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AT08401: Getting Started with Atmel
ATmega328PB

APPLICATION NOTE

Description

This application note aims at getting started with the Atmel® ATmega328PB
AVR® based microcontroller.

Features

*  Getting started with the ATmega328PB microcontroller and tools
*  Getting started with Atmel ATmega328PB Xplained Mini Kit and Atmel
Studio 6.2

This application note contains a list of all necessary tools required to start
the work and points to where to look for additional information.
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1. Getting Started with Atmel ATmega328PB

1.1. Key Features

AVR (Harvard) architecture

Single level pipelining

In-system reprogrammable flash memory

Separate EEPROM section available

Optional boot code section with independent lock bits
20MIPS @ 20MHz

Most single clock cycle execution

Low power microcontroller with various sleep modes
High code density (advanced RISC Instruction Set)
On-chip hardware multiplier

Short interrupt latency four clock cycles

Factory calibrated internal RC oscillator

Security with fuses and lock bits

Atmel QTouch® Library support

Compatibility between devices (portability)
Peripheral touch controller

Clock Failure Detection (CFD)

Note: For detailed information (like AVR architecture, flash size, number of pins, operating voltage range,

number of peripheral channels, module description, etc.) refer to the ATmega328PB datasheet.

1.2. Device Related Website Links

The ATmega328PB product overview webpage (as shown in the figure below) is available at:

http://www.atmel.com/devices/ATMEGA328PB.aspx
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http://www.atmel.com/devices/ATMEGA328PB.aspx

Figure 1-1 Device Webpage

Home = Products = Microcontrollers = AVR 8- and 32-bit MCUs > megaAVR MCUs

ATmega328PB

Overview Parameters Tools Documents Applications

Get Started

we'll tell you all you need to know to
start evaluating and working with
this product.

» Start Now u

» Contact Sales u

» Request Samplas u

» Sign-up for News u
Datasheet Related ltems

= Third Party Support
= University Program
PCF  Software Description “ AVR Knowledge Base
= Technical Support
= What's Changed

- ATmega328PE Preliminary Summary -
- (file size: 3. IMB, 24 pages, revision A, updated: 07/2015) * Mature Devices
- ATmega328PB Preliminary

= (file size: 7. 5MB, 429 pages, revisicn A, updated: 07/2015)

More Documents...

The high-performance Atmel® ATmega328PB is an 8-bit AVR RISC-based microcentroller (MCU) with picoPower@ technology. It
coembines 32kB ISP Flash memory with read-while-write capabilities, 1kB EEPROM, 2kB SRAM, 27 general purpose I/0 lines, 32
general purpose working registers, five flexible timer/counters with compare medes, internal and external interrupts, two USARTs
with wake-up on start of transmission, two byte-criented 2-wire serial interfaces, two SPI serial ports, 8-channel 10-bit A/D
cenverter, proegrammable watchdog timer with internal oscillator, a unigue serial number and six software selectable power saving
modes. The device operates between 1.8-5.5 volts.

The ATmegaZ228PB is the first 8-bit AVR MCU to feature the QTouch® Peripheral Touch Contreller (PTC), which acquires signals in
order to detect touch on capacitive sensors, and supports both self- and mutual-capacitance sensors. The PTC is supported by the
QTouch Composer development tocl (QTouch Library project builder and QTouch Analyzer). It provides a faster and less complex
capacitive touch implementation in any application.

The ATmega328PE supports 24 buttons in self-capacitance mode, or up to 144 buttons in mutual-capacitance mode. Mixing and
matching mutual-and self-capacitance sensors is pessible, and only one pin is required per electrode — ne external components are
required, delivering savings on the BOM cost compared to competing solutions.

