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#define F CPU 16000000UL
#include "servo.h"
int main( void

cli();
Init servo_out();
sei();

for (i:)
{

//servo_channel A updated = 1;

¥
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device Description
ATmegal&8PB 8-bit AVR Microcontroller, 16KB Flash, 32-pin
ATmegadsd 8-bit AVR Microcontroller, 4KB Flash, 28/32-pin
ATmegad8A 8-bit AVR Microcontroller, 4KB Flash, 28/32-pin
ATmegad8P 8-bit picoPower AVR Microcontroller, 4KB Flash, 28/32-pin
ATmegaddPA 8-bit picoPower AVR Microcontroller, 4KB Flash, 28/32-pin
ATmegad8PB 8-bit Atmel® AVR® Microcontroller, 4KB Flash, 32-pin
ATmega88PB 8-bit Atmel® AVR® Microcontroller, BKB Flash, 32-pin
ATmega8 8-bit AVR Microcontroller, BKB Flash, 28/32-pin
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Features
« High-performance, Low-power Atmel® AVR® 8-bit Microcontroller

« Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation

— Upto 16 MIPS Throughput at 16 MHz I ()
— On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory segments
— 16 Kbytes of In-System Self-programmable Flash program memory

. ®
- 512 Bytes EEPROM - v
- 1 Kbyte Internal SRAM 8 blt A R

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM H

~ Data retention: 20 years at 85°C/100 years at 25°C"" Mlcroco ntro I Ier

— Optional Boot Code Section with Independent Lock Bits H
In-System Programming by On-chip Boot Program WIth 1 6K Bytes
True Read-While-Write Operation

— Programming Lock for Software Security In'Sy Stem

« JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard Program mable

— Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FIaSh
+ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode ATmegai16
- Real Time Counter with Separate Oscillator

- Eomewicimes ATmega16L
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.(ATmega16/32/128
Features
+ High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
— 120 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation @

* Non-Volatile Program and Data Memories
- 2/4/8K Bytes of In-System Programmable Program Memory Flash
+ Endurance: 10,000 Write/Erase Cycles

— 128/256/512 Bytes of In-System Programmable EEPROM
+ Endurance: 100,000 Write/Erase Cycles
— 128/256/512 Bytes of Internal SRAM
— Data Retention: 20 years at 85°C / 100 years at 25°C
— Programming Lock for Self-Programming Flash & EEPROM Data Security
* Peripheral Features
— One 8-Bit and One 16-Bit Timer/Counter with Two PWM Channels, Each
- 10-bit ADC
* 8 Single-Ended Channels
+ 12 Differential ADC Channel Pairs with Programmable Gain (1x/20x)
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
= Universal Serial Interface
* Special Microcontroller Features
- debugWIRE On-chip Debug System
- In-System Programmable via SPI Port
— Internal and External Interrupt Sources: Pin Change Interrupt on 12 Pins
- Low Power Idle, ADC Noise Reduction, Standby and Power-Down Modes

8-bit AVR"
Microcontroller
with 2/4/8K
Bytes In-System
Programmable
Flash

ATtiny24
ATtiny44
ATtiny84
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Arduino as ISP
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ATmega16 of ATmega32

Using ArduinoISP
(In avrdude, use avrisp)

Pins:
Atmega32/Amegal6
10 - 9-Reset

11 - 6-MOSI
12 - 7-MISO

13 - 8-SCK
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dadyy el Jo 1yl et

L“,!Lv.ll bulyl 0 Atmel Studio aeliyy Jeasd) Atmel &Sy @8 g0 | dx o3
http://www.ATmel.com/tools/atmelstudio.aspx

Atmel
Overview Software Library QTouch Tools

CIC++ Compiler/Editor Debugging/Simulation Videos

ATMEL
STUDIO

One Collaborative Studio
With Integrated App Store and
Shared Workspace

DOWNLOAD NOW

Atmel Studio 6 - The Studio to Design All Embedded Systems

o dstewdd] 0da) NET. I sl gal @8l Lg] blanallg dlelKeiall ool ydl dsus yuss
$9d 9 ! 9 o s
Jlail ebind 95 of e oya! 130 5l Lgasow uas Lo 8aleg (dglaall eilalall |8

2olpdl Juasd e eyl gy

Software  Description

a Atmel Studio 6.2 sp2 (build 1563) Installer
- (560 MB. updated February 2015)

Thiz installer contains Atmel Studio 6.2 service pack 2 with Atmel Software Framework 3.21 and Atmel
Toolchain. Install this if you have previously installed Atmel Studio or have access to internet when
installing.

Atmel Studio 6.2sp2 build 1563 resolves an installation issue that was present in build 1548,

MDS: 0310b42235f2545d4adbadc423c04abl
SHA: 6722233a65af7714369e3dc4f677eb07635351fc

a Atmel Studio 6.2 sp2 (build 1563) Installer - with .NET
- (775 MB, updated February 2015)

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

Toolchain. This installer also contains MS Visual Studio Shell and .NET 4.0. Select this installer if you need
to install Atmel Studio on a computer not connected to the internet.
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oo elgndl sy Uloe 685l wlgal gian Jeans el y35img Lalai love ol

alipdl Jeasd iy Olucdl Lo




20Uy 529 AVRdudess xoliys Jsascy agdiw Atmel studio cocad o clgidl asy
4_‘>=A_)J J.é_:.uj u_‘_” ubL‘DJl o .\J.\SLHJ 8)9}4)9 Zujb 4./.A9..u_) 4.@:>-|9 4.‘.]! blas avrdude

Sl &'égnll oo a_alj),'Jl Juasd eliay AVR I CJ‘)&
http://blog.zakkemble.co.uk/avrdudess-a-gui-for-avrdude

§E3 AVRDUDESS - A GUI for AVRDUDE

2013 J Arduine, AVR, Microcontroller by Zak Kemble
AVRDUDESS is a GUI for A/VRDUDE, atool for programming Atmel microcontrollers.
Some key features:

@ Supports all programmers and MCUs that &VRDUDE supports
@ Supports presets, allowing you to change between devices and configurations quickly and easily
@ Drag and drop files for easy uploading

@ Automatically lists available COM ports

@ Cross-plafform with the use of Mono for Linux & Mac 05 X /

Downloads

LATEST  Semp-AVRDUDESS-2.4.exe (914.73 kB)

AYEDUDESS (Windows installer)
.| Downloaded 12370 times

USBasp 4o ydll &lay y=f caads

USBasp r's_\.xu.uf T.ua:u.u gossciuciw sl dovnydll e e calisy a8 el lia
31518 L s 1 130 L elwans e b eliSasg yauaall d>guaag dous T.QJLuJ &33S3 WS Y
oSl i 8 dovayd) deucdy

liSay AVR Dragon of AVRISP s ATmel &slova oo asl pascend eoS 13] 1idasMa
ATmel studio zalys dxto ud o lg Lol alagyedl ass

e gy sl bodaall Glall Lty @89 awsyll USBasp &99.4: S asgd ladl 8

(olayyedlly Ma.Jl wlala) ¢ gydeall wlala a2
http://www.fischl.de/usbasp
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USBasp - USB programmer for Atmel AVR controllers

USBasp is & USE in-circuit programmer for Atme! AVRE controllers. [t simply consists of an ATMega88 or
an ATMega6 and a couple of passive components. The programmer uses a firmware-only USE driver, -
no special USE controller is needed.

Features

* Works under multiple platforms. Linux, Mac OS5 X and Windows are tested
® IMo special controllers or smd components are needed

* Programming speed is up to SkBytes/sec.

* SCK option to support targets with low clock speed (< 1,5MHz)

* Planned: serial interface to target (e.g. for debugging)

Download Official USBasp |

A partion of 2ach sale

Firmware and circuit

The following packages include circuit and firmware

ushasp.2011-05-28 tar.gz (519 kB) TPl support (upcoming release of avrdude will use i), supports
programmers with ATMegag8 and ATMegas

ushasp.2009-02-28 tar.gz (260 kB)

usbasp.2007-10-23 targz (172 kB)

sy calall bas elay @89 wguwlsdly USBasp dg) Juogn @8 Juodl 4o clgidl asy
LS wlayyedll coany of oty @) Sl jaays pURS s USBasp .o g3 3 yaxay

4Ll 8y0all B
) Driver Software Installation " WESS— 5)

Device driver software was not successfully installed

Please consult with your device manufacturer for assistance getting this device installed.

LU5Basp XNn driver found

What can I do if myw device did not install properhy?

Close

L R —

install lasl @5 USBasp - Uknowen device yuslg Device Manager VS VRV 2ol
14 JLl 8 90l 8 LS new driver

@ IEEE 1394 Bus host contiollers
== Imaging devices =
= Keyboards

g Porac] Update Driver Softwere...
B Portab Diseble I
= [ Proces) Uninaan
Wi 5D hos
.- Srrmety Sean for hardware changes
& Sound, P
5 Storagd

BB Sctern devices i
Leunches the Updste Drrver Softwane Wizard for the selected dence.
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@ [ Update Driver Software - USBasp

Browse for driver software on your computer

Search for drver software in this location:

— USBasp-win-driver-xB6-16d-isbd-v1 2 AR Browse... J

¥ Include subfolders

Install e bhaally @8 wlay el coad ASU Clas Wly wisghs 13)
[ Windows Security = |

qsf Windows can’t verify the publisher of this driver software

< Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

< Install this driver software anyway
Only install driver software obtained from your manufacturer's website or

disc. Unsigned software from other sources may harm your computer or steal
infarmatien.

() See details

e

(: AVR Jb doeonall a9l delio e Jasll Tagd als o 31 el | gily

L) BMel podi o oy Windows 10 of windows 8.1 sl pasirad S 13)]
Syl o Juoladdl 5038 elay (485 gall wlay yeull
http://www.atadiat.com/usbasp_win_driver/

https://openchrysalis.wordpress.com/2014/09/26/installing-usbasp-driver-
software-in-windows-8-1/



https://openchrysalis.wordpress.com/2014/09/26/installing-usbasp-driver-software-in-windows-8-1/
https://openchrysalis.wordpress.com/2014/09/26/installing-usbasp-driver-software-in-windows-8-1/
http://www.atadiat.com/usbasp_win_driver/

S 2olas] Je Oy el

olesgiuwa ;o toolchain Jl xalys gran 1135 eliSay FreeBSD \ o \ usied dalal 3
3650 Yoy pgiies illg MakeFile alal 7l WS ¢ o5 sl IS duasyl pmal sl
(oIl 2o 8 30 MakeFile JI cale) 4518l 8505 hex ala ]

&Jlg) CodeBlocks a1yl zalisdl Jia douaydl pesy o0 s3>ea of IDE gz lisvius Loyl
.Emacs of Vim of Geany ol yy>all of Sublime of Eclips of (Loasis doasiial
Ubuntu / Debian a U2

salg¥l s &byl b i) LI yadl g By dilin 0lga¥l pans s eliSay

(Terminal
sudo apt-get install gcc-avr binutils-avr gdb-avr avr-libc avrdude

Fedora / RedHat / CentOS PLE‘:’

lig (kyl.c.f 9? 22 Sl 1ygasd r’)‘.b.) 2 39>-gall) DNF 9? yum C.ALUJ P'M‘ Lay
R CI VAPV
sudo yum install avr-gcc avr-binutils avr-libc avr-gdb avrdude

el of 22 15908 alad
sudo dnf install avr-gcc avr-binutils avr-libc avr-gdb avrdude

g e USBasp &slas s counss
(il Sy ool g o 8Blo0) i) plUss gy e ansyll lall g5t
RV RNESN) GADJQ'W&LJ.CLAJS‘M ey sSwg udev rules bla e 3yle a9

I Byl 8 S Gggll 4oy ol cu S Jodd g wlayyedl e ggune

@localhost ~]% cd "Downloads/usbasp.2011-05-28/bin/1linux-nonroot"
@localhost linux-nonroot]$ L1s

@localhost linux-nonroot]$ sudo ./install_rule I
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http://www.ladyada.net/learn/avr/programmers.html
http://avrprogrammers.com/programmers/all
http://www.instructables.com/id/AVR-ISP-programmer
http://www.instructables.com/id/Turn-Your-Arduino-Into-an-ISP
http://elm-chan.org/works/avrx/report_e.html

http://www.instructables.com/id/Programming-an-Atmel-AtTiny85-using-
Arduino-IDE-an/


http://www.instructables.com/id/Programming-an-Atmel-AtTiny85-using-Arduino-IDE-an/
http://www.instructables.com/id/Programming-an-Atmel-AtTiny85-using-Arduino-IDE-an/
http://elm-chan.org/works/avrx/report_e.html
http://www.instructables.com/id/Turn-Your-Arduino-Into-an-ISP
http://www.instructables.com/id/AVR-ISP-programmer
http://avrprogrammers.com/programmers/all
http://www.ladyada.net/learn/avr/programmers.html
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cad 5g231 JLall go Blinking Led dyma da) 8ax) ohlably Jao sguls Jbid yosy
ool lewlol e Bymn Jliall lia 5 . dovasall dalai¥l @lle b yighs ddac
(dale zly=lg o] 18La) GPIO S lglsis g AVR microcontrollers JI Bl )

plasciwl eliSayg PAQ Byl e doo gl axy Led Jgo souls Jlall Tl 8 pusiiuiw
basall ;8 x o506 90 LS (PAD byl Sluay Laa)S) ATtiny84 ol ATmega16 La|

PCOISCL
PCLSDA
PCATCK
PC3ITMS
PCAITDO
PCITDI
PCAITOSC1
PCTITDSC2

PDOIRXD
PDLTXD
FPD2/INTO
FD3/INT1
PD4/OCILE
PD5S/OCLA
PD&/ICPL
PD7IOC2

AREF
AVCC

[ ) Y Y ) P O [0 Vo] 1 o) o el
et by ) ) e =) o -] ] ) e o]

30

ﬂ}‘ o . U1
1 RESET
IOk
TEXT: 13 fymann
R % Y
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EETT:] % PALADCL
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E 37| paziapcs
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2 {raum
2 | pe2rain0/INT2
-+ | pemaNLOCO
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B | pe7isck
ETWEGATE

]

59yl gl Vool 7aid | dawyll =i Schematic bilasia dalS rdas-Ma
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Atmel Studio | 2l 4&

New Project yis! o Atmel stduio zaliy Jutdicy @8
File Edit View WAssist ASF Project Debug Tools Window Help
o R R - NN T N T e R el = R | -

IPEFMT A g S impale o p|ess
i[ideSetup -| |

(% |vApphcat\onId

BT =R
ﬁ‘lﬁ w# No Device  § No Tool

Start Page

Get Started ~ Tools Help ~ Latest News

@ MNew Project...

New Example Project...

-
] Open Project...

Welcome  Links and Resources

Welcome to Atmel Studio
Get to know Atmel Studio.

Recent Projects User Guide
Getting Started
[® Helloworld Programming Dialeg
FA
[@ Atmeqa328 rtos new test g
2 Mlacn mnme ~Bar meninet lnad

Skl @By GCC - C- Executable .l &l syss § gy yis| ygbi Lall dxaall oo

T Aloall 130 S35 . Lol agyidl o 93l &) b G301 slalls § 93] o
LILN Slglasdl 3 dlastiui oM Sl als Lo ggtions Y

Sort by: | Search Installed Templates » ‘

Installed Templates

E Type: C/TC
]  GCC C ASF Board Project C/C++ ype: C/C-+
q 4 Yo Creates an AVR 8-bit or AVR/ARM 32-bit C
Visual Micro i project
Assembler o GCC C Executable Project C/C++
Atmel Studio Solution
. GCC C Static Library Project C/C++
| GCC C++ Executable Project C/C++
GCC C++ Static Library Project C/C++

Arduino Sketch C/C++

L % Arduino Sketch (32bit Due or Zera) C/C++

Mame: |HelloWorld |

Location: |C:\Users\AbdaHah\DDcuments\Atmel Studic'6.2 v | ‘ Browse...

Solutic | Create new solution < |

Solution name: |HelloWorld | Create directory for solution

o o=
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g:':gz,‘Jl s P[Ml é,L&:u LS ?Ml éﬁ.‘é.ﬂl ‘an._za}l &9_\9 alec.)l,g.'S-l J.L&AJ C)-ﬂ‘
.(ATtiny84 of ATmega16 psouill yusl) daall o sl bl e

Device Family: megalVR, &-bit - Search for device
Name M " lbytes) Data Memory (bytes) EEPROM (b | Device Info:
AToocanizg | TYAVR 8-bit 4095 4096 A

ATSOCAN32 AVR XMEGA, 8-bit 2048 1024

ATOOCANGA AVR UC3, 32-bit 4096 2048

ATOOPW1 SAM3, 32-bit 512 512

ATOOPWM161 | SAMA4, 32-bit 1024 512

ATOOPWMZ216 | SAM D, 32-bit 1024 512

ATOOPWM2B | sapME 512 512

ATOOPWM3T6 | a6, 32bit 1024 512

ATOOPWM3E | g 2 30 it 512 512 _
ATOOPWME1 256 512 No device selected
ATooUSE1286 | >PMS 8192 4096

ATOOUSB1287 | SAMV g192 4096

AToouselgz  LSAML 512 512

ATO0USBE46 684 4096 2048

ATS0USBB4T 64 4096 2048

ATS0USBE2 8 512 512

ATAS272 g 512 512

ATA5505 16 512 512 y

<

"eyle I gl laygdewd Yl doeaydl dislin yghaiw OlyLasdl oda o clgidl iy
4JUl 3y0.all 8 LS Empty template
GecApplication15.c X

#include <avr/ic.h> =
Solution 'GecApplication 15 (1 project)
Fl || GecApplicationl5

=d| Dependencies

[=d| Output Files

(+d Libraries
[} Debug
¢] GecAppiication15.c

Flint main(void)
while(1)

//TOD0:: Please write your application code

Properties
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#define F_CPU 1000000UL
#include <avr/io.h>
#include <avr/delay.h>

int main(void)
{
DDRA = 0b00000001;

while(1)

{

PORTA = 0b00000001;
_delay_ms(500);

PORTA = 0b00000000;
_delay_ms(500);

}

return 0;

20Uy Jof LSy @8 319

2oliydl J5ls S sy 3ol I

File Edit View WVAssist{ ASF Project Build Debug Tools Window Help

P~ H J'Ljﬂ|§|& —":éﬁ“j'm "—_:";|a'“-§| P WJ|Debug

i | Ide Setup i 7 |

HelloWorld.c <

'| | (% |\.rAppIicationId '| | oyl o |

 HelloWorld.c '| —~ Iﬂ> C\Users\Abdallah\Documents\Atmel Studic'8.2\HelloWorld\HelloWoerld\HelloWaorld.c

_/-?

