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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.

AVR® and SAM Development Tools Overview

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 ‘

« |DE, 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 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 Foundation
Services), 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.

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

»  Configure system clock settings

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 5


https://youtu.be/8HNG8EnAjfw?list=PL9B4edd-p2ajbkbFpi47P9PfMtQuV0OwQ

1.2

Atmel Studio 7
Getting Started

ﬁ\ START, Software Content & IDEs
MICROCHIP
Select MCU on both HW & SW req. : : START
Explore: 2 = o= :

e Software components
o Kits, examples & reference solutions -
e Microchip & 3rd party software [ ven | |

Configure Device: 2
e MCU Pin mux, System clock, Logic etc. <

Configure Software Content:
¢ Configure software framework for selected MCU, sncs
including peripheral drivers and middleware: ==
* AVR: AVR Code (Foundation Services) T e
« SAM: ASF4 -

Develop Iin IDE:

e Export from START to a range of IDEs

o Atmel Studio 7, Keil uVision, IAR Embedded
Workbench,

* MPLAB X Coming soon...

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. ASF4 represents a
complete re-design and -implementation of the whole framework, to improve the memory footprint, code
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.

Foundation Services, 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. Foundation
Services is optimized for code-size and -speed, as well as simplicity and readability of code. Foundation
Services is configured by Atmel START.

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 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.

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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‘K\ 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 : \\ / mefi R n oann

» Data Visualizer - S
» User Interface for debugging platform =

Visualize application/power

Data Visualizer . Sdb- Hal-

» Visualizes data to give insight to application
» Analyze and correlate power consumption to code

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.

For more information, visit the Online User Guide.

Website: Power Debugger

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

Getting Started Topics

‘ﬁ'\ Studio 7: Data Visualizer & Power Debugging

MICROCHIP

In this video: i
Studio 7: Data Visualizer & Power Debugging -
Context £
Low-power demo: RTC periodic timer, starts ADC < 0
conversion, via event system. ADC result sent on USART. 0
Features covered: : :
« mEDBG: ATtiny817 Xplained Mini e m wo ws we we ue we v w
« Datainput: serial port '
» Visualization: terminal, graph v
+ EDBG: ATtiny817 Xplained Pro !;»“‘“‘
« Datalnput: Serial + DGI (USART, SPI, I°C, GPIO) S 13»)
« Visualization: Graph (serial + DG GPIO) 8 som
» Power Debugger Analog module: i e ——————
ATtiny817 Xplained Pro e ma s e me e me s e ma

» Power measurement& DGI GPIO graphs " ."..:.-..::._
¢ User-guide sy

» 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

=/

#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 | CLKCTRL PDIV 2X gc);

}

void rtc pit init (void)

{
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RTC.CLKSEL = RTC CLKSEL INT1K gc;
RTC.PITCTRLA = RTC PITEN bm | RTC_ PERIOD CYC256 gc;

}

//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 = ADC_ENABLE bm | ADC RESSEL 8BIT gc;
ADCO.MUXPOS = ADC_MUXPOS AIN6 gc;

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;
USART0.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();
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VPORTB.DIR |= PIN6 bm;
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());

14 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

‘ﬁ'\ Studio 7: Installation & Updates

MicrocHIP
In this video: FTETTa—
Studio 7 installation experience i
Installation choices: - AN
 AVR® 8-bit MCU, AVR 32-bit MCU, e, ——
SAM MCU 7 .
e Atmel Software Framework and ——
example projects e R —
Updating Studio 7:
« Update notifications Notifications R
« Installing support for . it
| ate 51. devices (pack man ager) Updates available for ATAUTOMOTIVE_DFP, ATTINY_DFP, SAMC20_DFP, SAMC21_DFP,

SAMHAL_DFP, XMEGAE_DFP, XMEGAC_DFP, XMEGAD_DFP, XMEGAE_DFP

MNew device packs available

SAMDS1_DFP, SAMESL_DFP, SAMES4_DFP, UC3A_DFP, UC3B_DFP, UC3C_DFP, UC3D_DFP,
LIC3L_DFP are available.

