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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

[ . (=] E it
ﬁ’\ Atmel Studio 7 | Microchip Tec X |
¢ © @ www.microchip.corm E  a% s v | Q Search L N R @ =
-
Downloads ' Documentation \
Atmel Studio 7
Date
Title Size D/L
Published
Windows (x86/x64)
| Atmel Studio 7.0 (build 1645) web installer (recommended) |
This installer contains Atmel Studio 7.0 with Atmel October 2.4 MB a
Software Framework 3.35.0 and Atmmel Toolchains. Itis 2m7 '
recommended to use this installer if you have internet
access while installing.
utme\ Studio 7.0 {build 1645) offline installer - || =
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
887 MB ]
2017
5HAT: b7da45b0a5c594d7298640f4237eb1d84a3a5834

Run the downloaded program to install the Atmel Studio IDE.

Opening Atmel Studio
Go to the Start menu and open Atmel Studio.

E_Ii Windows Update
EE word 2016
i KPS Viewer MNaimi

. 1-Zip

. Accessories Documents

. Amazon

| Atrnel Pictures

. Atmel Studic 7.0

[ Atmel Studio 7.0 Command Prompt

1 Atmel Studio 7.0

. Camtasia Studio 7

. CodeVisicnAVR

. CorelDRAW Graphics Suite X7 (64-bit)

. EPSON

. EPSON Software

Music

Computer

Control Panel

Devices and Printers

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

Search programs and files
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http://www.microchip.com/avr-support/atmel-studio-7

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

Recent Projects and Selutions

: ng started with Atmel Studio
B Edit Alt+F4

re ctarbad with AVD dasnlammnand T

: rror List
Entire Solution - | €3 0 Errors | 1 0Warnings | @ 0 Messages | Build + IntelliSense Search Error List

Project File Line Description

Output JUGIIRES Find Results 1

Ready

2. Inthe opened dialog,
a. Choose C/C++.
b. Select GCC C Executable Project.
c. Name the project as toggleProject.
d. Choose the path where you like to save the project by clicking on the Browse
button.
e. Press OK.

E Start Page - AtmelStudio Standard Mode ¥ | Quick Launch (Ctrl+Q) P Bl
File | Edit View VAssist{ ASF Project Debug vMicro Tools Window Help
Mo Y| Project. o Ctrl+Shift+N g Browser ~ : | :
Open * | %3 File... Ctrl+N No Device :
Close Atmel Start Project | =
Close Solution Atmel Start Example Project :
ution Explorer v o x
Import * | & EBample Project... Ctrl+Shift+E | p
Save Selected Items Ctrl+5 s Arduino Project
Save Selected Items As... .
WM saveall Ctrl+Shift+S
Export Template...
Page Setup... .
Prin.. Cel+P cover Atmel Studio
Recent Files

Mew Project M

P Recent Sort by: Default N == Search Installed Templates (Ctrl+E) P~
4 Installed “ Types C/C -
GCC C ASF Board Project C/C++ ype: Lil+s
b CfC++ o Creates an AVR 8-bit or AVR/ARM 32-
Assembler GCC C Executable Project e C/C++ bit € project
AtmelStudio Solution
GCC C Static Library Project C/C++
- o
GCC C++ Executable Project C/C++ . Wiy py |
in, o =0
¢ Bty vojg)
GCC C++ Static Library Project C/C++ Pry,
! “’?tfla..h_ i

Arduino Sketch C/C++

Name: |togg|eProjecﬂ e |

Location: EVAVRprojectst - 4

Solution name: toggleProject Create directory for solution

3. Inthe Device Selection dialog
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a. Select ATmega as the Device family.
b. Choose ATmega328 (or any other Chips you want to use)
c. Select OK.

Device Selection - t — w

Device Family:  |ATmega - Search for device s
All : 5
Mame ATautomotive e<) Data Memory (bytes)EEPROM (bytes | Device Info: s
|| ATrmega3z nega 2048 1024 “ || Device Name: ATmega32ap '
ATmega324A ATtiny 2048 1024 Speed: N/A
ATmega324p KMEGAA 2048 1024 v
XMEGAB ) e N/A
ATmega32aph |’ MES 2048 1024 ol AT
ATmegad2dPB [y 'r = 2048 1024 Ay megz
ATmega325 XMEGAE 2048 1024 Datasheet (Summary) =
ATmega3250 3 2048 1024 Device Page
ATmega3250A 32 2048 1024 .
ATmega3250P 32 2048 1024 _| supported Tools
ATmega3250PA 32 2048 1024 > AlmeLICE
ATmega3254 32 2048 1024 =
ATmega325P 32 2048 1024 - AVR Dragon
ATmegal25PA 32 2048 1024 # AVRISP mkil T
ATmega328 32 2048 1024 - AVR ONE!
ATmega328p 32 2048 1024 I —
ATmega228PBE 32 2048 1024 X EDBG
ATmegal2g 32 2048 1024 X EDBG MSD
ATmega3290 32 2048 1024 | = racicea
ATmenal?0A 32 2048 1024 ¥

