C Programming in Atmel Studio 6.2
Step by Step Tutorial

Sepehr Naimi
BIHE University
4/2/2015




Contents

T d oY I3 4T ] o AT UPPTR 2
Downloading and Installing Atmel STUIO ......uiiuniiii e 3
OPENING ATMEL STUAIO ... i e e e e e e e e e e e e e e e aaas 3
Creating the first PrOJECT .....iin i e 4
A VgAY d o g T 1] A O o oY = =T o 6
(070 0/ o 1111 = PP 7
LT o T = =4 1o ¥ PSPPI 8
USING BreaKPOints. .uu iuniii i ittt e e e e e et e e e e e e e e e e e e e et aran 11
1T T8 0] ] Y S 12
Introduction

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

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

/p’ Atmel Studio x\+ EIE

(- P @ www.atmel.com/tools/atn [@ + @ || Q4 Search ﬁ B 4 # e » =

Software  Deccription _
Atmel Studio 6.2 sp2 (build 1563) Installer

(560 MB, updated February 2015)

This installer contains Atmel Studio 6.2 service pack 2 with Atmel Software Framework 3.21 and

Atmel Toolchain, Install this if you hawe previously installed Atmel Studio or have access to D
internet when installing.

Atmel Studio 6.25p2 build 1562 resolves an installation issue that was present in build 1548,

MD5: 0210b42235f2545d4adbalc423c04abl
SHA: 67 22233a65af77 14369e3dc4fe7 7eb07 635351 fc

| o]

Run the downloaded program to install the Atmel Studio IDE.

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

@] Windows DVD Maker '
23l Windows Fax and Scan
€ Windows Media Center
@ Windows Media Player
Q Windows Update

<4 XPS Viewer

.. Accessories

Documents

Pictures

. Atmel Music
BE¥ Atmel Studio 6.2 Command Prompt

~ # Atmel Studic 6.2 7o
BE¥ Command Line

. Bluetooth Suite Computer

.. Games
1. Google Talk Control Panel

4 Back Help and Support
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Creating the first project
1. Go to the File menu. Choose New and then Project.

# Start Page - AtmelStudio
File | Edit View VAssistX ASF Project Debug Tools Window Help

New o » 51 Project.. e Ctrl+Shift=N

Open L I b B Ctri+N
Close &) Example Project... Ctrl+Shift+E
Close Solution »
Import 4 > y

7l Save Selected ltems Ctrl+5

Save Selected Items As.,

@ SaveAll Ctrl+Shift+S
Export Template..

] Page Setup.. Tools Help

§ Print.. Crl+P Latest News

Recent Files * | Get Started
Recent Projects and Solutions »

& VAView % VAOu..
Exit

@ OErrors | 1\ 0 Warnings | (i) 0 Messages

Description Column Project

N LLEEY B Output B3 Find Results1

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.

New Project v ]
T . - [ e —
Installed Templates X :
P — Typer Cen
GCC C ASF Board Progect C/Ces
CiCes Creates an AVR B-bit or AVR/ARM 32-
Avsermbler o bt C proyect
Atrmel Studio Sclution GCC C Ececutable Project CiCes
GCC C Sratic Library Project C/Ces E
GCC Co o Executable Project C/Cee
GCC Ceo s Static Library Project CiCes > ;‘\

Name ;nvqltp‘ml!d - o

Locaten E\AVEprojecty’ . Browse.,, o
Soluticre Create new wohttion .| -

Soluton namse: toggleProject ¢ Create deectory for colubon
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3. Inthe Device Selection dialog
a. Select megaAVR as the Device family.
b. Choose ATmega32 (or any other Chips you want to use)

c. Select OK.

T —
Device Family: | megaAVR, 8-bit - soreh Tor e >
Name = bytes) Data Memory (bytes) EEPROM (b Device Info: o
ATmegal69PA  |tinyAVR 8-bit 1024 512 | | Device Name: ATmeqa32
ATmegal6A AVR XMEGA, 8-bit 1024 512 Speed: 5
ATmegal6HVA |AVR UC3, 32-bit 512 256 Vs 27/5.5
ATmegal6Hve |SAM3, 32-bit 1024 512 : ‘,I _ ' 'AVR
ATmegal6HVErey o7 325 1024 512 Sy mega