* HelloWorld.c

* Author: Abdallah

4

#define F_CPU leeeaeaul
#include <avr/io.h>
#include <util/delay.h>
=lint main(void)

DODRA = 8bBeBEReAL;
while(1)

PORTA = @beeeaeeel;
_delay_ms(588);
PORTA = 8bBBEEEEEA;
_delay_ms(508);

}

return @;

H
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() Do not create a schematic.
(@) Create a[sghematic fram the selected termplate.

Dezign Templates
DEFAULT
Landzcape A0
Landzcape A1
Landzcape 42

o5 Don't Create PCB yLuisly 03 11 Il eball b PCB pyai g of zlis o
No Firmware g3 Q.,.ll d>aall Q.Q).‘.‘>|
OlaSoidl] doayy peas Llel o1 8 o ey udgy graliyy dolsdl Oilylasyl dasMa
Aol oda pasius o) 1S gec-avr ol AVRASM o yiall plasiialy zolpdl J=1s 40
gCC-avr 2o dxay 428 CodeBlocks of Atmel studio ol plascialy u.a.&‘..ug o3l

(®) Do not greate a PCE layout.
() Create 4CE layout from the selected template.

Layout Templates

DEFALILT
Double Eurocard [2 Layer)
Double Eurocard (4 Layer)

Nao Firmware Project

Create Firmware Project

- AVR Family
- ATmegals Contoller
...Compilers = |~ (AVRASM (Proteus Compiler

20 &0 U gSall o g2 Tad Jals Schematic badasall calo Ly peeol o 3l
5 LgBlol aginw) dll obigall plasiwly agtis dosldl] wylaall LB andl lgoss
devices il ;o P 45 Lle badll M5 0 551wl L3 dossizuall lsSall dall
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E3 Pick Devices 7
Kepwords: Besults (1] ATMEGATE Preview:
atmegalf Device Library  Description
Match ‘whole Words? O

Shaw anly parts with madel? [
Category

ATMEGATE

AYRZLE ADL, Analog Comparatar,
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Drata
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|
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Look: in: , Debug v @ p Al
I Mame : Date modified Type Size
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Recent places [T 2imegal6_blinking led.hex . TeO/+T/TV o sT:t=  HEX File 4KB
" Type: HEX File
Size: 316 KB
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CKOPT (Dscillator Options] | (1) Unprograrmed x| |Hidesn ]
BOOTRST (Select ResetVector] | (1) Unprogrammed =] [Hidean =]
CKSEL Fuses: | (0007 Int.RE TMHz | |Hidest =)
Boot Loader Size: |39 1024 words. Starts at 061C0 7| [Hide sl 7]

Cancel
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I = RESET
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ool el3l 3 )] laSouiall Bapudl ol sl g @ Lo Ssle

colgdl aiyeig OleSall eleaswl o
Main Function zaebyd deu sl Il o
"Oasg ol ALY Jlol .

gL S

AVR &laSontay dolsl pralydl alanal eyl Iag)l oy Ul ISl

#define F_CPU 1000000UL
#include <avr/io.h>
#include <avr/delay.h>

int main(void) {
DDRA = 0b00000001;
while(1) {

PORTA = 0b00000001;
_delay_ms(500);
PORTA = 0b00000000;
_delay_ms(500);

}
return O;

}

byy2i uwi dlg #define F_CPU 1000000UL yo¥l 323 pealiydl o Jo¥l e3dl 3
g3l asyll) sl oedleall dey yeoi eyl 0dag 1000000= dagd; F_CPU cqylill

2abss o gl b Blall 03m i o Tails g (381 Smtdl] s plaall 4y Jasy
de g cliSg ‘Q.Q)” iy g3 Lg&n._wui doadall Jyan” 09 Sy aSg da B0l OlaSoeall

30l 16 JI Wsalaie 1 o pleall

unsigned long 4alS' ey #define F_CPU 1000000UL 3 L)l ;8 UL jayll :dtasMa
pald)l Laall Q_9 Sy S Ol ye2ally coladl axo 09 oSocill pasiiad




s util/delay.h g avr/io.h Laag ceeSo eleszul Lad .eJllly Ll bl b
Js s deSall sl ooy @3 #include olesall elesiwly (oLl yo8l alasialy el

<> gragd

#include <avr/io.h>
#include <util/delay.h>

JS 4 i3Sy g @Sy GPIO I e Wghuall &l Lo ioch Jodl &usall
5O Jeaddlly gy LS) &1 ... PCT 9T PBO of PORTA Jis ¢y ols @uls 5w
(dasd)l oyl

3o M Bl Glusg a3l el o Wohuall o delayh 4oLl &esall -
2 1Sl ol 1) 55U W] (ye LS Ll AeSall g pllanall oo e
e gl S g

lalsall" elawl e soi OleSall elowl L3 839> gall util g avr zalS :dasMa
ohe OleSall gijgs ATmel 45 3 cold o> wsleSall 0 gy a1 I "Folders

G 3ol xabydl e gl cquimiw idlg Main Al 9o aliydl o SN 23l
: Sl I Main Il g oz b Wle . 338101 oSoidll e aeid ay
Registers configurations &Mawwally 4ol alslaedl e

while loop ylyernly a2l @iy Ml galiydl o

int main(void) {
Il &Ml Olslae] oSS Lo

while(1)
{
Il domasdl s1gSY 4818 LS L
11 EBAN eSidll e 8 yaznn §y50s 3k o I
}

return O;

}



Digtial /0 il » A1y Josdl &M lslite)
S gt iy Alg s ol B ol laasliol c5¥lonns 3 s AVR Gl cliad

18 Mawdll oda gl Main Function J

DDR x - Data Direction Register.
PORT x = Port Output Register.
PIN x - PortInput Register.

DDRx Register J,,;..i\

SBlybi 8 ol e Jo5wall yumyg "OULAN a5 5 @Soviy ey 8 s 90 DDRx
UiSg) Jowdll @l Llgs 8 x JI By Output zy= ol Input J=15 La] Jazz) &ygs
99 DDRC Miad .l ygdl clawl 29 A,B,CD jgayll s o= sy (O wall o>
13809 A 0ydly jolsdl 90 DDRA aeuallg € &iygd) UL ool s
Ofo_c.l‘oé)).f.s,g o yad b Lol Bl »Ik; ol Yol i Isls o IS
input =18 Jazy Byl lia of e y0.8 0 Ll output 7358 Jagy Byl lia

lig oyl yaie o Jeogi Koo il imy 13gd 7358 St Bl sl s lovie
0855 a8 yoliall 0o "output signal” ] dseS Olylal Jluyl IMs 4y @Sy Byl
Aol Cyladl 8 gyiw WS .é.ll ...Led, Motor, LCD, Relay, speaker

iNpUt" M o doygS 8yli] Jldinwl elilay laase J5aS Jasy Bydall 1ia Lles 13] Wi
.sensors <slulusdl of switch 5 adll e doslall il ylinyl J2a "signal

ULy S 0 66 dxd o DDRA o wually olsl) Ll Joaadl 5 ¢33 LaSg
7 @8y el J10 @8y el yoleny o8 o oS &l aos .(ATmegal6

Port A Data Direction

Register - DDRA I Bit 7 6 5 4 3 2 1 0
[ ooa7 DDAG DDAS DDA4 DDA3 DDA2 DDA1 DDAD | DDRA
Read/Write RIW RIW RIW RAW RW RAW RAW RIW
Initial Value 0 0 0 0 0 0 0 0

3091 G5 o o Byln Ly wollaall dadll pig e il oda b @Sonill
DDRA = 0b00000001;



bid Jol el ol sis3 allg DDRA Jowudll J515 00000001 dadll pisi ol sy 1
oL Lol output T35S ==y PAO 8yl OT = Laa 30 = ol L,el.; Lol aslg =

2l 8ysall 3 S input 115 Jas§ cysdl b BlybYI

(XCK/TO) PED [ 1 D PAD output
(T1) PB1 ] 2 i
INT2/AIND} PB2 [ 3 O PAZ
'OCO/AINT) PB3 O] 4 O PA3
(55) PB4 O 5 O Pa4 input
(MOSI) PBS B 1 PAS
(MISO) PBE ] 7 M PAG
(SCK) PB7 ] 8 O PAT
RESET ] 9 O AREF
vce O 1 O GND

DDRA = 0b00000011;

o) 308l Lasy Lad 13]g

80 golud PAT | P2 ;0 BI3bY1 Lol 7358 Jasi PAT g PAO Byl o i 13gd

- J3aS Jasig
(XCK/TO) PBO ] 1 0 PAD output

(T1) PB1 O 2 M PA1
INT2/AINO} PB2 ] 3 O PA2

‘OCO/AINT) PB3 ] 4 O PA3 .

(55) PB4 O] 6 5 pag INPUL

(MOSI) PB5 O 6 5 PAS
(MISC) PBE O] 7 M PAG

(SCK) PB7 ] 8 M PA7

RESET (] 9 O AREF

vee O 1 O GND

DDRA = 0b00001111;

oo Galdl 50l Gy Liad 13

J=aS Jani Blybi 4 y2lg 458 Jani PAO,1,2,3 iyadl oo Blybi 4 Yol T ey ligd
(XCK/TO) PBO ] 1 O PAD
(T1) PB1 [ 2 ) PA1
INT2/AINO} PB2 ] 3 — paz Output
'OCO/AINT) PB3 ] 4 O PA3
(55) PB4 5 3 PA4
(MOSI) PBS ] 6 0 PAS jnput
(MISO) PBE O] 7 O PAG
(SCK) PB7 ] 8 O PA7
RESET ] 9 O AREF
vee O 1 O GND




Lol ey 13g3 0b00011100 Jia udl &) 3 0b O fag @By oS Losse 18asMo
ol uw 13g3 OXFF 120 O o Tug ﬁs) s loze Lof binary 43Ll dally @8y s
Belyd yo poall glgil le 48T 830y f elilayg .hexadecimal daally og:Ka @byl
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JI Lol ObxxxxxxxX @831 50 el Byl e sgagall el o2 (o Jgi) LSB JI OT
ObXXXXXXXX 8 yiilea b Byadl sy yu¥l Byl le 35 gall Q.g_e (v y=1) MSB

Initial value e dalS dlia o DDRA Jonwally ol 5ysall 5 isdla 9o LS
Jasi B gaan o sy las sao ol Sillg wlidl [ duol bl @l i il
' ' ‘ Jsas ww %9@

lie goume Jussi eliSay aif s 2lg Read/Write &alS ey IS Jal o) amis Lia]
Read olgisva 82y 8 Loy of DDRA=0b00000001 5ol 5 Lilod LaS write Jonuddll
(M)l 030 Belyiy p o Eo palill Laall b Wu doolsJl 0ia pattag

PORTx Register Ja;..i‘

3ol oo g2y Liad Losse Yiad byl oY a83)l sl 8 PORTX Jon il @Sty
18 DDRX JI J2ag ¢ ol 130 alasizialy oclably alidcy Lad PAO Byl e Soall
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(ULl JJ3 000 66 dmio) PORTA (ol e Jlzo 4JLd1 8.0l

Port A Data Register —

k Bit 7 6 5 4 3 2 1 0
I PORTA7 | PORTA6 | PORTAS | PORTA4 | PORTA3 | PORTA2 PORTA1 PORTAOQ I PORTA
Read/Write R/W RW RwW RMW RW RW AW RW

Initial Value o o 0 o o 0 o 0




229 & laase g HIGH - 1 dagdll of LOW - 0 &ogdll Lo| Jasi Joewdll 10 ;5 e IS
5 s illg logic HIGH o sS 83Lis] gssumus ol o ooy 1igd 1= dadll
ligd sao = dagdll wolS 13] Lol (@Sl 4y Yoy ol gl 3315 dad i o) b
T i) sink mode Jl gog ] Jaiiiwg «Jg8 0 of LOW 498w Bylall OT%‘,:.o_.g

.(L“,ll:zJI J,o.ojlb,e‘)#o.o_db sink mode

)A|9=ﬂ| de gann Luoasiwl &JL.u.” JLA” &
while(1)

{
PORTA = 0b00000001;

_delay_ms(1000);

PORTA = 0b00000000;
_delay_ms(1000);

: LIS PORTA wwally Lol gl ceedlall pusicis wilS yalgdl oda

Lof 1 golut) PAO (8 ybally Zolsll ol dagb 55 22y PORTA = 0600000001 5o
By ball e HIGH (5 volt) dagdy LS 8yl zly=] iy lims O gslud cslzdl 3L,
Lof 501 5Lyl dagd ey By ball gy Jazall L,Jg,o.ll soull Jw Al PAO

LOW (0 volt) o5 BIyb31 3Ly

a1 355 15 G50 Lo 1000 ybuizius 35401 il of sny delay_ms(1000)_ 5o
(356 1 = 496 lla 1000 JI o asd) Ul

ool o3 ol guan of Bzl (Sg @sludl 1231 20 PORTA = 0600000000 1ol
LOW (0 coluny Byhall 1ia Jaews Las PAO B ylally Lolsdl ol ells (8 Ly yoo golus
o)l sgulal elabasl ] el gabuawg volt)

>3 830 456 la 1000 yhazy 3311 oSoidll JoJ delay_ms(1000)_ 3031 ST @
while (1) D11 ey @3l yalg¥l paan 1o slay of J8
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diadsg 7add yhaw IS Je ailddel 18lo] asy Jlall judd g JLI 3l

#define F_CPU 1000000UL

#include <avr/io.h>
#include <avr/delay.h>

int main(void)
{
DDRA = 0b00000001;

1] ZP\2all de yus 333035
1] Lmn 3! SLesall elessiw!

I 7535 Jangd Jo31 Bylall Junii

while(1) Il &3 b I zolisdl 1in B sazwl

{
PORTA = 0b00000001; I SoY el Jdiczy o8
_delay_ms(1000); /1 456 e 1000 oz
PORTA = 0b00000000; I Sl el clably @b
_delay_ms(1000); 156 e 1000 yias!

}

returnO;

} /] zoUsdl Ll
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#define F_CPU 1000000UL

#include <avr/io.h>
#include <avr/delay.h>

int main(void)

{

DDRA =0b00001111;

while(1)

{
PORTA = 0b00000001;
_delay_ms(500);
PORTA = 0b00000011;
_delay_ms(500);
PORTA = 0b00000111;
_delay_ms(500);
PORTA = 0b00001111;
_delay_ms(500);

}

return O;
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#define F_CPU 1000000UL /] =l LIS WIRERCA)
#include <avr/io.h>
#include <avr/delay.h> /] dummasdl &lesall ole sl

int main(void)

DDRA =0b11111111; /] 7335 Port A G8lybl g Jedi
DDRB =0b11111111; /] 7355 Port B Blybl g |00
while(1)

{

PORTA =0b11111111; // Port A (8lybl a.an o
PORTB =0b11111111; // Port B Blybi geax Ja
_delay_ms(500); /] 456 Laas sl

PORTA = 0b00000000; // Port A i a.ax clabs|
PORTB = 0b00000000; // Port A lybi g clab|
_delay_ms(500); /] 456 caas Jhsl

}

return O;
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R9
% PCO/sCL RESET |2  —
23 PousDa o 10k
22 peamek ALt =2 <TEXT>
= i
2L 1 pessrol PAMADCO [—22
28 1 pegrosct PAL/ADCL |—22
22 1 permoscs PAZ/ADCZ g?
” PASIADCS (3L
12 1 Poomxo PA4/ADCA
L& 1 rpimao PAS/ADCS [—22
16 1 ppaanTo PAG/ADCS [—o2
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32 1 AREF Eggmg [ 7
201 avee PET/SCK |——
ATMEGALE
<TEXT=
#define F_CPU 1000000UL
#include <avr/io.h>
#include <util/delay.h>
int main(void)
{
DDRA =0b11111111;
while(1)
{
PORTA = 0b00111111; // Number 0
_delay_ms(1000);
PORTA = 0b00110000; // Number 1
_delay_ms(1000);
PORTA = 0b01011011; /Il Number 2
_delay_ms(1000);
PORTA = 0b01001111; // Number 3
_delay_ms(1000);
PORTA = 0b01100110; // Number 4

_delay_ms(1000);
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PORTA = 0b01101101; /[ Number 5
_delay_ms(1000);

PORTA = 0b01111101; // Number 6

_delay _ms(1000);
PORTA = 0b00000111; // Number 7

_delay_ms(1000);
PORTA = 0b11111111; // Number 8

_delay_ms(1000);
PORTA = 0b01101111; // Number 9

_delay_ms(1000);

}

return 0;
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(while loop JI }=15) leSU 3o JLdl 23l d0Ls]
PORTA = 0b01110111; /I Letter A
_delay_ms(1000);
PORTA = 0000111001; /I Letter C
_delay_ms(1000);
PORTA = 0b01110001; /I Letter F
_delay_ms(1000);
PORTA = 0b00111000; /I Letter L
_delay_ms(1000);
PORTA = 0b01110110; /I Letter H
_delay_ms(1000);
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#define F_CPU 1000000UL
#include <avr/io.h>

int main(void)
{
DDRA =0b00000001;

while(1)

{

if (PINB == 0b00000001)
{PORTA = 0b00000001;}
else
{PORTA = 0b00000000;}

}
return O;

}
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Port B Input Pins

Address — PINB Bit 7 6 5 4 3 2 1 0
[[PiNB7 | PiNBs | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO | PINB

Read/Write R R R R R R R R

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A
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| 5031 LS e 31 e sl
if(PINB == 0b00000001)
{PORTA = 0b00000001;}
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#define F_CPU 1000000UL

#include <avr/io.h>

int main(void)

{
DDRA =0b00000111; Il &bgd Slagals EMA Laied 7y Jumas
DDRB = 0b00000000; 11535 Jasti &yodl Blybol guan o 48T
PORTB = 0b11111111; /1B &yadl Blybi IS 28yl doglie Junds
while(1)
{

if (PINB==0b11111110) {PORTA = 0b00000001;} //Button 1 pressed
else if (PINB==0b11111101) {PORTA = 0b00000011;} // Button 2 pressed
else if (PINB==0b11111011) {PORTA =0b00000111;} // Button 3 pressed
else {PORTA = 0b00000000;}

}

return O;
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if (PINB == 0b11111110) { PORTA = 0b00000001;}
software debouncing (delay) I pluscwly zladl 52l y8

if (PINB == 0b11111110)

{
delay_ms(10); Il sy 525G
if (PINB == 0b11111110)  // bgaina JI3le gliaall of uSTI Bsle]
{ PORTA = 0b00000001;}
}
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Electrical Characteristics

Absolute Maximum Ratings*

Operating Temperature . -BBC 10 +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

Storage Temperature...........ccccoeeceveecenerneeene. -65°C 0 +150°C age to the device. This is a stress rating only and
functional operation of the device at these or

Voltage on any Pin except RESET other conditions beyond those indicated in the

with respect to Ground .........ccceeeieviiineee.-0.5V 10 Vi +0.5V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Voltage on RESET with respect to Ground......-0.5V to +13.0V conditions for extended periods may affect
device reliability.