Video: Installation and Updates

1.41 Installation

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

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 10
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¢ Windows Server 2012 and Windows Server 2012 R2
. 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 Atmel 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 )‘*-'1 v O
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 megal2BPB Xplained Mini Installation source: Local store path:
b [TEST] ATmega328P Datasheet - Prelim

@ Online (O Diske ! ' t IL ProgramData\Microsoft\He Maoyve...
power s Pending changes:
Name Action Status Add
ATLINYSLE [ ATLIYELS [ ATUIYEL0 / A1 S0 ATtinydL7 Xplained Pro [x]
ATtiny417 / ATtiny&17 Complete Cancel ATtinyd17 / ATtiny817 Complete [2]
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: 75 Me

GUpda!e
oyl [ndex  Favorites  Search

oks returned from http://alexandria.atmel.com/catalogs/AtmelStud

Atmel Gallery and Studio Extensions

This section describes how Atmel Studio can be extended and updated through the Atmel 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
s Tools -> Gallery Profile AR R st
Extensions: =

o 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

Video: Gallery, Studio Extensions and Updates
Add Extensions

Included Extensions

Popular Extensions

Extensions Used in Series

Extension Options/Settings

1.6 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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‘S\ Studio 7: Atmel START Integration

MiCROCHIP
. . E3 avRizms Unasonic Distance Measurement - AtmelStudio
In thlS vi deo: Fie | Edt  View WVAsswX ASF  Project Build Debug  Tock  Winds
- - New 3 Project CirleShitaN
START-based dev. in Studio 7 Oper QRN coten
Add * | As Atenel Start Project
Creating: . Close 1_] Maricl Skaet Exarogl Bruect B
Clese Solutssn & Lumo'{l’rnje:(. Ctrls Shift«E
» New Atmel START project
+ New Atmel START example project
» Open: Ultrasonic distance @ h-fH F =]
measurement example carch Solution Explorer (Ct s g
i ] Sohution "AVRAZITS Ukrasonic Distan|_|ooT9ure Atmel Start Projec
Iterative development AR D e
¢ Re-configure Atmel START project R
+ Handling Diff/Merge A o]

= . Propect Summarny e &
» AVR® code project documentation [T e e etmee some o mprtes el St e v e cnpancing s ot

~ Files Modified
wrefwdegindew. Vigw DSl
| ~ Fles Added
<] Import Fibe - dorygen/ generstor Doeygend ayout.ami
| =] Impodt Fik : denygen/genenton donyfiledesygen

Video: Atmel START Integration

E_.]" To do: Exporting the Project from Atmel START.
A

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 1-1. 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 1-2. 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 1-3. 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
b | Pl @t x T He B @ B .| L eATHnyE17 T NoTool -

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
Slvoid atmel start_init{void)

{
¥

| Output Files
-2 Libraries
3 Config

3 doxygen
[3 examples
1 include

[ src

3 utils

< atmel_start.c
hl atmel_start.h
< driver_isr.c

system_init();

L

€ main.c

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.
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Figure 1-4. Reconfigure START Project and Doxygen Buttons

I Solution Explorer

&l o-am| s = @@

Search Selution Explorer (Ctrl+7) E:":.,

ﬂ Solution 'My817Prol’ (1 project)

p My817Pro0 Doxygen
=d| Dependencies

=d| Output Files Reconfigure
2] Libraries

[ Cenfig

[ doxygen

[ examples

[ include

LA 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

A'S Atmel START nple 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 AVR ATtiny817 device.
A

1.  Open Atmel Studio.
2. In Atmel Studio, go to File — New — Project as depicted in Figure 1-5.
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Figure 1-5. 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 ’
Open v
Close

Close Solutic

Import >

G

yave Selected Itermns Ctrl+

W Saveal Ctrl+Shift+5S
Export Template..
Page Setup.
Print, Ctrl+F
Recent Files »
Recent Projects and Solutions »

B3 Exit Alt+Fd

{3 Project... Ctrl+Shift=N I Deb
1 File... Ctrl+=N &

Atmel Start Project

Atmel Start Example Project
3 Example Project... Ctrl+Shift+E

ined Mini evaluation kit is a hardware

tmel ATtiny817 microcontroller. Supported
gted development platform, the kit

¢ features of the Atmel ATtiny817 and

he device in a customer design.