By executing powerful instructions in a single clock cycle, the device achieves throughputs approaching 1 MIPS per MHz, balancing
power consumption and processing speed.

ey Pararmeters

Parameter Value
Flazh (Kbytes): 32 Kbytes
Pin Count: 32

Max. Operating Freg. (MHz): 20 MHz
CPLU: S-bit AVR
# of Touch Channels: 150
Hardware QTouch Acguisition: Yes

Max 1/0 Pins: 27

Ext Interrupts: 27

USE Spead: Mo

In the Parameters tab, the configuration parameter details (like flash size, number of peripheral channels,
number of I/O pins, etc.) for this device can be found.

http://www.atmel.com/devices/ATMEGA328PB.aspx?tab=parameters

Atmel
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In the Documents tab, all the related documents (like datasheet and application notes) for this device
can be found.

http://www.atmel.com/devices/ATMEGA328PB.aspx?tab=documents

In the Datasheet section under the Documents tab today there are two documents:
1. Preliminary / Complete version (includes all peripheral descriptions and electrical characteristics).

2. Preliminary Summary / Summary version (includes Ordering Information, pin out, and Packaging
Information).

The device related application notes (like e.g. hardware design considerations) and its associated
firmware (if any) are also available under the Documents tab.

In the Applications tab, the recommended application areas (not limited to) for this device can be found.
http://www.atmel.com/devices/ATMEGA328PB.aspx?tab=applications

In the Tools tab, all the related tools (like IDE, programmer, debugger, evaluation kits, BSDL files) for this
device can be found.

http://www.atmel.com/devices/ATMEGA328PB.aspx?tab=tools

The ATmega328PB Xplained Mini kit's webpage can be viewed by clicking the ATmega328PB Xplained
Mini available in the following link:

http://www.atmel.com/devices/ATMEGA328PB.aspx?tab=tools

1.3. ATmega328PB Xplained Mini Kit
The kit can be ordered online by clicking Add to Cart in the following link:
http://www.atmel.com/tools/MEGA328PB-XMINI.aspx
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Figure 1-2 ATmega328PB Xplained Mini Webpage

In the Documents tab, all the kit related documents like schematics and user guide can be found.

Atmel
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Key Features
= On-board debugger with full source-level debugging support in Atmel
Studio.
= Auto-ID for board identification in Atmel Studio 6.2
s Access to all signals on target MCU
= One green status LED
= One mechanical user push button
= Four capacitive touch buttons (underneath the AVR logo)
s Wirtual COM port (CDC}
= 16MHz target elk
= USHE powered
* Arduino shield compatible foot prints
= Target SPI bus header foot print
= Mplained Pro extension headers can easily be strapped in
= Supported with application examples published on Atmel Spaces
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http://www.atmel.com/tools/MEGA328PB-XMINIl.aspx?tab=documents

Note: For detailed information like header and connections, refer to the ATmega328PB Xplained Mini

User Guide, which is available at the under the Documents tab.

14. Atmel Studio

1.4.1. Atmel Studio Webpage
The Atmel Studio installer (free IDE) is available at:

http://www.atmel.com/tools/ATMELSTUDIO.aspx

1.4.2. Atmel Studio Microsite
To learn more about Atmel Studio, refer to the following microsite:

http://www.atmel.com/microsite/atmel_studio6/

Figure 1-3 Atmel Studio Microsite Webpage

Overview Software Library QTouch Teols ClC++

Atmel

Debugging/Simulation

ATMEL
STUDIO

One Collaborative Studio
With Integrated App Store and
Shared Workspace

DOWNLOAD NOW

Atmel Studio 6 - The Studio to Design All Embedded Systems

What's Mew in Atmel Studio 6.2

Atmel introduces the latest xplained Mini development kit, 8N easy-to-use development
board with extensive examples.

Develop and Debug Atmel applications in a single, integratad environmeent with Atmel-ICE

Studio 6.2 support for the new Atmel-ICE probe provides advanced programming
and debugs connectivity for Atmel ARM- and AVR-based MCUs, including the ability
to capture data trace information

Apcelerate Your Time 10 Market with Percepio Trace™

Gain insight into the run-time of embedded software with trace visualization.
Percepio Trace for Atmel Studio features

Control-flow trace (tasks and interrupts)
Custom data plots

Application debug output

Statistical code profiling

Support for viewing MCU event counters
Real-time operating system (RTOS) awareness

Atmel AT08401: Getting Started with Atmel ATmega328PB [APPLICATION NOTE]