Maximum Operating Voltage ........c.ccceceveeieceivviiiiennne.. 6.0V

DC Current per /O Pin ... 40.0 MA

DC Current Vi, and GND Pins...............200.0 mAPDIP and

400.0 mA TQFP/MLF
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#define F_CPU 1000000UL
#include <avr/io.h>
#include <util/delay.h>

int main(void)

{
DDRA =0b11111111,
while(1)
{
PORTA = 0b00000001; I deldl Oylie po Syoall Jiiid
_delay_ms(2000); /IR XV RS
PORTA = 0b00000010; ] deludl oylie uSe S yoall Joid
_delay_ms(2000); /] 5 Baal sl
PORTA = 0b00000000; I small Blisl g ygun3l sl guax elalo]
_delay_ms(2000); /] 5 Baa) gl
}
return O;
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unsigned long

4-bytes (32 bit

4,294,967,295

long long

8-bytes (64 bit

- 9.223372037x10*®
+ 9.223372037x10*8

SLL & g3 (Bytes sac) 55SIU1 Mgzl | gudsall Joils Yooy oKas dad o
int 2-bytes (16 bit) -32,768 » +32,767
unsigned int 2-bytes (16 bit) 65,535
float 4-bytes (32 bit) 1.2E-38 to 3.4E+38
double 8-bytes (32 bit) 2.3E-308 to 1.7E+308
long 4-bytes (32 bit) -2,147,483,648 - +2,147,483,647
( )
( )

unsigned long long

8-bytes (64 bit)

1.844674407x10%°
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int8_t -128 -» +127 uint8_t |0 — 255
int16_t -32,768 » +32,767 uint16_t |0 — 65,535
int32_t -2,147,483,648 - uint32_t |0 - 4,294,967,295
+2,147,483,647
int64_t - 9.223372037x10*® uint64_t |1.844674407x10*°

+ 9.223372037x10*®
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#define F_CPU 1000000UL

#include <avr/io.h>

#include <avr/delay.h>

int main(void)

{
uint8_t counter; I slall dad oy o 8 do-luay sutin
DDRA = 0b11111111; Il 7358 Josd &sygdl Blsbi IS bus
for (counter = 0; counter <= 255; counter++) // 255 J10 cp0 slae
{
PORTA = counter;
_delay_ms(100);
}
return O;
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: Jia Binary 45l 4.8l drcall alasiisly Lad
uint8_t variable = 0b00000011;

sl a3 &0 yuds sag Decimal &y dall doally Ol uall LS Say Layl
oSagg Decimal 3 @8 ggluw 0000000011 08y Miad dpogdll Lisli> o lgassiiud

' I 5y 0.0l @ul;ﬁl s LS
uint8_t variable = 3;

szl ymd auys T o y2ad Mied . Hexadecimal &y yie-dnudl dall plascial (Sagg
&y yimll 49.a)l3 120 @8y golud Il 0b11110000 daysy variable

uint8_t variable = 0b11110000; /[ Binary
uint8_t variable = 120; // Decimal
uint8_t variable = 0xFO0; /| Hexadecimal

5Ll &u&” Slo e ﬁ@)gﬂl ‘4.49 Juoig slaeYl ﬁ‘.h,u el gl wlkll 20 8830
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http://www.mjma3.com/programming/basics.html

Sl JI gyl sl o slaeyl Jood 1oua8
https://www.youtube.com/watch?v=-yrwpEuRjl0

sxasll JI Stdl pladl o slaeyl o igua8
https://www.youtube.com/watch?v=ILbc5_JpTWI
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X = X+4; /115 golus yiiall dad o3
08 03 X sdial 5 Yl B3grsall Zadll ] 4 edyll Lok b ¢ sy oLl sl
£|Rloﬂg®i@lﬁa.l5w§§déﬂ&ggxw| Jls gy gya dowedl Ll
doluod! Ollasll gz o dpyhall s
X=X-2; I sséall 0 2 @81 2 3boi
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X +=4; 11 X = X+4 341 jlous]

X -= 4; I X =X-4 523l jLozs|

X *= 4; /1 X = X* 4 ya81 ylozsl

X/=2; I X =X/ 2 35281 yLozs|
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oia AND, OR, XOR, Invert, Shift |is 4 dlrall ).4193!1 o0 degaxa Logic operation Jl
Sl wlslae] of wilydzall Lle clgu pagiall @Sl ey aldll e baclud saloll
dadlall Jlgall [P ) ddliall Oldasll e (Z =l of =) Sl Blybi of
i oS A gyl 33l gl Q_e dassiwall Lglriall aiblgdl yuas 243 (Logic Function
o dassciwall joaylle Oldasll 0dgs 4aild ooy LI Joandl  duana sy 890 Lk
. ' ‘agio Saxlg IS el %?.Jl a3l

Logic Function name Logic Function in “ANSI C”
OR |
AND &
NOT ~
XOR ~
Shift Left <<
Shift Right >>
Exclusive-OR gate
Input,
A= A C Inputg :)D Output
B =
A|B| Output
Inputs Gnrpur Inputs Output Input  Output ool o
4 B c | A B C A (5 ol 1l 1
0 0 0 f 0 ] 1] 0 1 ol 1
0 1 0| 0 1 1 1 0 il 5
1 0 0 | 1 0 1
1 1 1 | 1 1 1
AND _lc il OR _lc dlai NOT _le &i  XOR _le &
0&0=0 0]0=0 ~0=1 040=0
~1=0 0r1=1
0&1=0 0|1=1 1/\°=1
1&0=0 1]0=1 1A1=0
1&1=1 1]1=1

ciona ydl WaYl g0 de gasue 351 Lol 33500 Sllasll ia pgadl



é Jols ol guax e 3 NOT “invert” value o3l plsiud - NOT alasiil

IS Z s dnall gl oS 13) zad Yo of o

Example 1:
unit8_t Z = 0b00000000;

Z=~17 // invert all Z bits (Z =0b11111111)
MI&ONXMI&MPMIQL‘MWQ@MJ‘su)_oil)doﬂlw
0b11111111 = dadll oo elliyg X yezall S 3agaadl

Example 2:
unit8 t Z = 0b11110000;

Z=~17 /[ invert all Z bits (Z = 0b00001111)

Example 3:
unit8 t Z = 0b00110011;

Z=~1 // invert all Z bits (Z = 0b11001100)
(o)l pUaIL) 12 = dzaBg xNumber o 8 yda by of oyzad - OR alusiiwl
1xo3a 59 oS abyll aladly 0b00011000 of

Example 4:
uint8_t xNumber = 0b00011000;

xNumber = xNumber | 0b00000001; // 0b000011000 OR 0b0000001

2o @3 xNumber 3 &all g5 g0 OR ddhiall Ldasll by @8 oy Gsludl yaYl

3 U3 g 0600011001 pepd s iviall dagd Jamsas Lao xNUMber s czall 1 dopgzs]
: IS a8yl o o IS le OR operation  Jazy agés OR 33l

LoV xNumber 4a8 0 0 1 1 0 0 0 0
UJLJI 3l 0 0 0 0 0 0 0 1
OR JI o o/o0 1,1 0|0/ 0|1
Example 5:

xNumber = 0b11111000;
xNumber = xNumber | 0b00000011;

: S Jgaadl (5 x50 90 LS 0111110711 = y8all dagd oS OR 0¥l L0 sie



dLoYl xNumber 443 1 1 1 1 1 0 0 0
RECIPER oo 0o 0o o0 0o 1|1
OR JI dou 11 11 1 0|11

o Olydall oo Wil e g . pundy Wb o AND Jl dlac Jasi - AND alusiil
Sy all B gl lag Jo3l yudzall U5 o IS oyes AND Jac

Example 6:
;XxNumber =0b11111000

// 0b11111000 AND 0b1000001 xNumber = xNumber & 0b10000001;
= s00 Lo gound o o ga AND Jac dous ¥ cl3g 0b10000000 ¢ oiius donypzsll
1=1&1 31 Pazw 3l o bidd s edl w14 jao

4LoYl xNumber a3 1 1 1 1 1 0 0 | 0
Sl @dyl 1, 0|0 /|00 0] 01
AND JI doucs 1,0 0 0|0 O0/|O0 O

L abuall 3 o8l g yee el dglund] @llasl] V2o Labuall llasll ylazs| Sy
: SIS logic operations JI elys] Koy Mind = dodle

xNumber |= 0b00000001; /I xNumber = xNumber | 0b00000001;
xNumber &= 0b00000001; /I xNumber = xNumber & 0b00000001;
XxNumber ~= 0b00000001; // xXNumber = xNumber ~ 0b00000001;

S5 g (Invert LuSll) dglac laels dgbriall Ollasl guan slaus] (Say ida>do
A 8y gually b

xNumber = ~ xNumber
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&F of Joed of sdin Jsls slucdl o cuadl ] ol elyysd Lol 41331 Ollac By
ladleall days 5 pasiiud 1l yalgYl aal o ldasll 0ia aei i By dad

NS S 4.0_/._9..\” leg

olacd! dgad a3 oldac §aday @ad 0b00000001 @Byl Ly o oiad 1 Jtis

Lol @dyl 0b00000001
<< sladl &g e 1 yladay a1) 0b00000010
<< sludl dg> o 2 Hladay d13) 0b00000100
<< sludl dg wo 3 Hladay 413 0b00001000

e @l Ollasll udi ey il 0600000101 @8yl Lyl of 550 £ Jis

Slodl wdyll 0b00000101
<< ludl 4> <o 1 yladay &1 0b00001010
<< sl g w2 Hladay &13) 0b00010100
<< sludl d4g> o 3 Hladay &13) 0b00101000

eedl dgd A 133l oldac §uday @i 001100000 Lo OT ol 1 e

Slodl cdyll 0b01100000
cadl g o 1 laday 15 >> 0b00110000
ead i ca 1 luday 03] >> 0b00011000
el dg> o 1 laday &3 >> 0b00001100
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3Ll dgad ds 13y
(@8 << &1l 4ad)

: ysad] dgad ds 13yl
(81 >> 413l da 3)

L bl oy @ A @yadl e &g Olagals 8 Juogu @b 1 oYl Jall
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TEXT T ] PALADCL PCETOSCL 2
[ EX ] PA2iADC2 PC7ITOSCZ [——
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£ 26 1 pasianca PDOIRXD |—=
ETEXT ] 35 | pasiancs PDUTXD |—=
. FTEXT 241 pasiance PD2IINTD —2
| —TExT] 23 ] paziancy PDIINTL —2=
== PD4/0C1E —2
- »—F ;— PEOITO/ X CHK PDS/OCLA —E:":
——| PBUTL PDGIICPL [—=-
= PE2iAINOINT2 PO7IOCZ ——==
»—.7 ——] PBIIAINL/OCD
= PBaiss FAY
S— PESIMOSI -
_.7 —— PB6IMISO AREF =
-2 pevisck avee 22
. ATMEGALE

int main(void)

{

uint8_t counter;
DDRA = 0xff;

while(1)
{

for(counter = 0; counter <= 7; counter++)

{
PORTA = (1 << counter);
_delay_ms(500);

-

}

return O;
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uint8_t counter;

DDRA = 0Oxff;

39wy counter s &uall dad 3Ly cUig For 1yl 41y Laaseiw! while loop JI =1y

7 S0 o &5l

for(counter = 0; counter <= 7; counter++)

Sladl 4o 1 el Ay S (oye) A Syadl plasiaal @ cos 313l yal k,)u o3lg

oli Baslg iyl ddaall Olagalall o2 o Cos Lo 10 g 400 aas o) 503U o

PORTA = (1 << counter);
_delay_ms(500);

PORTA = (1 << counter) 3 L=l 3 392> gall (4330l d2ally LgSall)1 @8l of by
PORTA = (0b00000001 << counter) ba.alls gjlos



soluey &Ll 3ol Yoy 139 counter =1 dad 655 boaie &l aso For W1l s,
PORTA = (0b00000001 << 1);
o3l ¢ilos 1igd counter =1 &d o5 Loaieg
PORTA = (0b00000001 << 2); -
303l g3lgu 13gd counter =3 dad 955 Lonie g
PORTA = (0b00000001 << 3); -
Al Y Lo I Bysall oda satudg ... 1iSag
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Biladl JIsd) 832lly oy of dagd 513 1 oy Ll Set Bit dmnydl dapall Byss

28l Blybl 3L e sill asy 7358 Jand basd PAO b3l banss 335 Ll oy
dolell dopall 655 left shift go OR yodl zas see Ugguo el Koy A

Register |= (1 << bitName);

ol awly bitName dalS Jlaciwl eyg Gollaall I wally Register dalS Jlaciwl oy

1S5 PAO b ylall g DDRA Joeudll le dacall oda Gadaty Miad .lgiad yoii wgliaall

DDRA |= (1<< PAOD); /I set PAO to work as output



PORTA Jovudll pa ool puds Ldiied) divpall i plasirasl Ly Loy
PORTA |= (1<<PAO0); /[ turn on PAO

Sizad g sol 8 Gildl ¢ 0ill o d800 o 43ST pos) OR dlasll plustirul Liay ellis
F eSS ol o] LiSay (zy=S o Masyd PA2 g PAT Gyl s auys Ll oy
DDRA |= (1<<PAl);
DDRA |= (1<<PA2);
: IS bnsb baslg dlan b pusedll ozl oSay of
DDRA |= (1<<PA1) | (L<<PA2); "
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Resgister &= ~ (1 << bitName);
Coyodl Blybl 3L e il oty I35 Jasy PC3 Bylall Jox ayp Ll oy 1 Jlia
DDRC &= ~(1<<PC3);
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int main() {

DDRA |= (1<<PA0); // set 1 in PAO (output)
while (1)

{

PORTA |= (1<<PAO0); /[ turn on led (set PAOQ)
delay _ms(1000);

PORTA &= ~ (1<<PA0); // turn off led (reset PAOQ)
delay _ms(1000);
}

return O;

}
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Resgister ~= (1 << BitName);

(salol 4 yaYay) b .y 30l blinking led . Jliall jlaus] lusay dauall sia alasczwl
while (1)
{
PORTA "= (1<<PAO0);
_delay _ms(1000);

}
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if (PINB == 0b00000001)
{PORTA = 0b00000001;}

else
{PORTA = 0b00000000;}
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lasgzg Lgllaall cilslaedl o Lol deganay Biausd Oljg4all 0ia ((Flash Memory)
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s 839>94a) Fuse LOW Byte , Fuse High Byte glis e codlg AVR I claSiouiay
(ATmegal6 eSuall dl> 8 Datasheet I 260 dxso

Fuse High Byte

Table 105. Fuse High Byte
Fuse High Bit

Byte No. Description Default Value
OCDEN® 7 Enable OCD 1 (unprogrammed, OCD disabled)
JTAGEN® 6 Enable JTAG 0 (programmed, JTAG enabled)
Enable SPI Serial Program and

(1)
SPIEN 5 Data Downloading 0 (programmed, SPI prog. enabled)
CKOPT® 4 Oscillator options 1 (unprogrammed)
EESAVE 3 EEPROM memory is preserved | 1 (unprogrammed, EEPROM not

through the Chip Erase preserved)

BOOTSZ1 5 Select Boot Size (see Table 100

for details) 0 (programmed)®
Select Boot Size (see Table 100
BOOTSZ0 1 for details) 0 (programmed)®
BOOTRST 0 Select reset vector 1 (unprogrammed)
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83900 dmmaydl yolgdl Sarn oty o eSouidll ol sy agan Byguay el IS Sais s
Uiy el 030l ladie o> e gal IS b oS &line

ol e 3Slllg lg>dMoly elasHl 95 Lo Jtag debugger JI dac Ly il saall 0igy
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FPGA NI i>g dalusiall cslaSsuall

: S oyl e dlnda byges JoSoo dl 13 e au3all Belyd elfay
en.wikipedia.org/wiki/Joint_Test_Action_Grou

www.ATmel.com/webdoc/atmelice/atmelice.using_ocd_physical_jtag.hl
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LOW Byte Fuse

Table 106. Fuse Low Byte

Fuse Low Bit

Byte No. Description Default Value

BODLEVEL 7 Brown-out Detector trigger level | 1 (unprogrammed)

BODEN 6 Brown-out Detector enable - 1 (unprogrammed, BOD disabled)
SUT1 5 Select start-up time E (unprogrammed)'"!

suTo 4 Select start-up time 0 (programmed) "

CKSEL3 3 Select Clock source 0 (programmed)'?

CKSEL2 2 Select Clock source 0 (programmed)'®

CKSEL1 1 Select Clock source - 0 (programmed)®

CKSELO 0 Select Clock source E {(unprogrammed) '@

Obidadl ej> 8 Veasdly g 3 @iw CKSEL(0,1,2.3) JI wljg.all degaxa
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Table 10. Start-up Times for the Internal Calibrated RC Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset
SUT1..0 Power-save (Vec = 5.0V) Recommended Usage
00 6 CK - BOD enabled
01 6 CK 4.1 ms Fast rising power
10" 6 CK 65 ms Slowly rising power
11 Reserved
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LockBits 6.2

@I 13] e Sl Al jpilasdl s degaza 8 lockbits I @Soui wljgall Lo
I plasial elfay o> "8I Glas g Joo gl 45Ka]" Lo (allasdl oia dginay
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Table 104. Lock Bit Protection Modes

Memory Lock Bits'® Protection Type
LB Mode LB2 LB1

1 1 1 No memory lock features enabled.

