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Introduction

This tutorial will teach you how to write, compile, and trace a simple program in Atmel Studio 7.
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Downloading and Installing Atmel Studio
Download the newest version of Atmel Studio from the microchip website:

http://www.microchip.com/avr-support/atmel-studio-7

r
: BN
ﬁ\ Atmel Studio 7 | Microchip Tec X |
c @ @ www.microchip.corm [ 3 e | | Q Search L In D =
Downloads ' Documentation B
Atmel Studio 7
Date
Title . Size D/L
Published
Windows (x86/x64)
I Atmel Studio 7.0 (build 1645) web installer (recommended) I
This installer contains Atmel Studio 7.0 with Atmel October 2.4 MEB )
Software Framework 3.35.0 and Atmel Toolchains. Itis 2017 ’
recommended to use this installer if you have internet
access while installing.
| Atmel Studio 7.0 (build 1645) offline installer - | | E
This installer contains Atmel Studio 7.0 with Atmel
Software Framework 3.35.0 and Atmel Toolchains. Use this
installer if you do not have internet access while installing. October
887MB W
2017
5HAT: b7da45b0a5c594d7208640f4237eb1d84a3a5834
s

Run the downloaded program to install the Atmel Studio IDE.

Opening Atmel Studio

Go to the Start menu and open Atmel Studio.

E_T Windows Update
EE word 2016
= XPS Viewer Mairmi

| 1-Zip

. Accessories Documents

. Amazon

| Atmel Pictures

. Atmel Studic 7.0

[ Atmel Studio 7.0 Command Prompt

~ E stmel Studio 7.0

. Carntasia Studic 7

, CodeVisionAVR

. CorelDRAW Graphics Suite X7 (64-bit)

, EPSON

. EPSON Software

Music

Computer

Control Panel

Devices and Printers

. eXtreme Burner - AVR Default Programs
| Flash Magic
| Games Help and Support

Search programs and files
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Creating the first project
1. Go to the File menu. Choose New and then Project.

E Start Page - AtmelStudio Standard Mode | ™ Quick Launch (Ctrl+Q) Pl o Elif e

File | Edit View VAssist{ ASF Project Debug vMicro Tools Window Help

New 0 ¥ i3 Project.. e Ctrl+Shift+ N

"
g Browser = _

Open * | %3 File.. Ctrl+N
Close Atmel Start Project
Close Solution Atmel Start Example Project ;
ution Explorer
Import * | & Example Project... Ctrl+Shift+E

| #

Save Selected Items Ctrl+5 e Arduino Project

Save Selected Items
W Save Al Ctrl+Shift+5
Export Template...
Page Setup...

Print... Ctrl+P

cover Atmel Studio
Recent Files

Recent Projects and Solutions

: ng started with Atmel Studio
B Eat Alt+F4

e etarbad with AR Adavsnlamenned T 8

| Error List

Entire Solution - | €3 0 Errors t 0 Warnings | D 0Messages | Build + IntelliSense - Search Error List

Project File Line | Description

Output QAGEREE Find Results 1

2. Inthe opened dialog,

a. Choose Assembler.

b. Name the project as toggleProject.

c. Choose the path where you like to save the project by clicking on the Browse
button.

d. Press OK.

New Project (=3
Recent Templates Sort by: [De{aul‘k -2 Search Installed Templates R |
fostalledTomplates Type: Assembler

AVR Assembler Project Assembler X X
C/C++ Creates an AVR 8-bit Assembler project
Assembler

Atmel Studio Solution

m

A

.,. R1g, By
 Ape
Oirs, :‘0

L

Cal}
1 g
lay

doc

rim. Alg
e dooy, ) \l T
MName: toggleProject e

3

Location: EA\AVRprojects', - Browse...

Solution name: toggleProject Create directory for solution

4 2 2R
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3. Inthe Device Selection dialog
a. Select megaAVR as the Device family.

b. Choose ATmega328 (or any other Chips you want to use)

c. Select OK.

Device Selection -

Device Family:  |ATmega =
All
MName ATautomotive es) Data Memory (bytes)EEPROM (bytes
|| ATmegal2 ega 2048 1024 -

ATmega3244 ATtiny 2048 1024
ATmega324p KMEGAA 2048 1024
ATmega32apa | XMEGAB 2048 1024
ATmega324PE ;mgg:{é 2048 1024
ATmega32s YMEGAE 2048 1024
ATmega3250 3 2048 1024
ATmega32504 2 2048 1024 .
ATmega3250P 2 2048 1024 ]
ATmega3250PA 32 2048 1024 E
ATmega325A 32 2048 1024
ATmega32sp 2 2048 1024
ATmega325Pa 32 2048 1024
ATmega328 2 2048 1024
ATmega328P 2 e 2048 1024
ATmega328PE 2 2048 1024
ATmega32e 2 2048 1024
ATmega3240 2 2048 1024
ATmeaal280A 32 2048 1024 x

Search for device
Device Info!
Device Name: ATmega32aP
Speed: MN/A
Vee MJA
Family: ATmega

Datasheet (Summary)
Device Page

Supported Tools
-~ Atmel-ICE

. AVR Dragon
® AVRISP mkll
¢+ AVR ONEI

X EDBG

X EDEG MSD

5. JTAGICE3

: YOI

m

The compiler automatically makes the toggleProject and adds an assembly file to it.