[3a New ASF Example Project...

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 1-6.
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Figure 1-6. 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 1-1. 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
1-7. 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 1-7. New Project Device Selection

Device Selection

Device Family:  |All . 817

Name App./Boot Memory (Kbytes) Data Memory (bytes)EEPROM (bytes) Device Info:
I ATtiny817 8 512 128

I Device Name: ATtiny817
Speed: N/A

Vea 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 AVR ATtiny817
device. The Solution Explorer will list the contents of the newly generated solution, as depicted
in Figure 1-8. If not already open, it can be accessed through View — Solution Explorer or by
pressing Ctrl+Alt+L.

Figure 1-8. Solution Explorer

‘Solution Explorer v+ 0 x
@ o-F@| 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

1.8 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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W Studio 7: Create from & Sketch

MICROCHIP

In this video: —
Create project from Arduino® | — | cconnnon
SKQtCh flle GECC Staie Librry Preject e

» Sketch project, with sketch file e I

GEC e Static Library Project s

¢ Arduino core project, core & library
fles

Video: Create from Arduino Sketch

E_']" To do: Create a new project from an Arduino Sketch.
A
1.9 In-System Programming and Kit Connection

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 1-9. 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 1-10. 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 1-11. 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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1.9.1 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 1-12. 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 1-13. Click the Upgrade button to start the firmware upgrade.
Figure 1-13. 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 1-14. 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

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 31



1.10

Atmel Studio 7
Getting Started

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: B
e Turn on LED, then blink with delay. S e T
Programming References: e tn 2esscEs
(How to easily access & what to use each for) ?iw
+ Device datasheet sfome (ZEE e o ~DES%
« Datasheet (from |0 view) _ o oo .
« |0 view (debugging) | e — Re0m:o0 |
» Kit user-guide & schematics -m_m

« Device header files
« Editor (Visual Assist)
e AVR®LibC

» Atmel START

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 Debugging 3: 1/0 View Memory View and Watch as well as Editor:
Writing and Re-Factoring Code (Visual Assist).

*  Device data sheet

»  Data sheet (from I/O view)

*  Kit user guide and schematics

* 1/O 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 1-15. PORT Block Diagram from the PDF Data Sheet

17.3. Block Diagram (ATtinyS17 data sheet extract POR {0 Pin Controller chapter)
Figure 17-1. PORT Block Diagram
Pull Enable D’—q{
C
o Pull Keep
PINRCTRL n
——r U | pull Direction ;}l:)—{ g
r
Q
] T—
/l’”]| L
% Input Disabl
g nput Disable
! 1 Wired ANDIOR
c
Slew Rate Limit
Inverted W2
OUTn
Pxn
A
DIRn
Synchronizer
)‘_‘ _INn__
SR 1‘\|
R
Digital Input Pln
Analog Input/Cutput g !\‘M
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Figure 1-16. Principle of Operation from the PDF Data Sheet of ATt|ny817

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 1-17. Opening an Online Data Sheet from 1/O View

PR EH=O-
| (]
ATtiny417 / ATtiny314 [ ATtiny816  ATtiny817 ‘@
2 ’ 4 5 - . Peo ) H 3| e - |
[0 FORT . 40P Controter = Data Direction + s Value
[ Featres Mame: DR = B 8:s-tnvme Type B (TCBE)
offset:  0x00 % € I6-bit Timer/Counter Type.
vl Ovntn Reset:  0:00 “
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@ DiRToL i s @ @ Fuses FUSEY
@ This bit field selects the data direction for the individual pins n of the Port. 0 Geners! Purpose 10 (GRIO)
@ our Writing a '3’ to PORT.DIR[N] configures and enables pin n as cutput pin. 3 R 1/O Ports (PORTA}
A ouTsET
2 Writing a 0" to PORT.DIR[n] configures pin n as input gin. It can be configured by writing to the [SC bR in # M 10 Ports (PORTC)
B outcr PORT PINRCTAL, G Interrupt Comtroller (CRUL
A ouTToL 5 Lockhit (LOCKEIT)
2w e e | Click register,
b
@ INTFLAGS %m
[ PINCTRLO FINCTRL1. PINCTRL2. FIN b omwc :':gn"m | 1 F1 OpenS
= B nm e o
[ Register Sumrsary - VRORT B oyr Mddress 0 [
o N s Sir w0 o o datasheet
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SR S wm o O register
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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.
1/0O View is covered in more detail in 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 1-2. 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 1-18. 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: 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 1-19, while an
overview of the code navigation is shown in Figure 1-20. In the next section, Editor: Writing and Re-
Factoring Code (Visual Assist), the editor features are covered in more detail.
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Figure 1-19. 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 1-20. 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.

