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Introduction

Since setting up a working development environment for AVR microcontrollers has taken me
so many hours and reading from lots of websites, I decided to write this document explaining
the process as clearly as possible. I will only make use of open source software since it can be
accessed by everybody without any cost and offers a very good quality. That process will be
explained for the three operating systems mainly used: Linux, MacOS and Windows (note that
the process between Unix systems is quite similar). The following topics will be treated:

Installing AVR GNU Toolchain (gcc, binutils and avr-libc)

Installing the programming tool avrdude and learning how to use it with
JTAGICEmKII and a home-made Parallel port ISP

Introduction on how to create a Makefile

Installing Eclipse IDE and integrating with AVR development tools

Graphical debugging with JTAGICEmKII using avarice and gdb through Eclipse

If you find any mistakes in this document, please, report them at gerardmarull@gmail.com
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2. AVR GNU Toolchain

2.1. Introduction

The AVR GNU Toolchain is the fundamental part of our development environment, and it is
compounded by GCC, Binutils and avr-libc. The following graphic shows a summary of what
AVR Toolchain can do:

v

Assembler

[ AVR Libc Object Copy

B GCC
[] GNU Binutils

B AVRDUDE

[ GDB / AVaRICE / Simulavr
[ User's Input Files

Debugger

Graphic 2.4

Except for programming and debugging which will be explained later, all these tasks (and
more) can be performed by the AVR toolchain. I will give a brief explanation of each
program/process in the following paragraphs.

2.1.1. GCC (GNU Compiler Collection)

Programming in assembler is a difficult task, especially on large projects. However, GCC
supports the translation of C and C++ code into target assembly only. As you see in Graphic
2.4, there are more processes to execute apart from compiling: assembling and linking, but
this 1s not done by GCC. This work will be done by Binutils.

2.1.2. Binutils

Binutils are a set of programs wherein GNU assembler and linker are included. It also contains
many other useful tools to work with binary files generated by the toolchain programs. A full
list of included tools is shown below:

Tool name Description

avr-as Assembler for producing AVR code

avr-ld Linker to link AVR object files

avr-ar Create, modify, and extract from libraries (archives)
avr-ranlib Generate index to library (archive) conterts

avr-objcopy Copy and translate object files to different formats
avr-objdump Display information fromobject files including disassembly
avr-size List section sizes and total size

avr-nm List symbols from object files

avr-strings List printable strings from files
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avr-strip Discard symbols fromfiles

avr-readelf Display the contents of ELF format files
avr-add2line Convert adresses to file and line
avr-c++filt Filter to demangle encoded C++ symbols

Some of these will be explained later in this document.

2.1.3. avr-libc

Programming AVR devices in C is a great thing, but we need something more: a C Library.
Without it, we would have to refer to registers by their addresses or add startup code. As you
know this would be quite a difficult task, but you can forget this nightmare: avr-libc is here.
Apart from including specific device headers, it even includes built-in functions, most of them
which are equal or similar to the ones found in a C standard library, and also AVR specific
functions. You can refer to avr-libc user's manual if you want to get more information.

2.2. Installation of AVR GNU Toolchain

After having an idea of the toolchain components, we will start installing it. I will divide it in
two parts: one for Windows and the other for Linux/MacOS. The second process is very
similar for both operating systems.

2.2.1. Windows

The installation on Windows is very easy: Just install WinAVR. This package is always up to
date and even includes many necessary and useful patches. You can download the most recent
version of WinAVR at their official website: http://winavr.sourceforge.net/. It also includes
programming and debugging tools, and even the Programmer's Notepad to manage your
projects. You can read the full list of features in their website.

2.2.2. Linux/ MacOS

Since both Linux and MacOS are Unix based operating systems, the installation process is
very similar. However some things change a little, but they will be explained. You have two
options for the installation: getting binary packages or compiling from sources. I personally
recommend compiling it from sources, basically for two reasons: the first is to have the latest
versions of the programs, and the second is that you can include patches that could be
necessary (in my case for example, I need support for Atmegal281, which now is only
available applying a patch). In this document we will focus on compilation from sources.

