-in DLL. The .Addin registration files
must always be located on the local system.

Default .Add-In File Search Locations

In addition to the security settings, the options page has a list containing folders in which to search
for .Addin registration files. By default, the following tokens are included:

*  %ALLUSERSDOCUMENTS%

*  %ALLUSERSPROFILE%

*  %APPDATA%

*  %VSAPPDATA%

*  %VSCOMMONAPPDATA%

*  %VSMYDOCUMENTS%
When Atmel Studio begins searching for .AddlIn files, it replaces these tokens with the following path
strings:

Table 9-1. AddIn Files Search Path Tokens

I

%ALLUSERSDOCUMENTS% | %PUBLIC%\Documents

%ALLUSERSPROFILE% %ALLUSERSPROFILE% (defined by OS)

%APPDATA% %USERPROFILE%\AppData
o ) o o\AppData\Roaming\Microso udio
%VSAPPDATAY% %USERPROFILE%\AppData\R ing\Mi f\AVR Studi
5\<Version>
--OR--

%USERPROFILE%\AppData\Local\Microsoft\Atmel Studio 6\<Version>
%VSCOMMONAPPDATAY%  %ProgramData%\Microsoft\Atmel Studio 6\<Version>

%VSMYDOCUMENTS% <My Documents>\Atmel Studio 6

Note: Some of the default paths may resolve to targets that do not exist on your system.

You can remove these predefined tokens from the list by highlighting the token and clicking Remove. To
add other folders to the search list, click Add and specify a folder in the Browse for Folder dialog box.
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AutoRecover

Use this page of the Options dialog box to specify whether or not files are automatically backed up. This
page also allows you to specify whether or not modified files are restored when the integrated
development environment (IDE) shuts down unexpectedly. You can access this dialog box by selecting
the Tools menu and choosing Options, and then select the Environment folder and choose the
AutoRecover page. If this page does not appear in the list, select Show all settings in the Options dialog
box.

Save AutoRecover information every <n> minutes

Use this option to customize how often a file is automatically saved in the editor. For previously saved
files, a copy of the file is saved in \ .. . \My Documents\Atmel Studio 6.2\Backup Files
\<projectname>. If the file is new and has not been manually saved, the file is auto-saved using a
randomly generated file name.

Keep AutoRecover information for <n> days
Use this option to specify how long Atmel Studio keeps files created for auto-recovery.

Find and Replace

Use this page of the Options dialog box to control message boxes and other aspects of a find and replace
operation. You can access this dialog box from the Tools menu by clicking Options, expanding
Environment, and then click Find and Replace. If this page does not appear in the list, select Show all
settings in the Options dialog box.

Display informational messages

Select this option to display all Find and Replace informational messages that have the Always show
this message option. For example, if you chose not to display the message 'Find reached the starting
point of the search.', selecting this option would cause this informational message to appear again when
you use Find and Replace.

If you do not want to see any informational messages for Find and Replace, clear this option.

When you have cleared the Always show this message option on some, but not all, Find and Replace
informational messages, the Display informational messages checkbox appears to be filled but not
selected. To restore all optional Find and Replace messages, clear this option and then select it again.

Note: This option does not affect any Find and Replace informational messages that do not display the
Always show this message option.
Display warning messages

Select this option to display all cautionary Find and Replace messages that have the Always show this
message option. For example, if you chose not to display the Replace All warning message that appears
when you attempt to make replacements in files not currently opened for editing, selecting this option
would cause this warning message to appear again when you attempt to Replace All.

If you do not want to see any cautionary messages for Find and Replace, clear this option.

When you have cleared the Always show this message option on some, but not all, Find and Replace
warning messages, the Display warning messages checkbox appears to be filled but not selected. To
restore all optional Find and Replace messages, clear this option and then select it again.

Note: This option does not affect any Find and Replace warning messages that do not display the
Always show this message option.

Automatically populate Find What with text from the editor
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Select this option to paste the text on either side of the current editor's insertion point into the Find what
field when you select any view of the Find and Replace Window window from the Edit menu. Clear this
option to use the last search pattern from the previous search as the Find what string.

Hide Find and Replace window after a match is located for Quick Find or Quick Replace

Select this option to automatically close the Find and Replace window when the first match is found for
Quick Find. To go to the next match, use the shortcut key for Edit.FindNext, usually F3, or display the
Find and Replace window again.

Fonts and Colors

The Fonts and Colors page of the Options dialog box lets you establish a custom font and color scheme
for various user interface elements in the integrated development environment (IDE). You can access this
dialog box by clicking Options on the Tools menu, and then select the Fonts and Colors page in the
Environment folder. If this page does not appear in the list, select Show all settings in the Options dialog
box.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Color scheme changes do not take effect during the session in which you make them. You can evaluate
color changes by opening another instance of Atmel Studio and producing the conditions under which
you expect your changes to apply.

Show settings for

Lists all of the user interface elements for which you can change font and color schemes. After selecting
an item from this list you can customize color settings for the item selected in Display items.

Text Editor

Changes to font style, size, and color display settings for Text Editor affect the appearance of text in your
default text editor. Documents opened in a text editor outside the IDE will not be affected by these
settings.

Printer

Changes to font style, size, and color display settings for Printer affect the appearance of text in printed
documents.

Note: As needed, you can select a different default font for printing than that used for display in the text
editor. This can be useful when printing code that contains both single-byte and double-byte characters.

Statement Completion

Changes the font style and size for the text that appears in statement completion pop-up in the editor.
Editor Tool tip

Changes the font style and size for the text that appears in ToolTips displayed in the editor.
Environment Font

Changes the font style and size for all IDE user interface elements that do not already have a separate
option in Show settings for. For example, this option applies to the Start Page but would not affect the
Output window.

[All Text Tool Windows]
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Changes to font style, size, and color display settings for this item affect the appearance of text in tool
windows that have output panes in the IDE. For example, Output window, Command window, Immediate
window, etc.

Note: Changes to the text of [All Text Tool Windows] items do not take effect during the session in which
you make them. You can evaluate such changes by opening another instance of Atmel Studio.

Use Defaults/Use

Resets the font and color values of the list item selected in Show settings for. The Use button appears
when other display schemes are available for selection. For example, you can choose from two schemes
for the Printer.

Font (bold type indicates fixed-width fonts)

Lists all the fonts installed on your system. When the drop-down menu first appears, the current font for
the element selected in the Show settings for the field is highlighted. Fixed fonts — which are easier to
align in the editor — appear in bold.

Size

Lists available point sizes for the highlighted font. Changing the size of the font affects all Display items
for the Show settings for selection.

Display items
Lists the items for which you can modify the foreground and background color.

Note: PlainText is the default display item. As such, properties assigned to PlainText will be overridden
by properties assigned to other display items. For example, if you assign the color blue to PlainText and
the color green to Identifier, all identifiers will appear in green. In this example, Identifier properties
override PlainText properties.

Some of the display items include:

Display items

Description.

Plain Text

Text in the editor.

Selected Text

Text that is included in the current selection when the editor has focus.
Inactive Selected Text

Text that is included in the current selection when the editor has lost focus.
Indicator Margin

The margin at the left of the Code Editor where breakpoints and bookmark icons are displayed.
Line Numbers

Optional numbers that appear next to each line of code.

Visible White Space

Spaces, tabs, and word wrap indicators.
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Bookmark

Lines that have bookmarks. A bookmark is visible only if the indicator margin is disabled.
Brace Matching (Highlight)

Highlighting that is typically bold formatting for matching braces.

Brace Matching (Rectangle)

Highlighting that is typically a grey rectangle in the background.

Breakpoint (Enabled)

Specifies the highlight color for statements or lines containing simple breakpoints. This option is
applicable only if statement-level breakpoints are active or the Highlight entire source line for breakpoints
or current statement option is selected on General, Debugging, and Options Dialog Box.

Breakpoint (Error)

Specifies the highlight color for statements or lines containing breakpoints that are in an error state.
Applicable only if statement-level breakpoints are active or the Highlight entire source line for breakpoints
or current statement option is selected on General, Debugging, and Options Dialog Box.

Breakpoint (Warning)

Specifies the highlight color for statements or lines containing breakpoints that are in a warning state.
Applicable only if statement-level breakpoints are active or the Highlight entire source line for breakpoints
or current statement option is selected on General, Debugging, and Options Dialog Box.

Breakpoint - Advanced (Disabled)

Specifies the highlight color for statements or lines containing disabled conditional or hit-counted
breakpoints. Applicable only if statement-level breakpoints are active or the Highlight entire source line for
breakpoints or current statement option is selected on General, Debugging, and Options Dialog Box.

Breakpoint - Advanced (Enabled)

Specifies the highlight color for statements or lines containing conditional or hit-counted breakpoints.
Applicable only if statement-level breakpoints are active or the Highlight entire source line for breakpoints
or current statement option is selected on General, Debugging, and Options Dialog Box.

Breakpoint - Advanced (Error)

Specifies the highlight color for statements or lines containing conditional or hit-counted breakpoints that
are in an error state. Applicable only if statement-level breakpoints are active or the Highlight entire
source line for breakpoints or current statement option is selected on General, Debugging, and Options
Dialog Box.

Breakpoint - Advanced (Warning)

Specifies the highlight color for statements or lines containing conditional or hit-counted breakpoints that
are in a warning state. Applicable only if statement-level breakpoints are active or the Highlight entire
source line for breakpoints or current statement option is selected on General, Debugging, and Options
Dialog Box.

Code Snippet Dependent Field
A field that will be updated when the current editable field is modified.
Code Snippet Field Editable
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Field when a code snippet is active.

Collapsible Text

A block of text or code that can be toggled in and out of view within the Code Editor.
Comment

Code comments.

Compiler Error

Blue squiggles in the editor indicating a compiler error.

Coverage Not Touched Area

Code that has not been covered by a unit test.

Coverage Partially Touched Area

Code that has been partially covered by a unit test.

Coverage Touched Area

Code that has been completely covered by a unit test.

Current list location

Current line navigated to in a list tool window, such as the Output window or Find Results windows.
Current Statement

Specifies the highlight color for the source statement or line that indicates the current step position when
debugging.

Debugger Data Changed

The color of text used to display changed data inside the Registers and Memory windows.
Definition Window Background

The background color of the Code Definition window.

Definition Window Current Match

The current definition in the Code Definition window.

Disassembly File Name

The color of text used to display file name breaks inside the Disassembly window.
Disassembly Source

The color of text used to display source lines inside the Disassembly window.
Disassembly Symbol

The color of text used to display symbol names inside the Disassembly window.
Disassembly Text

The color of text used to display op-code and data inside the Disassembly window. Excluded Code that is
not to be compiled, per a conditional preprocessor directive such as #if.

Identifier

Identifiers in code such as the class names, methods names, and variable names.
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Keyword

Keywords for the given language that are reserved. For example class and namespace.
Memory Address

The color of text used to display the address column inside the Memory window.
Memory Changed

The color of text used to display changed data inside the Memory window.

Memory Data

The color of text used to display data inside the Memory window.

Memory Unreadable

The color of text used to display unreadable memory areas within the Memory window.
Number

A number in code that represents an actual numeric value. Operators such as +, -, and !=.
Other Error

Other error types not covered by other error squiggles. Currently, this includes rude edits in
<guimenuitem>Edit and Continue</guimenuitem>.

Preprocessor Keyword
Keywords used by the preprocessor such as #include.
Read-Only Region

Code that cannot be edited. For example, code displayed in the Code Definition View window or code
that cannot be modified during Edit and Continue.

Register Data

The color of text used to display data inside the Registers window.

Register NAT

The color of text used to display unrecognized data and objects inside the Registers window.
Stale Code

Superseded code awaiting an update. In some cases, Edit and Continue cannot apply code changes
immediately but will apply them later as you continue debugging. This occurs if you edit a function that
must call the function currently executing, or if you add more than 64 bytes of new variables to a function
waiting on the call stack. When this happens, the debugger displays a 'Stale Code Warning' dialog box,
and the superseded code continues to execute until the function in question finishes and is called again.
Edit and Continue apply the code changes at that time.

String

String literals.
Syntax Error
Parse errors.

Task List Shortcut
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If a Task List shortcut is added to a line, and the indicator margin is disabled, the line will be highlighted.
Tracepoint (Enabled)

Specifies the highlight color for statements or lines containing simple tracepoints. This option is applicable
only if statement-level tracepoints are active or the Highlight entire source line for breakpoints or current
statement option is selected on General, Debugging, and Options Dialog Box.

Tracepoint (Error)

Specifies the highlight color for statements or lines containing tracepoints that are in an error state. This
option is applicable only if statement-level tracepoints are active or the Highlight entire source line for
breakpoints or current statement option is selected on General, Debugging, and Options Dialog Box.

Tracepoint (Warning)

Specifies the highlight color for statements or lines containing tracepoints that are in a warning state. This
option is applicable only if statement-level tracepoints are active or the Highlight entire source line for
breakpoints or current statement option is selected on General, Debugging, and Options Dialog Box.

Tracepoint - Advanced (Disabled)

Specifies the highlight color for statements or lines containing disabled conditional or hit-counted
tracepoints. This option is applicable only if statement-level tracepoints are active or the Highlight entire
source line for breakpoints or current statement option is selected on General, Debugging, and Options
Dialog Box.

Tracepoint - Advanced (Enabled)

Specifies the highlight color for statements or lines containing conditional or hit-counted tracepoints. This
option is applicable only if statement-level tracepoints are active or the Highlight entire source line for
breakpoints or current statement option is selected on General, Debugging, and Options Dialog Box.

Tracepoint - Advanced (Error)

Specifies the highlight color for statements or lines containing conditional or hit-counted tracepoints that
are in an error state. This option is applicable only if statement-level tracepoints are active or the Highlight
entire source line for breakpoints or current statement option is selected on General, Debugging, and
Options Dialog Box.

Tracepoint - Advanced (Warning)

Specifies the highlight color for statements or lines containing conditional or hit-counted tracepoints that
are in a warning state. This option is applicable only if statement-level tracepoints are active or the
Highlight entire source line for breakpoints or current statement option is selected on General,
Debugging, and Options Dialog Box.

Track Changes after save

Lines of code that have been modified since the file was opened but are saved to disk.
Track Changes before save

Lines of code that have been modified since the file was opened but are not saved to disk.
User Types

Types defined by users.

User Types (Delegates)
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Type color for delegates.
User Types (Enums)

Type color used for enums.
User Types (Interfaces)
Type color for interfaces.

User Types (Value types)

Type color for value types such as structs in C.

Warning

Compiler warnings.

Warning Lines

Path Used for Static Analysis warning lines.
XML Attribute

Attribute names.

XML Attribute Quotes

The quote characters for XML attributes.
XML Attribute Value

Contents of XML attributes.

XML Cdata Section

Contents of <!/[CDATA[...]]>.

XML Comment

The contents of <!-- -->,

XML Delimiter

XML Syntax delimiters, including <, <?, <!, <!--, -->, ?> <[, ]]>,and [, ].

XML Doc Attribute

The value of an XML documentation attribute, such as <param name='l'> where the 'l' is colorized.

XML Doc Comment

The comments enclosed in the XML documentation comments.