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 37


http://www.microchip.com/wwwappnotes/appnotes.aspx?appnote=en591581

Atmel Studio 7
Getting Started

Figure 1-21. Suggestion lists and the MCU device header files

anElih = X T Stait Page

pedel enum PO

I/0 Porks ™ »  pinSckd W ow e +
= typedef struct POAT struct o - I
= "# Ciment Ueastusmiesy
DIRTGL;/* Data Direction Toggle®*d DIRCLR
t OUTCLR;/* Output Value Clear */
- IM
3t reserved Bl
-_'. reserved BuwdE
CUTCLR
t PINICTRL; ¢* Pin 1 Comtrol */
_t PIMNSCTREL; * Pin 4 Contr
e
t PINFCTRL; /* Pin 7 Contr
It reserved Bald;
FEserved_Bxll;

registerB t DIR; /* Deta Direction */
registerE t DIRSET;/* Deta Direction Set */
ister8 t DIRCLR;/® Data Direction Clear *J DIR =
ouT: f* Dutp np 1 a0 ﬁ
& GUTSET LA Gunpiet Vilue: see 47 @ DIRSET
@' DIRTGL
_t OUTTGEL; /™ Output Value Toggle ™/
t reserved Bodd} ﬂ
Bt reserved OxdC; @ INTFLAGS
t reserved bl @ OuT
i I v G =
t PINICTRL; /* Pin 2 Comtrol * @ QUTSET
PINICTRL; /* Pin 3 Centrel &' OUTTGL -
_t PINSCTRL: * pin % Conmkr
t PINGCTRL; /* Pin 6 Comtrol */
-'. reserved_BulBp | 3
i_t reperved_BxlA; =
e Typing PORTE.
et b o References PORT _struct
" (device header file)

-

* Input/Sense Conflgperatior
- typedef snam POAT
{ o
PORT_ISC_INTOISABLE go = (@wB@<dd), sabled but Imput buffer enabled *
PORT_ISC_BOTHEDGES ge = (Bwdl<cd), dges *
POBT ISC RISING ge = (@x02¢oB), /® S& .
PORT_ISC_FALLING g = (8wB3<<B), /[* Sens
21 PORT_ISC_INPUT_DISABLE pc = (@xB4<<@), /* Digital Input Buffer disabled "/
i14 PORT_ISC_LEVEL ge = (OacdS<ch), /* Sense low Level ©
} PORT_ISC K}

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 1-22. How to Find Schematics for a Particular Development Board

AS\ MicrocH:

SAMPLE ANDBUY | ABOUTUS | CONTACT US | MYMICROCHIP LOGIN

Mame

ATtiny817_Xplained_Pro_CAD_source_revd
BOM
Crystal_test_report
. ExportSTEP
Gerber
MNC Drill

ODE schematics

Pick Place

Test Points
'1'. ATtiny817_Xplained_Pro_design_documentation_release_revd.pdf
L ATtiny817_Xplained_Pro_layer_plots_release_revd.pdf

&  Readmeid

©

hardware platform for evaluating the latest Atmel
tnyAVR® microcontrollers (ATHny817, ATt 6, ATR 4, ATtiny417). The evaluation kit comes
with a fully integrated debugger that provides seamless integration with Atmel Studio.

|
|
|
|

Figure 1-1. ATtiny817 Xplained Pro Evaluation Kit Overview
CURRENT MEASUREMENT SW0 USER BUTTON

HEADER SW1 USER BUTTON
r DEBUG USB
g
i1
g
USER LEDO - Sov i GNO 1+ [ ] POWER
weasure —{ | S0V VEC 3@, ! HEADER
THAs . { ] A'ITIN'I!1T__.
P11 | L) ! 5 UPDI DEBUG
MCU CURRENT g 3 FOR EXTERNAL
MEASUREMENT DEBUGGER
SELECT IUMPER
'O CURRENT e ATTINYS17
MEASUREMENT
SELECT JUMPER [ "'.J . EXTENSION 1
|_ — HEADER

QTOUCH BUTTONS

OTETH2

32kHz CRYSTAL

3 + : PAI PAT

EXTENSION 3
HEADER
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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 1-3. 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 1-23. 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 1-24. 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 1-25.