A. About patches

As I said, when you compile from sources you can add patches that can bring new
features to the program in question or fix some bugs. The first thing you will probably
think is where will I get these patches. Well, the easy way, if you do not want to search
or know which ones are available and recommended, is to take them from WinAVR.
Since WinAVR is always up to date and uses most of the available patches for the AVR
Toolchain, it is a good source where to take them from. You can browse them by
accessing their Sourceforge CVS at the following address:
http://winavr.cvs.sourceforge.net/winavr/patches/

* Note that some of the patches can be for a specific version of a program or only
necessary for Windows platform. So ensure that they are suitable for your program
version.
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You will see that they have a number before their name (ex. 00-patchname.patch). This
indicates the orderin which they have to be applied.

After collecting the ones that you need, you will have to apply them. This is a very
easy task, since it only requires one command for each patch. You will have to make
use of GNU patch program, which will do that line replacing job for us. The command
to apply any patch is:

I # patch -p0 <patchname.patch

There is one flag that you should know a bit more about: '-p()'. It indicates the patch
level. If you open a patch file, you will see some lines like these ones:

--- gcc/config/avr/avr.c.orig Thu Jul 28 00:29:46 2005
+++ gcc/config/avr/avr.c Mon May 14 07:18:20 2007

What this means is that it will expect to find a folder called gcc, then config, then avr
and a file called “avr.c” inside, where to apply patch. Patch level will indicate the level
of our current working directory in relation to patch file path. For example: when you
indicate '-p(), it means that it will expect to find all folder levels: gcc, config and avr.
But if you put '-p/', means that it will only expect to find config and avr, ignoring the
first one (gcc).

I hope that you now know how to apply patches well, but if you want to know more
about them, you can visit this website:

http://www.cpglinux.com/patch.html

B. Before startinginstallation

Two programs are needed before proceeding: flex and bison. These are the gcc
compiler for your platform and building utilities such as GNU make are needed. You
can find them in your Linux package repositories or in the case of MacOS in the first
CD-ROM of MacOSX and also in Apple Developer Connection at
http://www.apple.com. Flex and bison, are also available in package repositories, but
in the case of MacOS, I recommend that you install Fink, an APT like interface that
makes many packages available from a repository (flex and bison between them). You
can download it at http:/fink.sourceforge.net/ and installing a program is done by just
typing this command:

I # sudo fink install nameofpackage

Another thing is where to install the toolchain. I recommend that you keep it separate
from a default system paths, for example at /usr/local/avr. So create that folder and
store it in an environment variable:

# sudo mkdir /usr/local/avr
# export TOOLCHAINPATH="/usr/local/avr”

C. Starting the process: Binutils

The first package to install is Binutils downloadable at:
http://sources.redhat.com/binutils/

After downloading it, we will have to decompress it and create a folder called “obj-
avr” inside where you can store files generated by the compilaton process:
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tar -zxvf binutils-<version>.tar.gz
cd binutils-<version>

mkdir obj-avr

cd obj-avr

H H= H 3

D. Finally, we will have to configure, compile and install it. For MacOS users '--enable-
install-libbfd flag must be added when executing configure:

# ../configure --target=avr --prefix=$TOOLCHAINPATH --
disable-nls

# make

# sudo make install

Now, if you look at /us#/local/avr you will notice the new files there. If you enter to
'bin' folder, you will see all programs mentioned in section 2.1.2. But if you try to
access them from your shell typing the program name, you will get something like
this: “bash: avr-xxx: command not found’. The reason is that they are not in a default
place, but it is easy to solve: just add the 'bin’ directory to your PATH environment
variable:

# PATH=SPATH:/usr/local/avr/bin
# export PATH

E. GCC

First of all, download GCC from the official website: http://gcc.gnu.org/
The steps to compile GCC are essentially the same as for Binutils:

# tar -zxvf gcc-<version>.tar.gz

# cd gcc-<version>

# mkdir obj-avr

# cd obj-avr

# ../configure --target=avr --prefix=$TOOLCHAINPATH --enable-
languages=c,c++ --disable-nls --disable-libssp --with-dwarf2
# make

# sudo make install

F. avr-libc

Finally, we will install the AVR C Library avr-libc. You can get it from:

http://savannah.nongnu.org/projects/avr-libc
And the steps are again similar to thase in the previous packages:

# tar -jxvf avr-libc-<version>.tar.bz2

# cd avr-libc-<version>

# ./configure --prefix=$TOOLCHAINPATH --
build="./config.guess™ --host=avr

That is all: now you can compile any code and set it ready to upload into your AVR
microcontroller. Steps on how to compile will be explained later.
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3. Programming tools

Being able to compile your programs but not to upload them into your microcontroller is not
very useful, but of course programmers exist for that. In this document we will use avrdude,
which is a very powerful tool that will let us program our device, read/write fuse settings and
more. To program your microcontroller you need a tool like STK500 or JTAGICEmKI/II. They
are really good tools, but if you are just starting with AVR, it can be a bit expensive. But do
not worry: AVR microcontrollers have ISP (/n System Programming). ISP is a method to
program your chip without having to remove it from the circuit and just using 5 wires. The
good thing is that making an ISP tool is very easy, you just need a few wires, resistors and a
parallel port connector. I will also explain all the steps on how to make your own programmer.

3.1. Installing avrdude

First we need to install our programming software tool. You can download it from its website:
http://savannah.nongnu.org/projects/avrdude/, and the installation is done as follows:

tar -zxvf avrdude-<version>.tar.gz
cd avrdude-<version>

./configure

make

sudo make install

H= o S o

3.2. Choosing a programmer

Before starting to use avrdude, you will need to have a programmer. Avrdude accepts a wide
list of programmers, just refer to avrdude man page to see the full list of ones available. In this
document I will explain how to use JTAGICEmKII and create/use a Parallel ISP programmer.

3.2.1. JTAGICEmKII

I bought this device a few weeks ago and I really love it!
It is expensive: it costs about 2998, but what it can do is
priceless. Programming the microcontrollers is only a
little taste. You can choose between ISP or JTAG
programming mode. [ will only explain JTAG
programming, and this way we will be able to debug
using the same cable, too. Before starting to program you
will need to make the following connections between
JTAGICEmKII and your microcontroller:

1 2
TCK |l @ | GND
TDO | @ @ | VTref
™S | @ @ | nSRST
® @ (nTRST)
TDI | @ @ | GND
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Vtref'is connected to VCC and nSRST to the RESET pin of your microcontrollet Pins 7 and 8
are not connected. Find in your microcontroller's datasheet the corresponding pins for TCK,
TDO, TMS and TDI.

A. Known issues when using USB

I would also like to talk about known issues about using JTAGICEmKII through USB.
I have seen in AVRFreaks.net forums that in Windows some people cannot get it work
due to the following error:

AVRDUDE: usbdev open(): did not find any (matching) USB device “usb”

The solution is to install libusb-win32, available at:
http://sourceforge.net/projects/libusb-win32

And in my case, | also had a problem under Linux about permissions. I solved that
adding a new udev rule, that can be achieved by creating a new file with .rules
extension at /etc/udev/rules.d named [10-avr.rules for example, and adding the
following line inside:

SUBSYSTEM=="usb", ATTR{product}=="JTAGICE mkII", MODE="0666" ‘

3.2.2. Parallel port ISP programmer

Although JTAGICEmKII is a good option, it is quite expensive, and specially for beginners.
However AVR microcontrollers have ISP which will let us program our chip with only 5 wires
and without removing it from the circuit. For that you will need the following components:

a) 2 -470Q resistor

b) 1 -220Q resistor

c) 1 -10KQ resistor

d) 1 - Parallel port connector (DB25)
e) 1 -5-pin connector (seephoto)

f) 5 long wires or the connector wire

nm'