Further programming of the Flash and EEPROM is
disabled in Parallel and SPI/JTAG Serial Programming

2 1 0 mode. The Fuse bits are locked in both Serial and Parallel
Programming mode.'"
Further programming and verification of the Flash and

3 0 0 EEPROM is disabled in Parallel and SPI/JTAG Serial

Programming mode. The Fuse bits are locked in both
Serial and Parallel Programming mode.!"
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Internal Calibrated RC oscillator
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External Crystal “Quartz” Oscillator
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#define F_CPU 1000000UL
#include <avr/io.h>
#include <util/delay.h>
#include <avr/interrupt.h>

int main(void)

{

lladaall Slsgalally Lol BT s
DDRA |= (1 << PAOQ);
DDRB |= (1 << PBO);

I1 25l doglie Vb dablaall (ol bykll b

DDRD &= ~(1 << PD2);
PORTD |= (1 << PD2);

// INTO L«SLQJ a5 o dob8all BJLZ;'JE ¢ o b.uo' 2

MCUCR |= (1 << ISCO1);
GICR |= (1 << INTO);

/] L)l dablaall Jo8 |ieas
sei();
while(1)
{
PORTA ~= (1 << PAQ);
_delay_ms(100);
}

return 0;



Interrupt dehldall .7 @

3091 Bsb e ellig olablaall e Wouall deSall slysily Lad 398l dylay b
#include <avr/interrupt.h>
L5y U3 any ool 5 lgansirucs il dalgl yalo¥l sy e goumnd dsall ol
2l Sag &gl wlaglil g Yoz Sl B by Lyl main A1 o
tepadl Gasb e llig PBO g PAO
DDRA |= (1 << PAOQ);
DDRB |= (1 << PB0);
dylan] Jldiwl o o Say x> clUig 1548 Laed PD2 Byl s wols 4Ll 8 glasi
internal pull up 4 =1l gd )l daglio Jeodcn Lad LS .4y Lauall Zliadll o deblaall
Sub e s @y &3Lo] daglia ¢l Jrosd dxll o8 zlisdll pasitus uo> el
ool
DDRD &= ~(1 << PD2);
PORTD |= (1 << PD2);
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MCU Control Register The MCU Control Register contains control bits for interrupt sense control and general MCU

- MCUCR functions.
Bit 7 ] 5 4 3 2 1 0
SM2 SE SM1 SMO ISC11 ISC10 | ISCO1 | ISC00 | MCUCR
= 1 o] T [ scw |
Read/Write RIW RAW RIW RIW RAW RW RAW RIW

Initial Value 0 0 0 0 0 1] 0 0
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Table 35. Interrupt 0 Sense Control

I1SCO01 ISCO0 | Description
0 0 The low level of INTO generates an interrupt request.
0 | 1 | Any logical change on INTO generates an interrupt request.
1 | 0 | The falling edge of INTO generates an interrupt request.
1 - 1 | The rising edge of INTO generates an interrupt request.

se Jasi deb Al Jess liag 520y ISCOT o 1SCO0 dad 235 ga : Jodl LIl
INTO 3y all Lallbs i 3 20a) INTO Gy lall e LOW § o5 oo 83Li] JLsal
(dabl8A)l Jass 15 HIGH ;L] 4] sy

liag saw g9luwd ISCOT dad Laig 1 golud ISCO0 dad Joo 1 SUI LI o
Byl e logic change dhie y &5 o &ga> aie Jasi dablidll Jesw
LOW dasludl 3Lyl 655 of by HIGH 83Lis] ed=al 13] a5 el i2ag INTO
dablEa)l Jast uSall of

Joman 1y 1 colus ISCOT dagd lare 0 golud ISCO0 dagd Jo 1l yLsIl o
St S g dale dgygS 5yl of bladl e | asi edge detector I 5y 5ls
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edge JI 8331y Jooiw liag 1 colud ISCOT cllig ISCO0 dad Jox tgolyll sLsdl o
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MCUCR |= (1 << ISC01);
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General Interrupt
Control Register — Bit 7 6 5

4 3 2 1 0
GICR | T INTO INT2 - - - IVSEL IVCE | GICR
Read/Write RW R RW R R R R/W RIW
Initial Value 0 0 0 0 0 0 0 D

S M ey ey JSINT2 9 INTT 9 INTO a9 Taxr Lol iy 3 el ia elliay
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GICR |= (1 << INTO);
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PORTA "= (1 << PA0Q);
_delay_ms(100);
}

2id o Ao s ISR dabo ANl dadlas s you 5L Ayl DIl oo elendl asy
] alll &g @I

ISR(interrupt_vector) el 33k o LeulsS ooy dalisiall doblaall Jlos grax
External U 4wl dyglndll 4 obldall ¢ o w interrupt_vector 4 alS Jlaci ol @iyg
: ¢ 191 3 Sl interrupts

INTO_vect
INT1_vect
INT2_vect
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iS5 15 INTT dab Al ol ol ydl s of BayT 1]
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<TEXT> =L pazapcs
= =2£ ] paasapcae PDORXD —&
38 ] passapcs PDLTD —2
=22 ] pagiaDcE PD2ANTO |22
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#define F_CPU 1000000UL
#include <avr/io.h>
#include <util/delay.h>
#include <avr/interrupt.h>
int main(void) .
— 7 \
{ e b N
( )
Ve - A
\ |
L ~ )
i?ﬁi \\/ //
DDRA |= (1 << PA0); )~ 5 7
o — ~_ Z
O N

DDRB |= (1 << PBO) | (1 << PB1);

DDRD &= ~((1 << PD2)|(1 << PD3));
PORTD |= (1 << PD2)|(1 << PD3);
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JIINTO & INTL -, czaboliall S0 dbaylgll 61od1 § 65 o 83l sl ie Gabolad)] |

MCUCR |= (1 << ISC01) | (1 << ISC11);
GICR |=(1 <<INTO) | (1 << INT1);

while(1)

{
PORTA "= (1 << PAQ);
_delay_ms(100);

}

return 0O;
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#define F_CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

int main(void)

{
uint16_t UBRR Value = 103;
UBRRL = (uint8_t) UBRR_Value;
UBRRH = (uint8_t) (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC | = (3<<UCSZ0);

while(1)
{



while( ! (UCSRA & (1<<UDRE) ) );
UDR ='A";
_delay_ms(1000);

return O;
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#define F_CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

int main(void)

{
uint16_t UBRR Value = 103;

UBRRL = (uint8_t) UBRR_Value;
UBRRH = (uint8_t) (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC | = (3<<UCSZ0);
while(1)
{

while (! (UCSRA & (1 << RXC)));

PORTC = UDR;

return O;
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While (! (UCSRA & (1 << RXQ))); // Waiting for Receiving buffer to be empty.
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#define F_CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

int main(void)
{
DDRC &= ~((1<<PC0) | (1<<PC3)); /I J=aS Jaod SlbYI s

PORTC |= (1<<PC0) | (L<<PC3); /1353)] daglin Jiai

uintl6_t UBRR Value = 103;



UBRRL = (uint8_t) UBRR_Value;
UBRRH = (uint8_t) (UBRR_Value >> 8);

UCSRB = (1<<RXEN) | (L<<TXEN);
UCSRC |= (3<<UCSZ0);

while(1)
{
if(bit_is_clear(PINC,0))
{
while(!(UCSRA & (1<<UDRE)));
UDR ='N';
_delay_ms(300);

if(bit_is_clear(PINC,3))
{
while(!(UCSRA & (1<<UDRE))):
UDR ='F';
_delay_ms(300);

return O;
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#define F_CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

int main(void)
{
DDRC |= (1<<PCO0);

uint16_t UBRR_Value = 103;

char Received;

UBRRL = (uint8_t) UBRR Value;
UBRRH = (uint8_t) (UBRR Value >> 8);
UCSRB = (1<<RXEN) | (L<<TXEN);
UCSRC |= (3<<UCSZ0);

while(1)

{
while (! (UCSRA & (1 << RXC)));
Received = UDR;

if(Received == 'N")
PORTC |= (1<<PCO0);
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if(Received == 'F')

PORTC &= ~(1<<PC0);

return O;
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while(!(UCSRA & (1<<UDRE)));

UDR = 'U; U Gy Yyl
while(!(UCSRA & (1<<UDRE)));

UDR ="'A"; 1A B> !
while(!(UCSRA & (1<<UDRE)));

UDR = 'R'; /I R By> YLyl
while(!(UCSRA & (1<<UDRE)));

UDR = 'T"; T Gy Yyl
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char *word = "UART":
while(*word > 0)

{
while('(UCSRA & (1<<UDRE)));
UDR = *word++;
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void UART _init()
{
uint16_t UBRR Value = 103;

UBRRL = (uint8_t) UBRR Value;
UBRRH = (uint8_t) (UBRR Value >> 8);
UCSRB = (1<<RXEN) | (L<<TXEN);

UCSRC |= (3<<UCSZ0);

}
a3l iard glealy ag@ main 1 @ls Jxlus main Dl b 4l DIl (o
Sl a1 osb o sy 2
UART init(); - -
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#define F_CPU 16000000 - "

#include <avr/io.h>
#include <util/delay.h>

void UART _init()
{
uint16_t UBRR Value = 103;

UBRRL = (uint8_t) UBRR Value;
UBRRH = (uint8_t) (UBRR Value >> 8);
UCSRB = (1<<RXEN) | (L<<TXEN);
UCSRC |= (3<<UCSZ0);



}

int main(void)
{
UART _init() ;

while(1)
{
while( ! (UCSRA & (1<<UDRE) ) );
UDR ="A}
_delay_ms(1000);

return 0;

}
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(UBRR J>ewdll =1 Lgan 353 sl yall dagdll slowyd @] Asleall 418 Luay 13)
uintl16_t UBRR Value = Irint ( (F_CPU / (16L * baud rate) ) -1);
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#define F_ CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

#include <math.h> [ luadl 4o e le sl

void UART _init()
{
uintl6_t UBRR_Value = Irint ( (F_CPU / (16L * baud _rate) ) -1);

UBRRL = (uint8_t) UBRR Value;
UBRRH = (uint8_t) (UBRR Value >> 8);
UCSRB = (1<<RXEN) | (L<<TXEN);
UCSRC |= (3<<UCSZ0);

S Kl main 1 sl ile sl @i
int main(void)
{
UART _init(9600) ;
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void UART send _char(char data)

{
while( ! (UCSRA & (1<<UDRE) ) );

UDR = data;
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#define F_CPU 1000000UL
#include <avr/io.h>

/fadc )l dad Ko~ y.9ua
volatile uint8_t adcValue;

int main(void)

{
Il s ygdl eslslac] baos

DDRA = 0x00;
DDRC = 0xff;



/[ adc I Jeis
ADCSRA |= (1 << ADEN);

/I clock U dawdll Jaloa ylesl
ADCSRA |= (1 << ADPSO0) | (1 << ADPS1);

/I o8l pog Jueai
ADMUX |= (1 << ADLAR);

Il 4o yeizall agadl 8elyd @res oI (Byhall) sLall ylas
ADMUX |= (1 << MUX0);

while(1)
{

11 Jasmdl dac eyl
ADCSRA |= (1 << ADSC);

while(ADCSRA & (1<<ADSC));

/l adcValue yézall Js1s Jygoudl dad ao
adcValue = ADCH;

//CQ)Q:J‘ L;LCM‘ uo)suins
PORTC = adcValue;
}

return O;
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adcValue = ADCH;
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PORTC = adcValue;
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a1y 30l cudsladl oo US Juid o (Kaall o 65Y ellig 3516 W Y adcvalue
.adcValue yial g 41 93 PORTC (513 83l ADCH 408 pog 909 badd
PORTC = ADCH;
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DDRA = 0x00;
DDRC = 0xff;
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g 48Ul 3854 9aa 4.2 G AVR oslaSioia e |21 ADC Y ol yddl o4l
J=ls edl i aolgus LADC enable jLauis! 29 ADEN el dad y 85 yoe el

ADCSRA
ADCSRA |= (1 << ADEN);
ADC Control and
Status Register A — Bit - 6 5 4 3 2 i 0
ADCSRA | ADEN ADSC ADATE ADE ADE ADPS2 ADPS1 ADPSO | ADCSRA
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Ji $> el Gl Lr9 Ld 325 Lasd LADC JU dolsdl clock JI s o ol A yall
Lolaall 53 s3bemall 3oLy apedl) Bplaall ager Bay3) pisiind gyl slae e ADC
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Sl Jogaadl IV 0 ADCSRA Ivwall 151y iasgall ADPS2 g ADPS1 g ADPSO
T;lble 85. ADC Prescaler Selections

ADPS2 ADPS1 ADPS0 Division Factor
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
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ADCSRA |= (1 << ADPS0) | (1 << ADPS1);
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ADMUX |= (1 << ADLAR);

ADC Multiplexer

Selection Register — Bit 7 6 5 4 3 2 1 0

ADMUX I REFS1 REFS0 ADLAR MUX4 MUX3 MuUX2 MuUX1 MUX0 I ADMUX
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Il 8 Ll @iy gl Jaosd dasd L8 w8 Jl gog 8 ADC I Jasy Loace
LesY) oo 5 labonad @y Jugonall dasd 16 =0 10 )l gog b Joaoy Laaze g ADCH



Ju &.og.” lia ;a9 ADCH g ADCL laag (Lgiasd tras) asly Joewa S8 dg eu 10
ADCH 5 g 2 35l ao919 ADCL b docendl (o &l 8 Jof o gl o left adjusted

S o i 31 By hall) Input channel oS il Byl iy pos [FOEIP

1 2o5 piy ol g 13U PAT Gy bl Lansiial Gsludl JLall 2 - (zall 30500 gl
MUXO0 el J=ls

I o seiall agadl Bel38 @i il (B3kl) Blall ez

ADMUX |= (1 << MUXO0);
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MUX4..0 | Input Input Input
00000 ADCO
00001 ADCH1
00010 ADC2
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ADCSRA |= (1 << ADSC);
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/[l adcValue yazall J=ls Ligodl dad 2o
adcValue = ADCH;

//C\:))Qa}” Q.Lc.d.m.a” uo)su‘ns
PORTC = adcValue;
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« Bit 7:6 — REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 83. If these bits are
changed during a conversion, the change will not go in effect until this conversion is complete
(ADIF in ADCSRA is set). The internal voltage reference options may not be used if an external
reference voltage is being applied to the AREF pin.

Table 83. Voltage Reference Selections for ADC

REFS1 | REFSO | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 ‘ Reserved
1 1 7 Internal 2.56V Voltage Reference with external capacitor at AREF pin
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File inclusion Macro substitution| |eondinional Miscellaneous
direciive directive directive direciive
#include #idefine #if #pragma
welif #error
#else #line
#endif
#ifdefl
: #ifndefl
Operators in preprocessor #undef

#
#H

solodl s Byl e Bymtiw e C preprocessor slgST e Sasen Ladll lia o2
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s0lo¥l gazg if — while — for Yoo L ull d8) 5 sl yol of Lo Laiaull yolg¥l
ol "l susciud yalgll oda JS AND — OR - NOT — XOR ddlazall of &colyyll
3 yalol 5o (4usliny] solof Lasl Lawd) Directive duguer gl 50l oY1 uSall Ll . glhae
gy R compiler pyall sliy] ;5 pasciad o Sg 39S oS3 S5 Byile Y503

gadl
delay_ms dIul Bysy ) s &yylmall ol &3 yolgl paen o By GCC o yall

il a3l pasius 1) delay.h dona sl 4oall 3 A axle 3 dlg
#include <delay.h>
8 Lz bisus | il y s Ll Jlgs e g9 g3l o LSall o el a3

poing Ao Byguay Jloadlsda | bau of g yidll pudaiag s Uiy pealsdl
oSl do ] lghison

C - preprocessor & leldseiw!  an
Hlgro 3olgdl o suasll Sl lailg include yodl e bbb §yanio caud Lol yol oYl
igmo 45 of il et gl —include o
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3929 L0lKa] ga Lz ol A1) (3ay) B3 0a cllacy clliSy 3.14 et
.function-like macros _a. la liag arguments clawg
compiler p> yzall yalg¥l jaoy sl yol —pragma o
Lre pASL solgl Lcgaxa - conditional compilation Lby idl dasydl
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. preprocessor I JI a> g ol g2 s la oo hash # syl 303 X oy s 6T

#include
0 Sae>o5 sol 929 C - preprocessor Jl yalgl o leguds Ololasciwdl yiST 3ol g0y

&3 dyrms olals o of (0layyes desane e Bile 9) o pasd S

:L.?JL:JI 9% Main.c alall é).\,a.dl KYSU S

#include <avr/delay.h>
#include "device_conf.h"

int main(void)

{

set_port_output;
while(1)

{

PORT _on;
_delay_ms(1000);
PORT _off;
_delay_ms(1000);

}

return O;

}

plasciadl gl oo " sl Sllg <> (asd o oS Joll uaadl o >3
olslae] b dsliall Olsluall gad sasall @lall e ol wiy of sy laie 0 oY1
ol o sasall alall e ool agg laaze (950 SL alasiuilly @ yidll
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ol 48.85)1 PORT_of y o3l g PORT_on | 2o dydll yalg¥l ey sg g dasds Loy
1S 3ol e cguy oWl device_conf calall b gty yalg¥l odn yewds

#include <a'|'vr/io.h>
#define PORT_on PORTD=0xFF
#define PORT_off PORTD=0x00

#define set_port_output DDRD=0xFF
i el 42l o ggadl ploall ) &aoeen Lo Compiling daz y: )] dglasy plaall sie
303l dsdlea e g (usa I bl Jigad) 488l daxydl dulac 18 56Ul ddlne
' S §ludl 2oliydl e include
:(avrfio.h 4o of avr/delay.h 4o ppuaiss L S o b sll)