XML Doc Tag

The tags in XML documentation comments, such as /// <summary>.

XML Keyword

DTD keywords such as CDATA, IDREF, and NDATA.

XML Name Element

Names and Processing Instructions target name.

XML Processing Instruction
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Contents of Processing Instructions, not including target name.
XML Text Plain

Text element content.

XSLT Keyword

XSLT element names.

Item foreground

Lists the available colors you can choose for the foreground of the item selected in Display items.
Because some items are related, and should, therefore, maintain a consistent display scheme, change
the foreground color of the text and also change the defaults for elements such as Compiler Error,
Keyword, or Operator.

Automatic Items can inherit the foreground color from other display items such as Plain Text. Using this
option, when you change the color of an inherited display item, the color of the related display items also
change automatically. For example, if you selected the Automatic value for Compiler Error and later
changed the color of Plain Text to Red, the Compiler Error would also automatically inherit the color Red.
Default the color that appears for the item the first time you start AVR Studio 5. Clicking the Use Defaults
button resets to this color. Custom Displays the Color dialog box to allow you to set a custom color for the
item selected in the Display items list.

Note: Your ability to define custom colors may be limited by the color settings for your computer display.
For example, if your computer is set to display 256 colors and you select a custom color from the Color
dialog box, the IDE defaults to the closest available Basic color and displays the color black in the Color
preview box.

Item background

Provides a color palette from which you can choose a background color for the item selected in Display
items.

Because some items are related, and should, therefore, maintain a consistent display scheme, change
the background color of text, and also change the defaults for elements such as Compiler Error, Keyword,
or Operator.

Automatic Items can inherit the background color from other display items such as Plain Text.

Using this option, when you change the color of an inherited display item, the color of the related display
items also change automatically. For example, if you selected the Automatic value for Compiler Error and
later changed the color of Plain Text to Red, Compiler Error would also automatically inherit the color
Red.

Clicking the Use Defaults button resets to this color. Custom Displays the Color dialog box to allow you to
set a custom color for the item selected in the Display items list. Bold Select this option to display the text
of selected Display items in bold text. Bold text is easier to identify in the editor. Sample Displays a
sample of the font style, size, and color scheme for the Show settings for and Display items selected. You
can use this box to preview the results as you experiment with different formatting options.

Language and International Settings
The International Settings page allows you to change the default language when you have more than one
language version of the integrated development environment (IDE) installed on your machine.
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You can access this dialog box by selecting Options from the Tools menu and then choosing
International Settings from the Environment folder. If this page does not appear in the list, select Show
all settings in the Options dialog box.

Any changes you make on this page apply only to the default IDE and do not take effect until the
environment is restarted.

Language

Lists the available languages for the installed product language versions. This option is unavailable
unless you have more than one language version installed on your machine. If multiple languages of
products or a mixed language installation of products share the environment, the language selection is
changed to Same as Microsoft Windows.

A\ CAUTION

In a system with multiple languages installed, the build tools are not affected by this setting.
These tools use the version for the last language installed and the tools for the previously
installed language are overwritten because the build tools do not use the satellite DLL model.

Keyboard Settings

The shortcut key combinations in the scheme currently applied, (Default), depending on the settings you
have selected as well as any customizations you might have made. Visual Studio also includes seven
other keyboard mapping schemes, each of which differs from the others in the shortcut key combinations
assigned by default to various Ul elements.

Commands with shortcut key combinations that are part of the Global scope can be superseded by
commands in other scopes depending on the current context of the integrated development environment
(IDE). For example, if you are editing a file, commands that are part of the Text Editor scope have
precedence over commands in the Global scope that start with the same key combination. For example,
if several Global commands have key combinations that start with CTRL + K and the Text Editor also has
several commands with key combinations that start with CTRL + K when you are editing code the Text
Editor key combinations will work and the Global key combinations will be ignored.

Note: The options available in dialog boxes, and the names and locations of menu commands you see
might differ from what is described in Help depending on your active settings or edition. This Help page
was written with General Development Settings in mind. To change your settings, from the Tools menu,
choose Import and Export Settings. For more information, see Working with Settings.

Determine the Shortcut Key Assigned to a Command

You can manually search for a command to determine whether or not it has an assigned shortcut key
combination.

To determine the shortcut key combination for a command

1. On the Tools menu, click Options.

2. Expand the Environment folder and select Keyboard.
Note: If you do not see the Keyboard page, check Show all settings located in the lower left of the
Options dialog box.

In the Show commands containing box, enter the name of the command without spaces. For
example, solutionexplorer.

3. Inthe list, select the correct command.
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4.

For example, View.SolutionExplorer.

If a shortcut key combination exists for the command, the combination appears in the Shortcut(s)
for selected command drop-down list.

Create Custom Shortcut Keys

You can create new shortcut key combinations for any command or change the shortcut key combination
for commands with existing combinations.

To create a new shortcut key combination

1.
2.

On the Tools menu, click Options.

Expand the Environment folder, and select Keyboard.

Note: If you do not see the Keyboard page, check Show all settings located in the lower left corner
of the Options dialog box. In the Show commands containing box, enter the name of the command
without spaces.

For example, solutionexplorer.
In the list, select the command you want to assign to a shortcut key combination.

On the Use new shortcut in drop-down list, select the feature area in which you want to use the
shortcut. For example, you can choose Global if you want the shortcut to work in all contexts.
Unless the same shortcut is mapped (as Global) in another editor, you can use it. Otherwise, the
editor overrides the shortcut.

Note: The following keys cannot be assigned to a command in Global: PRINT SCRN/SYS RQ,
SCROLL LOCK, PAUSE/BREAK, TAB, CAPS LOCK, INSERT, HOME, END, PAGE UP, PAGE
DOWN, Windows logo keys, Application key, any of the ARROW keys, or ENTER; NUM LOCK,
DEL, or CLEAR on the numeric keypad; or CTRL+ALT+DELETE.

Place the cursor in the Press shortcut key(s) box, and then use the keyboard to enter the key
combination you intend to use for the command.

Note: Shortcuts can contain the SHIFT, ALT, and/or CTRL keys in combination with letters. Be
sure to check the Shortcut currently used by box to see if the key combination is already assigned
to another command in the mapping scheme. Press BACKSPACE to delete the key combination, if
the combination is already in use, before trying another combination.

Click Assign.
Note: Changes made by using the Assign button are not canceled if you click the Cancel button.

Exporting and Importing Shortcut Keys

You can share the shortcut key combinations in the current keyboard mapping scheme by exporting the
information to a file so others can import the data.

To export shortcut keys only

1
2
3.
4.
5
6
(o]

On the Tools menu, choose Import and Export Settings Wizard.

Select Export select environment settings and then click Next.

Under What settings do you want to export?, clear all categories selected by default.
Expand Options and then expand Environment.

Select Keyboard and then click Next.

For What do you want to name your settings file?, enter a name and then click Finish.

To import only shortcut keys

1.

On the Tools menu, click Import and Export Settings Wizard.
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2. Select Import select environment settings and then click Next.
3. Click No, just import new settings, overwriting my current settings and then click Next.
4. Under My Settings, select the settings file that contains the shortcut keys you want to import or

click Browse to locate the correct settings file.
5. Click Next.
6. Under Which settings do you want to import?, clear all categories.
7. Expand Options and then expand Environment.
8. Select Keyboard and then click Finish.

Start-up Page — to Change the Default Ul Displayed when You Start Atmel Studio
1. On the Tools menu, choose Options.
2. Expand Environment and then chose Startup.
3. From the At startup drop-down list, chose one of the options.
4. Click OK.

Your changes take effect the next time you start Atmel Studio.

Use this page to specify what content or user interface (Ul), if any, is displayed when you start Atmel
Studio. To access this page, on the Tools menu, click Options, expand Environment, and then click
Startup. If this page does not appear in the list in the Options dialog box, select Show all settings.

Note: The options available in dialog boxes, and the names and locations of menu commands you see
might differ from what is described in Help depending on your active settings or edition. This Help page
was written with General Development settings in mind. To change your settings, on the Tools menu, click
Import and Export Settings.

At start-up
You can specify what you want to view every time you start Atmel Studio 7.
Open Home Page

Displays the default Web page specified by the Home page option in Web Browser, Environment, Options
Dialog Box.

Load last loaded solution

Loads the last saved solution in its previous state. Any files that were open in the solution when it was
last closed are opened and displayed when you start Atmel Studio. If no solution is loaded when you exit
the product, no solution is loaded when you return.

Show Open Project dialog box

Displays the Open Project dialog box when you start Atmel Studio. The dialog box uses the folder set in
the Atmel Studio Projects location field of the Projects and Solutions, Environment, Options Dialog Box.

Show New Project dialog box

Displays the New Project dialog box when you open Atmel Studio.

Show empty environment

Displays an empty integrated development environment (IDE) when you start Atmel Studio.
Show Start Page

Displays the Start Page associated with the settings that you have currently applied when you start Atmel
Studio.
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Start Page news channel
Specifies the RSS feed used to display content in the Atmel Studio News section of the Start Page.
Download content every n minutes

Specifies how often the IDE checks for new RSS feed content and product headlines for the Start Page. If
this setting is not selected, RSS feed content and product headlines are not downloaded to the Start
Page.

Customize Start Page

If you have custom Start Pages installed, you can specify which Start Page to load. The Customize Start
Page drop-down list includes an (Default Start Page) entry to load the default Atmel Studio Start Page,
and an entry for each custom Start Page on your system.

Any .XAML file in your user start pages directory is considered a custom start page. For more information,
see Custom Start Pages.

Import and Export Settings

Use this page of the Options dialog box to set preferences for saving settings files as well as specifying
whether or not to use team settings files stored on a server. You can access this dialog box by selecting
Options from the Tools menu and choosing the Import and Export Settings page from the Environment
folder.

Tip:
If this page does not appear in the list, select Show all setting in the Options dialog box.

Note: The options available in dialog boxes, and the names and locations of menu commands you see
might differ from what is described in Help depending on your active settings or edition. This Help page
was written with General Development Settings in mind. To change your settings, choose Import and
Export Settings on the Tools menu.

Automatically load and save settings
Automatically save my settings to this file:

Displays the location and name of the .vssettings file you are currently using. When you close the IDE,
any changes you have made, such as moving windows or changing option selections, are saved to the
current file. The next time you start the IDE, your settings are loaded.

Team settings
Use team settings file:

When selected, allows you to navigate to a shared .vssettings file by using the Browse button. This
settings file is automatically re-applied each time Atmel Studio detects if a newer version is available.

Note: The location of the team settings file must be specified as a UNC path or local path. URLs and
other protocols are not supported paths.

Task List

This Options page allows you to add, delete, and change the comment tokens that generate Task List
reminders. To display these settings, select Options from the Tools menu, expand the Environment folder,
and choose Task List.

Confirm deletion of tasks
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When selected, a message box is displayed whenever a User Task is deleted from the Task List, allowing
you to confirm the deletion. This option is selected by default.

Note: To delete a Task Comment, use the link to find the comment, and then remove it from your code.
Hide full file paths

When selected, the File column of the Task List displays only the names of files to be edited, not their full
paths.

Tokens

When you insert a comment into your code whose text begins with a token from the Token List, the Task
List displays your comment as new entry whenever the file is opened for editing. You can click this Task
List entry to jump directly to the comment line in your code.

Token List

Displays a list of tokens, and allows you to add or remove custom tokens. Comment tokens are case
sensitive.

Note: If you do not type the desired token exactly as it appears in the Token List, a comment task will
not be displayed in the Task List.

Priority

Sets the priority of tasks that use the selected token. Task comments that begin with this token are
automatically assigned the designated priority in the Task List.

Name

Enter the token string. This enables the Add button. On Add, this string is included in the Token List, and
comments that begin with this name will be displayed in the Task List.

Add

Enabled when you enter a new Name. Click to add a new token string using the values entered in the
Name and Periority fields.

Delete

Click to delete the selected token from the Token List. You cannot delete the default comment token.
Change

Click to make changes to an existing token using the values entered in the Name and Priority fields.
Note: You cannot rename or delete the default comment token, but you can change its priority level.

Web Browser Options
Sets options for both the internal Web browser and Internet Explorer. To access this dialog box, click
Options on the Tools menu, expand the Environment folder, and select Web Browser.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Attention:
Opening certain files or components from the Web can execute code on your computer.
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Home page
Sets the page displayed when you open the Integrated Development Environment Web Browser.
Search page

Lets you designate a Search page for the internal Web browser. This location can differ from the search
page used by instances of Internet Explorer initiated outside of the integrated development environment
(IDE).

View Source in

Sets the editor used to open a Web page when you choose View Source on the page from the internal
Web browser.

Source editor
Select to view source in the Code and Text Editor.
HTML editor

Select to view source in the HTML Designer. Use this selection to edit the Web page in one of two views:
Design view or the standard text-based Source view.

External editor

Select to view source in another editor. Specify the path of any editor you choose, for example,
Notepad.exe.

Internet Explorer Options

Click to change options for Internet Explorer in the Internet Properties dialog box. Changes made in this
dialog box affect both the internal Web browser and instances of Internet Explorer initiated outside of the
Atmel Studio IDE (for example, from the Start menu).

Custom Start Pages

The Atmel Studio Start Page is a Windows Presentation Foundation (WPF) Extensible Application
Markup Language (XAML) page that runs in an Atmel Studio tool window. The Start Page tool window
can run Atmel Studio internal commands. When Atmel Studio starts, it opens the current default Start
Page. If you have installed a third-party Start Page, you can set that page as the default by using the
Options dialog box.

Installing and Applying a Custom Start Page

You can install custom Start Pages by using the Online Gallery section of Extension Manager. You can
also install directly from a Web site or local intranet page by locating and opening a .vsix file that contains
a custom Start Page, or by copying the Start Page files and pasting them into in the Documents\Atmel
Studio\StartPages\ folder on your computer.

You can apply a custom Start Page by selecting it in the Options dialog box. Start pages installed by
Extension Manager will appear in the Customize Start Page list as [InstalledExtension] Extension Name.
Start pages dropped into the \StartPages folder will include a partial file path in the list entry, as shown in
the following example.

Documents\Atmel Studio 6\StartPages\StartPage.xaml
To apply a custom Start Page

1. On the Tools menu, click Options.
2. On the left side of the Options dialog box, expand the Environment node, and then click Startup.
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3. Inthe Customize Start Page list, select the Start Page you want.

4. This list includes every . xam1 file in your user Start Pages folder and any installed extensions of
type StartPage.
5. Click OK.

Troubleshooting

It is possible for an error in a third-party Start Page to cause Atmel Studio to crash. If this happens, you
can start Atmel Studio in safe mode by adding the /SafeMode switch to the application, i.e.
avrstudio5.exe /SafeMode.

This prevents the bad Start Page from loading. You can then return to the Options dialog box and reset
Atmel Studio to use the default Start Page.

Project Options

General Settings

Sets the default path of Atmel Studio project folders, and determines the default behavior of the Output
window, Task List, and Solution Explorer as projects are developed and built. To access this dialog box,
on the Tools menu, click Options, expand Projects and Solutions, and click General.