And the cable plus circuit connections you will have to
make:

i“\
11 14
E b )):ﬁ GND
Bl -l KG
€ T
=1< o Rz-470 cK
— - - -
—< M R3-270
—C e P =1 MISO
— = —8—wm P R4-470
-T< 1 = Fii O3l
11 < )_& RESET
o 3
—< I
e’ r7e
¢)
)
=

For the connections SCK, MISO, MOSI and RESET look at your microcontroller datasheet to
see which the correspondng pins are.
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Just one more thing before ending this point: in assembled parallel cables, sometimes all pins
are not soldered. If that is the case you will have to disassemble it and solder an unused pin
cable to the correctpin.

3.3. Working with avrdude

After getting everything ready, it is time to learn how avrdude works. It is very easy, and just
requires a few free bytes of memory in your brain. First [ will list the avrdude flags that we
will use. Note that more are available.

Flag Description

-p Part id: You have to specify the model of the microcontroller you are
using. An example of this flag when using Atmega8 would be: -p m8. See a
full list of supported devices and its tag in avrdude man page.

-C Programmer type: You have to specify your programmer. An example of
this flag when using parallel port ISPprogrammer would be: -¢ dapa.

-P Programmer port: Specify the port where programmer is attached. An
example of this flag when parallel port isused: -P /dev/parport0

-e Erase: Perform a chip erase (flash and eeprom)

-U Perform a memory operation. Structure:

memtype:operation:filename:format

memtype — The memory you want to access. Available ones: flash,
eeprom, hfuse, lfuse, efuse, fuse, calibration, lock, signature.

operation — Operation type: w (write), 7 (read), v (verify)

filename — File where to read or write

format — [optional] Specify format of the file. Look at avrdude man page
to see available formats.

An example of this flag when uploading your program called main.hex into
the flash space:

-U flash:w:main.hex

Finally, let us see some examples of how you would use avrdude:
1. Erasing the chip contents of an Atmegal6 using JTAGICEmKII (usb conn.)

I # avrdude -p ml6 -c jtagmkII -P usb -e
2. Uploading a program to Atmega8 using Paralel ISP

# avrdude -p m8 -c dapa -P /dev/parport0 -e -U
flash:w:program.hex

3. Reading the contents of flash from an Atmega 1281 using JTAGICEmKII
(serial conn.) in fast mode and store in Intel Hex format

# avrdude -p ml281 -c jtag2fast -P /dev/ttyS0 -U
flash:r:output.hex
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4, Automation using a Makefile

Compiling or uploading a program makes use of several shell commands, and occasionally it
takes a long time to write them every time we update our program. However we can automate
this process by creating a Makefile. Makefiles are no more than a file that stores a list of these
commands, but it even offers an organization of your compilation steps and dependency
between them, the creation of variables where to store parameters, and more. There is a
program that processes these Makefiles: GNU Make, and it is accessed by typing 'make' in
your shell. We will not focus on how to create Makefiles in this document, I will just explain
the parts of a simple template and how to use that.

WinAVR users have Mfile, a program that lets you create Makefiles with just a few clicks
selecting your device, files to compile, etc. So they can step over this process and use Mfile if
they want. Users from other operating systems may find useful to take a look at WinAVR
Mfile template, since it is very complete and full of interesting features. However little things
can change, since it is made for Windows. Note: Mfile for Unix systems does not seem to be
updated.

4.1. Asimple but flexible Makefile

When I started in the AVR world, I did not know about Mfile, so I decided to learn a bit more
on how to create Makefiles. With the help of some tutorials, I made my first Makefile.
However the first version is obsolete now. I added new features and corrected some things
when I discovered Mfile. I will copy my entire Makefile below, adding some comments to
make it easier to read. An explanation of how it works and how to use it will be given in the
next paragraph.