#define PORT_on PORTD=0xFF
#define PORT_off PORTD=0x00
#define set_port_output DDRD=0xFF sa¥ll :.n 5 ’3_.,,{;,

int main(void) include

{

set port_output;
while(1)

{

PORT on;
_delay_ms(1000);
PORT _off;
_delay _ms(1000);

}

return O;

}

#define

3981 B 333 (o lide ©llS) j903S wlalS cayyed directive g gl o3l 130 pdseiud
LY gy Ll ga (63T dmayy sl of B3> of p1841) Bsamall dadlly W@lactal @z
gy jasaxll gdaiay ¥ preprocessor 1 of
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g 3951 o ol . Lgasyei 8 39550 90 Lay lgllasiwly podiyg set_port_output
:(define ;o3 dxdln oo pllsall gin of asy) LIS

#define PORT_on PORTD=0xFF
#define PORT_off PORTD=0x00
#define set_port_output DDRD=0xFF

int main(void)
{

set port_output;
while(1)

{

PORTD=0xFF;
_delay_ms(1000);
PORTD=0x00;
_delay_ms(1000);

}

return 0;

}
LngJiLw‘dij}itb&ugiw&op.uﬂ&g.‘ﬂ}oal_\sudybul‘Q@Aub&m
805 L] go Il Jrasly

#define PORT_on PORTD=0xFF
#define PORT_off PORTD=0x00 //set portD off
#define set_port_output DDRD=0xFF

:glL'leS Preprocessor JI ass k",QU.,;)JI 381 et

while(1)
{

PORTD=0xFF;

_delay_ms(1000);

PORTD=0x00 //set portD off ;
_delay_ms(1000);

}
JU (ol xay il gazall dolall ool e Uas Lo gaioey ol 35801 ) B3l
3oyl Jlaciwl basd Lailg g gl yolo¥l aey Lo (43 diago (o ud preprocessor
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#define BIT_SET(ADDRESS,BIT) (ADDRESS |= (1<<BIT))
#define BIT_CLEAR(ADDRESS,BIT) (ADDRESS &= ~(1<<BIT))
#define BIT_CHECK(ADDRESS,BIT) (ADDRESS & (1<<BIT))
#define BIT_FLIP(ADDRESS,BIT) (ADDRESS ~= (1<<BIT))
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#define BIT_SET(ADDRESS,BIT) (ADDRESS |= (1<<BIT))
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BIT_SET(PORTB,5);
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PORTB |= (1<<5);
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PORTB &= ~(1<<5);
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#ifndef _ LIBRARYNAME H
#define _LIBRARYNAME H
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#endif

oo Byl gan oS5 o Blelya ga Wgllaall 4Sall @uwls LIBRARYNAME Jlacial @z
23l cala Sl CosCon vart 4esall pul IS o Miad (JliglS Bgy>) upper-case ¢ g3
(&Sl ol asy _ H_ 4l s ¥ Lagl) Wl dapall



#ifndef _ UART H__
#define _ UART H__

#endif
:L“,lt;!lsj.%ll ala I o wud uartDriver ga 4l aul OT Pyl .)_"S-TJL"LA =l

#ifndef _ UARTDRIVER H__
#define _ UARTDRIVER H__

#endif
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salgl i) Lga-lisss 48 C - preprocessor éig lgosciucuw J,.JI Jledl clawl i3S,
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uintl6_t UBRR Value I Jsad! de yos 39355 e Jgiwall yusuall
Jloatt
void UART init() Il UART boog Veois
void UART_send_char(char data) // &y> (luy!
char UART receive_char() Il By> Jléial

void UART_send_string(char *data) // icas dlax of 4alS Jluy]
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#ifndef _ UARTDRIVER H__

#define _UARTDRIVER H__

uintl6_t UBRR Value;

void UART _init(uint16_t baud_rate);
void UART send_char(char data);
char UART receive_char();

void UART send_string(char *data);

#endif



Jloadl Lgarling 08 il olaSall 8La] o9 alall o clgdl) 8y i 8o das 40
o) math.h & zea el CEI <515 (VUART_init 1)1 (S35 oS 13] Ll
0 bs 3 avrfio.h desall paseind elliSe UART I ey sasd e Jobuuall @81
de yr iyl oSS ol zliow Lanl L yugl cale I oSl MS i 13 odlowwdll
UART_init dlJl 113 F_CPU 7l Y @Souall

doSall 0da delio gyl o o) dusall Ll B wladeadll jasy apd off ot LS
gl hlo o L@l Byl Jaay ledl Sl Lgaas Al sl ol

[* UART driver v.0.1
Date: 9-2015

This library designed to make a simple and re useable UART driver for both
ATmegal6 and ATmega32
*/

#ifndef _ UARTDRIVER H__
#define _UARTDRIVER H__

#define F_CPU 16000000UL
#include <avr/io.h>
#include <math.h>

uintl6_t UBRR Value; // Variable to store the calculations needed to set speed

void UART _init(uintl6_t baud rate); /[ Initiate the UART
void UART _send_char(char data);  // Send singe character
char UART receive_char(); /I Receive single character

void UART send_string(char *data); // Send array of characters
#endif
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#include “uart.h”

void UART _init(uint16_t baud_rate)
{
uint16_t UBRR Value = Irint ( (F_CPU / (16L * baud_rate) ) -1);
UBRRL = (uint8_t) UBRR_Value;
UBRRH = (uint8_t) (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC | = (3<<UCSZ0);
}

void UART _send_char(char data)

{
while(! (UCSRA & (1<<UDRE)));
UDR = data;

}

char UART _receive_char()

{
while (! (UCSRA & (1 << RXC)) );

return UDR;
}

void UART_send_string(char *data)

{
while(*data > 0)
UART_send_char(*data++);
UART send_char('\0");

ATmel studio 20, (3 2511 3, £ 10.8
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#include “uart.h”
#include <util/delay.h>

int main(void)

{
UART _init(9600);
while(1)
{
UART send _char('H');
_delay_ms(1000);
}
return O;
}

ATmel studio gealiys Il 4l yuscn gl 3l 8590

atmegalf_uart.c

% atmeqgalG_uart.c - @IE:} ChUsers\N\DocumentshAtmel Studio\d.2\uartDriver\atmegal6_vart '[r(?GO

#include "wart.h™ |i
#include <util/delay.h>

Hint main(woid)
i
UART init(96ea);
while(1)
{ =
UART _send_char{'H'); 0
_delay ms{1888);
¥
LH

4eSall alo ¥ elldg " iede o 093K (o5 Uarth 4esall puaisd ol o >y
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& uarth '||§|]E(> ChUsers\N\Documents\Atrel Studio\6.2\uartDriver\atmegal6_uart' '[@'GD
B/ UART driver wv.@.1 £
Date: 9-20815 g

This library designed to make a simple and re usable UART driwver
for both atmegal6 and atmega32

1:!

E#ifndef _ UARTDRIVER_H__

#define _ UARTDRIVER_H__

n

#define F_CPU 16@@@a8aUL
#include <avr/io.h>
#include <math.h>

// Variable to store the calculations needed to set speed
uintls t UBRR_Value;

vold UART init({uintlé_t speed); /¢ Initiate the UART

vold UART send_char{char data); /f Send singe character

char UART receiwve_char(); // Receive single character
vold UART send_string(char *data); // Send array of characters
gendif

U Al atrmegalb uart.c ASF Wizard

{% UART_init.UBRR Value '”El] # uintl6_t UBRR_Value = Irint ( (F_CPU / (16L * baud_rate) ] -1) 'I@’Go
#include "uart.h™ E
[Elveid UART_init(uintlé_t baud_rate)
1
uintls_t UBRR_Walue = lrint ( (F_CPU / (16L * baud_rate) ) -1);
UBRRL = (uintd_t) UBRR Value;
UBRRH = (uint8_t) (UBRR_Value »» 8); =
UCSRE = (1<<RXEN) | (1<<TXEN);
UCSRC |= (3<<UCSZ@);
|}
Elwoid UART _send_char{char data)
1
while{ ! (UCSRA & (1<<UDRE) ) };
UDR = data;
3

Elchar UART receive_char()

while (! (UCSRA & (1 << RXC) ) );
return UDR;
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#include "libraryl"

#include "library2"

int main()

{

some_data

while(1)
{
/] sl Zt{,m’il 313 Olagall eSS Lo
}

return O;

}

ISR(type_of ISR)

{// dablde Ggas e lagall a5y 2 dxlloe 395
}

ISR(type_of ISR)

{// dablde Ggas e Wlagall 45y 2w dxllen 355
}
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038 o eio o zslsmju&;w o B30 JS 5 .(System tick JU Blgl s Olye sae
Gl e 335019 B3> gall plgall daild dolyay ”Scheduler dosadl zalip™ aug 8lgdl
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e e gyl aga ) iy of ol dagall JaSi of &gl galipy ylass a8
Jiy pody dagall 8y Qi A=y (Priority-based o Round-Robin JI) ool da)ylgs
OV wdll ggime SULA! aatig pedlaall ] dagall oia dadleay 4ol LI

(dLoldlg dalall OMawdll (o IS) dalisall
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cdgll dalrs T_}@.‘ni A=y 63‘”9 FreeRTOS a0 dalns N PR oo ‘wLoL @il gg uLJKAl

plad of dadsd 8ysay elow laall plasiu)l 8ybgtall yrcall d>gihe gl

elifad da Bl oslaSoudll i lise plladllie peny /g
a

PIC — ARM - AVR - 8051 — PowerPC — x86 Jc dl&ii [ ¢&
633 Olslasall e syasllg

SAFERTOS® ol Al 83 g1 | 2a) & Jlall & Bgigdll

%0 SAFE-RTOS ja_uqtg (4 wsll oold bl
Al caudg degdan Al oda o alall

lgin G2313)1 &l 3gaall oo syasll alladl lia clliag

aazy Lao ROM JI 8513 (o oy 51S 9 N4 oo 8 cllgiug sbo g @
oo aliglS 16 clliay ATmegal6 o jSi5) da Bl oslaSoudll planal ol
(ealigls 32 g ATmega3d2 elliag oy 33S14I

g FAT cilalall dabail g Jalel) 53aladl doaydl oliSall o dogana ybgi
3,131 w8l 2a storage media

el Ol g o0 desld)l UL dadlen Jegued dols Oleo 490 ose @
e y] oligdad el pUsS ddesg Las UDP o TCP/IP J9Sgigy yee I3
Ay e @Sodlg 0T el



RTOS (sdisdnll crdgll dalail .11 @

RTOSJ 2! K4l 11.5

dabl use Ll Leudy)l Al b dovanall @bl zralyy salol pran (i dusl bl 85
Main Function J dage oS3 g dlétus deudy Als J5la task dage S of asi o> RTOS Ul
nidd wlagall pilasg sace ayyei o

dalisio plgo 3 clii] @3 coe> RTOS alastinly &gaslall ol pd) cadadl I JUl gl
Ay 'LoBJIJ.A'g;ﬂl degaxa daga S elliaig

int main()

{

createTask( task1, task1_parameters); 1 sV dagall Lis]

createTask( task2, task2_parameters); /1 asl] dogoll cliw)

createTask( task3, task3_parameters); /1 & W aogoll slius]

startRTOS_scheduler(); // RTOS plazxiwl wlagall 8,15 sx]
while(1) ; 1 ale Y bo ] a1 &Il S5l sl s sl Jras ¥
return O;

251
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AR O mor Jo FreeRTOS J a2l 11.6

G oSl e Jaall Ligo il aois oyl g8 gall (yo FreeRTOS alla Juasd wis
w2=dl) system porting "aUadl yyaod " ey Lo Jasy podis 13,1085 atmega323
63331 381 OlaSociall alisio po Jasd alladl bt pni Slg o(pladl] &g Lgunun

U3 le Jlio atmega 16/ 32 /328/ 644/1284 &ilasovidll isliwg AAVR dle 10

oS Jadll lia 4l =89) FreeRTOS slxi oo 38510 ylawo] Sl s 8 Gladl b
http://www.freertos.org  sawyll 8gall 10 (8.2.1 @dy slaol

Quality RTOS & Embedded Software (FreaeeRTOS Tutorlalhl?onks and I':eiere;goesl\ﬂapuag]
About Contact SUEEUR FAQ_ come an expert, while supporting the Freel project A
Quick Start Supported MCUs ~ Books & Kits Trace Tools Ecosystem FreeRTOS Labs Training Email List+ @
Quick Start Guide + Videos ™
Front Page (homepage) v FreeRTOS IR
M Downlo: FreeRTOS V8.2.1 Released
FreeRTOS Bhoks and Manuals The Market Leading, De-facto Standard and Cross Platform Real Includes: MSP432 (ARM
FreeRTOS Time Operating System (RTOS). Don't Let Your RTOS Lock You In. (A?G%VM“F)M%TI‘?AZ;\Z?
— ortex-| N
FreeRTOS Interactive! (ARM Cortex-M7), and
) Contact. Support, Advertising Developed in partnership with the world's leading chip companies over a 12 year Microblaze demos, plus a
period, FreeRTOS is the market leading real time operating system (or RTOS), and hew [t = TLS Folngcs

FreeRTOS+ Ecosystem the de-facto standard solution for microcontrollers and small microprocessors. New: FreeRTOS Labs

Internet of Things:

Innovative complete solution With millions of deployments in all market sectors, blue chip companies trust New in the FreeRTOS Lab
InterNiche TCPIIP: FreeRTOS because it is professionally developed, strictly quality controlled, robust, FreeRTOSHCP

Low cost pre-ported libraries supported, free to use in commercial products without a requirement to expose

FreeRTOS BSPs: proprietary source code, and has no IP infringement risk. k .
g party driver packages 208

Juasd" yusl @3 Juascdll doaal Y@M 28 gal) sacdl Cill e Download e bhaosl
Il 8y0all 5 LS “"sourceforge.com gdga (4o BUES RS

RTOS Source Code Download Instructions )
Napienr
To download, and get the most out of FreeRTOS, follow the following steps:
PR partner for

FreeRTOS & leading
tech companies

1. Please keep up to date by joining the announcements mailing list for infrequent
comprehensive notifications. We respect your privacy, so do not provide email
addresses to any third party. Every email sent contains unsubscribe instructions.

2. The download is available as a standard zip file (.zip), and as a self extracting zip file
(.exe).

:[= . A version change description is also available.

3. Unzip the source code into a suitable directory - taking care to ensure the directory structure within the zip file is
maintained. Please read the quick start guide to understand the directory structure and get up and running guickly.

439 FreeRTOS ausly gyl tonall amtd calall baas elay 03 Jancdl o elgdl aie
483l OlaSouill calisal Ll alay dolsdl Olalallg slomall pax
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Slalall geax e cginy Jo¥l .Demo g source laag ppwlol calaa | olala)l audss
ezl sl jlesy Al e cgumg 333 g dwds Lasadl Laadl alad & yaall

Al oabilall gax o SlaSonidl] geand Azel + pliadl o dd Jadd lalall dlasdla
.o.‘m oo Lags Lo PIC, AVR, ARM cortex slaSseia ell3 Je L FreeRTOS »Uxi lgacay
LS| ¢ 9590 03lzcly Jaad AVR I loze ga Lo lalall
lulg GCC-IAR - Keil Jio dalisall olax ytall oy ayaall FreeRTOS sl peuy Lo
.43l toolchain Il 2o 38 5all @ yiall 0ylaiely 1add GCC pasiiucu

gty olale 3 M= po FreeRTOS wislacl oMl Lle allaill ypaad dlac saisl

port.c
FreeRTOSConfig.h
makefile

main.c

I Ll B slalall oia anlgs

FreeRTOS/Source/portable/GCC/ATMega323/port.c
FreeRTOS/Demo/AVR_ATMega323_WinAVR/FreeRTOSConfig.h
FreeRTOS/Demo/AVR_ATMega323_WinAVR/makefile

port.c |is :‘U

Sty Ey> porting Jl ddac 8 —el¥l calall oyleicls port.c calall liay o
bbb @iyg . (tasks wlagall o Jsacdl) context switching JI dlas) dol¥l pilasdl
calall =18 e youll Wlabbldallg wdiall cilslae]

Sl oy agasadlig AVR edlile RLCS & 1 @8y cd5all e FreeRTOS sl sazusy
Lo 929 OCRATX Jowallg 1 wd5all slae dsllal doed dabblia Sasy lasie Olagall 0
.timer 1 COMPARE A match interrupt e.sly b2y
Sl luall J=1s axlgzall alall J] do g5 dladl B
FreeRTOS/Source/portable/GCC/ATMega323/port.c
Ll B3Lall oo g1 shaudl J] 939 clas) 3090 (o003 syone gl calall il
#define portCOMPARE_MATCH_A INTERRUPT_ENABLE ( ( uint8_t ) 0x10 )



portFLAGS INT ENABLED ( ( StackType t ) 0x80 )

NTER ON MATCH

ALE 64

R
H A INTERRUPT_ ENABLE

timer 1 compare debldall 4 ol oo w éA_H mask Jl 4a8 g dacs cou o JQT
daga8)l AVR &slaSia k}.g TIMSK el J] siadly mask Jl 1ie ol @iyg match A
Leleodi wglinall el Q_Lc. Joeudll 1ia RLELE wasd1 olasseall Q_e TIMSKO of e

Timer1 Compare A Match i.nterrupt dobldall Lead .o dgbwallg OCIETA

adll 030 Oluc wizg dabolial Yo b aSomiall mask Jl da8 Jia 0x10 dagil
:qlL‘JJlS
o) Jsbdidl] alls ale piis ol aSoually dolsdl ULl le )| drss -
el ol anc (82 @8y bl J.J_s dao - ATmega32 eSouidll Jlall Lo
4 @3y =l OCIETA

Timer/Counter

Interrupt Mask Bit 7 6 5 4 3 2 1 0

Register — TIMSK [ocEez | Toie2z | miciEr [ OCIEIB | TOIE1 | OCIEO | TOIEO TIMSK
Read/Write RW RW W RW [y AW RAW AW RAW
Initial Value o o o o o o o o