Note: The options are available in the dialog boxes, and the names and locations of menu commands
you see, might differ from what is described in Help depending on your active settings or edition. This
Help page was written with the General Development settings in mind. To view or change your settings,
choose Import and Export Settings on the Tools menu.

Projects location

Sets the default location where new projects and solution folders and directories are created. Several
dialog boxes also use the location set in this option for folder starting points. For example, the Open
Project dialog box uses this location for the My Projects shortcut.

User project templates location

Sets the default location that is used by the New Project dialog box to create the list of My Templates.
User item templates location

Sets the default location that is used by the Add New ltem dialog box to create the list of My Templates.
Always show Error List if build finishes with errors

Opens the Error List window on build completion, only if a project failed to build. Errors that occur during
the build process are displayed. When this option is cleared, the errors still occur but the window does not
open when the build is complete. This option is enabled by default.

Track Active Item in Solution Explorer

When selected, Solution Explorer automatically opens and the active item is selected. The selected item
changes as you work with different files in a project or solution, or different components in a designer.
When this option is cleared, the selection in Solution Explorer does not change automatically. This option
is enabled by default.

Show advanced build configurations

When selected, the build configuration options appear on the Project Property Pages dialog box and the
Solution Property Pages dialog box. When cleared, the build configuration options do not appear on the
Project Property Pages dialog box and the Solution Property Pages dialog box for projects that contain
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one configuration or the two configurations debug and release. If a project has a user-defined
configuration, the build configuration options are shown.

When deselected, the commands on the Build menu, such as Build Solution, Rebuild Solution, and Clean
Solution, are performed on the Release configuration and the commands on the Debug menu, such as
Start Debugging and Start Without Debugging, are performed on the Debug configuration.

Always show solution

When selected, the solution and all commands that act on solutions are always shown in the IDE. When
cleared, all projects are created as standalone projects and you do not see the solution in Solution
Explorer or commands that act on solutions in the IDE if the solution contains only one project.

Save new projects when created

When selected, you can specify a location for your project in the New Project dialog box. When cleared,
all new projects are created as temporary projects. When you are working with temporary projects, you
can create and experiment with a project without having to specify a disk location.

Warn user when the project location is not trusted

If you attempt to create a new project or open an existing project in a location that is not fully trusted (for
example, on a UNC path or an HTTP path), a message is displayed. Use this option to specify whether
the message is displayed each time that you attempt to create or open a project in a location that is not
fully trusted.

Show Output window when build starts
Automatically displays the Output Window in the IDE at the outset of solution builds.
Prompt for symbolic renaming when renaming files

When selected, displays a message box asking whether or not Atmel Studio 7 should also rename all
references in the project to the code element.

Build and Run Options

Determines whether changed files are automatically saved when a project or its solution is built, the
maximum number of Visual C++ projects that can build at the same time, and certain default behavior on
Run. To access this dialog box, on the Tools menu, click Options, click Projects and Solutions, and then
click Build and Run.

Save all changes

Automatically saves changes to the solution file and all project files that were changed since the last build
when you press F5, or click Start on the Debug menu or Build on the Build menu. No prompt is given.
Items are saved with their current names. By default, this option is enabled.

Save changes to open documents only

Automatically saves changes to all open documents when you press F5, or click Start on the Debug
menu or Build on the Build menu. No prompt is given.

Prompt to save all changes

When selected, displays a dialog box that asks whether you want to save changes to the solution and
project items when you press F5 or click Start on the Debug menu or Build on the Build menu. The Save
As dialog box is displayed so that you can assign a name and location to your project. If this option is not
selected, the project runs by using the memory image that contains your changes, but the changes are
not saved.
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Don't save any changes

When you run your project, the integrated development environment (IDE) runs the code version in the
open documents and does not save changes to open documents.

Maximum number of parallel project builds

Specifies the maximum number of projects that can build at the same time. To optimize the build process,
the maximum number of parallel project builds is automatically set to the number of CPUs of your
computer. The maximum is 32.

Only build start-up projects and dependencies on Run

When selected, pressing F5 or clicking Start on the Debug menu or Build on the Build menu only builds
the start-up project and its dependencies. When this option is cleared, pressing F5 builds all projects,
dependencies, and solution files. By default, this option is cleared.

Always build

The message box is not displayed and the out of date project configuration is built. This option is set
when you select Do not show this dialog again in the message, and then click Yes.

Never build

The message box is not displayed and the out of date project configuration is not built. This option is set
when you select Do not show this dialog again in the message, and then click No.

Prompt to build

Displays the message box every time that a project configuration is out of date.
Prompt to launch

Displays the message box every time that build errors occur.

Do not launch

The message box is not displayed and the application is not started. This option is set when you select
Do not show this dialog again in the message box, and then click No.

Launch old version

The message box is not displayed and the newly built version of the application is not started. This option
is set when you select Do not show this dialog again in the message box, and then click Yes.

For new solutions use the currently selected project as the start-up project
If selected, new solutions use the currently selected project as the start-up project.
MSBuild project build output verbosity

Sets the verbosity level for the build output. For more information, see the /verbosity switch in MSBuild
Command Line Reference.

MSBuild project build log file verbosity
Sets the verbosity level for the build log file. For more information, see the /verbosity switch in MSBuild

Command Line Reference.

Source Control

If you have plugins for source control (SVN, ClearCase, Vault, Git, etc.) installed, you should select it from
the drop-down list in this section, to activate and use your plugin with the source repository.
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Text Editor Options

General Settings
This dialog box lets you change global settings for the Visual Studio Code and Text Editor. To display this
dialog box, click Options on the Tools menu, expand the Text Editor folder, and then click General.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Settings
Drag and drop text editing

When selected, this enables you to move text by selecting and dragging the text with the mouse to
another location within the current document or any other open document.

Automatic delimiter highlighting

When selected, delimiter characters that separate parameters or item-value pairs, as well as matching
braces, are highlighted.

Track changes

When selected, the code editor's selection margin displays a vertical yellow line to mark code recently
changed and vertical green lines next to unchanged code.

Auto-detect UTF-8 encoding without signature

By default, the editor detects encoding by searching for byte order marks or charset tags. If neither is
found in the current document, the code editor attempts to auto-detect UTF-8 encoding by scanning byte
sequences. To disable the auto-detection of encoding, clear this option.

Display

Selection margin

When selected, a vertical margin along the left edge of the editor's text area is displayed. You can click

this margin to select an entire line of text, or click and drag to select consecutive lines of text. Selection
Margin on/Selection Margin off

Indicator margin

When selected, a vertical margin outside the left edge of the editor's text area is displayed. When you
click in this margin, an icon and ToolTip that are related to the text appear. For example, breakpoint or
task list shortcuts appear in the indicator margin. Indicator Margin information does not print.

Vertical scroll bar

When selected, a vertical scrollbar which allows you to scroll up and down to view elements that fall
outside the viewing area of the Editor is displayed. If vertical scrollbars are not available, you can use the
Page Up, Page Down, and cursor keys to scroll.

Horizontal scroll bar

When selected, a horizontal scrollbar which allows you to scroll from side-to-side to view elements that
fall outside the viewing area of the Editor is displayed. If horizontal scrollbars are unavailable, you can
use the cursor keys to scroll.

File Extensions and Associations
There you can specify tool association of the source file extensions.
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General Language Options

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To open this dialog
box, select Options from the Tools menu. Within the Text Editor folder, expand the All Languages
subfolder and then select General.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the General options in all languages to whatever choices are
selected here. To change Text Editor options for just one language, expand the subfolder for
that language and select its option pages.

A grayed checkmark is displayed when an option has been selected on the General options pages for
some programming languages, but not for others.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Statement Completion
Auto list members

When selected, pop-up lists of available members, properties, values, or methods are displayed by
IntelliSense as you type in the editor. Choose any item from the pop-up list to insert the item into your
code. Selecting this option enables the Hide advanced members option.

Hide advanced members

When selected, shortens pop-up statement completion lists by displaying only those items most
commonly used. Other items are filtered from the list.

Parameter information

When selected, the complete syntax for the current declaration or procedure is displayed under the
insertion point in the editor, with all of its available parameters. The next parameter you can assign is
displayed in bold.

Settings
Enable virtual space

When this option is selected and Word wrap is cleared, you can click anywhere beyond the end of a line
in the Code Editor, and type. This feature can be used to position comments at a consistent point next to
your code.

Word wrap

When selected, any portion of a line that extends horizontally beyond the viewable editor area is
automatically displayed on the next line. Selecting this option enables the Show visual glyphs for word
wrap option.

Note: The Virtual Space feature is turned off while Word Wrap is on.
Show visual glyphs for word wrap

When selected, a return-arrow indicator is displayed where a long line wraps onto a second line.
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Clear this option if you prefer not to display these indicators.
Note: These reminder arrows are not added to your code, and do not print. They are for reference only.
Apply Cut or Copy commands to blank lines when there is no selection

This option sets the behavior of the editor when you place the insertion point on a blank line, select
nothing, and then Copy or Cut.

When this option is selected, the blank line is copied or cut. If you then Paste, a new and blank line is
inserted.

When this option is cleared, the Cut command removes blank lines. However, the data on the Clipboard
is preserved. Therefore, if you then use the Paste command, the content most recently copied onto the
Clipboard is pasted. If nothing has been copied previously, nothing is pasted.

This setting has no effect on Copy or Cut when a line is not blank. If nothing is selected, the entire line is
copied or cut. If you then Paste, the text of the entire line and its endline character are pasted.

Tip:

To display indicators for spaces, tabs, and line ends, and thus distinguish indented lines from
lines that are entirely blank, select Advanced from the Edit menu and choose View White
Space.

Display

Line numbers

When selected, a line number appears next to each line of code.

Note: These line numbers are not added to your code, and do not print. They are for reference only.
Enable single-click URL navigation

When selected, the mouse cursor changes to a pointing hand as it passes over a URL in the editor. You
can click the URL to display the indicated page in your Web browser.

Navigation bar

When selected, the Navigation bar at the top of the code editor is displayed. Its drop-down Objects and
Members lists allow you to choose a particular object in your code, select from its members, and
navigates to the declaration of the selected member in the Code Editor.

Tabs Dialog

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To display these
options, select Options from the Tools menu. Within the Text Editor folder expand the All Languages
subfolder and then choose Tabs.
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A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the Tabs options in all languages to whatever choices are selected
here. To change Text Editor options for just one language, expand the subfolder for that
language and select its option pages.

If different settings are selected on the Tabs options pages for particular programming
languages, then the message 'The indentation settings for individual text formats conflict with
each other,' is displayed for differing Indenting options; and the message 'The tab settings for
individual text formats conflict with each other,' is displayed for differing Tab options.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Indenting

None

When selected, new lines are not indented. The insertion point is placed in the first column of a new line.
Block

When selected, new lines are automatically indented. The insertion point is placed at the same starting
point as the preceding line.

Smart

When selected, new lines are positioned to fit the code context, per other code formatting settings and
IntelliSense conventions for your development language. This option is not available for all development
languages.

For example, lines enclosed between an opening brace ({) and a closing brace ( } ) might automatically
be indented an extra tab stop from the position of the aligned braces.

Tab and indent size

Sets the distance in spaces between tab stops and for automatic indentation. The default is four spaces.
Tab characters, space characters, or both will be inserted to fill the specified size.

Insert spaces

When selected, indent operations insert only space characters, not TAB characters. If the Tab and Indent
size are set to 5, for example, then five space characters are inserted whenever you press the TAB key or
the Increase Indent button on the Formatting toolbar.

Keep tabs
When selected, each indent operation inserts one TAB character.
9.3.4.5 AVR Assembler Language-Specific Settings

9.3.4.5.1 General Language Options
This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To open this dialog
box, select Options from the Tools menu. Within the Text Editor folder, expand the All Languages
subfolder and then choose General.
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A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the General options in all languages to whatever choices are
selected here. To change Text Editor options for just one language, expand the subfolder for
that language and select its option pages.

A grayed checkmark is displayed when an option has been selected on the General options pages for
some programming languages, but not for others.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Statement Completion
Auto list members

When selected, pop-up lists of available members, properties, values, or methods are displayed by
IntelliSense as you type in the editor. Choose any item from the pop-up list to insert the item into your
code. Selecting this option enables the Hide advanced members option.

Hide advanced members

When selected it shortens the pop-up statement completion lists by displaying only those items most
commonly used. Other items are filtered from the list.

Parameter information

When selected, the complete syntax for the current declaration or procedure is displayed under the
insertion point in the editor, with all of its available parameters. The next parameter you can assign is
displayed in bold.

Settings
Enable virtual space

When this option is selected and Word wrap is cleared, you can click anywhere beyond the end of a line
in the Code Editor and type. This feature can be used to position comments at a consistent point next to
your code.

Word wrap

When selected, any portion of a line that extends horizontally beyond the viewable editor area is
automatically displayed on the next line. Selecting this option enables the Show visual glyphs for word
wrap option.

Note: The Virtual Space feature is turned off while Word Wrap is on.

Show visual glyphs for word wrap

When selected, a return-arrow indicator is displayed where a long line wraps onto a second line.

Clear this option if you prefer not to display these indicators.

Note: These reminder arrows are not added to your code, and do not print. They are for reference only.

Apply Cut or Copy commands to blank lines when there is no selection
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This option sets the behavior of the editor when you place the insertion point on a blank line, select
nothing, and then Copy or Cut.

When this option is selected, the blank line is copied or cut. If you then Paste, a new, blank line is
inserted.

When this option is cleared, the Cut command removes blank lines. However, the data on the Clipboard
is preserved. Therefore, if you then use the Paste command, the content most recently copied onto the
Clipboard is pasted. If nothing has been copied previously, nothing is pasted.

This setting has no effect on Copy or Cut when a line is not blank. If nothing is selected, the entire line is
copied or cut. If you then Paste, the text of the entire line and its endline character are pasted.

Tip:

To display indicators for spaces, tabs, and line ends, and thus distinguish indented lines from
lines that are entirely blank, select Advanced from the Edit menu and choose View White
Space.

Display

Line numbers

When selected, a line number appears next to each line of code.

Note: These line numbers are not added to your code, and do not print. They are for reference only.
Enable single-click URL navigation

When selected, the mouse cursor changes to a pointing hand as it passes over a URL in the editor. You
can click the URL to display the indicated page in your Web browser.

Navigation bar

When selected, displays the Navigation bar at the top of the code editor. Its drop-down Objects and
Members lists allow you to choose a particular object in your code, select from its members, and
navigates to the declaration of the selected member in the Code Editor.

9.3.4.5.2 Tabs Dialog
This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To display these
options, select Options from the Tools menu. Within the Text Editor folder expand the All Languages
subfolder and then choose Tabs.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the Tabs options in all languages to whatever choices are selected
here. To change Text Editor options for just one language, expand the subfolder for that
language and select its option pages.

If different settings are selected on the Tabs options pages for particular programming
languages, then the message 'The indentation settings for individual text formats conflict with
each other,' is displayed for differing Indenting options; and the message 'The tab settings for
individual text formats conflict with each other,' is displayed for differing Tab options.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 309



9.3.4.6
9.3.4.6.1

Atmel Studio 7 User Guide

Menus and Settings

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Indenting

None

When selected, new lines are not indented. The insertion point is placed in the first column of a new line.
Block

When selected, new lines are automatically indented. The insertion point is placed at the same starting
point as the preceding line.