# Available targets:

# make all /Do everything (main.elf and main.hex)

# make load /Program the device

# make dload /Program the device and start debugging
# make debug /Start debugging

# make clean /Clean

# make size /Get information about memory usage

# make filename.s /Generate assembler file from a C source
# make filename.o /Generate object file from a C source

#Source files
SRC_FILES=\
main.c \
two.c \

#0bject files
0BJ_ FILES=$(SRC FILES:.c=.0)

#Directories where to look for include files
INC DIRS=\

-I.\

-Iincludes \

#Output file name
OUTPUT=main

#Programmer and port
PROG=jtag2fast

11
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PORT=usb

#Debugging host and port
DHOST=localhost
DPORT=6423

#Compiler related params

MCU=atmegal281

CC=avr-gcc

0BJCOPY=avr-objcopy

CFLAGS= -mcall-prologues -std=gnu99 -funsigned-char -funsigned-bitfields
-fpack-struct -fshort-enums -mmcu=$(MCU) -Wall -Wstrict-prototypes
$(INC_DIRS)

#0ptimization level

CFLAGS+=-0s

#Debug info

CFLAGS+=-gdwarf-2

#Generate hex file ready to upload
all: $(OUTPUT).elf
$(0BJCOPY) -R .eeprom -0 ihex $(OUTPUT).elf $(OUTPUT).hex

#Link output files
$(OUTPUT) .elf: $(0BJ FILES)

$(CC) $(CFLAGS) $(0BJ FILES) -o $(OUTPUT).elf -WtL,-
Map, $(OUTPUT) .map

#Create object files
$(0BJ FILES): %.0 : %.cC
$(CC) -c $(CFLAGS) $< -0 %@

#Create assembler file of a C source
%.5: %.C

$(CC) -S $(CFLAGS) $< -0 %@

#Loads the program to the avr device
load:

avrdude -p $(MCU) -c $(PROG) -P $(PORT) -e -U
flash:w:$(OUTPUT) . hex

#Starts debugging
debug:
avarice -2 -j $(PORT) $(DHOST):$(DPORT)

#Loads the program to the avr device and starts debugging
dload: $(OUTPUT).elf
avarice -2 -j $(PORT) -e -p -f $(OUTPUT).elf $(DHOST) :$(DPORT)

#Get information about memory usage
size: $(OUTPUT).elf
avr-size -C --mcu=$(MCU) $(OUTPUT) .elf

#Cleans all generated files
clean:
rm -f $(0BJ FILES)
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rm -f $(OUTPUT) .elf
rm -f $(OUTPUT) .hex
rm -f $(OUTPUT) .map

4.2. Understanding and using the Makefile
Before explaining how to use it, I will give you a brief explanation of things you should know
about this Makefile.

A) Syntax

1. All lines starting with '# character are considered comments, so they will be ignored
by GNU Make.

2. All declarations like NAME=List of words are variables. The name which we will use
to refer to it is the part before the equal sign. The text preceding the equal sign is the
content that a variable stores.

3. To get the content of a variable, we will write its name preceded by a '$' character and
put it in brackets: $(NAME).

4. An inverted slash at the end of a line, means that the next line is the continuation of the
actual one. Example:

The following line:
TEST=some.c test.c
Would have the same effect if it was written as follows:
TEST=some.c
test.c

5. Every line starting with a TAB is understood as a command.

B) The Make targets

Every line with a format like 'targetname: other' is considered a target. This means that
this will be accessible by typing 'make targetname'. For example: when you call 'make
clean', the commands below the clean target will be executed. However, some targets
have names such as '%.s' or a variable content like 'S(OUTPUT).elf'. The first one
means that it will be accessible by any name followed by '.s' extension. And in the
second case, it is just as if it was a normal target, just replace the $(OUTPUT) by
content of the variable, that would give access to 'make main.elf'.
The second part of the target (after the colon) means which targets have to be
processed before the actual one or in some cases the files needed, so we could call
them dependencies. Therefore, when you call 'all', 'S(OUTPUT).elf has to be
processed first, and even when '$(OUTPUT).elf is called, '$(OBJ FILES)' is needed
before.