+ Bit 1 — OCIEO: Timer/Counter0 Output Compare Match Interrupt Enable

!\f’hen’lhe C_)ClEE) bit is wri_ﬂe_.-r.l 1_olone, _a_nd the..- .l'b."__i.” the Status ﬁegi_st_er is _s_et (one)_, 1r:|§.-'
SBlg el oia o Ka 1 @Byl aog §xb oo llig mask Il Gluoy podie o3I o
0x10 coluy Lo 99 &5Lall dasally 00010000 @3l oy Lo gag 0= Sl
(Joally 4oty Lo dasdll oda) . uSogll d8ony

ol Ao (Loasdl OS] athnsg) atmega328 of atmega168 oSoidll Wl b
ALl gl samiius atmega328 @ Soidll il 53ind i lisa OCIETA el 5o
(atmega328 aSowiall Ll Lds 0 135 dxav)


http://www.atmel.com/images/atmel-8271-8-bit-avr-microcontroller-atmega48a-48pa-88a-88pa-168a-168pa-328-328p_datasheet_complete.pdf

TIMSK1 - Timer/Counter1 Interrupt Mask Register

Bit 7 6 5 4 3 2 1 0
(Ox6F) | - ‘ - | ICIE1 | - | - | OCIE1B l\.l TOIE1 I TIMSK1
ReadWrite R R RW R R RW RW RMW
Initial Value 0 0 0 0 0 0 0 0

UL LS 0 134 dio atmegal1284 oSodll of atmega64d oS>uidll Ul b

TIMSK1 — Timer/Counter1 Interrupt Mask Register

Bit 7 6 5 4 3 2 1 0
(Ox6F) I - ‘ - | ICIE1 | - | - | OCIE1B l\‘l TOIE1 I TIMSK1
ReadWrite R R RW R R RW RW RAWV
Initial Value 0 0 0 0 0 0 0 0

ol mask Il dad ol aois sao = Olidl LBlg el oda Ko 1 w8yl piogy Liad 13]
a8l 0X10 dagdll Jlacrael ons 13] . uSagl] Ay 0X02 colusy Lo g5 00000010

: S s 0x02
3 )

TIMSK Jovwdl! elliai ¥ AVR - 8bit dle oy Luwd Egusd!l SlaSouidll o By
atmega1284 g atmega328 dl> 5 LS TIMSK1 gi TIMSKO owls +yss Wil

Loy alall s 8 Ml clawl ooy Jasy podics Mask Jl dad il asy
S port.c calall y=i 0 asaiw dlg prvSetupTimerInterrupt(void) Il 3
Wl Byeall B


http://www.atmel.com/images/Atmel-8272-8-bit-AVR-microcontroller-ATmega164A_PA-324A_PA-644A_PA-1284_P_datasheet.pdf

 p upTimerInterrupt(

t ulCompareMatch;
ucHighByte, ucLowByte;

ulCompareMatch = configCPU CLOCK HZ / configTICK RATE HZ;

ulCompareMatch /= portCLOCK_PRESCALER;

ulCompareMatch -= ( win

OCRIAL = ucLowByte;

ucLowByte -=-portCLEAR COUNTER ON MATCH- | -portPRESCALE 64;
TCCR1B-=-ucLowByte;

uclLowByte-=-TIMSK;
ucLowByte- |=-portCOMPARE_MATCH A INTERRUPT ENABLE;
TIMSK-=-ucLowByte;

J0) Lgg o i ol 58 18 TIMSK oy daboliall iy Jo5uall Jouwadll LS 13)]
of atmega328 J_.:.o Coas @b ol pasiiuiun oS 13] Ll (ATmega32/16 ool
le) TIMSK1 of TIMSKO | -2a M‘wl w3l TIMSK Jactud o o atmega1284

(@yludl Bghasl 3 Lisalis laS SULIL Jds 3 59530 90 b e

atmega1284/644/328/168/....etc @So>uiall go cawlid AWl Lrasd 1 Jlo

ucLowByte = TIMSKI1;
ucLowByte |= portCOMPARE MATCH A INTERRUPT ENABLE;

TIMSK1 = ucLowByte;*

Timer1 dablaas Lol ISR JI & 8sle] g o port.c cale Jyasi o 333l cjadl
of dayudll clgus) AVR &laSnzd @tanal 0y i ooy e 3l liag Compare A Match
I B 00l 3 LS port.c wale dlgs B sasiu eiadl lia L (&yasdl



configUSE_PREEMPTION

id SIG_OUTPUT \RELA( d ) _ attribute  ( ( signal, naked ) );
id SIG OUTPUT COMPAREIA( 0

vPortYieldFromTick();
volatile ( "reti"

id SIG_OUTPUT_C ARE1A( void __attribute  ( ( signal ) );
id SIG OUTPUT COMPARE1A( voia

xTaskIncrementTick();

SIG_OUTPUT_COMPARE1A awly Jloul JS sy o3
TIMER1_COMPA _vect cdl ]

LIS alall o

void TIMER1 COMPA vect( void ) attribute ( ( signal, naked ) );
void TIMERL COMPA vect( void ) X
{

vPortYieldFromTick();

asm volatile ( "reti" );

void TIMER1 COMPA vect( void ) _ attribute  ( ( signal ) );
void TIMERL COMPA vect( veid )

xTaskIncrementTick();

port.c calall Liaei o Lgnl 48 oSG elliy



FreeRTOSConfig.h |,uw :Lik

(&ed ) el Jle Jasll Taco base L acdl pldas wlslae] 8 alal lia @S
tasks Il @ das pilas g kernel Il pilasy el e Jobuall g sasilyg
olalacyl aey i of gliseiw (S olybdyl 229l 90 LS calall plasciul eliay
pl Jeociaw Ll s3I abslaeyl sy . pasciwall 3831 aSouall Cowled dalyl
8,S1UI wls wleSocdll ga 4ol tasks (threads) wlagall 8yls] 8 8clasS BUL VD21
Sl sluall 8 sasallig main.c calall Cilow Demo slxa yuds 8 Galall solgiy
FreeRTOS/Demo/AVR_ATMega323_WinAVR/FreeRTOSConfig.h

s colgll wlslaed!

#define configCPU_CLOCK HZ ( (unsigned long ) 8000000 )
ot N aad 385 o Con il s s ls gl s 8 5Ll i @Sy
(3500 8 o doolydill &adll) pdleall 4y Jasmy il syl

#define configTICK_RATE _HZ ( (TickType_t) 1000 )

ol W2l Maad . dalisiall lagall oo sl ellig kernel Jl Ly Jass JJI Syl sace
OT LY Lo 909 850 1000 pgee Jsacdlly podiw Kernel Jl OT LY 1345 laga 10 bl
A>lgll B a3l b 830 100 )l iges dage IS

i ol 3 age S dadlnall joasall eBsll ok L] gsbis @Byl 1 B3
gl Jimo slsss kernel Jl 4] g anls e Al oSg IS lagall Dbzl
1 o sy 15 tick = 3000 Hz I Jase 1S 13] Miad a3yl 15 8L 5ylally 3l
of lal iz olagall asf yluss 4B 850 S 09 48l 8 8303000 Jasiskernel

.context switch ¢y daga ga Jsal

ol ooty oS dayya Bl gl olagdl ol Uls 5 @Byl 1ie 5305 aball o0
@81 1ia Balysy f @lall ga . J8YI Lo 353aloe 20 of 16 deyuny Jany pSoall oSy



4B IMginl dagaal coo elegyina oS o] 130 d4BUA (o 2 y3all IMgrl @i
¥ oS 13]g (wlagall Glorwdl deyus jnascw) 500 JI @3yl JA&5 pusctucd pdsis
> ;893000 51000 ¢ dagdill piai o el Sagd LBUall Mgl 8Ly osgl

5000 Il @831 8345 Say AVR - 32 bit of AVR Xmega dile ¢pa slaSozall

#define configMAX_PRIORITIES (4)

pagan @ty . Jeidcd] alas 5 L zgawall ©liglo¥l (o sue Bl @Koy yLsdl i

plans eSS 13 L Lgie JS danl cang plladl e gl id pBgiall ilagall sae e el
b 2 O @8yl pas ol liSad dyglo¥l uai g ilagall

#define configMINIMAL_STACK SIZE ( (unsigned short ) 85 )

20 @8l el o o < Jand dage S stack U @ 18T spas e Jobaall @byl

3181 colui SRAM I =3lS 13] Miad . 38,1 aSoial) SRAM &l diunll 83S1301 o>

3 oS aSy5 f eliSagd oS 2 8,511 cilS 13] Lal Jad 50 @Byl ey off J2dYI 4
150 JI lgialy oKaall a8 38T of oS 4 8,S101 <3S 13] L

of Jlos g Jaloziw lghs i @i sl lagall eLS 13] e Byl 1ia 83035 camn Ll
pho o Yo (L@l Stack Il pastad ol gl dilac o of) 838 Lulus ollac
pia gai o oy 13 stack I pasiad X = y+5/z%(x+1) &w &S sall dwlundl ollasll
b bras 6 stack Il pluscwl gy Lanl @8yl i jLeasl e olewslly Jolssll

' agall Lgan Jolszs 4l eblandl

13 byte Ju udo word Jb yulds daga JS) stack Il @ f sg ala yal ] olesdl coy

85101 L3 sl @anodl of Lany 13g8 stack = 150 J1 o> o Jods losse
stack size= 150 word =150 * (4 byte “1 Word") =600 byte

#define configTOTAL_HEAP_SIZE ((size_t)(1500))
(831330 431B) dyo 8yS13 osascd RTOS dall pasiws data-type duss o Heap Jl

dage JS 8 Aossiuall cylsdl]



asoutal) LIS 45l gl 3ySIAN mons s e dnlinl 850y @Byl 1ia apus @y
ol e liag byte coldl 8,130l &ad colug 1500 @byl o oLl oy E.8adl
Lo caly olS Lualsdl golud Lia heap JI 5,513

L ol Blelya 2o 380l @Soviall 45l gnll 8,S1A1 Jlax] 9 Loy 3l 130 ayasd - Say
SOL jawasd (Say laigy kernel JI Lo dcd eulb 400 J] 300 g zlisy FreeRTOS
Ldalisall lagall 35141

dalzsiall OlaSoviall heap I oad) o 4L dzayl

SRAM = 1 Kbyte clliay ATmegal6 oS>zall e
.(800) culiglS 0.8 o5 o Ladsheap )l dslua  »

SRAM = 2 Kbyte ¢llzai ATmega32/328 slas>all o
(1500) coliglsS Ghoig a>lg 65 o ladsheapJl doluw  »

SRAM =4 Kbyte ¢l atmega644 oSzl o
(3584) «uliglS 3.5 o ,f Loasheap )l d>luo -

SRAM = 16 Kbyte cll:ias atmega1284 «Soall
(15360) cubolS 15.5 o5 i Laay heap Jl dsluwa

alal) slslacyl pal oyo gl 1B o5 elliy
ole FreeRTOSCONfig.h cala) Loaall g jall oo ilslacyl 8L Jo> pla of eliSay
http://www.freertos.org/a0019.html JLJl ylyll

(sles e — g lzsl) serial.c fuw s

Jedcdl alas | =13 UART I L& cd driver gag serial.c calos FreeRTOS slxs 484
29 dacwdl edaedl aey zlisy (SIS AVR 8 bit UlaSnia plane po 38lgu0 yinyg


http://www.freertos.org/a00110.html

laSonall S| o Lagl) alall 8 doastiall 41l oMol elaf s
.(UCSR1B o/ UCSROB =.of UCSRB Jo Mol Luand B dagaiill e dpasll
eiadl UL s denlie co = (pasiiuall @Souidl] cows o) o yidall @dasid]
Maewdl! lacl @5 y2a) USART Jy ol

Ml g Yl cg) atmega328 wSouiall 2o 3819 driver JI Liaei @ Jlia
(g el £lasdl

UCSRB -> UCSR0B
UCSRC -> UCSROC
UBRRL -> UBRROL
UBRRH -> UBRROH
UDR -> UDRO

odanilly LS 5 Bagagall dledl g 3 alall ke aluscial @iy o ridaso
Lolsdl elayylie 5 UART Il alasiil ayys bl dls 3 dyylas! LSl 5 ygSiall

makefile s s,

I pisciud yasi o of Linux sl st way dadya caldl lie 5 esdla el
¢L:Say ADE (ATmel studio) Jiie 4lalin donnyy diy plasiiwl (g0 85l toolchain
LAcad] oda uLC);‘zST b y2::) compiling using makefile ddasy ol=Jl dodall 3148

il Ao yaallg @Sl Wlily e oo Demo slxo w5 makefile calall s> gy
pasciuall @Soall go §8lgd wislacyl vda o oy o dgalasiinl g

oS ‘ Lol
‘ - J0000

Souiall @ 0y sd%y @8 MCU = atmega323 vyl ylawdl s Glall dlay 8
Il 8y0.a)l 5 LS atmegal1284 of ATmega32 of ATmegal6 o wgliaall

MCU = atmega32




oo Sl ez olyusdl makefile cala Oi Axiw compiling Jb Aol el (8
Lo eliSay FreeRTOS plba Lk i & gllaall oilaSall s goind ol oslalaall
il i o lgalind 3 Sl oleSal e o Lol elilesa

DEMO_DIR = ../Common/Minimal
SOURCE_DIR = ../../Source
PORT DIR = ../../Source/portable/GCC/ATMega323

SRC =

main.c \

ParTest/ParTest.c \
serial/serial.c \
regtest.c \
$(SOURCE_DIR)/tasks.c \
$(SOURCE_DIR)/queue.c \
$(SOURCE_DIR)/list.c \
${SOLIRCE_DIR},-’C routine.c \
$(SOURCE_DIR)/portable/MemMang/heap 1.c \
$(PORT_DIR)/port.c \
$(DEMO_DIR)/crflash.c \
$(DEMO_DIR)/integer.c \
$(DEMO_DIR)/PollQ.c \
$(DEMO_DIR)/comtest.c

lgnsay potin 13) oLeSall oda 1S 28LoY els ¥ Ll b 8yeSiall dlzadl
b 1) daSall lglacalg

SRC =\

main.c\

$(SOURCE_DIR)/tasks.c\
S(SOURCE_DIR)/queue.c\
$(SOURCE_DIR)/list.c\
S$(SOURCE_DIR)/croutine.c\
$(SOURCE_DIR)/timers.c \
$(SOURCE_DIR)/portable/MemMang/heap_1.c\
$(PORT_DIR)/port.c

el aey @Ladll olesall



DEMO DIR = ../Common/Minimal
SOURCE DIR = ../../Source
PORT DIR = ../../Source/portable/GCC/ATMega323

SRC =

main.c \

$(SOURCE DIR)/tasks.c \
$(SOURCE_DIR)/queue.c \

$(SOURCE DIR)/list.c \
$(SOURCE_DIR)/croutine.c \
$(SOURCE_DIR)/timers.c \

$(SOURCE DIR)/portable/MemMang/heap 1.c \
$(PORT_DIR)/port.c

L1 85Lall e ol uSeg)] wilo B3> B densiiuall A ydll Lzl p gt L

AVRDUDE_PROGRAMMER = stk500
by lgaci ) usbasp & alSy stk500 Jluci il podls 13 usbasp pusciwl Loasi

4l 8yaall 3 LaS (Usbasp e dalisia SIS 13] elys) ol douaydl]
AVRDUDE_PROGRAMMER = usbasp

AVRDUDE_PORT = coml # programmer connected to serial device
AVRDUDE_WRITE_FLASH = -U flash:w:$(TARGET).hex

AVRDUDE FLAGS = -p $(MCU) -P $(AVRDUDE PORT) -c $(AVRDUDE PROGRAMMER)

Ll raad ol oy usbasp pasiiacis bl Al> b idlasMa
-P $(AVRDUDE_PORT)
Ja S of Joag plas e iygy elliad gyl doays éi plaseial Ul Lof
oa—wall jL sl 8 &iyg Il @ By s o C)i w9 AVRISP mkll QT usbTiny ISP,
AVRDUDE_PORT]

AVRDUDE FLAGS = -p $(MCU) -P:$(AVRDUDE PORT) y-c $(AVRDUDE PROGRAMMER)
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ol JuadT 1S sdne s algall sasi jlesy Jal> ey Jlos FreeRTOS ali il
Jasi Lgaa JS dalisin 0lad 3 o e Bylie 909 [>o09 58T g bl Jltia o s
=>3a 50 LaS PBO, PB1, PB2 _le iiyally dlaze ciladll . gy= 31 e calisa coBgzy
iy ATMegas2 alastial o Sasg ATmegat6 alusiwly o3 Jlidll) 4l 850001 5

(Lol Mo sl

5 5140 Ll

? R9 Ul
—1 2 | RESET PcoiscL 2=
10k s PC1/SDA %
TEXT == xTALL PC2TCK |——=
12 ra PC3/TMS %
PCATDO ===
401 paoiaDco PCSITDI -
21 pavapct PcsToscl 22
221 pazianc2 pcrTOsC2 22
_._ 2L pasaDc3
36 pasapcs PDORXD f—
LED-YELLOW 21 pasiancs PDUTXD f—=
TEXT 32 pasiaDCE PD2/NTO |—&
331 paziaDcT PD3/NTL f—L
D1 . PD4/OCIB %
PBOTOXCK PDS/OCIA |—<
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#define F_CPU 8000000UL
#include <avrfio.h>
#include <util/delay.h>

/* FreeRTOS files. */
#tinclude "FreeRTOS.h"
#include "task.h"
#tinclude "croutine.h"

/* Define all the tasks */

static void ledBlinkingtask1(void* pvParameters);
static void ledBlinkingtask2(void* pvParameters);
static void ledBlinkingtask3(void* pvParameters);

int main(void) {

/* Call FreeRTOS APIs to create tasks, all tasks has the same priority "1" with the
same stack size*/

xTaskCreate( ledBlinkingtask1, ( signed char *) "LED1",

configMINIMAL_STACK_SIZE, NULL, 1, NULL );
xTaskCreate( ledBlinkingtask2, ( signed char *) "LED2",

configMINIMAL_STACK_SIZE, NULL, 1, NULL );
xTaskCreate( ledBlinkingtask3, ( signed char *) "LED3",

configMINIMAL_STACK_SIZE, NULL, 1, NULL );

// Start the RTOS kernel
vTaskStartScheduler();