Figure 1-24. AVR Libc Library Reference

™

Y O mriise Mocules x
— C | @ www.nongmaong, er-mar T es.hit o EJ['I *] a Ql ON
#! Apps [Y TreshouselesmWe [ Home- AtmeiTechn W Treneg bin @) npi-tr/ASF - Gitbub Gl WebHome < Custerr [} Apps Pragesm Reve - Lner poskmans

®

AVR Libc Home m ) a nterrupts AW
m w‘v!.'lu‘p'rr“:“l
reoe Pages
Main Page 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 1O facilities
<$taND.h>: General utilities
<string.h>: Strings
<time. h>: Tims
<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
zavrock.h>: Lockbit Support
<3VFipgMEpace.n>: Program Space Utiites
<avripower.h>: Power Reduction Management
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Figure 1-25. 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 allered by code running within an mbermupl 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{vecior, targel_vector) Add header fIIE, J Fenchace Savr/anis fh dag
mdefine retii) SR{A W
=define BADISR vect RE|evant |RQ VECtor ™ }i_\-\(HDC—'ec‘t]

// 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 1-28. For the ATtiny817 this default value would be: #define F_CPU 3333333.
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Figure 1-26. Using START to Creating a New Project for a Relevant Board

A8 START

“ C | @ startatmel.com, #project a Eh % D Ell ('h e
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17 PCD EXT1EX.  SPISCK.
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Figure 1-28. Checking Default Clock Configuration and Using VIEW CODE to Find F_CPU Define

. { } wvewcooe ] save conricuration [ exporTPrOJECT

CLOCK CONFIGURATOR

. t) Zoom In Zoom out x Reset
m OSCILLATORS SOURCES Reset clock settings
External Clock o Main Clock CPU
(EXTCLK) . (CLE_MAIN} ,-—-} 3,333 MHz ‘;} ‘
£
3 RAM
0 Hz Q 3333 Mz & L L3
3.333 MHz =
20MHz Internal Oscillator 32KHz divided by 32
(05C20M) | NVM {}
—] o 3,333 MHz
20 MHz {:} 1.024 kHz {:} B
COMPONENTS (+
ECHE babernsl Wit Low Pawar Dstillater TCDO Cloc
(DSCULFIZRY {CLK_TC D-B)
L
e
R @ PREVIEW - CLOCK_CONFIG.H
- nfig
SHLONER 1 /* AUtO- gen._rated config file clock_config.h */
D 32.768kHz External Crystal Oscillator D
‘ clock_config.h H
e H
+- L doxygen
+- 0 include {f <<« Use Configuration Wizard in Context Menu >>>»
+ 03 modules i F F Pl
+0 sre @ F CPU 333333
#endif
+- 103 utils 16
atmel_start.c | /<< end of configuration section »»»
atmel_starth #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 I/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 1-29. ATtiny827 Xplained Pro GPIO Connection Schematics

PE4 GFIO2
PB5 GPIO
USER LED USER BUTTON
VCC TARGET PiV3
Lo oY
~ =

B S =

= =

=¥z o 4

=T I WL = -

\'IE = ot

7 o i

i i o

GND

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 © = |
T 11

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 1-30. Extract Method
{

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

} Sl Goto Implementation Alt+G
else Refactor (VA) »
f— OUTSET = Surround With (VA) b
} 11 Insest Snippet.. Ctri+K, Ctrl+X
1 Surround With... Ctri+K, Ctrl+5
Breakpoint ¥
& Run To Cursor Ctri+F10
& Cut Ctrd+X
I} Copy Ctrd+C
Al Paste Ctrl+V
Outlining ¥

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 1-31. 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 f () in the main ()
while (1) loop. Right-click and go to it, as indicated in the figure below.