< | 320 ] Datasheets
ATmegalbM1 |cuy '35 o 1024 512 2] Datasheets
ATmegal6U2 SAM R, 32-bit 512 512
ATmegal6U4 16 1280 512 | Supported Tools ‘
ATmega2360 256 8192 4096 £| > AtmeliCE =|
ATmega2561 256 8102 4096 —|  « AVR Dragon
ATmega2564RFR2 256 32768 8192 > i
ATmega2S6RFR2 256 32768 8192 > QR MK
ATmega32 32 2 2048 1024 + AVR ONE!
ATmega324A 32 2048 1024 2. JTAGICE3
ATmega324P 32 2048 1024 . G ekl
ATmega324PA 32 2048 1024 w1 MR
ATmega325 32 2048 1024 & Simulator
ATmega3250 32 2048 1024 = & STK500 .
‘| - m WW?J ’ = STKG00 v

 mmem

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

® toggledroject - AtmelStudic

Ble Edt Yiew VAustX ASF Project Buid Debug Zook Window Help 0 R
a3 s T B AR R 5 b Ml Debug -“_Qrvrmg.nne‘dhm‘e\'al
HE - B 3 T 120, STy JE S TR BEOR T VR e N (3o - O B T =«

toggkeProgect.c X
¥ toggleProject.c i l v ENAVRprojects\toggleProject\toggleProject\toggleProject ¢ -|$'Go

* Created: 4/2/2015 11:04:14 A 4 Dependencies

24 Output Files

Author: Zoworrod

"

#include <avr/ioc.h>

int main(void)
{

while(1)
{

Show output froms | XDK Packageng

B Eror List

Matches

RISV B9 Find Resuas §




Writing the first C program
Type the following program.

#include <avr/io.h>
#define F_CPU 8000000UL
#include "util/delay.h"
int main(void)
{
DDRA = OxFF; //make port A as output port
while(1)
{
PORTA = OxFF; //make all pins HIGH
_delay ms(1000); //wait 1 sec
PORTA = 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@eeeBeUL
#inl
{} Finclude"" YA Snippet [ Edit ]
(% Zinclude < = | Accept with: <TAB> or <ENTER=

wiTrrer 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
File

Edit View WAssist{ ASF Project Build Debug Tools Window Help

A-B - SHd | ¥ aa|o - -SSR bbby @
PR D Oge i i a|e u b|esE(E=
toggleProject.c

= 7§

Hex | Eg~ i

o toggleProject.c

#define F_CPU Seeee08UL
#include "util/delay.h”

—lint main(woid)
Wo0% - 4|

Output

Show cutput from: | Build

Uone building project “toggleMroject.cprojl”.

Build succeeded.

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

n
‘_fc_; Error List QE RIS Me = Find Results 1

Build succeeded
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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.

r4.’togglerjed-Atmelth:ﬁo =N ECE ==
File Edit View VAssistX ASF Project Build Debug Tools Window Help
e g R ne ™ - HIF S =N R < A= 2 | P Pl |Debug :"‘d, |remainedTimeVal el
o L R IEN I i R e A

ICLTIEIGT S toggleProject.c ~ Solution Explorer

i |

Build ‘@l Solution 'toggleProject’ (1 project)
N/A 4 toggleProject
Build Events i =d| Dependencies
Toolchai @ =4 Output Files
cocRs «di Libraries

Device Selected debugger/programmer . i3 toggleProject.c
Tool

S AS.. & VA. SEVA.
Advanced

Properties

AVRISP mkiI N
000200005943 1
3

Show output from: | Build I EEIE
Uone building project “toggleProject.cproj”. 7

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

B Error List JERINY & 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. Two Memory Watch windows appear which show the contents of the
Flash memory. Close the windows.

5. Now ayellow cursor is on the first line of the main program and the IDE is ready to debug
the program.

» toggleProject (Debugging) - AtmelStudio EI@
File Edit View WAssist{ ASF Project Build Debug Tools Window Help

_lj'~d_1_|'L3H§|* _-'.Q_“},|"Jvm "__;'L||£|"’-§| [+ Bl | Debug |@|remainedTime‘u‘al '||'-71::
RN R®ME® A Ggadimd|> u b|ssE = T |He |- DS 8 W E | B

Processor

toggleProject.c

Step into = =
o main '| = IE:> intmain(\roid)l (F11)

Mame
Program Counter  0x00000036 -
Stack Pointer 0:085D
X Register (00000
¥ Register 0x085F
Z Register 00000

Step over
(F10)

#include <avr/io.h»
#define F_CPU S@essgeul
#include "util/delay.h"

—int main{void) Status Register DODHGEWVMED
I Cycle Counter 12
= DDRA = @xFF; //make port A as output pert Frequency 1.000 MHz
Stop Watch 13.00 ps
while{1) X
= Registers
PORTA = ©xFF; ,-',a:n:lak? all pins HIGH ROO 0500
_delay_ms{12e@); //wait 1 sec
PORTA = ©x88; //make all pins LOW RO1 000
_delay_ms{12e@); //wait 1 sec -
83% v ¢ ’ W S Soluti...