The compiler automatically makes the toggleProject and adds a C file to it.

E toggleProject - AtmelStudio Standard Mode | ™ || Quick Launch (Ctrl+Q) Pl - a x
File  Edit View VAssistX ASF Project Build Debug wvMicre Tools Window  Help

o - |aﬁ,@ = HlJ"|Jf3E'Ij|ft||9' - EQ|> Wi Debug Debug Browser ~ _

S | Pt 2 h T He B @ i
Arduine 1.6/1.8 = Arduino/Genuino Uno = | r

Solution Explorer
& o-dBm| kL
Search Solution Explorer (Ctrl+;) O ~

toggleProject.c
=d| Dependencies -
Created: 12/12/2817 @5:12:45 i =d| Output Files
Author : Naimi b i3 Libraries
*/

< main.c
#include <avr/io.h>
Properties
—lint main(weodid)

{
/* Renlare with vour annlicatinn code */
W0% - 4

Qutput

Show output from:

OININY Error List Find Results 1
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Writing the first C program
Type the following program.

#include <avr/io.h>
#define F_CPU 16000000UL
#include "util/delay.h"
int main(void)
{
DDRB = OxFF; //make port B as output port
while(1)
{
PORTB = OxFF; //make all pins HIGH
_delay _ms(1000); //wait 1 sec
PORTB = 0x00; //make all pins LOW
_delay _ms(1000); //wait 1 sec
}
}

Note: Auto Complete

The editor knows the available variables and functions. For example, if you type the first few letters
of #include, e.g. #in, the following list appears and you can choose #include from the list, by pressing
the Enter button instead of typing #include.

#include <avr/io.h>
#define F_CPU S@aeapaUL
#inl
it Finclude"" VA Snippet [ Edit ]
£}, Zinclude < » | Accept with: <TAB> or <ENTER=

wirrI=t L]

While editing the program, if you press Ctrl+Space, the auto complete list appears, and you can
choose between the available choices.
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Compiling

Press F7 to compile, or choose Build Solution from the Build menu. The results of compile are shown

in the Output window.

toggleProject - AtmelStudio

main.c & > ASFWizard

Standard Mode

File  Edit View  VAssist{ ASF  Progject Build Debug  wMicro
i0-0(B-Au-uRMF|XIA|D-CT-

L Plot et T He B[ @
© Arduino 16/1.8 = Arduino/Genuino Uno - | P

E“‘-’%l P Ml Debug -

¥ | Quick Launch (Ctrl+Q)

Tools  Window  Help

Debug Browser - :

CoMms - 3| Other~ -

* Author : Naimi

=/

Search Solution Explorer (Ctrl+;)

4 toggleProject

#include <avr/ioc.h>
#define F_CPU lp@eesealL

4
P

=d| Dependencies
=d| Cutput Files

Ll

= B ATmega328P -

P

.

#include "util/delay.h”

[+ =i Libraries

—lint main(wvoid)

{

DDRB = @xFF; //make port B as output port

while(1)
I

W% ~| 4

Output

Show output from:  Build
Build succeeded.

< main.c

Properties

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

(OIT Iy FrrorList Find Results 1

Build succeeded

p
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Debugging
1. To start debugging, press Alt+F5 or choose Start Debugging 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.

E togglePraject - AtmelStudio Standard Mode [ ™ Quick Launch (Ctrl+Q) Pl = 5

File Edit View VAssist{ ASF Project Build Debug vMicro Tools Window Help
El - | B3 -2 W | | - - | B a | P Ml Debug ~  Debug Browser - : i
o | rlar 2 He B[ @ i |

% Arduino16/18 = Arduino/Genuino Uno - | P ; COM3 - Elc,l Other ; | =

toggIeProject’eX main.c ASF Wizard

Build

@ o-d@ &
Search Solution Explorer (Ctrl+;) 2 -

4 toggleProject
) =] Dependencies
Device =d| Output Files

Selected debugger/programmer g Libraries
< main.c

Components

Build Events

Toolchain

Advanced

Custem Programming Teool

Qutput

el |2

Show cutput from:  General
17:27:55: [ERROR] Please select a connected tool and interface and try again.