Figure 1-32. 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 Help
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 1-33. Name the variable "uint8_t
SWO_state".
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Figure 1-33. 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 1-34.

Flgure 1-34 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 1-35.

Figure 1-35. Contextual Rename

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

1
if (SW@_state) /* Check switch state */
{ Goto Implementation Alt+G
LED o Refacter (VA) b Rename... Shift+Alt+R
Surround With (VA) 4 Change Signature...
I else { . - )
1 Insert Snippet... Ctrl+ K, Ctrl+X Encapsulate Field
LED o *71 Surround With... Ctrl+K, Ctrl+S Create From Usage... Shift+ Alt+C
} Breakpoint 4 Create Declaration
1 k&  Run To Cursor Ctrl+F10 Create Implementation

The Rename dialog will appear, as depicted in Figure 1-36. 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 1-36. 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();

}

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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MICROCHIP

Studio 7: AVR® MCU Simulator Debugging

In this video:

Studio 7: AVR MCU Simulator
Project Setup:
Modify project from Studio 7 Editor video

« Basic debugging: set breakpoint, step, ...

» Processor view: Demonstrate use of
cycle counter & stop watch

+ Dissassembly view: difference how
code compiled
» Simulate IRQ (IO view)

Context:

« Set up 3 options to clear, then set register

bit
» LED on when switch pressed (using pin
change IRQ).

Program Counter  (h00000028

Stack Pointer 0:3FFD

X Register 00000

Y Register (h3FFF

Z Register 00000

Status Register DEHAMEED
Cycle Counter

Frequency 000 MHz

Stop Watch 200 ps

= Registers

#include <avr/fio.h>

int main(veid)

{

PORTE.DIR &= ~PING_be;
PORTB.DIR |= PIN4_bm;

—_

)} Use read-modify-write in code —

. : : //PORTB.DIRSET =
2)  HW read-modify-write registers —— /o o -

3) Bit-accessible virtual port /0

while (1)

Video: AVR Simulator Debugging

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

Assist).

To associate the simulator with the project, click on the Tool icon

| k|

GechApplicationl” = X EUEHRd ATtiny817 Xplained Pro - 0703
Build

Build Events
Toolchain
Device
Toal*

Compaonents

EDBG
| ATMLZE54041300000703

Advanced

F'1| Custom Programming Tool

|£rase entire chip »
[¥] Preserve EEPROM
Debug settings

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

|H!x )%!E';

i

, then select Simulator.

Pending Changes

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

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();

}

else

{
LED off ();

}
}

#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:

68 [bool SH_get_state()
61 {

H E = =] 62 | return !(PORTB.IN & PINS_bm);

Studio 7 Debugging 1 s |7
Context: 5 [EISR(PORTE_PORT vect)

Debug project from Studio 7 Editor video 6 |{

7 uint8 t intflags = PORTB.INTFLAGS;

Features Covered: PORTB. INTFLAGS = intflags;

» Basic break.pomts N 5

» Code stepping — 1 2. @ SW_state 0 = |

E]E]II] E] 2 72 LED_set_state(SW_state);

» Breakpoints window 24 }

» Call stack

» Project compiler optimization Name

o Attach totarget = Ble| © Getting Started.elf! LED_on Line: 39

[ Getting Started.elf! LED_set_state Line: 57

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

Getting Started.elf! _vector_d Line: 74

Video: Studio 7 Debugging-1

The same code as the one created in section 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 1-37.
Figure 1-37. 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);
72
73 |}

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 59


https://youtu.be/wQZKWgnmvQ8?list=PL9B4edd-p2ajbkbFpi47P9PfMtQuV0OwQ

Atmel Studio 7
Getting Started

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 1-38.

Figure 1-38. 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 1-39. Atmel Studio Buttons for Code Stepping

"> 0> e R]RIEINME]

Table 1-4. 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

H Step Out of Function Call Shift + F11
k Run to Cursor Ctrl + F10
T 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 1-40. Checking Value of SW_state Using Mouse Hover
—-lbool SW get state()

%)

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

63 }
65 —ISR(PORTEB PORT wvect)
66 {
67 uint8 t intflags = PORTB.INTFLAGS;
68 PORTB.INTFLAGS = intflags;
a9

® 7o L
71 Rt W SW state 0 =

D 72 LED set_state(SW_state);
24 }

ﬂ 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 1-41, and Figure 1-42. Note that each of the hits in the Quick Launch bar are
from "break" related entries in the Debug menu.