/* Do nothing here and just run infinte loop */

while(1){};

return 0O;



RTOS (sdisdnll crdgll dalail .11 @

while (1)

{
PORTB "= (1<<PB0); //toggle PBO
vTaskDelay(blinkDelay); //wait some time

while (1)

{
PORTB "= (1<<PB1); //toggle PBO

vTaskDelay(blinkDelay); //wait some time

|

266



static void ledBlinkingtask3(void* pvParameters){

/* Define all variables related to ledBlinkingtask3*/
const uint16_t blinkDelay = 600;

/* make PB2 work as output*/
DDRB |= (1<<PB2);

/* Start the infinte task 3 loop */

while (1)

{
PORTB "= (1<<PB2); //toggle PBO
vTaskDelay(blinkDelay); //wait some time

a23 a2y main.c alall 3390

main.c

SleSYI Ly

port.c

<avr/io.h>
<util/delay.h>

d* pvParameters);
pvParamete {
pvParameters);

int main(veid){

( ledBlinkingtaskl, d
ledBlinkingtaskz, d -k )" 2", configMINIMAL STACK SIZE
ledBlinkingtask3, 5 d = 3", configMINIMAL_STACK SIZE,

eduler();

aloall s 5 yalo¥l e mudy 08 @F calall bias] cdbasd] gian oo clgsdl aay
8yg-all dgylia p3ls sgbriaw 7oy al 13] dan ydll ddac Ta ) make y o3I . Slg
LI
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avr-objcopy: --change-section-lma .eeprom=0x0000000000000000 never used

Creating Extended Listing: rtosdemo.lss
avr-objdump -h -S rtosdemo.elf > rtosdemo.lss

Creating Symbol Table: rtosdemo.sym
avr-nm -n rtosdemo.elf > rtosdemo.sym

Size after:

size addr

22 8388864

goee (&)

1651 8388886

27744 ]

.stabstr 1382 ]

.comment 17 ]
Total 508516

. none

simulation J1 fyyad 5 elsw dax sl dlac o 251 LuSagll chlo plasizal eliSay I
.ATmega16 384l ‘q;_xi]l e 8ydila alall 4y _gi BYEESY) C.ALJ)J sle

Olslaedl 385 o w3 atmega328 of ATmega32 Jis y51 oot plascisl dl> 3
Lodll Byl b olghasdl L5 ysSia sa LS - makefile calall Lol

Firm Real time of Hard Real time JI dalx3yl s 430 o @ ylly 1ddas>Ma
)1 o FPGA Jl 4y plasiiul iy Lo 83le &1 3] RTOS po daBa)l &laSoal] plasiialy
oo sgaall dadlea e Byaally olaadl oda puad doo dakailll oda @sand ASIC
3 &3l OlaSouial] by eBgll judi lasan g 45a)] locawdly dalisall olagall
o el ezl oS lo o Aol udd b daga o ST Jadis ol pedatas
Baslg dodlas 8los elliad daBu)l Olasouidll (el ¥ 1iag RTOS JI plasiinly lagall
Single CPU core
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ATmel Studio U 1145 CodeBlocks poliy plasciuly cowass

G831 oSoiall e Hex Jl calo g,

v
MakeFile plasciwly wlaldl dax y5 v
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dralayl aldalall .12 |

2

ey g fUé.; Je CodeBlocks tlsj, S D ke

28l o5 1)l gyl Tanasiall ooyl liy Lad] y0 CodeBlocks gealiyy yezny
- S = 39aig) Juddall dalail pand 395109 ilane 45T LaS 4 ol of il

;&,‘{J Oi A0S 0 J_Q &.',‘.‘/J‘.}.Ag ATmel Studio Q_A‘).gc_i.) t)_‘ufg u}_'>-i JJ.\_J ).f_i&.ggc(i”_n
sl g ) of @811 laSoall elgu dale ol daly ol ys

8 ylaodl sasii s giddlg GCC 3 gl eyl e bl 3 39— &_AU){.” A_aksy
olale buaseyy @8 Gladl 8 desldll wlglasdl (8 ¢y LaS AVI-gec a9 dio ddiicall
Lol M= o o)l CodeBlocks gdga I d gl yee zolizdly Lol ol

Sl

http://www.codeblocks.org/downloads

/ 5§ Downloads x OE -

€ codeblocks.org/downloads a Search HE ¥+ A 4 % G-%¥ © @ =
|\ - "
Home Features Downloads Forums Wiki
Main Downloads

* Home There are different ways to download and install Code::Blocks on your computer.

® Features

® Screenshots + Download the binary relggse

* Downloads
BE s This is the easy way for installing Code-Blocks. Download the setup file. run it on your computer and Code-Blocks will be installed. ready for you to work with
o Source it. Can't get any easier than that!

© SVN P S S PSS

.‘.‘" . - .
I'/'J Windows 2000/ XP | Vista / 7:

File Date Download from
codeblocks-13.12-setup.exe 27 Dec 2013 BerliOS or Sourceforge.net
codeblocks-13.12mingw-setup_exe 27 Dec 2013 Berli05 or Sourceforge.net

Code:Blocks for Wind
codeblocks-13.12mingw-setup-TDM-GCC-481_exe 27 Dec 2013 Berliooo kbl

INOTE: The codeblocks-13.12mingw-setup.exe file includes the GCC compiler and GDB debugger fromi il et o ol (7=V=1Tal I S WC .3 11 R 1o L-Wolule =Y. o Tol 0 R B Pedy Tl VRETEE )
TDM-GCC-481.exe file includes the TDM-GCC compiler, version 4.8.1, 32 bit. While v4.7.1 is rock-solid (we use it to compile C::B), v4.8.1 is provided for convenience, there
are some known bugs with this version related to the compilation of Code::Blocks itself

IF UNSURE, USE "codeblocks-13.12mingw-setup.exe"!

p‘wul)b3éwwwww|umMJJ&MI
2y o ey ¢ilg codeblocks-13.12mingw-setup @l Jasy o3l Ll Vs
12-13 @8yl calisy 48) gec-compiler e yiall lals oo 4| Blaw CodeBlocks

(Bagan 45id ylas] @i 13] @AU){.” el & 392 gall


http://www.codeblocks.org/downloads

dralnyl aldalall .12 @
ol o e "640" dodle D9 0 .35?39 lall Cevasny i.s.gl Jeasdll o elgidll aey
CodeBlocks C.AU_H NIIEN P L C WV T ] Slylsdl 0ia) Z.ab_).db Lol cevasd|

:3..:9][:2“)940.” u_e S

Choose Components
Chionse which features of CodeBlocks you want to install.

Check the companents you want to install and unchedk the components you don't want to
install. Click Next to continue.

Select the type of install: |Fu||: All plugins, all tools, just everything .

Or, select the optional [#-[] Default install

+| Contrib Plugins

v| C::B Share Config
MinGW Compiler Suite

AF

components you wish to
install:

Description
Space required: 243.4MB Position ¥oUr moUse over & companent ko see ks
description,

Mullsaft Install System vz, 46

Installing
Please wait while CodeBlocks is being installed.

Extract: compiler_dme. xml... 100%:

Extract: codecompletion-off.png... 100%

QOutput folder: C:\Program Files (x86)\CodeBlocks\share\CodeBlocks %
Extract: compiler.zip... 100%

Qutput folder: C:\Program Files (x86)\CodeBlocks\share\CodeBlocks\plugins
Extract: compiler.dl... 100%

Qutput folder: Ci\Program Files (x36)\CodeBlocks\share\CodeBlocks\compilers
Extract: compiler _avr-goc.xml... 100%:

Extract: compiler_bcc.xml. .. 100%:

Extract: compiler _dang.xml... 100%

Fullsoft Install System «2, 46




WIinAVR £l Cyas

g",:_H WInAVR Toolchain JI {3 agdew CodeBlocks xaliy cocas o el asy
+ Loyl Oleall g ] BLoYL AVR-GCC yaaall zoan e yiall Sl o>
avrdude .au;lj);

http://sourceforge.net/projects/winavr/files
Ll 8y9.al Q_ra laS daall Slel sgagall Juasall bauly Lle ool
saurceforge Browse Enterprise Blog Help

SOLUTION CENTERS Go Parallel Resources MNewsletters

Home / Browse / Development / Build Tecls / WinAWR / Files

WInAVR

Brought to you by arcanum, joerg_wunsch, sprintersb

Summary Files Reviews Support Wiki News Code  Mailing Lisks

Looking for the latest version? Download 'l."lfin.&\fR-E[hU[]ﬂq‘l,JU-inslall.exe (28.8 MB)

SWinAVR/20100110/WinAVR-20100110-install.exe: releasec

Home ™
. i Downloads [ Week

Name # Modified # Size # .

B WinAVR 2010-01-20 3 590 [

M Release Candidate 2009-03-07 4

J;.:;z:::;jt:r;ig ALl olglasdl b LaS ool ] conainy @8 Jeandl o clgidll any

2aliys of 3535 (laea Lgluanty cad S5 @) 13]) AVRDUDESS 40503l dg=1g)l aliyy
. AVRDUDESS 7 lisuis 13 Jaidd yalg¥l ylas M= 40 Y] Jasy ¥ avrdude Jasy
http://blog.zakkemble.co.uk/avrdudess-a-gui-for-avrdude/

AVRdudess y.& &gy dg>1oS Josi il 6333 alsdl o spasll 3895 1dlasMa
2alydl o yasll dla Loy AVR8 Burn-O-Mat of BitBurnner of avrdude-gui : Ja
N e b a¥ avrdude wlad U joang pliad 859920 avrdude yue gy Yl
Jedicd] dalal gan le Jasyg toolchain



http://blog.zakkemble.co.uk/avrdudess-a-gui-for-avrdude/
http://sourceforge.net/projects/winavr/files

dralayl aldalall (12 @

Jies Blinking Led JI sl ¢ AVR JI &olaSonial el sl 4S5 el elisay 3

AVR yi=| yghaiiu u_‘.H d>a.all ;a9 New Project yuslg CodeBlocks galiys Jicy @8
4l yoall 8 WS project

Start here - Code:Blocks 13.12
Debug Tools Plugins Settings Help

A QAR F GO0 |

| Starthere |

Projects Category: | <Al categories> v [ e |
Build targets
Fies o oL 0 | [
Comtom R bt
User templates || ARMProject  [NGEIEE]  Arcuino Console  Dynsmic Link

Praject application Library

[T B e 4 K

Empty project  Kernel Mode  MCSS1Project Matiab project  Opency

Driver project
Q‘E@ P @ @ G'f?
PowerPC STLport  Sharedlibrary Static library TriCore
Project application Project
View as
(®) Large icons
OList
TIP: Try right-dicking an item
_ogs & others 1. Select a wizard type first on the left
2. Select a specific wizard from the main window (filter by categories if needed)
4| | Code::Blocks|| 3. Press Go ssages.

File Line Message

@ oy ol agyi I Sl yx=1g ATmegat6_blinking_led ¢ oy iuall sl Ly @3
1 Bygall L5 LS § g piall olale

Please select the folder where you want the new project
to be created as well as its title.

Project title:

|atrr|egalﬂ_b|ir1king_led |

AVR P rOj ect Folder to create projectin:
|C:‘,Users‘lp.bdallah\peskmp\,atﬂega1G_blinldng_led ||_‘

Project filename:
|at'r|egalﬁ_blinldng_led.cb|:l |

Resulting filename:
|c:wsefs\p.bda||ah\peskmp\annega16_b|inhng_|ed\,anm|




dralnyl aldalall .12 @
Create e y, bl aig baid Create Release sl eyl @b Ll daall 3
“Debug” configuration

£ 55 sl Lolall Ladlall opa «dall @ Sonall Sllael dols 5ayus dndo sqhi
o B L0 wsollaall ssyall ] pellaall L5 deyn iy @ o ATmega 6 aSaidl
8000000 @)l LS ye ell3s Lo 16 150 Jay 3550

Please choose a processor for this project...

| atmegals W |

[T use external memary

AVR Project

Define F__CPU with the following value:

16000000UL

&7

Create symbol map file {.map)

Create hex files (.hex .eep.hex)

[l Create Motorola S-Record files {.srec .eep.srec)
[l create Binary files {.bin .eep.bin)

Create Fuse, Lock, Signature files {.fuse .lock .sig)
Create extended listing file (.Iss)

[CRun avr-size after build

| < Back || Finish || Cancel |

7 iy gl i ol
= e JoYl osile Jasy al8 CodeBlocks
2o Joleiw - fuses.c go 3Ll g main.c

File Edit View Search Project Build Debug Tools Plugin

FaR@tILAAQR]
Management x

Projects | Symbols | Files |
OWorkspace

-3y atmega16_blinking_led S 6_LJI alall gang bndd Jggﬂl alall

JM 1594l Lol (@Socdly dolsdl pralydl 4
30 LaS 8yilea laslacl pods of cliSad

.

ol Jad 5 yeSia

domiall s bl pealisal) Liladl Ladldll o main.c cilo e oiyo sl @B cal



dralpyl aldalall .12 @
gyl e Build 55 Lle baasl 3o LS o elgndl aasg Lavaydl o5l LSy Aol
2l 8300l b S (uydl 3oy ellzay il 53I1) zealiyell gl

Id Debug Tools Plugins Settings Help

R QRE > 3 S 0 b .

mainc X | Build
1 *®
2
3 on PCRIC (pin PCO)
4 *
&
& #include <avr/io.h>
7 #include <avr/delay.h>
g
k] int main (void)
10 =R
11
12 DDEC = 0b111131111;
13
14 while (1)
15 = {
16 BORTIC = 0LOOODOOOOCO;
17 _delay ms(300);
18
19 PORTC = 0ObOOOOOO0O01;
20 _delay ms(500);
21 i ¥
22
23 retaorn O;
24 ¥
25 —
<

8 Compilation granl dglac 715 Lle 5 B3le pualipd) ylanl dailall b g
of @S] doayd La] dalasiial LiSay gl hex I dale Lga) eay 31 errors clas|
ATmega16 pS>uall 3SIxa Jas) Protues gy 85Il ealiy po dalasiiwl LiSay

Ij CodezBlocks % HQ Search results % HQ Build log % I # Build messages % Iﬁl}ehugger » l

File Line Message
=== Build: Debug in atmegalt (compiler: GNU GCC Compiler for AVR) =—
fusr/libfavr/incl... 95 warning: #warning "Compiler optimizations disabled; functions from <util/delay.h> won't work as designed" [-Wcpp]
nain.c In function ‘main”:
ain.c 9 warning: unused variable ‘sweeper”® [-Wunused-variable]

=== Build finished: @ error(s), 2 warning(s) (@ minute(s), 1 second(s)) =—




s
makefile r‘-\é&wlg Sl da 5 godde

aeall ] Labiosig ol @8l @ 9aall lalall dam ) Oslasl € sl Lo iy ylall 0ia s
(Y el Lol dualisll pral sl oy > of) hex olale Jio dyiacl

L ol vg2rg A lodl (99 8yl AVI-gC paryiall alasiiul e 44, ydall 0de sausy
Sl J_mU dsJlog ylas Lgil jLuad LS .Codeblocks of Atmel studio Jis ysglas
23 ol 453 IDE 59> o) & ol pae g windows, linux, mac . sl @b o ax
g pall gyLiiall @hine of g 13] comia ¥ 150 SMLYI e Yl o 4yl

ooyl b iyl s pastiad eyl e

z

syma pasiial oo Lede Jacl ol gLl gian 5 alwdl ia pasiwl [asa
hex wlala ] Lot @3 udl daly oslaldl 45Lsd sublime of ++NotePad og-adl

(S of Joag Lle clguw) makefile JI plusraly

ds 3 ol

WINAVR ol joasgg pll Jle) d3lg> Lo toolchain Jlag>g 40 ST alal we
%?JL:H Lyl o gl Sayg (toolchain
http://sourceforge.net/projects/winavr/files
make ya¥l Slg sal oYl shaws s @b (doous 890y toolchain Il copass jlusy
LSl ddis @iyg command prompt aw jeaig alas e yaloll yaw o
start &3 .0 cmd a3l

(&d,hl) terminal Lawg wSd sl e yalgdl ylaw
I Wl 5@ ol oyiay domens By deaia toolchain Il slS 13]

make: *** No targets specified and no makefile found. Stop.


http://sourceforge.net/projects/winavr/files

=N Command Prompt

n>make
ake: =% Mo targets specified and no makefile found. Stop.

ERN

compile ol 3dxall a5 @8 blinking led JLiall gag Jo¥l calall dyymy edd o 3lg
laag ¢publa alslay s5e) with make File

main.c
makefile

s9-id makefile waldll Wi blinking led wlsdl 3 Jo3I Jlwll Lle ggim main.c caldll
el xay @8 Sl ale I main.c calall Lugoen Lol wlslaedl pian e
++notepad s ool j3>o 6? P'ML?