Smart

When selected, new lines are positioned to fit the code context, per other code formatting settings and
IntelliSense conventions for your development language. This option is not available for all development
languages.

For example, lines enclosed between an opening brace ( { ) and a closing brace ( } ) might automatically
be indented an extra tab stop from the position of the aligned braces.

Tab and indent size

Sets the distance in spaces between tab stops and for automatic indentation. The default is four spaces.
Tab characters, space characters, or both will be inserted to fill the specified size.

Insert spaces

When selected, indent operations insert only space characters, not TAB characters. If the Tab and Indent
size are set to 5, for example, then five space characters are inserted whenever you press the TAB key or
the Increase Indent button on the Formatting toolbar.

Keep tabs
When selected, each indent operation inserts one TAB character.
AVR GCC Language-Specific Settings

General Language Options

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To open this dialog
box, select Options from the Tools menu. Within the Text Editor folder, expand the All Languages
subfolder and then choose General.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the General options in all languages to whatever choices are
selected here. To change Text Editor options for just one language, expand the subfolder for
that language and select its option pages.

A grayed checkmark is displayed when an option has been selected on the General options pages for
some programming languages, but not for others.
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Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Statement Completion
Auto list members

When selected, pop-up lists of available members, properties, values, or methods are displayed by
IntelliSense as you type in the editor. Choose any item from the pop-up list to insert the item into your
code. Selecting this option enables the Hide advanced members option.

Hide advanced members

When selected it shortens the pop-up statement completion lists by displaying only those items most
commonly used. Other items are filtered from the list.

Parameter information

When selected, the complete syntax for the current declaration or procedure is displayed under the
insertion point in the editor, with all of its available parameters. The next parameter you can assign is
displayed in bold.

Settings
Enable virtual space

When this option is selected and Word wrap is cleared, you can click anywhere beyond the end of a line
in the Code Editor and type. This feature can be used to position comments at a consistent point next to
your code.

Word wrap

When selected, any portion of a line that extends horizontally beyond the viewable editor area is
automatically displayed on the next line. Selecting this option enables the Show visual glyphs for word
wrap option.

Note: The Virtual Space feature is turned off while Word Wrap is on.

Show visual glyphs for word wrap

When selected, a return-arrow indicator is displayed where a long line wraps onto a second line.

Clear this option if you prefer not to display these indicators.

Note: These reminder arrows are not added to your code, and do not print. They are for reference only.
Apply Cut or Copy commands to blank lines when there is no selection

This option sets the behavior of the editor when you place the insertion point on a blank line, select
nothing, and then Copy or Cut.

When this option is selected, the blank line is copied or cut. If you then Paste, a new, blank line is
inserted.

When this option is cleared, the Cut command removes blank lines. However, the data on the Clipboard
is preserved. Therefore, if you then use the Paste command, the content most recently copied onto the
Clipboard is pasted. If nothing has been copied previously, nothing is pasted.

This setting has no effect on Copy or Cut when a line is not blank. If nothing is selected, the entire line is
copied or cut. If you then Paste, the text of the entire line and its endline character are pasted.
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Tip:

To display indicators for spaces, tabs, and line ends, and thus distinguish indented lines from
lines that are entirely blank, select Advanced from the Edit menu and choose View White
Space.

Display

Line numbers

When selected, a line number appears next to each line of code.

Note: These line numbers are not added to your code, and do not print. They are for reference only.
Enable single-click URL navigation

When selected, the mouse cursor changes to a pointing hand as it passes over a URL in the editor. You
can click the URL to display the indicated page in your Web browser.

Navigation bar

When selected, displays the Navigation bar at the top of the code editor. Its drop-down Objects and
Members lists allow you to choose a particular object in your code, select from its members, and
navigates to the declaration of the selected member in the Code Editor.

Tabs Dialog

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To display these
options, select Options from the Tools menu. Within the Text Editor folder expand the All Languages
subfolder and then choose Tabs.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the Tabs options in all languages to whatever choices are selected
here. To change Text Editor options for just one language, expand the subfolder for that
language and select its option pages.

If different settings are selected on the Tabs options pages for particular programming
languages, then the message 'The indentation settings for individual text formats conflict with
each other,' is displayed for differing Indenting options; and the message 'The tab settings for
individual text formats conflict with each other,' is displayed for differing Tab options.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Indenting

None

When selected, new lines are not indented. The insertion point is placed in the first column of a new line.
Block

When selected, new lines are automatically indented. The insertion point is placed at the same starting
point as the preceding line.
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Smart

When selected, new lines are positioned to fit the code context, per other code formatting settings and
IntelliSense conventions for your development language. This option is not available for all development
languages.

For example, lines enclosed between an opening brace ( { ) and a closing brace ( } ) might automatically
be indented an extra tab stop from the position of the aligned braces.

Tab and indent size

Sets the distance in spaces between tab stops and for automatic indentation. The default is four spaces.
Tab characters, space characters, or both will be inserted to fill the specified size.

Insert spaces

When selected, indent operations insert only space characters, not TAB characters. If the Tab and Indent
size are set to 5, for example, then five space characters are inserted whenever you press the TAB key or
the Increase Indent button on the Formatting toolbar.

Keep tabs
When selected, each indent operation inserts one TAB character.
Plain Text Settings

General Language Options

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To open this dialog
box, select Options from the Tools menu. Within the Text Editor folder, expand the All Languages
subfolder and then choose General.

/\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the General options in all languages to whatever choices are
selected here. To change Text Editor options for just one language, expand the subfolder for
that language and select its option pages.

A grayed checkmark is displayed when an option has been selected on the General options pages for
some programming languages, but not for others.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Statement Completion
Auto list members

When selected, pop-up lists of available members, properties, values, or methods are displayed by
IntelliSense as you type in the editor. Choose any item from the pop-up list to insert the item into your
code. Selecting this option enables the Hide advanced members option.

Hide advanced members

When selected, it shortens the pop-up statement completion lists by displaying only those items most
commonly used. Other items are filtered from the list.
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Parameter information

When selected, the complete syntax for the current declaration or procedure is displayed under the
insertion point in the editor, with all of its available parameters. The next parameter you can assign is
displayed in bold.

Settings
Enable virtual space

When this option is selected and Word wrap is cleared, you can click anywhere beyond the end of a line
in the Code Editor and type. This feature can be used to position comments at a consistent point next to
your code.

Word wrap

When selected, any portion of a line that extends horizontally beyond the viewable editor area is
automatically displayed on the next line. Selecting this option enables the Show visual glyphs for word
wrap option.

Note: The Virtual Space feature is turned OFF while Word Wrap is ON.

Show visual glyphs for word wrap

When selected, a return-arrow indicator is displayed where a long line wraps onto a second line.

Clear this option if you prefer not to display these indicators.

Note: These reminder arrows are not added to your code, and do not print. They are for reference only.
Apply Cut or Copy commands to blank lines when there is no selection

This option sets the behavior of the editor when you place the insertion point on a blank line, select
nothing, and then Copy or Cut.

When this option is selected, the blank line is copied or cut. If you then Paste, a new, blank line is
inserted.

When this option is cleared, the Cut command removes blank lines. However, the data on the Clipboard
is preserved. Therefore, if you then use the Paste command, the content most recently copied onto the
Clipboard is pasted. If nothing has been copied previously, nothing is pasted.

This setting has no effect on Copy or Cut when a line is not blank. If nothing is selected, the entire line is
copied or cut. If you then Paste, the text of the entire line and its endline character are pasted.

Tip:

To display indicators for spaces, tabs, and line ends, and thus distinguish indented lines from
lines that are entirely blank, select Advanced from the Edit menu and choose View White
Space.

Display

Line numbers

When selected, a line number appears next to each line of code.

Note: These line numbers are not added to your code, and do not print. They are for reference only.

Enable single-click URL navigation
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When selected, the mouse cursor changes to a pointing hand as it passes over a URL in the editor. You
can click the URL to display the indicated page in your Web browser.

Navigation bar

When selected, displays the Navigation bar at the top of the code editor. Its drop-down Objects and
Members lists allow you to choose a particular object in your code, select from its members, and
navigates to the declaration of the selected member in the Code Editor.

9.3.4.7.2 Tabs Dialog
This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To display these
options, select Options from the Tools menu. Within the Text Editor folder expand the All Languages
subfolder and then choose Tabs.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the Tabs options in all languages to whatever choices are selected
here. To change Text Editor options for just one language, expand the subfolder for that
language and select its option pages.

If different settings are selected on the Tabs options pages for particular programming
languages, then the message 'The indentation settings for individual text formats conflict with
each other,' is displayed for differing Indenting options; and the message 'The tab settings for
individual text formats conflict with each other,' is displayed for differing Tab options.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Indenting

None

When selected, new lines are not indented. The insertion point is placed in the first column of a new line.
Block

When selected, new lines are automatically indented. The insertion point is placed at the same starting
point as the preceding line.

Smart

When selected, new lines are positioned to fit the code context, per other code formatting settings and
IntelliSense conventions for your development language. This option is not available for all development
languages.

For example, lines enclosed between an opening brace ({) and a closing brace ( } ) might automatically
be indented an extra tab stop from the position of the aligned braces.

Tab and indent size

Sets the distance in spaces between tab stops and for automatic indentation. The default is four spaces.
Tab characters, space characters, or both will be inserted to fill the specified size.

Insert spaces
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When selected, indent operations insert only space characters, not TAB characters. If the Tab and Indent
size are set to 5, for example, then five space characters are inserted whenever you press the TAB key or
the Increase Indent button on the Formatting toolbar.

Keep tabs
When selected, each indent operation inserts one TAB character.
XML Settings

General Language Options

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To open this dialog
box, select Options from the Tools menu. Within the Text Editor folder, expand the All Languages
subfolder and then choose General.

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the General options in all languages to whatever choices are
selected here. To change Text Editor options for just one language, expand the subfolder for
that language and select its option pages.

A grayed checkmark is displayed when an option has been selected on the General options pages for
some programming languages, but not for others.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Statement Completion
Auto list members

When selected, pop-up lists of available members, properties, values, or methods are displayed by
IntelliSense as you type in the editor. Choose any item from the pop-up list to insert the item into your
code. Selecting this option enables the Hide advanced members option.

Hide advanced members

When selected, shortens pop-up statement completion lists by displaying only those items most
commonly used. Other items are filtered from the list.

Parameter information

When selected, the complete syntax for the current declaration or procedure is displayed under the
insertion point in the editor, with all of its available parameters. The next parameter you can assign is
displayed in bold.

Settings
Enable virtual space

When this option is selected and Word wrap is cleared, you can click anywhere beyond the end of a line
in the Code Editor and type. This feature can be used to position comments at a consistent point next to
your code.

Word wrap
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When selected, any portion of a line that extends horizontally beyond the viewable editor area is
automatically displayed on the next line. Selecting this option enables the Show visual glyphs for word
wrap option.

Note: The Virtual Space feature is turned off while Word Wrap is on.

Show visual glyphs for word wrap

When selected, a return-arrow indicator is displayed where a long line wraps onto a second line.

Clear this option if you prefer not to display these indicators.

Note: These reminder arrows are not added to your code, and do not print. They are for reference only.
Apply Cut or Copy commands to blank lines when there is no selection

This option sets the behavior of the editor when you place the insertion point on a blank line, select
nothing, and then Copy or Cut.

When this option is selected, the blank line is copied or cut. If you then Paste, a new, blank line is
inserted.

When this option is cleared, the Cut command removes blank lines. However, the data on the Clipboard
is preserved. Therefore, if you then use the Paste command, the content most recently copied onto the
Clipboard is pasted. If nothing has been copied previously, nothing is pasted.

This setting has no effect on Copy or Cut when a line is not blank. If nothing is selected, the entire line is
copied or cut. If you then Paste, the text of the entire line and its endline character are pasted.

Tip:

To display indicators for spaces, tabs, and line ends, and thus distinguish indented lines from
lines that are entirely blank, select Advanced from the Edit menu and choose View White
Space.

Display

Line numbers

When selected, a line number appears next to each line of code.

Note: These line numbers are not added to your code, and do not print. They are for reference only.
Enable single-click URL navigation

When selected, the mouse cursor changes to a pointing hand as it passes over a URL in the editor. You
can click the URL to display the indicated page in your Web browser.

Navigation bar

When selected, displays the Navigation bar at the top of the code editor. Its drop-down Objects and
Members lists allow you to choose a particular object in your code, select from its members, and
navigates to the declaration of the selected member in the Code Editor.

Tabs Dialog

This dialog box allows you to change the default behavior of the Code Editor. These settings also apply to
other editors based upon the Code Editor, such as the HTML Designer's Source view. To display these
options, select Options from the Tools menu. Within the Text Editor folder expand the All Languages
subfolder and then choose Tabs.

© 2018 Microchip Technology Inc. User Guide DS50002718B-page 317



Atmel Studio 7 User Guide

Menus and Settings

A\ CAUTION

This page sets default options for all development languages. Remember that resetting an
option in this dialog will reset the Tabs options in all languages to whatever choices are selected
here. To change Text Editor options for just one language, expand the subfolder for that
language and select its option pages.

If different settings are selected on the Tabs options pages for particular programming
languages, then the message 'The indentation settings for individual text formats conflict with
each other,' is displayed for differing Indenting options; and the message 'The tab settings for
individual text formats conflict with each other,' is displayed for differing Tab options.

Note: The dialog boxes and menu commands you see might differ from those described in Help
depending on your active settings or edition. To change your settings, choose Import and Export Settings
on the Tools menu.

Indenting

None

When selected, new lines are not indented. The insertion point is placed in the first column of a new line.
Block

When selected, new lines are automatically indented. The insertion point is placed at the same starting
point as the preceding line.

Smart

When selected, new lines are positioned to fit the code context, per other code formatting settings and
IntelliSense conventions for your development language. This option is not available for all development
languages.

For example, lines enclosed between an opening brace ({) and a closing brace ( } ) might automatically
be indented an extra tab stop from the position of the aligned braces.

Tab and indent size

Sets the distance in spaces between tab stops and for automatic indentation. The default is four spaces.
Tab characters, space characters, or both will be inserted to fill the specified size.

Insert spaces

When selected, indent operations insert only space characters, not TAB characters. If the Tab and Indent
size are set to 5, for example, then five space characters are inserted whenever you press the TAB key or
the Increase Indent button on the Formatting toolbar.

Keep tabs
When selected, each indent operation inserts one TAB character.

9.3.4.8.3 XML Formatting Options
This dialog box allows you to specify the formatting settings for the XML Editor. You can access the
Options dialog box from the Tools menu.

Note: These settings are available when you select the Text Editor folder, the XML folder, and then the
Formatting option from the Options dialog box.

Attributes
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Preserve manual attribute formatting Attributes are not reformatted. This is the default.

Note: If the attributes are on multiple lines, the editor indents each line of attributes to match the
indentation of the parent element.