E toggleProject - AtmelStudic
File Edit View VAssist{ ASF  Project Build Debug vMicro Tools

fe-o|B8-@u-2md|Xaalo-e-|
S | Plet 2 | e %8| @~ -5
5 Arduino 1.6/18 - P

= Arduino/Genuino Uno
main.asm* ® X ASF Wizard
; toggleProject.asm

; Created: 12/87/2017 83:26:35
; Author : Naimi

; Replace with your application code
start:

inc rlé

rjmp start

Output

Show output from:

[UNy Frror List Find Results 1

Standard Mode | ™ | Quick Launch (Ctrl+Q) Pl = B x

Window  Help
’915| P Ml Debug ~ Debug Browser ~ : -

Solution Explorer
@lo-2® 4
Search Solution Explorer (Ctrl+;) @ ~
4 | toggleProject -
'=d| Dependencies
=d| Labels
'=d| Qutput Files
B mainasm
Properties

main.asm File Properties

o= B F
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Writing the first Assembly program
Type the following program.

5
; toggleProject.asm
5
LDI R16,0xFF
OUT DDRB,R16

L1: OUT PORTB,R16
LDI R20,0
OUT PORTB,R20
RIMP L1

Building

Press F7 to assemble, or choose Build Solution from the Build menu. The results of assembling the

program are shown in the Output window.

E toggleProject - AtmelStudic Standard Mode = ™ | Quick Launch (Ctrl+Q) Pl - a b4
File Edit View VAssist{ ASF  Project Build Debug wvMicro Tools Window  Help
N - | 3-8 -2 WM | 5o oAl | 9~ - Q| P Ml Debug ~  Debug Browser ~ .
L b | Pl t 2 ok T He @ |
% Arduino 1.6/18 *  Arduino/Genuino Uno ] - B | Other= =&

_ . W ATmega328P _

mainasm 8 > ARG Selution Explorer
& o-am|p

LDI R1l6,@xFF Search Solution Explorer (Ctrl+;) R~
QUT DDRB,R16

'@l Solution 'toggleProject’ (1 proj =
»

: OUT PORTE,R1E <

LDI R28,8 Properties
OUT PORTB,R28
RIMP L1

Output

=

Show output from: Build < |

Bov TP UJLel LUBBACI U Lo e LS g .

Done building project "toggleProject.asmproj”.

Build succeeded.
Build: 1 succeeded or up-to-date, @ failed, @ skipped

oA Error List Find Results 1

Ready
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Debugging
1. To start debugging, press Alt+F5 or choose Start Debugging and Break from the Debug

menu.
2. The following Dialog appears and asks you to select the debugging tool. Press Continue.

Atmel Studio ==

-,

Please select a connected tool and interface and try again.

3. Inthe following window, choose Simulator as the debugger and then close it by pressing the

x next to the toggleProject.

toggleProject - AtmelStudio Standard Mode ¥ Quick Launch (Ctrl+Q) AL B8 x

File Edit View VAssist{ ASF Project Build Debug vMicre Toels Window Help

Q- | i A== 1 M Il Y] | | - - q, | P Ml Debug ~ Debug Browser ~ : | :
Wl | » | v | Hex 3% | . i = ; Al | _ W ATmega328P :
% Arduine 1.6/18 - Arduino/Genuino Unc - P COMS - B | other- _F 11 | =

tC’QQ|EProject’°>'< main.asm ASF Wizard 3
@ o-amlp "

N/A
Search Solution Explorer (Ctrl+;) O =
Toolchain hen 4 | toggleProject B
b =4 Dependencies

Devi
EvicE Selected debugger/programmer P =4 Labels

Compaonents

Build

Build Events

Simulator Properties

Advanced
Custom Programming Tool

Programming settings

1 |

Output

1l & | €| 2a

15:39:34: [ERROR] Please select a connected tool and interface and try again.