Figure 1-41. "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 1-42. "Break" Hits in Debug Menu

Debug

)

HI."’.-}.J.{-%

0
y

Tools
Windows
Start Debugging and Break
Attach to Target

Stop Debugging

Start Without Debugging
Disable debugWIRE and Close
Continue

Execute Stimulifile

Set Stimulifile

Restart
Break All

QuickWatch...

Step Into

Step Over

Step Out

Run To Cursor

Reset

Toggle Breakpoint

MNew Breakpeint

Delete All Breakpoints
Disable All Breakpoints
Clear All DataTips

Export DataTips ...

Import DataTips ...

Save Dump As...

Options...

Getting Started Properties...

Window  Help

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

Alt+F5

Ctrl+Shift+F5

Ctrl+ Aft+ F5

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 1-43.

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

breakpoint in the list.

© 2018 Microchip Technology Inc.

User Guide

DS-50002712A-page 63



Atmel Studio 7
Getting Started

tip: The Disassembly view can be conveniently displayed alongside the source code, as
demonstrated in the Figure 1-44 section.

Figure 1-43. 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 1-44. Disassembly View

Pending main.c B X b

= main.c =2 C\Users\M43958\Documentsl, 'Q’GO Address: _ vector_4 -
- SISTFORTE_FORT_TECTT T
66 (] . v | Viewing Options
67 wints t intflags - s eeeesg;ﬁs i:?—FTEQHQ- o Load indirect with displ &

‘ - . = 1in ags;
PORTB‘INTFLAGS’_ PEAREASS STD 7+49,R24 Store indirect with disp

68 PORTB.INTFLAGS = intflags; et --- C:\Users\M43959\Documents\Atmel Studio\7.@\Getti
69 S bool Sw_state = SW_get_state();
78 bool SW_state — SW_get state(); 77 §@ oeoeeeese CALL ex@00e0839 Call subroutine
71 =Tt LED_set_state(SW_state);

& 72 LED_set_state(SW_state); el B BBOGEE58 CALL OxB008B02F Call subroutine
73 o 888088854 POP R31 Pop register from stack
74 I oo 806BEESE POP R38 Pop register from stack

l-i-," To do: Examine the Call Stack and the effect on it when optimizations are disabled.
2

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 1-45.
Note: A debug session needs to be active to open this window.

Figure 1-45. 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 1-46); this is because of compiler optimization.

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 64



Atmel Studio 7
Getting Started

Figure 1-46. 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 1-47.

Figure 1-47. _ 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 1-48.

6. Under AVR/GNU C Compiler — Optimization, set the Optimization Level to None (-O0) using
the drop-down menu.
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Figure 1-48. 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 in Figure 1-49.
Figure 1-49. 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);

114 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'-ﬂe.curéstates-e!(“'JRT:-IH}& Pnsc:m}i o
. W@_cur_state != SWe_prv_state /* Check for edges */
added logic to SW_get state( ): i m- = o
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: T i
» Watch: view & modify variables
s true SW0_edg ==0)8u8¢ u e
+ Conditional Breakpoints
—] To do: In SW get states logic( ) Output
_=¢ break only every 5th edge count, && Show output from: Debug . L
Sy if edge was rising: Prv Cur_state:®, Edge count:@

Prv Cur_state:0, Edge count:@

Action Breakpoints Prv @, Cur_state:8, Edge count:®

Prv state:@, Cur_state:?, Edge count:®
j Todo: Lngvarious state VF_T"iQhIF:S Prv state:8, Cur_state:8, Edge count:@

_J to output window.