0NNy Error List Find Results 1

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.

E toggleProject (Debugging) - AtmelStudic Standard Mede = X' Quick Launch (Ctrl+ Q) Pl O x

Debug wvMicro Tools Window Help
- - | 8, | Debug Browser - :

(= Ml ; A | i 8 ATrega32ap

Value
* Author : Naimi Program Counter  0:00000040
*/ Stack Pointer 0BFD
X Register (0000
#include <avr/ic.h: Y Register 0:08FF
#tdefine F_CPU 168BG0@BUL Z Register 00000
#include "util/delay.h” —N Status Register DODHEVHEDLC
Cycle Counter 12
slint main(void) Frequency 16,000 MHz

{ Stop Watch 075 ps
=] DDRB = @xFF; //make port B as output port o :
= Registers

while(1) ROD 0:00
i BTl 1410
00% - 4 LIRS E WY [0 Solution Explorer  Properties

Memory 4
Memory:  prog FLASH
¢ éc 94 34 8e ec

3e @88 8c 94 3e
Bc 94 3e 88 Bc

prog

prog

J M &

~

oy

Autos Locals QUCHSIE Watch 2 Find Results 1 CallSt.. Break.. Com.. In ....m.Dutlput Mem...

Stopped

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.

6. To monitor the peripherals, including the 1/O ports, click on the Debug menu, choose
Windows and then 1/0 view.
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3 toggleProject (Debugging) - Atmelstudio q Standard Mode | ¥ | Quick Launch (Ctrl+(Q) bd - =
e B Wew NO=el BSE Bwmieet Bnld| Debug Mool inokl Window T BRGS0
- | = - W |J"| I:Ij | Windows L a Breakpoints Alt+F2
] | > » | é ¥t g ?| Hex Start Debugging and Break Alt+F5 E Data Breakpoints
¢ Arduino 16/1.8 ~ | Arduino/Genuino Uno ptiachiohaIGE a RcEsuaSIat
B Stop Debugging Ctrl+Shift+F5 & vo e
> . - > E j
ma\n < = EN\AVRprojectsita Disable debugWIRE and Close Program Counter Trace
| * Author : Naimi
=/ P Continue F5 > Output
== Execute Stimulifile Watch ,
#include <avr/io.h>
sdefine F CPU 16080086UL %= Set Stimulifile HA  Autos Ctri+ Alt+V, A
#include "util/delay.h” O Restart %] Locals Alt+d
. . Break All Ctrl+F5 Immediate Ctrl+Alt+1
Eint main(void)
6 QuickWatch... Shift+F9 = CallStack AT
2 DDRB = @xFF; //make port B as output ¥ Steplnto Fl1 . Threads Ctrl+ Alt+H
whila(1) 7 Step Over F10 E  Modules Ctrl+Alt=U
| { I StepOut Shift+F11 & Processes Ctrl+ Shift+ Alt+P
100 %~ & RunTe Cursor Ctrl+F10 Memary o
Watch 1 T Reset Shift+F5 £ Disassembly Alt+8
Toggle Breakpoint F3 Registers Alt+5
New Breakpoint 3 Bc 94 34 8@ Bc 94 Se 88 Bc T4k -
Delete All Breakpoints Ctrl+ Shift+F9 94 Je 09 Bc 94 3e @0 Oc 94 ... .
3e @@ Bc 94 3e 8@ @c 94 3e ... -

Autos Locals [UEGNE Watch 2 Find Results 1

Clear All DataTips

i =akpoints Comman...
Export DataTips ...

Stopped

Immediat...

TS Memory 4

7. 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.