Align attributes each on their own line

Aligns the second and subsequent attributes vertically to match the indentation of the first attribute. The
following XML text is an example of how the attributes would be aligned.

<item id = "123-A"
name = "hammer"
price = "9.95">
</item>

Auto Reformat

On paste from the Clipboard

Reformats XML text pasted from the Clipboard.

On completion of end tag

Reformats the element when the end tag is completed.
Mixed Content

Preserve mixed content by default

Determines whether the editor reformats mixed content. By default, the editor attempts to reformat mixed
content, except when the content is found in an xm1 : space="preserve" scope.

If an element contains a mix of text and markup, the contents are considered to be mixed content. The
following is an example of an element with mixed content.

<dir>c:\data\AlphaProject\
<file readOnly="false">testl.txt</file>
<file readOnly="false">test2.txt</file>
</dir>

XML Miscellaneous Options
This dialog box allows you to change the autocompletion and schema settings for the XML Editor. You
can access the Options dialog box from the Tools menu.

Note: These settings are available when you select the Text Editor folder, the XML folder, and then the
Miscellaneous option from the Options dialog box.

Auto Insert
Close tags

If the autocompletion setting is checked, the editor automatically adds an end tag when you type a right
angle bracket (>) to close a start tag, if the tag is not already closed. This is the default behavior.

The completion of an empty element does not depend on the autocompletion setting. You can always
autocomplete an empty element by typing a backslash (/).

Attribute quotes

When authoring XML attributes, the editor inserts the =" " characters and positions the caret (*) inside the
double quotes.

Selected by default.
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Namespace declarations

The editor automatically inserts namespace declarations wherever they are needed.

Selected by default.

Other markup (Comments, CDATA)

Comments, CDATA, DOCTYPE, processing instructions, and other markup are auto-completed.
Selected by default.

Network

Automatically download DTDs and schemas

Schemas and document type definitions (DTDs) are automatically downloaded from HTTP locations. This
feature uses System.Net with auto-proxy server detection enabled.

Selected by default.

Outlining

Enter outlining mode when files open

Turns on the outlining feature when a file is opened.
Selected by default.

Caching

Schemas

Specifies the location of the schema cache. The browse button ( ...) opens the Directory Browse dialog
box at the current schema cache location. You can select a different directory, or you can select a folder
in the dialog, right-click, and choose Open to see what is in the directory.

Debugger

Usage

In Atmel Studio, you can specify various settings for debugger behavior, including how variables are
displayed, whether certain warnings are presented, how breakpoints are set, and how breaking affects
running programs. You specify debugger settings in the Options dialog box.

To set debugger options
On the Tools menu, click Options.
In the Options dialog box, open the Debugging folder.

In the Debugging folder, choose the category of options you want.

AVR Debugger Settings
AVR Communication Timeout

Shows the timeout delay used for communication with the back-end. If the watchdog detects that timeout
is exceeded the back-end is restarted. 20000 ms by default.

AVR Debugger Path
Shows the path to the AVR Debugger.
AVR Debugger Port
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Indicates the Windows Comm API Port number, used by the AVR debugger. 0 by default.
RPC transaction times

Filename to put statistic logging in. This is log data from the communication with the back-end. Empty
means no logging. Note that the file must be written to a directory where the user has write permission.
E.g. C:/tmp/transactionlog.csv

User Tool polling

Use internal port polling method for hardware tool discovery, instead of relying on Windows Comm
Framework. Must restart Atmel Studio if activated, it may slow down your PC considerably, so use it only
if you have errors related to Windows Comm Framework. Disabled by default.

Advanced Software Framework Settings
Path of the application used to compare files

An application is normally used to compare files in the Advanced Software Framework, as such you must
specify a path here.

Command line arguments used for file comparison
Command line argument macros:

*  %original - Path of the original Software Framework file.
*  %mine - Path of the modified file in the local project

If the command line for the configured file compare application is FileCompare.exe filepathl
filepath?2, specify $original for filepathl and $mine for filepath2. For example, if configuring
WinMerge as the compare application, specify the following command line arguments: $original
$mine /s /u.
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Builder
Figure 9-1. Builder
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ShellUtils Packages

It will list Default, Custom, and installed Shell Utility extensions.
ShellUtils Path

Based on the package selected the ShellUtils Path will point to the corresponding utilities folder. If you
select a custom ShellUtil package then you can configure a custom Shell utilities folder by clicking on the
select file( ...) button. If you select default or installed shell extension package then the path will be read-
only and point to the package path.

Make Configuration

You can configure the path to the Make executable by clicking on the select file( ...) button by default it

points to INSTALLDIR\shellUtils\make.exe and you can enable parallel build of projects by checking the
box.

Device and Tool Libraries

In the Devices sub-menu you can specify the path to custom libraries for your device. In the Tools
submenu, you can specify the path to custom tools for your device.

Status Management

Contains path to the log files and logging settings.

Location

Path to the log file. You can change it by clicking and browsing to the desired location.

Severity threshold
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How severe the incident must be in order to generate a log entry. You can choose whether you want to
have an output when all operations are successful - OK level, when some unorthodox code is present -
Info level, when some operations have been canceled - Cancel setting. If you want to generate output

only in the case when the code is potentially unstable or erroneous, choose either Warning or Error

setting.

Component filter

Filter messages coming from the source code for standard or custom components in your design.

Severity threshold

Meaning identical to the Severity threshold for your source code log generation.

Use filter

Whether the logging process should use a filter to separate components output from your code output.

Text Templating
Show security message

Display a dialog prompting the user to ensure that the text templates are from a trusted source when a

text transformation operation is initiated.

Toolchain

Figure 9-2. Toolchain Flavor Configuration

Options

> Environment
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> Text Editor
- Atmel Gallery
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> Builder
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> Tools

Available Informaticn

Toolchains: | Atmel AVR 32-bit (C language) -
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Toolchain Path :
Ch\Program Files (B6)\AtmelAtmel Toolchain\AVR32 GCC\Nativel, E
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Toolchain

Toolchain is used to compile, link, and transform the source code to an executable form targeting the AVR
devices. By default, AVR Studio has the following Toolchain Type extensions.
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Table 9-2. Toolchain Options

AVR Assembler Assembly Used for building 8-Bit Assembler projects

AVR 8-bit C Used for building 8-Bit C/C++ projects
C++

AVR 32-bit C Used for building 32-Bit C/C++ projects
C++

ARM 32-bit C Used for building ARM C/C++ projects
C++

9.3.11.1 Flavor
Flavor identifies a particular version of Toolchain extension of a desired Toolchain type. You could have
different flavors of same Toolchain type extensions installed for Atmel Studio.

9.3.11.1.1 Add Flavor
1. Select a Toolchain type for which the new Flavor is to be added.
Figure 9-3. Add Toolchain Flavor

Add Toolchain Package @

Package Mame |

Packaoge Base Path C]

Ad || cancel |

2. Enter a new Flavor Name.
3. Configure the Toolchain path for the Flavor. The path should contain desired Toolchain executable,
e.g. avr-gcc.exe for AVR 8-bit.

4. Click the Add button.

9.3.11.1.2 Set Default Flavor
1. Select a Flavor to set as default. The flavor would be the default for the selected toolchain type.
Hence, a new project using the toolchain type would use the configured Flavor settings.
2. You can view and switch between various Flavors after creating the project through the project
properties page shown in 3.2.7.6 Advanced Options.

9.3.11.1.3 Delete Flavor
Pressing the Delete Flavor button deletes the Flavor configuration.

Note: If the customized default flavor is deleted, then the Native flavor will be set as default. Also, the
projects that were configured with the deleted flavor will be changed to the default flavor of the respective
toolchain type when the project is opened the next time.
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GDB Settings

We can configure architecture specific GDB path in this page. This will override the default toolchain
flavor GDB path.

Options ?

Add-in/Macros Security ~ GDEB Settings
AutoR

e Ecwer GDB Path for Architectures can be specified here. This takes precedence
Custom Settings

over GDB found in Teolchain Flavour path.
Documents

Find and Replace
Fonts and Colors Architectures: | AWR32 W
Import and Export Settings
International Settings
Keyboard

Startup

Task List

Web Browser

Override Toolchain Flavour GDB Path

C:"Program Files (x26)\Atmel\Atmel Toolchain\AVR3Z GCC\Mative!,

» Projects and Solutions
- Source Control
- Text Editor
a4 Debugger
Backend Agent
GDEB Settings
. Atrmel Gallerv

Code Snippet Manager

Code snippets are particularly useful when writing AVR GCC applications. You can use the Code
Snippets Manager to add folders to the folder list that the Code Snippet Picker scans for XML .snippet
files. Having these building blocks of code at your disposal can facilitate project development.

The Code Snippets Manager can be accessed from the Tools menu.

Managing Code Snippets
To access the Code Snippets Manager

On the Tools menu, click Code Snippets Manager.
To add a directory to the Code Snippet Manager

1. Inthe Language: drop-down list, select the language that you want to add a directory to.
2. Click Add. This opens the Code Snippets Directory window.
3. Select the directory that you want to add to the Code Snippets Manager and click OK. The directory
will now be used to search for available code snippets.
To remove a directory from the Code Snippet Manager

1. Select the directory that you want to remove.
2. Click Remove.
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To import a code snippet into the Code Snippet Manager

In the Language: drop-down list, select the language that you want to add the code snippet to.
Select the existing folder that you want to place the imported code snippet into.
Click Import. This opens the Code Snippets Directory window.

Select the code snippet file that you want to add to the Code Snippets Manager and click OK. The
code snippet is now available for insertion into the code editor.

Ao bd =

Code Snippet Manager Layout
Language

Selects the development language whose code snippet folders are displayed in the folder list.
Location

Displays the path to the folders in the folder list, or to the code snippet file selected there.
Folder list

Shows the set of sub-folders, if any, and the code snippet files available for the Language selected. Click
any folder to expand it and list its files.

Description

Displays information on the folder or code snippet file selected in the folder list. When a code snippet file
is selected, displays the text from its Author, Description, Shortcut, and Type fields.

Add

Opens the Code Snippet Directory dialog box. Allows you to navigate to the desired snippets folder on
your local drive or server, and include it in the folder list.

Remove

Removes a selected top-level folder and its contents from the folder list. Does not physically delete the
folder.

Import

Opens the Code Snippet Directory dialog box. Allows you to navigate to the desired snippet on your local
drive or server, and add it to an existing code snippet folder.

Security

Whenever you store a new snippet in a folder accessed by the Code Snippets Manager, you are
responsible for ensuring that its code is constructed as securely as the rest of your application. Because
using code snippets saves development time, snippets can be reused frequently as you construct
applications. You should, therefore, make sure that model code saved in snippets is designed to address
security issues. Development teams should establish procedures to review code snippets for compliance
with general security standards.

Modifying Existing Code Snippets
IntelliSense Code Snippets are XML files with a .snippet file name extension that can be easily modified
using any XML editor, including Atmel Studio.

To modify an existing IntelliSense Code Snippet

1. Use the Code Snippets Manager to locate the snippet that you want to modify.
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Copy the path of the code snippet to the clipboard and click OK.

On the File menu, click Open, and click File.

Paste the snippet path into the File location box and click OK.

Modify the snippet.

On the File menu, click Save. You must have write access to the file to save it.

o g ks~ wDdN

9.5 External Tools

You can add items to the Tools menu that allow you to launch external tools from within Visual Studio. For
example, you can add an item to the Tools menu to launch utilities such as avrdude or a diffing tool.

9.5.1 Add an External Tool to the Tools Menu

You can add a command to the Tools menu to start another application, such as Notepad, from within the
integrated development environment (IDE).

Figure 9-4. External Tool Dialog

20|

Menu contents:

Add

Delete

X

s

[ove g

e[yt =R B w )i g] |
Title: I [Mew Toal 1]
Command: I J
Arguments: I ﬂ
Initial directory: I ﬂ
[~ use Qutput window [~ Prompt for arguments
[T Treat output s Unicade [v Close on exit

oK I Cancel

The dialog contains a list box where all previously defined external tools are listed. If you have not
defined any tool, the list box will be empty.

sply |

*  On the Tools menu, choose External Tools
* Inthe External Tools dialog box, choose Add, and enter a name for the menu option in the Title box
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Tip:

Type an ampersand before one of the letters in the tool name to create an accelerator key
for the command when it appears on the Tools menu. For example, if you use M&y
External Tool, the letter 'y' will be the accelerator key. See 9.5.5 Assign a Keyboard
Shortcut for more information.

* Inthe Command box, enter the path to the file you intend to launch or choose Browse (...) to
navigate to the file. File types that you can launch include .exe, .bat, .com, .cmd, and .pif.

Note: If the file resides on the system path, you can enter just the file name. If not, enter the full
path to the file.

»  Select Use output window and Close on exit, as appropriate, and then choose OK

Pass Variables to External Tools
You can specify that certain information is passed to a command when it is launched, such as command
line switches for console applications.

Fill in the Arguments box with the necessary launch arguments, either manually or using the j auto-fill
button.

The auto-fill argument button can provide you with the macros described in the table below.

Table 9-3. External Tools Macros

T N

Item Path $ (ItemPath) The complete filename of the current source (defined as
drive + path + filename); blank if a non-source window is
active.

Item Directory $ (ItemDir) The directory of the current source (defined as drive +

path); blank if a non-source window is active.

$ (ItemFilename) The filename of the current source (defined as filename);

blank if a non-source window is active.

Item File Name

The filename extension of the current source.

Item Extension
Current Line
Current Column
Current Text

Target Path

Target Directory
Target Name

Target Extension

S (ItemExt)
S (CurLine)
S (CurCol)

S (CurText)

$ (TargetPath)

$ (TargetDir)
S (TargetName)

$ (TargetExt)

The current line position of the cursor in the editor.
The current column position of the cursor in the editor.
The selected text.

The complete filename of the item to be built, (defined as
drive + path + filename).

The directory of the item to be built.
The filename of the item to be built.

The filename extension of the item to be built.
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Binary Directory S (BinDir) The final location of the binary that is being built (defined
as drive + path).

Project Directory | S (ProjectDir) The directory of the current project (defined as drive +
path).

Project flename @ $ (ProjectFileName)  The filename of the current project (defined as drive +
path + filename).

Solution Directory | $ (SolutionDir) The directory of the current solution (defined as drive +
path).

Solution filename $ (SolutionFileName) The filename of the current solution (defined as drive +
path + filename).

Initial Directory

You can also specify the working directory for the tool or command. For example, if the tool reads file
system data from the current directory, the tool requires that certain program components are present in
the current directory at start-up.

Run Behavior
Underneath the argument boxes, you can modify the tool behavior.

Use output window - if this box is checked, the tool will output processing information to the Atmel
Studio output window, otherwise, the output will be suppressed.

Close on exit - if the box is checked the tool window, if any, will be automatically closed after completing
all operations.

Prompt for arguments - used for toolchain automation. If the box is checked, the external tool will
require user intervention to input additional processing parameters, otherwise, the tool will be silent.

Treat output as Unicode - internationalization option. Some tools have a capacity to output Unicode
results for better interpretation. This option allows for correct output rendering if you are using such a tool.