Show output from:  General

IS Error List Find Results 1

Ready

Note: Simulator vs. debugger
Using the simulator, you can execute the instructions, and watch the registers and variables.
If you have a debugger, e.g. AVRISP mkll or Atmel-ICE, you can connect a trainer board to your
computer. In the case, the microcontroller of the board executes the same instructions, when you
trace the program. This facilitates you to check the hardware while monitoring the variables in the

IDE.
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4. Press Alt+F5 again. Now a yellow cursor is on the first line of the main program and the IDE
is ready to debug the program.

m toggleProject (Debugging) - AtmelStudio Standard Mode X" | Quick Launch (Ctrl+Q) P - B x

File  Edit View VAssistX ASF  Project  Build Debug wMicre Tools  Window  Help

°' | - -"Hd"|3{;|:|7 |I9' '| '91}| DebugBrcw:er':ig:EE: E:
> Pt 2tk T B | B-. EERRE_ G £ (o ATmega328P o

% Arduino 1.6/18 ~  Arduino/Genuinc Uno = | P oo CoMs - EH Other~ - | (m)

toggleProject mainasm + X Processor Status

H MName Value
Program Counter  0:00000000
Stack Pointer Ox0BFF
X Register (00000
: OUT PORTB,R1G ¥ Register 0:0000
LDI R2@,8 Z Register 0:0000
OUT PORTB,R20 Status Register [DODHEHEUN@DO
RIMP L1 i Cyele Counter 0
Frequency 16.000 MHz
Stop Watch 0.00 ps
= Registers

=] LDI R16,8xFF
OUT DDRB,R1E

000
0:00

Watch1

Memeory:  prog FLASH

prog @xeeee  @f ef 84 b9 @5 b9 48

prog 7 e@ 45 b9 fc cf ff ff &E.U,.. o
¢ ffFFEFFFFFEFEFF ...,

Autos Locals RUEGGNN Watch2 Find Results 1

Stopped Col5

5. To execute the instructions line by line press F10 or click on the Step over icon.

Step Into vs. Step Over
Both F10 (Step over) and F11 (Step into) execute one instruction and go to the next instruction. But
they work differently when the cursor is on a function call. If the cursor is on the function call, Step
into goes into the first instruction of the function, but Step Over executes the whole function and
goes to the next instruction.

If the execution is in a function, you can execute the function to the end by pressing the Step Out.

You can put the cursor on an instruction and then press the Run to Cursor button. In the case, the
program runs until it reaches the instruction which the cursor is on it.

Processor Tab

The Processor tab shows the current values of the CPU registers including R0-R31, SP (Stack Pointer)
and PC (Program Counter). You can also change the values of registers by double clicking on their
values and typing a new value.
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6. To monitor the peripherals, including the 1/0 ports, click on the Debug menu, choose
Windows and then I/0.
E e e e s Standard Mode = %/ | Quick Launch (Ctrl+Q) P m
File Edit View VAssistX ASF Project Build | Debug | vMicro Tools Window Help
Q- | = -2 W |J"| ‘ Windows L7 ;—‘ Breakpoints Alt+F2
: ] | > > ‘ Gy b oot ?‘ Hex Start Debugging and Break Alt+F5 Iﬁ Data Breakpoints
i Arduino 1.6/1.8 = Arduino/Genuine Uno | Siciiolians: ‘;‘ Ese SES
| B Stop Debugging Ctrl+Shift=F5 | [ 10 e
: =
. bl Start Without Debugging Ctrl+Alt+F5 @, Live Watch
’ Disable debugWIRE and Close Program Counter Trace
= EDIRRTS, B | b Continue F5 > output
QUT DDRE,R1e |
| {‘E Execute Stimulifile Watch 3
L1: OUT PORTE,R16 | %5 set Stimulifile & Autos Crl+Alt+V, A
LDI R28,8 |
l | [
OUT PORTE,R28 | 0 Restart %] Locals Alt+4
RIME L1 | Break All Ctrl+F5 E Immediste Ctrl+Alt+]
| & QuickWatch... Shift+F2 {= Call Stack Alt+7
| ¥ Steplnto Fi1 ¥ Thresds Ctrl+Alt+H
| 3 Step Over Fi0 B Modules Ctrl+Alt+ U
| T StepOut Shift+F11 &  Processes Ctrl+Shift+ Alt+P
| Run Ta Cursor Ctrl+F10 Memory o
100% - | R Skl [ Disassembly Alt+8
Watch1 Toggle Breakpoint F3 Registers Alt+5
New Breakpoint 3 »
Delete All Breakpoint: Ctrl+Shift+F3 eg FLASH -
Sa e i 8f ef 84 b9 85 b9 48 €8 45 .i....@3E
Clear All DataTips be fo of ff Ff Ff FF FF FF i, ... a
| Export DataTips ... ff ff ff £f £ff ff Ff FF FF L ..o0000 -
Autos Locals RUEGNE Watch 2 Find Results 1 Import DataTips ... -akpoi.. Comman.. Immediat.. Output ERELES

8.

e Dmn A

The I/0 tab appears on the right hand side which shows the peripherals of the
microcontroller, including the I/O ports. Select PORTB. The values of the related registers
(PINB, DDRB, and PORTB) will be shown below.