Atmel-42482A-Getting-Started-with-ATmega328PB_AT08401_Application Note-08/2015

3

Atmel Gallery Overview:
Introduction of the Gallery

Studio 6

ASF Design (1 of 5): Starting

with a board, XMEGA-A3BU

%plained

ek ;
Atmel Studio rning



http://www.atmel.com/tools/MEGA328PB-XMINI.aspx?tab=documents
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In the Videos tab the getting started videos (like editor, creating a new C (GCC) project, debugging AVR
applications, debugging ARM® applications, etc.) can be found.

http://www.atmel.com/microsite/atmel_studio6/videos.aspx

1.5. Connecting the ATmega328PB Xplained Mini kit
This section helps the user to connect the ATmega328PB Xplained Mini with the Atmel Studio 6.2 SP2
(6.2.1563).
1. Download and install Atmel Studio version 6.2 SP2 (6.2.1563) or later versions.
2. ATmega328PB Part Pack for Atmel Studio 6.2 available in the Atmel Studio link has to be installed.
This bundle adds support for ATmega328PB device in Atmel Studio 6.2.SP2.
Note: There is no need to install part pack for Atmel Studio future versions.
3. Launch the Atmel Studio.
4. Connect the ATmega328PB Xplained Mini to the USB port and it will be visible in the Atmel Studio.
1.5.1.  Auto Board Identification of Xplained Mini Kit
*  Once the ATmega328PB Xplained Mini kit is connected to the PC, the Windows® Task bar will pop-
up a message as shown in Figure 1-4 ATmega328PB Xplained Mini Driver Installation on page
8.
Figure 1-4 ATmega328PB Xplained Mini Driver Installation
r'_‘! Driver Software Installation g
mEDBG Virtual COM Port (COM11) installed
mEDBG Virtual COM Port (COM11) JReady to use
—
« If the driver installation is proper, EDBG will be listed in the Device Manager as shown in Figure
1-5 Successful mMEDBG Driver Installation on page 9
AtmeL Atmel AT08401: Getting Started with Atmel ATmega328PB [APPLICATION NOTE] 8
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Figure 1-5 Successful mEDBG Driver Installation
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*  Open Atmel Studio 6.2, go to View — Available Atmel Tools. The EDBG should get listed in the
tools as mEDBG and the tool status should display as "Connected". This indicates that the tool is
communicating properly with the Atmel Studio.

Figure 1-6 mEDBG under Available Atmel Tools

Available Tools vAOXx
Tools and Simulators Status
Connected
Connected

1.5.2. Connect the ATmega328PB Xplained Mini UART to the mEDBG COM Port
1. Connect the mEDBG USB to the PC.
2. Use the Device Manager to find the COM port number.

3. Default COM port settings are 9600 baud N 8 1. The COM port settings can be changed by using
the Device Manager.

1.6. Programming and Debugging
This section helps to program and debug the ATmega328PBXplained Mini kit by using mEDBG.

1.6.1. Programming the ATmega328PB Xplained Mini by using mEDBG
1. Connect the mEDBG USB to the PC.

2. Go to the Atmel Studio: Click Tools, select Device Programming, and then select the connected
mEDBG as Tool with Device as ATmega328PB and Interface as ISP, click Apply.

3. Select Memories and locate the source .hex or .elf file and then click Program.

AtmeL Atmel AT08401: Getting Started with Atmel ATmega328PB [APPLICATION NOTE] 9
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4. If the source contains fuse settings, go to Production file and upload the .elf file and program the
fuses.

Note: If ISP programming fails it could be because the debugWIRE is enabled. See debugging section
on how to disable debugWIRE mode.

1.6.2. Debugging the ATmega328PB Xplained Mini by using mEDBG

1. Start Atmel Studio.

2. Connect the mEDBG USB to the PC.

3. Open your project.

4. In the Project menu select the project properties page. Select the Tools tab and select mMEDBG as
debugger and debugWIRE as interface.
In the Debug menu click Start Debugging and Break.

6. Atmel Studio will display an error message if the DWEN fuse in the ATmega328PB is not enabled,
click YES to make Studio set the fuse using the ISP interface.

7. A debug session is started with a break in main. Debugging can start.

8. When exiting debug mode select Disable debugWIRE and Close in the Debug menu, this will
disable the DWEN fuse.

o

Note: If the debug mode is not exited by selecting Disable debugWIRE and Close in the Debug menu,
the DWEN fuse will be enabled and the target will still be in debug mode, i.e. it will not be possible to
program the target by using the SPI (ISP) interface.