[t C\Users\Abdallah\Documents\Blinking Led Example\makefile - Notepad ++ S E
File Edit Search View Enceding Language Settings Macre Run  Plugins Window 7 X
cEHEHB R GBE D2 R x| EE|T1 EEEA NG| S
= makefile £ all I3
1 $EEEE Target Specific Details FEENE ~
FrrTTy ustomize these for your project EEEE ]

# ons for possibl
MCU=atmegalé

1)U degasall o lganlg wilalacyl oo Sl Galall 1aay elliay
MCU=ATmegalb6



Jlosas jus @l ale 3 dg5 ptew cilg pasiuall 381 pSouidll @l wog @z L
(13 @Sonid o alis uSgll olale o dasMa o)

PROGRAMMER_MCU=m16

avrdude GAU_}? plasciwly gl alo e &9}&‘44 <Ml (mg.ae;zin ‘O..‘Al 3o sl i

* ATmegal6=m16
* ATmega32 =m32
* atmega328p =m328p

PROJECTNAME=blinkingled
03 oF @t é-"-” oSl alo @l 1y 9Shsg ¢ g3l ol g 12
PRJSRC=main.c
5 o ] dlyens shsall aasdl 3ol e gotony gl alall sl Lia S

oalall S s ] Sl adoall jlus Jog salo¥l sl ] da g @3 alall b
99 daasiiawl il yluall Mzad makefile g main.c
C:\Users\Abdallah\Documents\Blinking Led Example

N A Blinking Led Example
Home Share View
[ Mew item ~ ) Open BH select an
B £ Easy access + 4 Edit Select none
Delete Rename Mew Properties o
- falder - #0 History g7 Invert selection

:(-:. -
X Favorites & MName \ Date modified Type Size
B Desktop Z main.c Te10/+V/f+] o #PTs CFile 1KB
& Downloads || makefile Telo/ sV 4o oTioF  File 6 KB

=] Recent places

s w of s> Enter kg ol @3 slisally path dalS Jaciwlg "cd “path 303 LSS 3
&I 8ygall 5 WS wglhaall Aol I &l yal Yl




o Command Prompt

:nred "CisUserssAbdallahsDocuments™Blinking Led Example'
:sUserssAbdallabh“Documents~Blinking Led ExampleX_ 1_________

caldl I main.c calall oo ddac g aoyall o aowd make hex yo31 cessSt 3l
4 JLl 3 90l 8 WS blinkingled.hex

o Command Prompt - make hex = B

sUserssAbdallahsDocuments“Blinking Led Example>make hex 4

akefile:2@5: warning: overriding commands for target ".c.o’

akefile:20 rning: ignoring old commands for target ‘.c.o’

vr—gee —I. -Is/pathstosinclude —g —mmcu=atmegalb -0z —fpack—struct —fszshort—enums

—funsigned-bitfields —funsigned-char —Wall -Ustrict—prototypes —Wa,.—-ahlms=main.
lst —fno—exceptions —Wa,.—-ahlms= —¢ main.c -o main.o

In file included from main.c:

tAvinavr—201801108/1ib/gec /. . /. . Favesinc lude /avrsdelay . hi36:2: warning: #warning,
"This file has been moved to {util~/delay.h>."

blinkingled.hex alall s Jgi @ Qi RCTRVESN| IO

C » Documents » Blinking Led Example
-

Mame Date medified Type Size

|| blinkingled.ee.hex Telof=W I e ot HEX File 1 KB
|| blinkingled.hex Tolo/sW I o ot HEX File 1 KB
|| blinkingled.out ‘\\ Telof/ oW o ol OUT File 4KB
B blinkingled.out.map Telo/=W 1 Lo =t Linker Address Map 10 KB
= main.c To10/eV /o] o #PiTe C File 1 KB
|| main.c Tolo/ W e ot O File 4KB
|| makefile Telo/wW /It 4o oT:0t  File 6 KB

make JM - oLl —

gy o3 eliSagd danydl Llac o cond Lol olalall pian s 035 oUl ol ybly
make clean ya¥l alaszal
B9 lalal o £ o3l 130 o Hruss ds 50 WS o 38 sall makefile cilo:dasa

Real s olsdl Jadll 5 gy S yisT olslach (Ko alall juds 6y5-f gasline 8w
Time Operating system
L8 Baaunall &y yall s (@Y da ol 0dgy oilalall das g5 i g slusd o st
ddy bl ol PASLLS 3 u.!).‘.d;l QJ.L &g)‘.im.” oo S dciw g O,g)gb.o.” Oleatixa




dralayl aldalall (12 i g

G Sl o Hex Il Cale 8, 23
ol a2 Al Joo g oS

(ISP connector by bl sia awi)Blylbl 10 o 6 Lol AVR I &slowa s el ellias
LU 8y0.ally o g0 59 laS 4 ye ooy

MOSI1 O]z 5V
3 4 MISO 1025V
s |9 SCK 310 O+ MOSI

s (5 RST 50 Ols GND

10
USBasp dawayeall cls le Jlio

RSTS
SCK~?
MISOs

0000
0000

(XCKITO) PBO O + ~ 40 O PAD (ADCO) S ded elde Lo IS 3841 @Soiall dovayd
(T1) PB1 O 2 39 1 PA1 (ADG1) . . - .
(INT2/AINO) PB2 ] 3 38 O PA2 (ADC2) ° dy3loy lay doxayeall o Sk JS J«os—'
(OCO/AINT) PB3 7 4 37 O PA3 (ADC3) * X . " .
5 36 0 P4 (ADC4)  MOSI GBIkl laio liag §.8.3J1 aSouall
6 35 [0 PA5 (ADCS)
(MISO) PB6 O] 7 34 (] PA6 (ADCE) - MISO - SCK - RST(RESET)
(SCK) PB7T O 8 33 [0 PA7 (ADCT) .y : ;
RESET O o 32 B AREF &0 VCC JL J.,a.,u o0 yuall ‘_79 5V yhllg
vee d 10 31 0 GND . . .
GND O 11 30 1 AvCC Jraly bl 1S Lo gy lisg AVCC
XTALZ O] 12 29 00 PCT (TOSC2) . A )
XTAL1 O 13 28 0 PCB (TOSC1) (420 3sallg @S5all) g2y GND
(RXD) PDO ] 14 27 0 PC5 (TDI)




dralayl aldalall (12

=

ol 28y podiw Breadboard wiylaudl 49l e @Souiall 3351y Leogi (o elgidl any
-2 -AVRdudess dagwyll dg>lgll M= 10 g avrdude geoaliy plasiwly usCyll

AVRdudess paliyl ey @B il

(® write () Read () Verify Go

Options
[ Force (/) [] Erase flash and EEPROM (<)
[ Disable verify (-v) ] Do not write {-n)

[] Disable flash erase (D)  Verbosity

Format | Auto (writing only) v

l:l [] set fuses
l:l Fuse settings

Programmer (-c) MCU (-p)
|Selecta programmer. .. v | |Select an MCU... w |
Port (F) Baud rate {(-b) Bit dock (-B) B
| vl | | | Programmer h
M: - Detect

Flash Presets
| | l:l |Defau|t v|
® wite (O Read (O Verify =~ o Format | save | | Deete |
EEPROM Fuses & lock bits

L l:l Read Write

Ll < . 2 A . - . . . .. s .
)W 8y9a]l (B =050 99 S USBasp Yo clyn) 838 guall doeayaall ¢ o3
IO A Ly - (LR E)]
Select a programmer... W |5elect an MCLL.. V|
FT2232D based generic programmer s Flash: A
FT2232H based generic programmer ’
FT232H based module from FTDI and Glyn.com.au EEPROM: - Detect
FT232H based module from FTDI and Glyn.com.au
FT232R Synchronous BitBang Fressts
FT245R Synchronous BitBang
FT4232H based generic programmer |Default W |
Futurlec.com programming cable.
Jason Kyle's pAVR Serial Programmer | Save | | Delete |

Lancos SI-Prog <http:/jwww.lancos.com/siprogsch. himl >

Luminary Micro LM35311 Eval Board (Rev. A)

MicraChip's PICkit2 Programmer

Mikrokopter.de Butterfly

MIBEQhes

Mightshade ALF-PgmAVR, http: {fnightshade. homeip.netf

O-ink, OpenITAG from www, 100ask.net

Openmoko debug board (v3)

Picoweb Programming Cable, http:/fwww.picoweb.netf

Pony Prog STK200

serial port banging, reset=Idtr sck=rts mosi=txd miso=cts

serial port banging, reset=dtr sck=Irtz= mosi=!txd miso=!cts

serial port banging, reset=rts sck=dtr mosi=txd miso=cts

Steve Bolt's Programmer

STK200

The Bus Pirate

The Bus Plrate i
T

USBtiny sm'lple USE programmer, http: waw ladyada.net/make jusbtinyisp/
Wiring

Fuses & lock bits

I:I [] set fuses
I:I Fuse settings

] Additional settings

i |
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Programmer {-C) \ MCU (-p) /
\UsBasp, http:/fwww. fischl.de/usbasp/ kN v| |aTmegais v/
Port (#) Baud rate (-b) Bit dock (-€) Flash: 16 KB
| v |5z ¥| EEPROM: 512B
1.5 MHz
Flash 750 KHz Presets
375 KHz
| 187.5 KHz Default v|
® wiite O Read () Verify Format|32 kHz | save | | Deete |
15 KHz
EEPROM 8 KHz Fuses & lock bits
4KHz :
| 2 KHz L | ||R.ead||the|
1KHz
® Write () Read () Verify | Go Format | 500 Hz Ho | | setfuses
E | | Fuse settings

e elig 43l 8 gy @Sl Lle B gy OT AVRdudess zaliy glaiu 1ddasdle
e ALl Cols le 3g2>0all Detect 4y e bl

GBall @Souall ] a8y wglaall gealisdl Lo ggimg sl gl ala gt (g

*

Programmer (<)
|usBasp, htp: ffuww. fschl. de fusbasp/
Port () Baud rate ()

*]|

e

Bit dock (8)
| [15mHz

¥

Flash

| ‘HII
(® write () Read () Verify | Go ‘
EEPROM

| |1

® write () Read () Verify | Go |

Format | Auto (writng orly)

Format | Auto (writing only)

Options
[ Force (7) [] Erase flash and EEPROM (=)
[ Disable verify (-v) [ Do not write ()

[] Disable flash erase (D)  Verbosity
—— Coee 1 2]

|-c usbasp -p mis -B 8.5 ‘

stop |

G

- |k

Organize

#& OneDrive

% This PC
& Desktop
| Documents
& Downloads
W Music
= Pictures
B Videos
. Local Disk (C:)
= HOD (D)

9! Network

Mew folder

<« HelloWorld » HelloWorld » Debug v & Search Debug

b

"~ Name Date modified

| L HelloWorld hex

\

Talofshfot o sfies

v <

v| | Hexfiles (hed

File name: | HelloWorld hex

zalydl &ali Jawly 39> gall Program y e baall

z
.
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avrdude doyleil plell Jauull

avrdude -b i gad :  -U flash:w:main.hex
aolipl gl
daopoll pul
arduino
alila jo gigajyl }DJ.LILJi CDJi 1] LJLD‘I'\” acpu V
Anie) gijgajVl aolip Jka ) baudrate
( gafl dyloc ua avrdude nlc Ldioll pje  eSaioll V
avrispl  alwlwill aizop sljoll sinll pul V
paitwoll alwlwill oAudii alpall ol
plai iy memtype:op:filename
usbasp Janil| e

flash , eeprom , fuse , efuse , Ifuse , hfuse , lock ...

r:read
Wiwrite <

vverify
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28 27 26 25 24 23 22 21 20 19 18 17 16 15
C5 C4 C3 C2 C1 CI B5 B4 B3I B2 B1
- o he = =
2 a == =
) @ E =6 o o
2c. ATmegaSE L
= =
RX TX E = =
RsT O 1 2 3 4 + - CLOCK 35 &6 [ 8
D0 D1 D2 D3 D4 D5 D& DF BO
1 2 3 4 5 6 ¥ 8 9 10 11 12 13 14

Digital Input/Output

92 elyasdly L JET Il Oleyyall (8 guSall @3 5l ol aso daludl 350l 53 oy S
oo semss Sl LLo¥l 033l sa B3l Byl Sl eyl largy sipos @b
.port Dpin 0 ;25 DO Lo eiygdl el

ANSI - CJI &yl Lo Blinking Led zeolyy LSy @dsd oWl
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(a5l G ylall - B 5y 5.1) PB5 b yball sl

JLaall 5 7 gyda ga LaS Blinking led JI 5aliys STg Arduino IDE zaliy oy @8
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#define F_CPU 16000000UL
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sketch_aug23a | Arduino 1.6.5 - + X
File Edit 5Sketch Tools Help

sketch_aug23a

1 #define F_CPU 16000000UL
2 #ginclude <avr/io. h=

3 #include <avr/delay.h=

4

51nt main{void)

6/{

g DDORE |= (1<=<PBS);

10 while(l)

11 {

12 PORTE |= (1=<PB5);
3 _delay_ms (500) ;
14

15 PORTE &= ~({1<==PB3);
5 _delay_ms (500) ;
17 T

18 return @;

19}

20

. Maximum is

2olis pasciud o elifad 398U LS L5 guga)l ool plasciul Joad !—Q o 13

BLo| Mz o0 Uggun g9yl Olsgll 3 iilall @es Il 8L 5] g0 Atmel Studio
8yl ggayl wilsg 20 Jolexy Atmel studio aliy Yo %‘,‘2”9 visualmicro
http://www.visualmicro.com/page/Arduino-for-Atmel-Studio.aspx

arduino ide +
atmel studio

code
debug
learn

=lvoid loop() {

for( int i = @; i < 1808; +i ) {
[+] digitalwrite(13, HIGH); // set the LED Sketchl is paused at Sketchl.ino, line 11 character 1 (Pry


http://www.visualmicro.com/page/Arduino-for-Atmel-Studio.aspx
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la I Lalignd &onaydl slg Sl dax 3 5 makefile wslals plasciwl eliSay (9]
Ol>g) e Lged ) ARVdudess paliy plasciwl @3 (makefile 71 3ol g2 1)) o

929!
AVRDUDESS 2.4 (avrdude version 6.0.1) - + X
—Programmer {-c) —MCU {-p)
IArduino | IATmegaB2SF‘ ~|
Port (-P) Baud rate (-b) Bit clock (-B) Flash: 37 KB
|com = |115200 | EEPROM: 1 KB Detect |
—Flash —Presets

Default
Arduino Uno (ATmega328P)
Arduino Nano (ATmega328P)
Arduino Nano (ATmegalgs)
_I Arduino Mega (ATmegal2&0)
Arduino Mega (ATmega2560)
* Write (" Read " Verify Go | Format |Auto (writing only) j ATmega328P barebones (16MFz)
ATtiny85 barebones (8MHz RC
0x05 S

= TE
I~ Force (-F) [~ Erase flash and EEPROM {-g) LB |0><3F Read | Write |

I™ Disable verify (V) I™ Do not write (-n)

* Write (" Read (" Verify Go | Format [|Auto (writing only) j
—EEPROM

—Options

[~ Set lock

" Disable flash erase (-D)  Verbosity IU vI |

Bit selectar

s eldig AVR aSzs Y Programmer dowoyuS gyl &gl alusirl ebilkaly Loy

ArduinolSP + AVRdudess ol s

zalisg Sl a4l pralyy 2,08 Lyl abilsaly 1M
a3l &l Blinking Led mal s 7 15 4l &yl o Arduino IDE
TAbR T

/assembly



https://ucexperiment.wordpress.com/2013/05/31/arduino-blink-using-gcc-inline-assembly/
https://ucexperiment.wordpress.com/2013/05/31/arduino-blink-using-gcc-inline-assembly/

g;lj_oﬂ doild
asz,"@"/

(aall o Loyl Oluwslul) Luse sy . ddasll Lo yisIyl 8593
https;//www.youtube.com/playlist?list=PLww54WQ2wa5rOJ7FcXxi-CMNgmpybv7ei

Bascom 4% P‘.\MP AVR &laSocia dova g T b,g ads adg u,u.\.;.@.n” 3393

https;//www.youtube.com/playlist?
list=PLww54WQ2wa5qWSTU7MYqiNOjHNaWuoXUk

a2y daxadall @adl e dgsell Wiyl o ayasll le gguisig ENG Unity 45y 8L3
Digital Circuits a8l @l Altium eliys g AVR &3

https;//www.youtube.com/user/ENGUnity/playlists

C for Embedded System
Micrcontroller Architectre

https;//www.youtube.com/channel/UCbZ7PLd5LAnje1hpyoiRWOA/playlists

CodeVision zaliy plasiiuls AVR doways @lei 8594
http;//www.qariya.info/vb/showthread.php?t=81782

ih..u.m” RIMERN] K% 4.CSAM QLC R VL] "C)l,gl..sti.c" &9945
http://www.atadiat.com/%D8%A7%D9%84%D9%82%D8%B3%D9%85-
%D8%A7%D9%84%D8%AA%D8E%BI%DY9%84%D9%8A%DI%85%D9%8A/


http://www.atadiat.com/%D8%A7%D9%84%D9%82%D8%B3%D9%85-%D8%A7%D9%84%D8%AA%D8%B9%D9%84%D9%8A%D9%85%D9%8A/
http://www.atadiat.com/%D8%A7%D9%84%D9%82%D8%B3%D9%85-%D8%A7%D9%84%D8%AA%D8%B9%D9%84%D9%8A%D9%85%D9%8A/
http://www.qariya.info/vb/showthread.php?t=81782
https://www.youtube.com/channel/UCbZ7PLd5LAnje1hpyoiRW0A/playlists
https://www.youtube.com/user/ENGUnity/playlists
https://www.youtube.com/playlist?list=PLww54WQ2wa5qWSTU7MYqjN0jHNaWuoXUk
https://www.youtube.com/playlist?list=PLww54WQ2wa5qWSTU7MYqjN0jHNaWuoXUk
https://www.youtube.com/playlist?list=PLww54WQ2wa5rOJ7FcXxi-CMNgmpybv7ei

AR WO, @"/
(domasall il lsll b grlpall Lsd o asy) 3lasl] AVR g3

AVR Microcontroller and Embedded Systems: Using Assembly
and C (Pearson Custom Electronics Technology) - Muhammad
Ali Mazidi

http;//www.amazon.com/AVR-Microcontroller-Embedded-Systems-
Electronics/dp/0138003319

e 7ol paac Jabl ] Jsasll lilbaze Jyoos 448" elalss il g lall Jabl 0
"donasall @lndl
An Embedded Software Primer

http.//www.amazon.com/Embedded-Software-Primer-David-Simon/dp/020161569X

dawall Blygadl J_.asf oo sl g :J_.o.é.o BYEL) 55 ;79 AVR ‘Q_LQ_J NewBieHack 3,44
d2aallg
https.//www.youtube.com/playlist?list=PLE72E4CFE73BD1DE1

FreeRTOS slad auwyll 2 sall
Using the FreeRTOS Real Time Kernel - Standard Edition

http;//www.amazon.com/Using-FreeRTOS-Real-Time-Kernel/dp/1446169146/



http://www.amazon.com/Using-FreeRTOS-Real-Time-Kernel/dp/1446169146/
https://www.youtube.com/playlist?list=PLE72E4CFE73BD1DE1
http://www.amazon.com/Embedded-Software-Primer-David-Simon/dp/020161569X
http://www.amazon.com/AVR-Microcontroller-Embedded-Systems-Electronics/dp/0138003319
http://www.amazon.com/AVR-Microcontroller-Embedded-Systems-Electronics/dp/0138003319
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