¥ [ X Breakpoints
New ~ | P |;_J,5|,.;W|¢»_.‘]"_’3I|Columns'|
Name Labels Condition Hit Count

Bf Autos B Locals EI Watch 1 ;‘aWatchZ _3 Breakpoi... & Call Stack Bl Comman... & Immediat.. B Output

Col 5 Ch2 INS

Stopped

6. 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.
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7. To monitor the peripherals, including the 1/0 ports, click on the Debug menu, choose
Windows and then I/O view.

® toggfeProject [Debugging) - AtmelStudin
fie [t View VAsyaK A Pmect Budd Debug  Togls Window Hep
6 O REE TS 1% - 1 s LY I | Windows o * | 3 Breskpoints An-Fy
iR A L -d:1w a 1 Debuggng J @ Duats Breskpoir:
togafeProject X 4  Sop Debugging Cirke St F5 5 Procemor Yew
- - Wit : t B VO Vew o
2. i = ] wl,  Love Watch
*  Continue 2] 3 Output
<% Eesrute Mumuldite 5 Paciel Tesks Chele Shita D, K %
“T  Set Sumulttite 4 Pandid Sacks CrdeShitt=D, $
tnt main(vsis o Restat Watch .
: DORA = GFF| /Jmake port & as outzut o¢ 3 = Autor Chrle ARV, A
& QuickWatch ShiteR G locs Alred
wiled 1 epinte 1 1 Immediate Crle ARe]
:" RO 2 v CeliStack At-7
2 QepOun Shift+Fil A Thresde Cile Ao H
! vl T Modules Ciste AU
T Mewt Shte £ 3 Processes Chrfe Shitts AteP
Pestepio Tince . ey p
pie Brewip O Dnanemdly Altea
Nww Broakpon * 3 Regutes AneS
y L
it

8. The I/0 view tab appears on the right hand side which shows the peripherals of the
microcontroller, including the 1/O ports. Select PORTA. The values of the related registers
(PINA, DDRA, and PORTA) will be shown below.

| ® teggieProject Debugging - Atmetstudio [E=RECR ==
File Edt Yiew VAwSEX AF Project Build Debug Took  Window Help

S CETHFEIR 1§ TIPS Y I S R B T R I e B emanedTeneval RIS ST
IS IR TR SIS0+ i a T Ra (@] 0D | F9ES[%y] AT gl

togghePraject.c X "3 X
¥ man.while 2 -
Name Value
elaclite cow/in.he # [ AD_CONVERTER
adefine § R0 SOSOEORA # M ANALDG_COMPARATOR o
oinciuge “til/delny . n" & BOOT_LOAD
v By
e e 1 E B EEPROM

(

SO —— & LAEXTERNAL INTERRUPT

sitile{l)

(
PORTA » QuiY) OS]
delay ps{i000)] //walt
PURTA o Be00; miex all

_delay_ma(1809);

Waich 1

Breskpointy
New= | X 20|49 < <) Colamne »

Name Labels Condton  Hit Count

MW mmedite B

Output

3 Breakpomty

23 Warch 1 I R

9. Press F10 (Step Over) a few times and see the PORTA register changes in the I/0 View.
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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. Rightclick onthe "PORTA = @x@0;" instruction. A pop-up menu appears. Choose Breakpoint
and then Insert Breakpoint. A red bullet appears on the hand side of the "PORTA = ox00;"

instruction.

— . — —
L B =
File #de ¥ Retactor (YA) . Wind: 5
£ =5l Summuad Y (YAl | W Debug B remunedTimers NS EIE '?
, A, et s = Code X, Ol X : ) ' ) ‘ ) ' i
BRI - e S S T He (G, DTN DB S, | asimee
pemsa— |, urtoung Weh Cie X Cirie
e ' | ' .