C) Usage of this Makefile

1. Adding new files: Add an space followed by an inverted slash to the last file in the
SRC FILES variable. Then add a new line and write the new file name.

2. Adding directories where to look for include files: The same as described above but
in INC_DIRS variable and preceded by '-I'.

3. CFLAGS: This variable contains the flags that will be passed to the compiler. You can
learn the meaning of each one by reading the avr-gcc man page.

4. Other modifications: Most variables are commented on explicitly in the same
Makefile (ex. the programmer - PROG), so modify them according to your needs.

5. Shell access: Read the header of the Makefile.

13
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I know that there is a lot more to talk about Makefiles and maybe in this section they are not
explained as they should be, but I hope that you have got a general idea and you have basically
understood how to use and modify the template shown here. If you want to learn more about

Makefiles, just visit http://www.gnu.org/software/make/manual/make.html
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5. Choosing an IDE: Eclipse

You have almost all the tools necessary to develop, but something is missing: an IDE. IDE
(Integrated Development Environment) is a program that will let you manage your projects,
edit source files, debug, and more. I have chosen Eclipse, basically for a few reasons: it is
cross-platform (works in Linux, MacOS and Windows), offers integrated debugging, has
support to manage C/C++ projects, ability to add plugins, and a wide list of other features. It
uses ~200mb of RAM while running, which could be a problem for old computers, but you
have other alternatives such as Programmer's Notepad as an IDE and Insight for graphical
debugging which use less memory.

5.1. Installation of Eclipse

Installation will be divided in two steps: the installation of the Eclipse core, and the
installation of the Zylin plugin that will add C/C++ features and embeddeddevices support.

5.1.1. The Eclipse core

Also known as Eclipse classic, it is the core of Eclipse environment. You have to install it in
order to be able to add plugins that will give us features we are interested in afterwards. In this
document I will use version 3.3, but the process should be similar for newer versions. You can
download it at http://www.eclipse.org for free. Note that you must have Java installed to run
Eclipse, so if you do not have it download from http:/www.java.com, or if you are a Linux
user it is probably available at your distro's repository. Let us see how to install it:

1. Linux: Decompress the file that you have downloaded. Then, you will have to create a
directory to store these program files, for example /usr/local/share/eclipse. Copy them
there, and finally make a symbolic link to Eclipse program in /usr/bin by typing:

I # sudo 1ln -s /usr/local/share/eclipse/eclipse /usr/bin

2. MacOS: Decompress the file, create a folder in your Applications directory and copy
all the files there.

3. Windows: Decompress the file, create a folder in your Program Files directory and
make a shortcut to Eclipse.exe in your Desktop or wherever you want.

5.1.2. The Zylin plugin

If you run Eclipse you will realize that it is an IDE for Java developers, so we must install a
plugin to make it suitable for our purposes. Zylin Inc. creates a plugin that is basically CDT (a
famous C/C++ plugin) but modified to add support for embedded devices. It will also let us
debug through JTAG interface. First, you have to download it from http://www.zylin.com/ . It
is composed of two files. Jug extract both contents in the Eclipse root directory.
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5.2. First steps with Eclipse: Setting up a project

When you run Eclipse for the first time, it will ask you to set the Workspace folder where the
projects and their files are stored. Choose the path you prefer. After that you will see a
Welcome screen like this one:

Fle Edit Refactor Navigate Search Run Project Window Help

(@) Welcome 53 oo BTe
4z
Overview

oftware development kit is the development enviranment used to develop plug-ins for the Ecl
s Java taols, and plug-in tools for building Eclipse-b

Workbench basics \(ﬁ Java development
Get familar with developing Java programs using
Eciipse

Leam about basic Eclipse workbench concepts

Q¢
@ Team support )= Eclipse plug-in development

Find out how to collaborate with other developers
P Leam how to extend Eclipse by building ne:

C/C++ De

Get familiar C++ Development Tools (CDT)

Welcome screens are very nice but not a place to work, so go to Window > Open perspective
> Other... and select C/C++ from the list. You will see some changes:

Ele Edit Refactor Navigate Search Bun Project Window Help

Lad Ml S ke

25 Project Explorer %

CR.