Assign a Keyboard Shortcut

To assign a shortcut (accelerator) to a command, add an ampersand (&) in the title of the tool, just before
the letter that you want to use as the access key.

After the ampersand has been added the accelerator needs to be included as a keyboard shortcut.

*  On the Tools menu, click Options

*  Select Keyboard on the Environment page

* Inthe Show commands containing list, type Tools

* Inthe Command names list, locate the appropriate External Command n entry

Note: You can define keyboard shortcuts for up to twenty external tools. External tools are listed
as External Command 1-20 in the Command names list. The numbers correspond to the number
to the left of the custom external command name on the Tools menu. If the menu command
already has a shortcut assigned to it, that information appears in the Shortcuts for selected
command list.
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»  Put the cursor in the Press shortcut keys box, and then press the keys you want to assign to the
external tool

Note: If the keyboard shortcut is already assigned to another command, the Shortcut currently
assigned to list will display that information.

* Click Assign

Predefined Keyboard Shortcuts

The Atmel Studio uses the Visual Studio Shell framework from Microsoft Visual Studio 2010 and,
therefore, the integrated development environment (IDE) includes several predefined keyboard shortcut
schemes, identical to those in the Visual Studio. When you start Atmel Studio for the first time and select
your settings, the associated schemes are automatically set. Thereafter, by using the keyboard options
page in the Options dialog box, you can choose from additional schemes and you can also create your
own keyboard shortcuts.

Designers and Editors, Shared Shortcuts

These shortcuts work for both designers and editors.

Web

Edit.Copy Copies the selected item to the Clipboard. CTRL+C or CTRL
+INSERT

Edit.Cut Deletes the selected item from the file and CTRL+X or SHIFT
copies it to the Clipboard. +DELETE

Edit.CycleClipboardRing | Pastes an item from the Clipboard ring to the CTRL+SHIFT+V
cursor location in the file. To paste the next item
in the Clipboard ring instead, press the shortcut

again.
Edit.Delete Deletes one character to the right of the cursor.  DELETE
Edit.Find Displays the Quick tab of the Find and Replace | CTRL+F
dialog box.

Edit.FindAlIReferences Displays the list of references for the selected SHIFT+ALT+F

symbol.
Edit.FindinFiles Displays the In Files tab of the Find and Replace | CTRL+SHIFT+F
dialog box.
Edit.FindNext Finds the next occurrence of the search text. F3
Edit.FindNextSelected Finds the next occurrence of the currently CTRL+F3

selected text, or the word at the cursor.

Edit.FindPrevious Finds the previous occurrence of the search text. SHIFT+F3
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Edit.FindPreviousSelected | Finds the previous occurrence of the currently CTRL+SHIFT+F3
selected text, or the word at the cursor.

Edit.FindSymbol Displays the Find Symbol pane of the Find and  ALT+F12
Replace dialog box.

Edit. GoToFindCombo Puts the cursor in the Find/Command box on the | CTRL+D
Standard toolbar.

Edit.IncrementalSearch Activates incremental search. If incremental CTRL+I
search is on, but no input is passed, the previous
search query is used. If search input has been
found, the next invocation searches for the next
occurrence of the input text.

Edit.Paste Inserts the Clipboard contents at the cursor. CTRL+V or SHIFT
+INSERT

Edit.QuickFindSymbol Searches for the selected object or member and SHIFT+ALT+F12
displays the matches in the Find Symbol Results

window.

Edit.NavigateTo Displays the Navigate To dialog box. CTRLH+,

Edit.Redo Repeats the most recent action. CTRL+Y or SHIFT+ALT
+BACKSPACE or CTRL
+SHIFT+Z

Edit.Replace Displays the replace options on the Quick tab of | CTRL+H

the Find and Replace dialog box.

Edit.ReplaceinFiles Displays the replace options on the In Files tab  CTRL+SHIFT+H

of the Find and Replace dialog box.

Edit.SelectAll Selects everything in the current document. CTRL+A

Edit.StopSearch Stops the current Find in Files operation. ALT+F3, S

Edit.Undo Reverses the last editing action. CTRL+Z or ALT
+BACKSPACE

View.ViewCode For the selected item, opens the corresponding  CTRL+ALT+0

file and puts the cursor in the correct location.

Text Navigation

These shortcuts are for moving around in an open document.
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Edit.CharlLeft Moves the cursor one character to the left. LEFT ARROW
Edit.CharRight Moves the cursor one character to the right. RIGHT ARROW
Edit.DocumentEnd Moves the cursor to the last line of the document. | CTRL+END
Edit.DocumentStart Moves the cursor to the first line of the document.  CTRL+HOME
Edit.GoTo Displays the Go To Line dialog box. CTRL+G

Edit. GoToDefinition Navigates to the declaration for the selected ALT+G

symbol in code.

Edit. GoToNextLocation Moves the cursor to the next item, such as a task in | F8
the Task List window or a search match in the Find
Results window. Subsequent invocations move to
the next item in the list.

Edit. GoToPrevLocation Moves the cursor back to the previous item. SHIFT+F8

Edit.IncrementalSearch Starts incremental search. If incremental search is | CTRL+I
started but you have not typed any characters,
recalls the previous pattern. If the text has been
found, searches for the next occurrence.

Edit.LineDown Moves the cursor down one line. DOWN ARROW
Edit.LineEnd Moves the cursor to the end of the current line. END
Edit.LineStart Moves the cursor to the start of the line. HOME
Edit.LineUp Moves the cursor up one line. UP ARROW
Edit.NextBookmark Moves to the next bookmark in the document. CTRL+K, CTRL
+N
Edit.NextBookmarkInFolder If the current bookmark is in a folder, moves to the ' CTRL+SHIFT+K,

next bookmark in that folder. Bookmarks outside CTRL+SHIFT+N
the folder are skipped.

If the current bookmark is not in a folder, moves to
the next bookmark at the same level.

If the Bookmark window contains folders,
bookmarks in folders are skipped.

Edit.PageDown Scrolls down one screen in the editor window. PAGE DOWN

Edit.PageUp Scrolls up one screen in the editor window. PAGE UP

Edit.PreviousBookmark Moves the cursor to the location of the previous CTRL+K, CTRL
bookmark. +P
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Edit.PreviousBookmarklinFolder

Edit.ReverselncrementalSearch

Edit.ScrollLineDown

Edit.ScrollLineUp

Edit.ViewBottom

Edit.ViewTop

Edit.\WordNext

Edit.WordPrevious

View.NavigateBackward
View.NavigateForward

View.NextError

View.NextTask

Visual Assist shortcuts

If the current bookmark is in a folder, moves to the
previous bookmark in that folder. Bookmarks
outside the folder are skipped.

If the current bookmark is not in a folder, moves to
the previous bookmark at the same level.

If the Bookmark window contains folders,
bookmarks in folders are skipped.

Changes the direction of incremental search to
start at the bottom of the file and progress toward
the top.

Scrolls text down one line. Available in text editors
only.

Scrolls text up one line. Available in text editors
only.

Moves to the last visible line of the active window.

Moves to the first visible line of the active window.

Moves the cursor to the right one word.

Moves the cursor to the left one word.

Moves to the previously browsed line of code.
Moves to the next browsed line of code.

Moves to the next error entry in the Error List
window, which automatically scrolls to the affected
section of text in the editor.

Moves to the next task or comment in the Task List
window.

These shortcuts are for Visual Assist.

VAssistX.FindReference

VAssistX.FindSymbolDialog

Find all references to the marked text.

Opens the symbols dialog listing all symbols in
the project.

CTRL+SHIFT+K,
CTRL+SHIFT+P

CTRL+SHIFT+I

CTRL+DOWN
ARROW

CTRL+UP
ARROW

CTRL+PAGE
DOWN

CTRL+PAGE UP

CTRL+RIGHT
ARROW

CTRL+LEFT
ARROW

CTRL+-
CTRL+SHIFT+-

CTRL+SHIFT
+F12

SHIFT+ALT+F

SHIFT+ALT+S
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VAssistX.Gotolmplementation

VAssistX.ListMethodsInCurrentFile
VAssistX.OpenCorrespondingFile
VAssistX.OpenFileInSolutionDialog
VAssistX.Paste
VAssistX.RefactorContextMenu
VAssistX.RefactorRename
VAssistX.ScopeNext

VAssitX.ScopePrevious

Text Selection

These shortcuts are for selecting text in an open document.

Go to implementation.

Opens the list of all methods in the current file.
Opens the corresponding file (i.e. .h/.c).
Displays a list of all files in the solution.
Shows the paste history menu.

Shows the refactor context menu.

Shows the rename dialog.

Jump to next scope.

Jump to previous scope.

ALT+G

ALT+M

ALT+O
SHIFT+ALT+O
CTRL+SHIFT+V
SHIFT+ALT+Q
SHIFT+ALT+R
ALT+Down Arrow
ALT+Up Arrow

Edit.CharlLeftExtend

Edit.CharLeftExtendColumn

Edit.CharRightExtend

Edit.CharRightExtendColumn

Edit.DocumentEndExtend

Edit.DocumentStartExtend

Edit.LineDownExtend

Edit.LineDownExtendColumn

Edit.LineEndExtend

Edit.LineEndExtendColumn

Moves the cursor one character to the left and
extends the current selection.

Moves the cursor to the left one character,
extending the column selection.

Moves the cursor one character to the right
and extends the current selection.

Moves the cursor to the right one character,
extending the column selection.

Selects the text from the cursor to the last line

of the document.

Selects the text from the cursor to the first line

of the document.

Extends text selection down one line, starting
at the location of the cursor.

Moves the pointer down one line, extending

the column selection.

Selects text from the cursor to the end of the

current line.

Moves the cursor to the end of the line,
extending the column selection.

SHIFT+LEFT
ARROW

SHIFT+ALT+LEFT
ARROW

SHIFT+RIGHT
ARROW

SHIFT+ALT+RIGHT
ARROW

CTRL+SHIFT+END

CTRL+SHIFT
+HOME

SHIFT+DOWN
ARROW

SHIFT+ALT+DOWN
ARROW

SHIFT+END

SHIFT+ALT+END
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Edit.LineStartExtend Selects text from the cursor to the start of the | SHIFT+HOME
line.

Edit.LineStartExtendColumn Moves the cursor to the start of the line, SHIFT+ALT+HOME
extending the column selection.

Edit.LineUpExtend Selects text up, line by line, starting from the | SHIFT+UP ARROW
location of the cursor.

Edit.LineUpExtendColumn Moves the cursor up one line, extending the SHIFT+ALT+UP
column selection. ARROW

Edit.PageDownExtend Extends selection down one page. SHIFT+PAGE

DOWN
Edit.PageUpExtend Extends selection up one page. SHIFT+PAGE UP
Edit.SelectCurrentWord Selects the word that contains the cursor or CTRL+W

the word to the right of the cursor.

Edit.SelectionCancel Cancels the current selection. ESC
Edit.ViewBottomExtend Moves the cursor and extends the selection to CTRL+SHIFT
the last line in view. +PAGE DOWN
Edit.ViewTopExtend Extends the selection to the top of the active = CTRL+SHIFT
window. +PAGE UP
Edit.WordNextExtend Extends the selection one word to the right. CTRL+SHIFT
+RIGHT ARROW
Edit.WordNextExtendColumn Moves the cursor to the right one word, CTRL+SHIFT+ALT
extending the column selection. +RIGHT ARROW
Edit.WordPreviousExtend Extends the selection one word to the left. CTRL+SHIFT+LEFT
ARROW
Edit.WordPreviousExtendColumn Moves the cursor to the left one word, CTRL+SHIFT+ALT
extending the column selection. +LEFT ARROW
Text Viewing

These shortcuts are for changing how text is displayed without changing the text itself, for example, by
hiding a selected area or by outlining methods.

Edit.ClearBookmarks Removes all bookmarks in all open documents. CTRL+K, CTRL+L

Edit.CollapseAllOutlining Collapses all regions on the page to show just the CTRL+M, CTRL+A
outermost groups in the hierarchy; typically the
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using/imports section and the namespace
definition.

Edit.CollapseCurrentRegion Collapses the region that contains the cursor to CTRL+M, CTRL+S
show just the top line of the region, followed by an
ellipsis. Regions are indicated by triangles on the
left edge of the document window.

Edit.CollapseTag Hides the selected HTML tag and displays an CTRL+M, CTRL+T
ellipsis (. . .) instead. You can view the complete
tag as a tooltip by putting the mouse pointer over

the ellipsis.
Edit.CollapsetoDefinitions Collapses existing regions to provide a high-level | CTRL+M, CTRL+O
view of the types and members in the source file.
Edit.EnableBookmark Enables bookmark usage in the current document.
Edit.ExpandAllOutlining Expands all collapsed regions on the page. CTRL+M, CTRL+X

Edit.ExpandCurrentRegion Expands the current region. Put the cursor on a CTRL+M, CTRL+E
collapsed region to use this command.

Edit.HideSelection Hides the selected text. A signal icon marks the CTRL+M, CTRL+H
location of the hidden text in the file.

Edit.StopHidingCurrent Removes the outlining information for the currently CTRL+M, CTRL+U
selected region.

Edit.StopOutlining Removes all outlining information from the whole CTRL+M, CTRL+P
document.

Edit. ToggleAllOutlining Toggles all previously collapsed outlining regions  CTRL+M, CTRL+L

between collapsed and expanded states.
Edit. ToggleBookmark Sets or removes a bookmark at the current line. CTRL+K, CTRL+K

Edit. ToggleOutliningExpansion Toggles the currently selected collapsed region CTRL+M, CTRL+M
between the collapsed and expanded state.

Edit. ToggleTaskListShortcut Sets or removes a shortcut at the current line. CTRL+K, CTRL+H
Edit. ToggleWordWrap Enables or disables word-wrap in an editor. CTRL+E, CTRL+W
Edit.ViewWhiteSpace Shows or hides spaces and tab marks. CTRL+R, CTRL+W

Text Manipulation

These shortcuts are for deleting, moving, or formatting text in an open document.
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Edit.BreakLine Inserts a new line. ENTER

Edit.CharTranspose Swaps the characters on either side of the CTRL+T
cursor. For example, AC|BD becomes AB|CD.

Edit. CommentSelection Applies comment characters for the current CTRL+K, CTRL+C
language to the current selection.

Edit.CompleteWord Completes the current word in the completion ALT+RIGHT ARROW or
list. CTRL+SPACEBAR

Edit.DeleteBackwards Deletes one character to the left of the cursor. BACKSPACE

Edit.FormatDocument Formats the current document according to the CTRL+K, CTRL+D

indentation and code formatting settings
specified on the Formatting pane in the Options
dialog box, for the current language.

Edit.FormatSelection Formats the current selection according to the CTRL+K, CTRL+F
indentation and code formatting settings
specified on the Formatting pane in the Options
dialog box, for the current language.

Edit.InsertSnippet Displays the Code Snippet Picker. The selected CTRL+K, CTRL+X
code snippet will be inserted at the cursor
position.

Edit.InsertTab Indents the line of text a specified number of TAB
spaces.

Edit.LineCut Cuts all selected lines, or the current line if CTRL+L

nothing has been selected, to the Clipboard.