- | Flier
¥ maruwhi 4 Add Watch =
2 Hame Vahoe
) QuckWinch. Shit+ 59 lrrsert Trazspemm % @ A0 CONVERTER
Laclus 1, E
ol Pin T Seore # I ANALOG_COMPASATCR :
sleclod O Show Net Statemant Alte M * & BOOT LOAD
s By
i1t mat "3 Sun Te Cursen Cede FED 3 @ epeom
1 con ¥ St Nest Staternunt Cabe Sk« F10 # LA EXTERNAL INTERRUPT
€l GeTe Dranernichy [ T R —
i i Ca a3 Marme  Address Velue Bty
{ ) : M o o OODDOC -
is Copy o Cosel Woora 0aa 00 JOOOOC
FOATE - e Wowe 211 PInE LOW meorTa 38 000 QQO0OC
delay mCl9); /it 1 e - .
: X Beasbpoet
Marre Value Type Hews X 25 AW - Coumme |
Name Labels Condmion Wt Court
B 23 v R 3 Dresspoint RNl W onedate

2. Press F5 or the Run 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.

® toggieropect Detgging) - Mmeltidn P=E AR
File EMt View VAmatX AS Prajer Duld Debag Yook Window Heis '
T ST % b L e I e i = 2 LI AL & | remamadTeneval S OE RS |

IS SR B oa St a0
togglePropcts ¥

v masnatsle

“”v,",T Hes a‘;ﬁJjJsg::li’:ﬁ & 31 w0 ATempel .:

il . E
Name Value
# | AD_CONVERTER

olncive covr/ios
Sefdee T &7 @ B ANALOG_COMPARATOR 3
olnclvoe B 00T L0AD
» B
s a ’ B LEPRoM

DORA » 0T //ahe pOrt A 4% Sutpul pert + LA EXTERNAL INTERRUPY

shilaaf Name Lddress Value s
PATA « BEE, mete A1l pirs WEsH mrna 0 00 DO0O0O0C -
seley el )000); //walt 1 oo f A MODRA 03A OO0 DOO00C
| STV TITNE < braskpoint | Weora 0 w0 DODOOE

delay_mi Leee)

s
Mewe | X 55| Q9 <147 Cokmm~
Name Labels  Candition He Ceum

7 D tnggeFraject.c. line 21 chwactes | (ne consition)  bresk slways

Hame Value Type

3 Brestponts

N v EEEEE
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Disassembly

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

program:

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

-
® toggiebiogect (Debupging] - AbmetStudic q =
Fie Edb View VAsustX AS Prgest Baid Oebuy ' Toch  Windos Haip
il - Sdd| %89~ Wirdows ¢ D3 Brestponts AR P9
Do &y T d:lm g ) & Date Breskponts
Olean X 4 Swop Debuggey ChdrShitte 73 o Processor View
ARG ! ' 3 VO View
el | R Live Watch
Viewwg Opticms -
= , P Centinue (2 = Outp
= Taecute Stmmidie 2 Paratel Tasks Clibe St D, K
< Set Hmditie 2 Paraliel Stacks CiteShvaD,. S
3 Restart Watch
, e = Autee Cute AReY, A
E:\AWiprofecta\toggleProfect \ toggl
; & QuckWatch Shif- 13 Gl Lsca Ared
DORA = OxFF; //moke port A a5 outy “F Stesinto m £ Frmaliate CirleARs]
T . 1/ | g Over ha ¢ Cat Stack AT
PORTA = 0xfF; /fwake all pis "3 ShepOut Shin-FLL 3 Tiwsad Cirbe AR<H
4 “B  Fum To Cusser Ol -
3 L = : S Modiuee CirteARel)
PO ... e s
. Perceps Trace 4 M: .
Name Vadse -
Toggle Brespont ) o Dassembly Aned
New Baskgont * |3 Negiten AR-S ~
O Dedete AN Breakpants Cle Shitte P8 =r v ey oresewhvays (
J  Disabile AR Beeshpointy e $
& Watch 1
fapoct Dutsl
-

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.

® toggieProject (Debuppngi - AmelStedio

Fie Bt Vies VAuntd ASF Pmpest il Ovbug Tosh Window Meip
RG 2% I~ IR uv. QI BOR S ERe = E R
iMoo 2% Y oad.! (P MBI T He

.Yt}
ot =t

it

L B

[—m:'ﬂrc'ﬂm‘nl':'c}-t' \toggleProject \Debug/ . ./ . /toggleProject .«

' __‘:’1 Tha € imtruction |

J CORA = @xFF; //make port A as cutput port

//make 8ll plns HIGH

Bresport

Neme

Nare

"3 Breakpoints

1 1 | remained TomaVal -

ﬁ'-’Jﬁﬂan-‘:ﬂ: =2 3

4/ [loggeProject.c line 21 charscter 1)

# B AD_CONVERTER

+ B ANALOG_CONPARATOR
il 3007 _LOAD

+« @cry
i) EEPROM

# LJEXTERNAL INTERRUPT

Mame Addeess Value
WFNA 0 00
BOCEA O03a 00
BWPCRTA 08 00

News X | 90 | B9 <157 Celumms~

Labels Condtion

o0oo0cC -

im0 condeswn)

Bits

Hat Count

break abways |
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