= rv =0

lems | 1 Tasks | B Console 83 % C/C++ Index

No consol s to displ

/ay at this time

This is the window that you will become familiar with from now on. There are many sub-
windows: The Project Explorer, where projects and files appear, the centre window where
source files are edited, and other little windows that will be explained later if necessary.

We will start by creating a new test project, let us call it 'ledtest. So start by going to File >
New > C Project. A wizard will be opened:
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Create C project of selected type

(EE

C Project

Project name: |ledtest

Project types:
D = Executable
(= Shared Library
(= Static Library
P = makefile project

@ Use default location

Toolchain

-- Other Toolchain --

Linux GCC

® Show project types and toolchains only if they are supported on the platform

(o= ) [z

) [ concel ]

Write the project name and select Makefile project / -- Other toolchain -- from the list. Now,
click on Next > button, and then on Advanced Settings from the next wizard step:

[E |

Select Configurations

Select platforms and configurations you wish to deploy on

Project type: Makefile project

Tool-chains
Configurations:
¥ &% Default

Additional configurations can be added after project creation
Use "Manage configurations® buttons either on toolbar or on property pages.

Select all
Deselect all

Advanced settings...

Use "Advanced settings® button ta edit project's properties

Now we must configure the compiler used in order to make Eclipse find the headers from avr-
libc automatically. First enter in C/C++ General / Paths and symbols and delete the default
Include paths from the list (note that they are defined for Assembler, C and C++ so delete all

of them from each language):

type filter text

Resource
Buiders
b c/c++ Buid
v C/C++ General
Documentation
File Types
Indexer
Language Mappings
Paths and symbols
Project References

Run/Debug Settings

Paths and symbols

Configuration: [ Default

(Bincludes | # Symbols | =i Libraries | @Library paths | c=Source location | (20utput location | &)References |

Languages
Assembly
GNUC
GNU CH+

@ Show built-in values

include paths

& Jusrflocalfinclude

& Jusrfibjgec/xs_64-linux-gnu/a. 1 2finclude
& usrfinclude

Restore Defaults| [ Apply

Add |

Delete |
Bport |

Now enter in the C/C++ Build / Discovery options section and change Compiler invocation
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command field to 'avr-gcc' and apply the settings by clicking on OK:

&)

type filter text Discovery options

il Configuration: | Default + | [Manage configurations |

< c/CH+ Buld
Discovery profiles scope
Discovery options

Configuration-wide 3
Environment:

Settings Default Autornated discovery of paths and symbols
Tool chain editor @ Automate discovery of paths and symbols

Variables @ Report path detection problems

b c/c++ General Discovery profile: | GEC per project scanner info |

Project References
Refactoring History Discovery profile options
Run/Debug Settings  Enable build output scanner info discovery

Load build output from file

Restore Defaults Apply

Now headers for AVR should be detected automatically, if not add the correct ones yourself,
which are: avr/include and lib/gcc/avi/<gcc-version™>/include (both preceded by toolchain
installation path).

Before doing anything more, deselect the 'Build Automatically' option located at Project menu.

After that, you will be ready to add new files by going to File > New > [ Source file / Header
File / File]

File Edit Refactor Mavigate Search Bun Project Window Help
MNew Shift+Alt+N » [Sf C Project
Open File... [c¥ C++ Project

[ Project...

[t Convert to a C/C++ Make Project
&% Source Folder
(4 Folder
¢ Source File
i Header File
7 File

First, start adding a new file called 'Makefile', and copy the template described in chapter 4.1
(or your own one, of course). I say this because I am going to explain how to compile/program
the microcontroller through the same IDE. There are two options: using the Project menu
items, or creating your targets in Make Targets window. The first one works without doing
anything, just having the Makefile wth standard targets such as a/l and clean:

C/CH+ = EClipSETS|
1 Project Window Help

oy Build All Ctrl+B
Build Configurations 4
Build Project
Build Working Set 3
Clean...