Edit.LineDelete Deletes all selected lines, or the current line if no | CTRL+SHIFT+L
selection has been made.

Edit.LineOpenAbove Inserts a blank line above the cursor. CTRL+SHIFT+ENTER
Edit.LineOpenBelow Inserts a blank line below the cursor. CTRL+ENTER
Edit.LineTranspose Moves the line that contains the cursor below the SHIFT+ALT+T
next line.
Edit.ListMembers Invokes the IntelliSense completion list. CTRL+J
Edit.MakelLowercase Changes the selected text to lowercase CTRL+U
characters.
Edit.MakeUppercase Changes the selected text to uppercase CTRL+SHIFT+U
characters.
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Edit.OvertypeMode

Edit.Parameterinfo

Edit.SurroundWith

Edit. TabifySelectedLines
Edit. TabLeft

Edit.UncommentSelection

Edit.UntabifySelectedLines
Edit.WordDeleteToEnd
Edit.WordDeleteToStart

Edit.WordTranspose

Toggles between the insert and over-type
insertion modes.

Displays the name, number, and type of
parameters required for the specified method.

Displays the Code Snippet Picker. The selected
code snippet will be wrapped around the
selected text.

Replaces spaces with tabs in the selected text.
Moves selected lines to the left one tab stop.

Removes the comment syntax from the current
line of code.

Replaces tabs with spaces in the selected text.
Deletes the word to the right of the cursor.
Deletes the word to the left of the cursor.

Transposes the words on either side of the

cursor. For example, |End Sub would be changed

to read Sub End|.

File and Project Operations

INSERT

CTRL+SHIFT
+SPACEBAR

CTRL+K, CTRL+S

SHIFT+TAB

CTRL+K, CTRL+U

CTRL+DELETE
CTRL+BACKSPACE

CTRL+SHIFT+T

These shortcuts are for file and project operations and can be used anywhere in the IDE.

Build.BuildSelection
Build.BuildSolution
Build.Cancel

Build.Compile

Build.RebuildSolution

File.NewFile

File.NewProject

File.OpenFile

Builds the selected project and its dependencies.
Builds all the projects in the solution.

Stops the current build.

F7

CTRL+BREAK

Creates an object file that contains machine code, linker  CTRL+F7
directives, sections, external references, and function/

data names for the selected file.

Rebuilds the solution.

CTRL+ALT+F7

Displays the New File dialog box so that you can add a CTRL+N

new file to the current project.
Displays the New Project dialog box.

Displays the Open File dialog box.

CTRL+SHIFT+N

CTRL+O
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File.OpenProject Displays the Open Project dialog box so that you can add
existing projects to your solution.

File.Print Displays the Print dialog box so that you can select
printer settings.

File.Rename Lets you modify the name of the item selected in Solution
Explorer.
File.SaveAll Saves all documents in the current solution and all files in

the external files project.
File.SaveSelectedltems Saves the selected items in the current project.

File.SaveSelectedltemsAs Displays the Save File As dialog box when items are
selected in the editor.

Project.AddExistingltem | Displays the Add Existing Item dialog box, which lets you
add an existing file to the current project.

Project.AddNewltem Displays the Add New Item dialog box, which lets you add
a new file to the current project.

Project.Properties Displays the Project Properties dialog box for the current
project in the editing frame.

Window Management

CTRL+SHIFT+O

CTRL+P

F2

CTRL+SHIFT+S

CTRL+S

These shortcuts are for moving, closing, or navigating in tool windows and document windows.

N

View.FullScreen Toggles Full-Screen mode ON and OFF.

Window.ActivateDocumentWindow Closes a menu or dialog box, cancels an
operation in progress or puts focus in the
current document window.

Window.CloseDocumentWindow Closes the current tab.
Window.CloseToolWindow Closes the current tool window.
Window.Dock Returns a floating tool or document
window to its most recent docked location
in the IDE.
Window.NextDocumentWindow Cycles through the open documents.

Window.NextDocumentWindowNav Displays the IDE Navigator, with the first
document window selected.

SHIFT+ALT
+ENTER

ESC

CTRL+F4

SHIFT+ESC

CTRL+F6

CTRL+TAB
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Window.NextPane

Window.NextToolWindow

Window.NextToolWindowNav

Window.PreviousDocumentWindow

Moves to the next pane of the current tool

or document window.
Moves to the next tool window.

Displays the IDE Navigator, with the first
tool window selected.

Moves to the previous document in the
editor.

Window.PreviousDocumentWindowNav Displays the IDE Navigator, with the

Window.PreviousPane

Window.ShowEzMDIFileList

Tool Windows

previous document window selected.
Moves to the previously selected window.

Displays a pop-up listing all open
documents only.

These shortcuts are for opening tool windows anywhere in the IDE.

Tools.CodeSnippetsManager

Tools.GoToCommandLine

View.BookmarkWindow
View.CallHierarchy

View.CommandWindow

View.EditLabel

View.ErrorList
View.FindSymbolResults

View.Output

View.SolutionExplorer

Displays the Code Snippets Manager, which
lets you search for and insert code snippets in
files.

Puts the pointer in the Find/Command box on
the Standard toolbar.

Displays the Bookmark window.
Displays the Call Hierarchy window.

Displays the Command window, where
commands can be invoked to make changes to
the IDE.

Lets you change the name of the selected item
in Solution Explorer.

Displays the Error List window.
Displays the Find Symbol Results window.

Displays the Output window to view status
messages at runtime.

Displays Solution Explorer, which lists the
projects and files in the current solution.

ALT+F6

ALT+F7
CTRL+SHIFT+F6
CTRL+SHIFT
+TAB

SHIFT+ALT+F6

CTRL+ALT
+DOWN ARROW

CTRL+K, CTRL+B

CTRL+/

CTRL+K, CTRL+W
CTRL+ALT+K

CTRL+ALT+A

F2

CTRL+\, E
CTRL+ALT+F12

CTRL+ALT+O

CTRL+ALT+L
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View.TaskList Displays the Task List window, which displays CTRL+\, T
custom tasks, comments, shortcuts, warnings,
and error messages.

View.WebBrowser Displays the Web Browser window, which lets CTRL+ALT+R
you view pages on the Internet.

Window.PreviousToolWindow Brings focus to the previous tool-window.

Window.PreviousToolWindowNav Displays the IDE Navigator, with the previous SHIFT+ALT+F7
tool window selected.

Bookmark Window

These shortcuts are for working with bookmarks, either in the Bookmarks window or in the editor.

Edit.ClearBookmarks Removes all bookmarks in all open documents. CTRL+K, CTRL+L

Edit.EnableBookmark Enables bookmark usage in the current document.

Edit.NextBookmark Moves to the next bookmark in the document. CTRL+K, CTRL
+N

Edit.NextBookmarklinFolder If the current bookmark is in a folder, moves to the CTRL+SHIFT+K,
next bookmark in that folder. Bookmarks outside CTRL+SHIFT+N
the folder are skipped.

If the current bookmark is not in a folder, moves to
the next bookmark at the same level.

If the Bookmark window contains folders,
bookmarks in folders are skipped.

Edit. ToggleBoomark Toggles a bookmark on the current line in the CTRL+K, CTRL+K
document.
View.BookmarkWindow Displays the Bookmark window. CTRL+K, CTRL
+W
Edit.PreviousBookmark Moves the cursor to the location of the previous CTRL+K, CTRL+P
bookmark.

Edit.PreviousBookmarkInFolder If the current bookmark is in a folder, moves to the CTRL+SHIFT+K,
previous bookmark in that folder. Bookmarks CTRL+SHIFT+P
outside the folder are skipped.

If the current bookmark is not in a folder, moves to
the previous bookmark at the same level.

If the Bookmark window contains folders,
bookmarks in folders are skipped.
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Debugging

These shortcuts are for debugging code.

Debug.Autos Displays the Auto window, which displays CTRL+ALT+V, A
variables used in the current line of code and the
previous line of code.

Debug.BreakAll Temporarily stops the execution of all processes in  CTRL+F5
a debugging session. Available only in Run mode.

Debug.BreakatFunction Displays the New Breakpoint dialog box. CTRL+B

Debug.Breakpoints Displays the Breakpoints dialog box, where you ALT+F9 or CTRL
can add, remove, and modify breakpoints. +ALT+B

Debug.CallStack Displays the Call Stack window, which displaysa |ALT+7 or CTRL
list of all active methods or stack frames for the +ALT+C

current thread of execution.

Debug.DeleteAllBreakpoints Clears all the breakpoints in the project. CTRL+SHIFT+F9
Debug.Disassembly Displays the Disassembly window. CTRL+ALT+D or
ALT+8
Debug.EnableBreakpoint Toggles the breakpoint between disabled and CTRL+F9
enabled.
Debug.Exceptions Displays the Exceptions dialog box. CTRL+ALT+E
Debug.Immediate Displays the Immediate window, where CTRL+ALT+I

expressions can be evaluated.

Debug.Locals Displays the Locals window, which displays the ALT+4 or CTRL
local variables and their values for each method in | +ALT+V, L
the current stack frame.

Debug.Memory1 Displays the Memory 1 window to view large CTRL+ALT+M, 1
buffers, strings, and other data that do not display
clearly in the Watch or Variables windows.

Debug.Memory2 Displays the Memory 2 window to view large CTRL+ALT+M, 2
buffers, strings, and other data that do not display
clearly in the Watch or Variables windows.

Debug.Memory3 Displays the Memory 3 window to view large CTRL+ALT+M, 3
buffers, strings, and other data that do not display
clearly in the Watch or Variables windows.

Debug.Memory4 Displays the Memory 4 window to view large CTRL+ALT+M, 4
buffers, strings, and other data that do not display
clearly in the Watch or Variables windows.
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Debug.Modules Displays the Modules window, which lets you view CTRL+ALT+U
the .dll or .exe files that are used by the program.
In multiprocess debugging, you can right click and
then click Show Modules for all Programs.

Debug.ParallelStacks Opens the Parallel Stacks window. CTRL+SHIFT+D,
S
Debug.ParallelTasks Opens the Parallel Tasks window. CTRL+SHIFT+D,
K
Debug.Processes Displays the Processes window. Available in Run | CTRL+ALT+Z
mode.
Debug.QuickWatch Displays the QuickWatch dialog box that has the  CTRL+ALT+Q or

current value of the selected expression. Available SHIFT+F9
only in Break mode. Use this command to

examine the current value of a variable, property,

or another expression for which you have not

defined a watch expression.

Debug.Registers Displays the Registers window, which displays ALT+5 or CTRL
registers content for debugging native code +ALT+G
applications.

Debug.RunToCursor In Break mode, resumes execution of your code  CTRL+F10

from the current statement to the selected
statement. The Current Line of Execution margin
indicator appears in the Margin Indicator bar. In
Design mode, starts the debugger and executes
your code to the pointer location.

Debug.Start Launches the application under the debugger F5
based off of the settings from the start-up project.
When in Break mode, invoking this command will
run the application until the next breakpoint.

Debug.Steplinto Executes code one statement at a time, following  F11
execution into method calls.

Debug.SteplntoCurrentProcess | Available from the Processes window. CTRL+ALT+F11

Debug.StepOver Sets the execution point to the line of code you F10
select.

Debug.StopDebugging Stops running the current application under the CTRL+SHIFT+F5
debugger.

Debug.Threads Displays the Threads window to view the running CTRL+ALT+H
threads.
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Debug.ToggleBreakpoint Sets or removes a breakpoint at the current line. F9

Debug.Watch1 Displays the Watch window, which displays the CTRL+ALT+W, 1
values of selected variables or watch expressions.

Debug.Watch2 Displays the Watch2 window to view the values of | CTRL+ALT+W, 2
selected variables or watch expressions.

Debug.Watch3 Displays the Watch3 window to view the values of CTRL+ALT+W, 3
selected variables or watch expressions.

Debug.Watch4 Displays the Watch4 window to view the values of | CTRL+ALT+W, 4
selected variables or watch expressions.

Help

These shortcuts are for viewing topics in Help and moving among them.

Help.F1Help Displays a topic from Help that corresponds to the user F1
interface that has focus.

Help.ManageHelpSettings Displays the Help Library Manager. CTRL+ALT+F1

Help.WindowHelp Displays a topic from Help that corresponds to the user SHIFT+F1
interface that has focus.
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Command Line Utility (CLI)

Atmel Studio comes with a command line software utility called atprogram. exe.

Tip:

You can start a command shell with the PATH set up to run atprogram by clicking on Start > All
Programs > Atmel AVR Tools > Atmel Studio 6.2 Command Prompt as shown in the figure
below.

. Atmel AVR Tools
BN Atmel Studio 6.0 Command Prompt
B Atmel Studio 6.0 -

4 Back

Search programs and files 0|

atprogram.exe can be used to:

*  Program a .bin, .hex, or .elf file to a device

*  Verify that the programming was correct

* Read, write, and erase the device memories

*  Program fuses, lock bits, security bits, user page, and user signature
+  Program a production file to a device ©

«  List out all connected tools

»  Setinterface and interface clock speeds

To get help on how to use the utility, execute: atprogram.exe.

This will print out the atprogram CLI help text on stdout.

6 The ELF production file format can hold the contents of both Flash, EEPROM, and User Signatures
(XMEGA devices only) as well as the Fuse- LockBit configuration in one single file. The format is
based on the Executable and Linkable Format (ELF).

The production file format is currently supported for tinyAVR, megaAVR, and XMEGA. See 3.2.7.7
Creating ELF Files with Other Memory Types for a description on how to configure the project in
order to generate such files.
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Frequently Asked Questions
Frequently asked questions about Atmel Studio.

What is the Atmel USB
Driver?

I get an error during
installation of the Atmel
USB Driver Package.

Will Atmel Studio work in
parallel with older versions
of Atmel Studio, AVR
Studio, and AVR32 Studio?

Atmel Studio cannot find
any debuggers or
programmers when Norton
AntiVirus is running.

Windows shows a message
box with the following
message when attempting
to run Atmel Studio
installer: 'Windows cannot
access the specified
device, path or file. You
may not have the
appropriate permissions to
access the item.

Atmel Studio takes a very
long time to start but runs
well in a VM environment.

The Atmel USB Driver is a cumulative installer that bundles the required
USB drivers for all tools.

During installation of the Atmel USB Driver Package, you might get the
error 0x800b010a - A certificate chain could not be built to a trusted root
authority. This means that the certificate that signs the installer could not
be validated using the certificate authority built into Windows.

The reason for not being able to validate the certificate is because the
certificate chain needs to be updated through Windows Update. Make
sure that you have received all updates so that Windows is able to
validate the certificate.

If you are not able to update your computer due to the computer being
offline or restricted in some way, then the root certificate update can be
downloaded from http://support2.microsoft.com/kb/931125.

Yes, it will work side-by-side between major and minor versions. Side-
by-side installation with different build numbers is not possible. If you are
uninstalling AVR Studio 4.0 or AVR32 Studio be careful when you
manually delete folders or registry entries after uninstall, as there might
be other keys and folders deployed by Atmel Studio inside the Atmel
folder and registry paths. Note that drivers may be incompatible between
versions.