ﬂ e e e s = Ao Standard Mode ¥ Quick Launch (Ctrl+(Q) P - A x
File Edit View VAssist{ ASF Project Build Debug wvMicro Tools Window Help
‘e | i T m| ¥ o | i .| Debug Browser =

m| > Pl ¥ 2tk THe B @~ o | ATmega32sP -

¢ Arduino 16/18 - B | Other~ . ® -

Arduine/Genuino Uno

= int main(void)

* Created: 12/12/2817 @5:12:45
* Author : Naimi
*/

i CPU Registers (CPU)

# (B EEPROM (EEPROM)

[f| External Interrupts (EXINT)
#include <avr/io.h>
#define F_CPU 16068088UL
#include "util/delay.h”

Address Value
YO PINE 023 0:400
Uo DDRE w24 (000
1o PORTE  0x25 000

Bits
oooooaa
0000000
0000000

Mame

int main(wveid)

DDRB = @xFF; //make port B as output port

Watch1

Bc 94 34 8@ Bc 94 3e @@
88 @c 94 3e B8 Bc 94 3e
3e B8 Bc 94 3e B8 Bc 94

Com...

OQutput

Imme...

Autos Locals JUEIQIN Watch 2 Find Results1 Call 5t.. Break...

Coll Chl

8. Press F10 (Step Over) a few times and see the PORTB register changes in the I/0.

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

detail.

1.

2.

Right click on the "PORTB = 0x@0;" instruction. A pop-up menu appears. Choose Breakpoint

and then Insert Breakpoint. A red bullet appears on the left hand side of the "PORTB =

0x00; " instruction. To add a Breakpoint, you can also click on the left hand side of

instructions where the red bullet appears.

toggleProject (Debugging) - AtmelStudio

File Edit View VAssistX ASF Project Build Debug

i@-0|8- CHRB YT -
.|

Goto Implementation

Refactor (VA)
Surround With (VA)

i Arduino 1.6/1.8

= main.while

Insert Snippet...
Surrcund With..,
Breakpoint

Add Watch

Add Parallel Watch
QuickWatch...

Pin Te Source

Show Mext Statement
Run To Cursor

Run Flagged Threads To Cursor
Set Mext Staternent
Go To Disassembly
Cut

Copy

Paste

Autos Locals JUET RN Outlining

Ready View Help

Standard Mode

mles v oo Sl D C

vMicro  Tools  Window
-|EA |
ArEE e
Alt+G

Ctrl+ K, Ctrl+X

X || Quick Launch (Ctrl+Q)

Help

ATmega328P

® -

= | Filter:

Ctrl+K, Ctrl+5

MName Value

T TSt T

E Add Databreakpoint

Ctrl+Shift+R

Insert Breakpoint

Insert Tracepoint

Shift+F9
o PINE

o DDRE
WO PORTE  0x25

Alt+MNum *
Ctrl+F10

Ctrl+Shift+F10

Ctrl+X

Ctrl+C
Ctrl+V

0x23
0x24

x00 0000000
o000 0000000
n0 0000000

Bc 94 34 8@ ac
B8 Bc 94 3e @8
Je @@ @c 94 3e

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.

> Arduif p/Ger -

= main = int mainivoid)

mainc i X -

E toggleProject (Debugging) - AtmelStudio Standard Mode = ™ || Quick Launch (Ctrl+ Q) Plme
File Edit View VAssistX] Step over foject Build Debug vMicre Tools Window Help
i - ‘ - ' X | . - | |, | Debug Browser - ;

I|-) )|6qb!’.“!'k?‘Hex)§|;.|' E"EE;::H:” ATmEgaEZBP:

| P COMS

Processor Status

Narne

#define F_CPU 16BBBEBAUL
#include "util/delay.h”

[lint main(void)

2 | DDRB = @xFF; //make port B as output port
while(1)

PORTB = @xFF;
_delay_ms(leea);

//make all pins HIGH

_delay ms(188@); //wait 1 sec

Watch 1

Autos Locals JQER<BM Watch2 Find Results1

Stopped

//wait 1 sec T
e T, /\ breakpoint

L W Program Counter
. f Stack Pointer

X Register

¥ Register

7 Register

Status Register
Cycle Counter
Frequency

Stop Watch

[=1 Registers

ROO
bt RN

Memory 4

prog
prog
prog

Break...

Coll

- Eu | Other =

LIRS 1/0  Solution Explorer Properties

| @® -

Value
000000040 -
0x0BFD
00000
0x08FF
0x0000
oE
12
16.000 MHz
075 us

BVHNDC

Bc 94 34 8@ B8c 94
3e @@ Bc 94 3e @0

@c 94 3e @@ Bc 94

Com... Imme..