Autos Locals Watch1 Call Stack Breakpoints [QEREIRE Eror List

Video: Debugging - 2

Ej" 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 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
1-50.
Figure 1-50. 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 1-51.
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Figure 1-51. 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 1-52.
— Double-click a variable value in the Watch window
— Type in the desired new value of the variable
— Press Enter to confirm

Figure 1-52. 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 5th 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 1-53.
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 1-53. Conditional Breakpoint Expression Example

&l "é“{ur‘n Swa_cur_siats || |{Swe_edge_count % 3);] i ]
Breakpoint Settings X
Locaticn: main.c Line: 86, Character 1, Must match source
E Conditions
Conditional Expression - [struc - ([SWO_zdge_count % 5) == 0) 8.8 SWI_cur_state] ol
[ Actions
{ Close |
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 1-54.
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 1-54. Action Breakpoint Example

s
S Swe_prv_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 1-55. If SWO is pushed on the kit, the content is updated.

Figure 1-55. Debug Output Window Showing Variable Contents

Output
Show output from:  Debug = | | | €| *a
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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Debugging 3: I1/0 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
. . " /O View e Imme - Value
In this video: s e e TR i
_ = ] 26 () =
Studio 7: Debugging 3 ~Neme  Adiress Vaue T
Context: - -
Project from Debugging 2, add function to save By ccssssemn
data to eeprom. Change clock freq to 10 MHz. et e e St S B et e
Features Covered: % Vi
= emao lew
o /O View: ¥ Ll

» Configuration Change Protect (CCP) registers

+ Memory view: _
» EEPROM Write (AVR® LibC) o o2 00 1

OF 00 OF 0F 00 07 17 01 0

£ FF FF FF BF OF FF FF 6F

L watCh: ¥ 95 FF §F 15 FF FF £F FF FF FF 5

£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 Vievu_r

Mame Value

Video: Debugging - 3

1/0 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 1-56.
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 1-56. Manipulate Bit Value in Register Using 1/0 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 1-57.
Figure 1-57. 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 1-58.
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Figure 1-58. 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 1-59.
Figure 1-59. 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.

1.15.2 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 () asin Figure 1-60.
Figure 1-60. 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 1-61 at each interval respectively.
Figure 1-61. Memory View Updating After EEPROM Writes

Memory 1 v 0 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 @x121a Ff Ff Ff ff Ff Ff ff Ff ff £f £f ff £f £f ff £f f ff Ff 7 ff Ff Ff 7f 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

: 1t Ff £F FF £F £f FF £f Ff £f £f £f £f £f £f £F £f £Ff £f f €F £f £f £F fF £F FF  Gyyyyssvysoyyissvsvivyiviy
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. -
taexlag2 R RN BN 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

Mzmory: data EEPROM - | Address: (x1400,data - & | Columns: Auto -
lata 8x1408 41 56 52 20 53 61 79 73 20 68 69 21 @@ If fFf ff Ff Ff £F £f £fFf £F £f £f Ff £F AVR Says hil FYFFVRVFIvFF -
AT 1 £ 11 £f £2 1F 17 11 £f £ 1 Af 17 1f £f £1 £F 1f £f 17 11 17 07 1 yyyyyyyyyyyyIyyyyywyyyyyr
ff F 1 £f £f £F £f £F £F 71 £f FF £f 4f £F F FFf £f £F £F £F £f £Ff £f £ FF Gyovpivwyvwpivvivwn

FE EF 65 £F £f FF £F §F FF £1 CF ©F £F IF #F TF FF 1 FF € 3¢ ¥5 Ff £1 Ff #F

FELE ST £f 11 0F £T AT AF £1 £1 57 £f AF $F 1 £ 1 PF T AT 21 11 If b
izttt drdr R raond e N iz e ve P2 Rl R ¥R PR DR MR FRBDBD

data Oxl44E
data Ox.468
data @x1482

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.

1.15.3 Watch Window

This is covered in more detail in section 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;

/*

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

/* Check for edges

*/

/* Keep track of previous 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;

}

! (SWO0_edge count % 3);

/* Turn LED off */

/* Turn LED on */

void LED_set state(uint8_t state)

{

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

}
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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.

© 2018 Microchip Technology Inc. User Guide DS-50002712A-page 84


http://www.microchip.com/
http://www.microchip.com/
http://www.microchip.com/support

Atmel Studio 7

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

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

Legal Notice

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

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex,
DesignStart, DynamlQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, uVision, Versatile
are trademarks or registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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