AtmeL Atmel AT08401: Getting Started with Atmel ATmega328PB [APPLICATION NOTE] 10
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2. Creating an Example Application in Atmel Studio

1. After connecting the board, to create a new project in Atmel Studio go to File — New and click on
Project (as shown in Figure 2-1 Creating New Project in Atmel Studio on page 11).

Figure 2-1 Creating New Project in Atmel Studio

._ Start Page - AtmelStudio
File Edit View VAssistX ASF Project Debug Tools Window Help

New * 4] Project.. h Ctrl+Shift+N
Open * | ') File. Cerl+N
Close 3] Example Project... Ctrl+ Shift+ E

ose Solution I

2. The New Project wizard will display as shown in Figure 2-2 New Project Wizard on page 11.
Select the GCC C executable Project template, name the project and click OK to get the device
selection wizard.

Figure 2-2 New Project Wizard

New Project - LT -
S T a—— SearchInstalled Templates o]
Installed Templates ¥ e
3 ++
GCC C ASF Board Project C/C++ ype
CCes Creates an AVR 8-bit or AVR/ARM 32-bit C
Assembler i project
Atmel Studio Solution GCC C Executable Project C/C++
GCC C Static Library Project C/C++
GCC C++ Executable Project C/C++
GCC C++ Static Library Project C/C++

3. The Device Selection wizard will display as shown in Figure 2-3 Device Selection Wizard on page
11. Select the ATmega328PB device from megaAVR® device family and click OK.

Figure 2-3 Device Selection Wizard

i Y
Device Selection g
Name App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (bytes) | Device Info:
ATmega328PB 32 2048 1024 Device Name: ATmeqa32sPB
Speed: 0
Vea: 18/5.5
l Family: megaAVR
H] Datasheets
Supported Tools
| > Atmel-ICE

“ AVR Dragon
+ AVR ONE!

= JTAGICE3 MI
B JTAGICE mkll
Hl mEDBG

& Simulator
< STK600

T TR

4. The new project and the .c file will be created as shown in Figure 2-4 Project Window on page
12.
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Add the following code snippet (LED control using push button) in the .c file.

int main (void) {

/* configure LED pin as output */

DDRB |= 1<<DDRB5;

while (1) {
/* check the button status (press - 0 , release - 1 ) */
if (! (PINB & (1<<PINB7))) {
/*switch off (0) the LED until key is pressed */

PORTB &= ~ (1<<PORTBS5) ;

} else {
/* switch on (1) the LED*/
PORTB |= 1<<PORTBS5;

}

}

5. Code explanation:

— Each PORT has three registers DDRx, PORTx, and PINx

— The DDRXx register is used to configure the port pin direction. 1 - Output; O - Input.

— If one pin is configured as output pin and if the respective bit in PORTx is written logic one,
the respective port pin is driven high. If the same bit is written logic zero, the pin will be driven
low.

— The PINXx register is used to return the logic level available on the port pin

— In this example code the PB7 Button is used as input and the PB5 LEDO as output

— Here the LEDO is controlled based on the pushbutton status

— As long the button is in pressed state (0) the LEDO will not glow (0)

— On releasing the button (1) the LEDO will glow (1 - default)

Figure 2-4 Project Window

B ATmega328°8 led_toggle - AtmelStudio
Fle Edt_View VAssiX ASF_Projeci_Buid_Debug Took Window Fielp

HaRE e - T Ry - ey e Y A ) BEEIE N
el S e i R N = e e L e e e L e T

ATmega328PB led_toggle.c X

—— Lo | O j

AEEEEETEER
E on mEDBG (ATML2523010200000007)

B EE
2| & Solution ATmega328PB_led toggle' 1 project)
2 4 ATmega288 led togale

ained Mini the LED is connected to PORT B Pin 5
ained Mini the button is connected to PORT B pin 7

ressed */

J* switeh on (1) the LED*/ -
PoRTD |- 1ecpORToS; 1=

0% -

Output ~ 9%

Show output from: |Build [FEIEREIE

tttttttt o

Done
Usin
Task “RunOutp

6. In order to debug this project, configure the Tool and Interface in the Project properties. To open the
project properties, go to Project menu — Properties. In the project properties, go to Tool tab —
Under the Selected Debugger/Programmer, select the tool as mEDBG and interface as

AtmeL Atmel AT08401: Getting Started with Atmel ATmega328PB [APPLICATION NOTE] 12
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debugWIRE as shown in Figure 2-5 Tool and Interface Settings on page 13 Tool and Interface
Settings.