onleDioiect|Dobligging) Atmekridin Standard Mode | ¥ | Quick Launch (Ctrl+Q) P = = ¢
File Edit View VAssist{ ASF Project Build Debug vMicro Tools Window Help
: |B-BAn-2Rp|EFal9- Q-
B> b|e Yyt T BB
Arduino 1.6/1.8 - Arduing/Genuine Uno - | P

i
I

ATmegal328P Simulator

Debug Browser ~ ;

'Elc.|0‘ther';.. | @;

toggleProject mainasm +# X

LDI R16,BxFF Name
OUT DDRE,R16 B CPU Registers (CPU)
# [B EEPROM (EEPROM)
: OUT PORTB,R16 |l External Interrupts (EXINT)
LDI R28,8 1

OUT PORTB,R28 10 [yO Port (PORTC)
RIMP L1

Name Address Value Bits

wrPNE 023 0 00000000
e [ [ T[]}
O PORTE (25 000 DOOD0O0O0O0O

Processor Status Solution Explorer Properties
v I X || Memory4

Memory:  prog FLASH

prog

Autos Locals JUENN Watch 2 Find Results1 Call Sta... Breakp.. Comm.. Immed.. Output jZEulsM

Stopped Coll Chl

Press F10 (Step Over) a few times and see the PORTB register changes in the I/0 window.
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Using Breakpoints
If you want to debug a portion of a program, add a breakpoint to the beginning of this part of the

code and press the run button. The IDE runs the program and when it reaches the breakpoint, it

stops running and the yellow cursor is shown on the breakpoint line. Below, you see the steps in

detail.

1.

Right click on the "oUT PORTA,R2@" instruction. A pop-up menu appears. Choose Breakpoint
and then Insert Breakpoint. A red bullet appears on the left side of the "oUT PORTB,R20"

instruction.
# toggleProjec Refactor (VA) L ' [E=B(EcE ===
File Edit Vie Breakpoint o v Add Databreakpoint Ctrl+Shift+R
il d] ] &9 AddWatch @ Insert Breakpoint

QuickWatch... Shift+F9

Pin To Source

Insert Tracepoint

Show Mext Statement Alt+Num * = Name Value
= Run To Cursor Ctrl+F10 + M Program Counter  0:00000000
T A @ SetNext Statement Ctrl+ Shift+ F10 Stack Pointer 00000
=/ ﬂ P s X Register 0:0000 Hi
Clloliazsembly ¥ Register 00000 L
- INCLIE A Ctrl+ X =0 ZRegister 00000
=53 l{-’ﬂ B3 | Copy Crl+C Status Register OIDEENEEZO
- | Cycle Counter 0
w: o B Paste Cr+v Frequency 1.000 MHz
: L0l Qutlining » Stop Watch 0.00 ps
OUT PORTA, R20 = Registers
RIMP L1 ROO 000
7 RO1 000 -

M Soluti... ﬂ"Pmpe...
* 0 x

Watch 1
Name Value Type =

X Breakpoints
New = | )(l_:;)'sl\.;“|-b_.']t¢]|(:olumm'|
Name Labels Condition Hit Count

B Autos B Locals

Ready

&l Watch1 = RUET P YR e Call Stack BN Command... B Immediate.. B Output

Col 7 INS

Press F5 or the Continue button. The IDE runs program until it reaches the Breakpoint. Now,

you can continue debugging from the breakpoint using the Step into and Step over buttons.

toggleProject (Debugging) - AtmelStudic Standard Mode ¥ Quick Launch (Cirl+Q) d — =
File Edit View VAssist{ St€p OVer toject Build Debug vMicro Tools Window Help

F10; : ++ [——— "
B - I | 3 be { ) & | 2~ T | Debug Browser ~ _ i € 3= | E 4|

bléd ¥ B2k T|Ha ™

@-

= A | = ATmega328P Simulator _

\ ® -

| MName
LDI R16,@xFF | ® 83 CPU Registers (CPU)
OUT DDRE,R16 ® [ EEPROM (EEPROM)

| lf Bxternal Interrupts (EXINT)
< L1: OUT PORTB,R16

LD1 R28,0 1 wovoror porTC)
° A breakpoint

RIMP L1 MName Address Value Bits
| wePNE 023 000 00000000
WDODRE 024 OxF BEOES0E88
W PORTE 025 000 DO0O0000O0

100% - Processor Status QY80 Solution Explorer Properties

'Fxéél‘vlemor_v-'! > x|
Memory:  prog FLASH - | .
prog @x0e02 @f ef @4 b9 @5 b9 48 e@ .i....0a =

2002 45 b9 fc of ff ff ff ff E.0,.,..

Autos Locals JUEILOBE Watch 2 Find Results1

Stopped Ln13 Coll Chl

Using Stop Debugging, you can stop debugging whenever you want.
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