Atmel Studio might not show any connected tools if Norton AntiVirus is
running. To make it work make sure Norton AntiVirus allows
atprogram.exe to communicate with Atmel Studio by adding
atbackend.exe as an exception in the Norton AntiVirus allowed
programs. This is the same with any anti-virus program that by default
blocks ports.

This might be caused by an anti-virus program blocking the installation
of the Atmel Studio. We have seen this with the Sophos antivirus
package. Temporarily disable the Sophos service running on the
machine (or any corresponding anti-virus service), and attempt
installation.

The Visual Studio shell (and thus Atmel Studio) does a considerable
amount of processing during start-up. Parts of the operations are WPF
operations which benefit greatly from updated graphics libraries and
drivers. Installing the latest graphics driver may give a performance
boost both during normal operation and during start-up.
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Verification and This is a known issue. Due to DPC latency, serial communication can
programming often fail with have buffer overruns on the UART chipset. A workaround which works
a serial port buffer overrun for most systems is to use a USB to serial adapter.

error message when using

STK500.

When launching from a Atmel Studio neither installs under a guest account nor runs under it.
guest account, the

following error is displayed

when starting Atmel Studio:

'Exception has been thrown

by the target of an

invocation’.

Can install and run Atmel Yes, with simulator there should be no issues. However, with physical
Studio from within a Virtual devices like debuggers and programmers, the VM must offer support for

Machine? physical USB and Serial port connections.
How can | reduce the start- *  Make sure you have uninstalled unwanted extensions
up time of Atmel Studio? «  Disable Allow Add-in components to load:
2.1. Go to Tools, Options, Add-in/Macro Security.
2.2. Then, uncheck the Allow Add-in components to load
option.

+ Disable the start-up page:
3.1. Go to Tools, Options, Environment, Startup, At Startup.

3.2, Select the Show empty environment option.
How to improve studio »  Make sure your system has the latest version of the Windows
performance for any Automation API
supported version of »  Exclude the following directories and files from your antivirus
Windows? scanner:

— The Atmel Studio installation directory, and all files and
folders inside it
—  %AppData%\Roaming\Atmel directory, and all files and
folders inside it
—  %AppData%\Local\Atmel directory, and all files and folders
inside it
— Your project directories
*  Visual Studio Shell requires a lot of swap space. Increase the
paging file. Also, put the system to maximize performance. Both
options are found in the System, Properties, Performance,
Settings menu.

Should | install the latest Yes, if your OS is any of the following:

Windows Automation API . Windows Server 2008

3.0?

How can | make sure my Your system has the latest Windows Automation API if you have
system has the latest Windows 7 or Windows 8. Only Windows XP, Windows Vista,

Windows Server 2003, and Windows Server 2008 have the old version
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Windows Automation API
3.0?

My Project is large and it
takes a long time to open.
Is there any option to avoid
this delay?

| have a limited RAM size in
my system and | work long
hours in the same instance
of Atmel Studio. After some
time, Atmel Studio
becomes slow on my
system.

How can | make my
projects build faster?

of the API. Find the UlAutomationCore.dll file in your system (normally
found in the windows folder) and compare the version number of that
file. The version should be 7.X.X.X. for the new API. The latest API can
be found at http://support.microsoft.com/kb/971513.

Visual Assist X parses all the files when we open the existing project.
You could disable this option:

1. Go to VAssistX, Visual Assist X Options, Performance.

2. Uncheck the Parse all files when opening the project.

Press Ctri+Shift+Alt+F12 twice to force Atmel Studio to garbage collect.

You can enable parallel build Option from Tools, Options, Builder, GNU
Make, Make Parallel Execution Of Build. This option will enable the
parallel execution feature in the GNU make utility. This option may cause
the build log to be displayed unordered.

Compatibility with Legacy AVR Software and Third-party Products

How do | Import External ELF Files for Debugging?

Use the File — Open object file for debugging.

How do | Reuse My AVR Studio 4 Projects with the New Atmel Studio?
1. Click the menu File—Import AVR Studio 4 project.
2.  An'Import AVR Studio 4 Project' dialog will appear.

3. Type in the name of your project or browse to the project location by clicking the Browse button of
the APFS File location Tab.

4. Name the new solution resulting from the conversion of your project in the Solution Folder Tab.

5. Click Next.

6. Atmel Studio will proceed with conversion. Depending on the complexity and specificity of your
project there might be some warnings and errors. They will be shown in the Summary window.

7. Click Finish to access your newly converted project.

Atmel Studio Interface

How can | Start Debugging My Code? What is the Keyboard Shortcut for Debugging?
Unlike the AVR Studio 4 to build your project, without starting debugging, you should press F7.

If you need to rebuild your project after a change to the source files, press Ctrl+Alt+F7.

To Start debugging - press F5.
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To open the Debugging Interface without running directly, press the Debug—Start Debugging and
Break menu button, or press F11.

To start a line-by-line debugging press F10, to start an instruction by instruction debugging session -
press F11.

To run your project without debugging, press the Debug— Start Without Debugging menu button.

What is a Solution?

A solution is a structure for organizing projects in Atmel Studio. The solution maintains the state
information for projects in .sIn (text-based, shared) and .suo (binary, user-specific solution options) files.

What is a Project

A project is a logic folder that contains references to all the source files contained in your project, all the
included libraries and all the built executables. Projects allow seamless reuse of code and easy
automation of the build process for complex applications.

How can | use an External Makefile for my Project?
The usage of external makefiles and other project options can be configured in the project properties.

Remember that an external makefile has to contain the rules needed by Atmel Studio to work.

When Watching a Variable, the Debugger says Optimized away

Most compilers today are what is known as an optimizing compiler. This means that the compiler will
employ a number of tricks to reduce the size of your program or speed it up.
Note: This behavior is usually controlled by the -On switches.

The cause of this error is usually trying to debug parts of the code that does nothing. Trying to watch the
variable a in the following example may cause this behavior.

int main ()
int a =

while (a
a +=

{
0;
< 42) |
2;
}
}

The reason for a to be optimized away is obvious as the incrementation of a does not affect any other
part of our code. This example of a busy wait loop is a prime example of unexpected behavior if you are
unaware of this fact.

To fix this, either lower the optimization level used during compilation or preferably declare a as
volatile. Other situations where a variable should be declared volatile is if some variable is shared
between the code and an ISR”.

For a thorough walkthrough of this issue, have a look at Cliff Lawsons excellent tutorial on this issue.

When Starting a Debug Session, | get an Error Stating that Debug Tool is not Set

The reason for this message is that there is no tool capable to debug that is selected for your project. Go
to the Tool project pane and change the to a supported tool (Project Properties > Tool > Select debugger/
programmer).

If the tool you have selected does support debug, then check that the correct interface is chosen and that
the frequency is according to the specification. If the issue persists, try to lower the frequency to a

7 Interrupt Service Routine
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frequency where programming is stable, and then slowly increase the frequency as long as it keeps
stable.

Performance Issues

Atmel Studio Takes a Very Long Time to Start on My PC but Runs Well in a VM Environment. Is
there Something | Can Do With This?

Visual Studio shell (and thus Atmel Studio) uses WPF as a graphics library and does a lot of processing
in the GUI thread. WPF has support for hardware acceleration. Some graphics card drivers does not
utilize this well and spend time in kernel space even when no graphics update is required. Installing the
latest graphics driver may give a performance boost.

Verification and Programming often Fails with a Serial Port Buffer Overrun Error Message when
using STK500
This is a known issue. Interrupt DPC latency for serial communication may be disrupted by other drivers,

thus causing buffer overruns on the UART chipset. A workaround which works for most systems is to use
a USB to serial adapter.

I've connected my Tool through a USB Hub, and now | get Error Messages and Inconsistent
Results while Programming and Debugging

Tools and devices should be connected directly to a USB port on your debugging PC. If this is not an
option, you may reduce/eliminate problems by:

»  Disconnect any other USB devices connected to the hub

*  Switch ports on the USB hub

»  Set the tool clock frequency low. E.g. Set JTAG Clock < 600 kHz.

* If Use external reset is an option for your tool/device combination, enable this

Note: The AVR Dragon should be connected through a powered USB hub. This because the power
supply on the Dragon can be too weak if the motherboard does not provide enough power. If the Dragon
times out or freezes, then the hub might be of too low quality.

Driver and USB Issues

How do | get my Tool to be recognized by Atmel Studio?

This should happen automatically, but sometimes the Windows driver does not recognize the tool
correctly. To correct this, you have to check that the tool is listed under the Atmel node in the device
manager in Windows. If your tool is not listed, try to find it under Unknown devices. If it is located there,
try to reinstall the driver by double-clicking the tool, click the Driver tab and choose Update Driver. Let
Windows search for the driver. The driver should be reinstalled and the tool should be displayed under
Atmel. Now, the tool should be usable from Atmel Studio.

The Firmware upgrade Process fails or is Unstable on a Virtualized Machine

Most tools will perform a reset when asked to switch from normal operation mode to firmware upgrade
mode. This forces the tool to re-enumerate on the USB bus, and the virtualization software may not
reattach to it making your virtualized system with a disconnected tool.
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Normal virtualization software supports the idea of USB filters where you set a collection of USB devices
you want to automatically attach to a given guest operating system. Check the manual for your
virtualization solution to see how this is done, or see the 11.4.4 Firmware Upgrade Fails on VirtualBox.

Debugging never Breaks under a Virtualized Machine

Some virtualization solutions have a limit on how many USB endpoints it supports. This may become an
issue if the number of endpoints is lower than the required number for the tool. Usually, this causes
programming to work as expected but debug not to work as debug events are transmitted on a higher
endpoint number.

Check with your virtualization software how many endpoints are available and on other endpoint-specific
issues with your virtualization software regarding this.

Firmware Upgrade Fails on VirtualBox

When doing a firmware upgrade on any tool, the tool needs to be reconnected in another mode than the
one used during regular operation. This causes the tool to be re-enumerated and can cause the tool to be
disconnected from the VirtualBox instance and returned to the host operating system.

To make the tool connect automatically to the VirtualBox instance, you need to set up a couple of USB
filters. More information on USB filters can be found in the VirtualBox documentation.

Make two filters that are similar to the two shown in the figure below.
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Figure 11-1. VirtualBox USB Filter

L ——
= AS5 AS4 AS5 AS4 - Settings & @ o &
,@, General Use
System
i Enable USB Con
i E! Display — -
Enable USB 2.0 (EHC nktrolle
@ Storage - -
l ] USB Device Filters N
ﬁﬁ Audio . )
+ ATMEL JTAGICE mkil [0200] pees
Iﬁ Metwork
i _ v Vendor ID: 03eb Jrr] l
i {8 serial Ports Product ID: 2103
ﬁ USB Vendor ID:L'3E'|:'_| Revision: 0200 ﬁ
|, Prc:u_:II_Jct III:‘r: 11"0:, Product: JTAGICE mkil ﬁ
i [ shared Folders ol Manufacturer: ATMEL
Product: AVRBLDR Serial Mo 00ADOD000948 g |
Manufacturer: ATMEL
Serial No.: 00AQ000000948 &/{8 l
Lists all USE Filters of this machine. The checkbox to the left defines whether the l
particular Filter is enabled or not. Use the context menu or buttons to the right to add or
remove USE Filkers.
| E; Help | ¥ OK | @ cancel

Note that the example in the figure above is specific for the JTAGICE mkll. There is one entry for the tool,
here the JTAGICE mkll, and one for AVRBLDR, which is the firmware upgrade mode for the tool. The
name, serial, Vendor ID, and Product ID may be different for your tool, so change those values
accordingly.

Note: This section contains specifics to VirtualBox. The same logic applies to other virtualization
software, but the steps may differ.

Issues with ARM Compatible Tools

In some rare instances, all ARM compatible tools disappear from Atmel Studio. This has been tracked
down to different dll load strategies used in different versions of Windows.

To check that it is a dll load error, try to read out the chip information using atprogram. This can be done
by opening the Atmel Studio command prompt from the Tools menu inside Atmel Studio or from the start
menu. In the command prompt, enter the following command and check that it does not fail.

atprogram -t <tool> -i <interface> -d <device> info

In the snippet above, replace <tool> with the tool name, e.g. atmelice, samice, or edbg. Likewise,
replace interface with the used interface and the device with the full device name, e.g. atsam3s4c.
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Invoking the above command should output information about the memory layout, the supply voltage for
the chip, and the fuse settings. If it fails it is likely a driver issue, which is covered by 11.4 Driver and USB
Issues.

If atprogram is able to communicate with the device it means that the issue is most likely a wrong
version of JLinkArm.d11 being loaded due to loader precedence. To check this, use the Procmon tool
to check what dll is being loaded.

Download the Procmon tool, open it, and configure the filter shown in the figure below. Then start Atmel
Studio. A couple of seconds after Atmel Studio has started, one line should become visible showing the
path to where the dll is being loaded from. It should be loaded from the atbackend folder inside the
Atmel Studio installation directory.

Figure 11-2. Procmon Filter Configuration

P "

| Process Maonitor Filter @

Display entries matching these conditions:

|.ﬁ.rchitecture v”is - * then |Include -
Reset Add Remove

Calurnn Relation Yalue Action il
J| i Process Name iz atbackend exe Include
J| i Dperation £ Load Image [nelude
+| i Path contains JLinkdrmn Include
v @ Process Name is Procron. exe Exclude
v @ Process MName is Procesp. exe Exclude
71628 Process Mame i Autnring mee Ferlude i
oK ] | Zancel Apply

If the path of the dll is different it means that Atmel Studio has picked up the wrong dll, and this dll is
incompatible with the dll shipped with Atmel Studio. An example of this is shown in the figure below.

Figure 11-3. Procmon Filter Configuration

.

28 Process Monitor - Divatbackend_jlinkarm, PRI = || B || 2R
File  Edit Ewent Filter Tools Options  Help

led | *2E | 46 | B #a5  [EBL(ZM

Process Mame PID  Operation Path Detail
thackend.exe 13080 £3¢load Image C:AProgram Files [«8E)\Atmelvzam-ba_2.124drvJLink&RM.dl - Image Baze: 0x5870000, Image Size: O0x75d000

Showing 1 of 54 400 events (0,025 Backed by Dihathackend_jlinkarr PRl

To solve the above issue, we recommend backing up the dll that is being loaded and then replacing it with
the JLinkARM.d11 found in the atbackend directory inside the Atmel Studio installation directory. This
can be done given the assumption that the dll bundled with Atmel Studio is newer than the one that is
being loaded, and the dll is backward compatible.
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Note: Remember to back up the offending JLinkARM.d11 before replacing it, as it is not given that it
will be compatible with the program that deployed it.
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12. Document Revision History
DocRew Date Jcommens
B 05/2018 ' Updated Section: Atmel Studio 7, START and Software Content

A 02/2018 Converted to Microchip format and replaced the Atmel document number 42167.
A lot of corrections have been made throughout the whole document.

42167B | 09/2016 Section 'Power Debugger' is added
42167A  07/2016 Initial document release.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  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 (FAQ), technical support requests,
online discussion groups, Microchip consultant 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

Customer Change Notification Service

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

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site 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.
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*  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
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