Figure 2-5 Tool and Interface Settings

» ATmega328PB_led_toggle - AtmelStudio

File Edit View VAssistX ASF Project Build Debug Tools Window Help

(-8 - S|4 2B -6 -&-5E] b [db

[CE@ne Ao Gimpaloub|osm(@esa

=

ATmega328PB_led_toggle™ X |ENIREREER R RTT TN ATmega328PB Xplained Mini - 0007 ASF Wizard
Build

N/A
Build Events

Toolchain Selected debugger/programmer

Device [mEDBG-ATML2523010200000007 .‘ Interface: |debugWIRE +
Tool
7. To program and execute the application, there are two options:
— Start a debug session on the board, where the user will be able to program and debug
— Program the generated .hex file into the controller and execute the application
Both these options can be configured on ATmega328PB Xplained Mini as shown in Figure 2-6
Start without Debugging on page 13 and Figure 2-7 Start Debugging and Break on page 13.
Figure 2-6 Start without Debugging
Tools Window Help
* 5 B8 | > oM {Debug  -|| (3|
0 b | s 5= (I without Debugging (Ctrl+Alt+F5) f =1 3
Figure 2-7 Start Debugging and Break
Tools Window Help
115 R wt;oebug -] 2 [
= [ 2= - L= = —
I b | d OF (B S=rg Debugging and Break (Alt+F5) § W |
Note:

-Jl{ IS eEe -
T | Hee | @~ JF = ) e | o i mATmega3zee

If the debug mode is not exited by selecting Disable debugWIRE and Close in the Debug menu,

the DWEN fuse will be enabled and the target will still be in debug mode, i.e. it will not be possible to

program the target by using the SPI .
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3. What’s next?

«  Atmel Studio videos

http://www.atmel.com/microsite/atmel_studio6/videos.aspx
*  Atmel Studio online help
http://www.atmel.com/webdoc/atmelstudio/
*  Atmel Studio offline help (After installing Atmel Studio)
In Atmel Studio
Help — View Help (Ctrl+F1) — Atmel Studio
*  ASF (Atmel Software framework) Getting Started and ASF Reference manual
http://www.atmel.com/tools/AVRSOFTWAREFRAMEWORK .aspx?tab=documents
*  ASF online documentation
http://asf.atmel.com/docs/latest/
*  Technical documentation for various products
http://www.atmel.com/webdoc/
*  Atmel Gallery
https://gallery.atmel.com/
*  Production Selection Guide
Atmel MCU Selector on http://www.atmel.com/
*  Ordering Samples and Buying evaluation board and kits:
http://www.atmel.com/ — Buy — ‘Atmel store’
+  Technical Documentation
http://www.atmel.com/design-support/documentation/default.aspx
*  Knowledge Base and Technical Support/Design Support
http://www.atmel.com/design-support/
*  Collaborative workspace
http://spaces.atmel.com
«  AVR Freaks® community

http://www.avrfreaks.net/
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4. Revision History

Doc. Rev. Date Comments

42482A 08/2015 | Initial document release
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applications. Atmel products are not intended, authorized, or warranted for use as components in applications intended to support or sustain life.

SAFETY-CRITICAL, MILITARY, AND AUTOMOTIVE APPLICATIONS DISCLAIMER: Atmel products are not designed for and will not be used in connection with any
applications where the failure of such products would reasonably be expected to result in significant personal injury or death (“Safety-Critical Applications”) without
an Atmel officer's specific written consent. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Atmel products are not designed nor intended for use in military or aerospace applications or environments
unless specifically designated by Atmel as military-grade. Atmel products are not designed nor intended for use in automotive applications unless specifically
designated by Atmel as automotive-grade.
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