Chl



Disassembly
The Compiler converts C programs to machine instructions. To see the assembly equivalent of your
program:

1. Click on the Debug menu, choose Windows and then Disassembly.

toggleProject (Debugging) - AtmelStudio Standard Mode ' ¥ Quick Launch (Ctrl+ Q) P Bl
File Edit View VAssistX ASF  Project Build | Debug | vMicro Tools Windos Help
ie-o| 8- - E X Aa] Windows * | @ Breakpoints Alt+F9
u | = > ‘ PN St B S Y ?| Hax Start Debugging and Break Alt+F5 ﬁ Data Breakpoints
Arduino 16/1.8 ~ Arduine/Genuino Uno Bt ICHaeet a RiacessolSlatue
| B Stop Debugging Ctrl+Shift+F5 | [ 10
Start Without Debugging Ctrl+Alt+F5 @, Live Watch
> > P
mam int min(void) Disable debugWIRE and Close Program Counter Trace
#define F_CPU 16800080UL
#include "util/delay.h” P Continue 5 > Output
| %2 Execute Stimulifile Watch >
—-lint main(void) | : e
| €= Set Stimulifile A Autos Ctrl+Alt+V, A
=+ DDRB = @xFF; //make port B as outputé O Restart [%] Locals Alt+4
. | Break All Ctrl+F5 [ Immediate Ctrl+Alt+1
while(1)
| &®  QuickWatch... Shift+F3 (= Call Stack Alt+7
PORTE = @xFF;  //make all pins H ¥ Steplnto F11 ¥ Threads Ctrl+Alt+H
_delay ms(1leee); //wsit 1 sec ~
P RTE - 0x00; //make all pins LIRENRALACE F10 Bl Modules Ctrl+ Alt+U
_delay ms(1eee); //wait 1 sec | 1 StepOut Shift+F11 & Processes Ctrl+Shift+Alt+P
&k Run To Cursor Ctrl+F10 Memory o
Watch1 1 Reset Shift+F5 Disassembly e Alt+8
Toggle Breakpoint Fa Registers Alt+5
New Brezakpoint 3 c c 3 [ S T
Delete All Breakpoints CtrleShifteFy | 2% 35 08 Bc 94 3= 08 8c 84 7.7, "
3e @2 Bc 94 3e 8@ 8c 94 3e ..V
Disable All Breakpoints ao G- oA
Autos Locals RUEGEN Watch 2 Find Results 1

Clear All DataTips
Stopped =

2. The following window appears.
a. The black texts show the C program instructions. The assembly equivalent of the C
instruction is shown below, in gray.
b. The first column shows the memory address where the assembly instruction is
located.
c. The second column shows the assembly instruction.

toggleProject (Debugging) - AtmelStudio Standard Mode | ™ Quick Launch (Ctrl+Q) P B x
File Edit View WAssist{ ASF  Project Build Debug vMicro Tools Window Help
@ - ‘ - -2 Hm|3{,|jj|{|| - -| Q| Debug Browser ~ =

B3>0 p|et Py THe B 8-
Arduino 16/1.8 ~ | Arduino/Genuine Uno

ATmega328P Simulator -

Processor Status

Disassembly + X

Address:  main - Name Value
v | Viewing Options Program Counter 000000040 -
0OEREBIA CALL GxPORBBOLD Call subroutine S ;t;‘e::e':te’ gﬁg;g
2888883C __JMP @xBBeesesy Jump .
Memory OxE0E00000 Jump ¥ Reg!ster O:0EFF
Address jects\toggleProject\toggleProject\Debug/../. /main.c -- Z Register 00000

Status Register DDREEME
12

DDRE = @xFF; //make port B as output port C Instruction Cycle Counter

> 00006040 SER R24 Set Register Frequency 16.000 MHz
aeeasadl OUT @xed,R24 Out to I/0 location Stop Watch 0.75 ps
PORTE = @xFF;  //make all pins HIGH Instructions 5 Registers
eeeesad2  OUT @xes,R24 Out to I/0 location
--- f:\program files (XSE)\EtmEl\StudiO\j.O\tUGlChEiH\EVI"E\EVI"S-gﬂu-tUOlChEiﬂ\EVF\inClLv ROD 000 -

[FRPS, D SR T P T

PV PRy

Watch 1

Bc 94 34 88 Bc 94 3e @@ Bc
94 3e @@ @c 94 3e 0@ @c 94
3e @@ Bc 94 3e 80 Bc 94 3e

o a0 o

Autos Locals QUERGBN Watch 2 Find Results 1 Call Stack Breakpoi.. Comma

Immediat.