Build Automatically

Make Target 4

However, targets like program are not in the menu, so we will have to use the Make Targets
window. You can open it by accessing Window > Show View > Make Targets. There, you can
add your own targets just left-clicking on your project's nameand select Add Make Target:
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B EEE)
o ouns EeETT) *

8| 5= outline | & Make Tar &3 =0

L ladtest

42 Add Make Target

A new window will appear, where you have to fill 7arget Name and Target Make fields. For
the program target, you should put a name such as 'Program' and the target 'program':

Target MName: [Program l

Make Target

Make Target: [prograr’r‘ l

Build command
M Use default

Build command:

Build Setting
& Stop on first build error.

& Run all project builders.

i Create ” Cancel l

After adding the most used Make tagets, the window should look like this:

e = s
o tosus [Baers] -

3| B= outline | @ Make Tar 53 =0

= b=

- == ledtest
@ Clean
@ Compile

(& Program

Now, to test that you have had success configuring your environment, add a new source file,
and add the following code to test if everything is working properly:

#include <avr/io.h>
#define F CPU 1000000
#include <util/delay.h>
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int main(void){
DDRD |=(1<<PC0) ;

while(1){
PORTC|=(1<<PC0);
_delay ms(10000);
PORTC&=~(1<<PCO) ;
_delay ms(10000);

}
Add the new source file to the Makefile, and now click on 'Compile'. If everything is OK, you
should see the new files created and the output text from the compiler in the Console window:

File Edit Refactor Navigate Search Run Project Window Help

e B | @ e @ e B O |® e B $s0ebug (Eeices]

[ Project Explorer 52 = 8| [€ mainc 2 & Makefile = 8| 5= outline | @ Make Tar 82 . T B
_ o = || BEnamh S
= Zadefine F_CPU 1000000 @ &
v 5 ledtest z#include <util/delay.h> ~ 5 ledtest
> 4 ®
D Nt Sint main(veid){ glcen
P Includes (&) Compile
b [2 main.c 7 DDRD| =(1<<PCO) ; (@ Program
b %5 main.elf - [avr/le] 5 while(1){ b mp3
b [as main.o - [avr/le 10 PORTC| =(1=<PC0) ;
& gl 11 _delay_ms(10000) ;
[5 main hex 12 PORT C&=~( 1<=PCO) ;
[ main.map 13 _delay_ms(18000) ;
14 )
% Makefile 15}
P = mp3 16
[2 Problems | ¥ Tasks | Bl Console 28 . %® C/C++ Index @ B =t | =|

C-Build [ledtest]

#*xrk Build of configuration Default for project ledtest *#k*

make all

avr-gcc -c -g -0s -mcall-prologues -std=gnu99 -funsigned-char -funsigned-bitfields -fpack-struct -fshort-
enums -mmcu=atmegalZ8l -Wall -Wstrict-prototypes -I. main.c -o main.o

avr-gec -g -0s -mcall-prologues -std=gnu9g -funsigned-char -funsigned-bitfields -fpack-struct -fshort-
enums -mmcu=atmegal28l -Wall -Wstrict-prototypes -I. main.o -o main.elf -Wl,-Map,main.map

avr-objcopy -R .eeprom -0 ihex main.elf main.hex

Note: if you want to hide object files from the Project Explorer window, click on the top-right
arrow and select Customize View. Then select 'Object files' from the list.

Any errors or warnings in the code will be shown in the Problems window, and marked in the
corresponding lines:
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edrestymanC = EChpse Sk

File Edit Refactor MNavigate Search Run Project Window Help

W | g e 6 @ & Br |- O- Q- | & 4 |

P project Explomeriss = 0@ main.c % _[3 Makefile W

= 8| 5= outline ( Make Tar 2 =8

B S ° l#include <avr/io.hs
2#define F_CPU 1000000

~ [ ledtest
b @l includes
b &8 main.c
L& Makefile
b &2 mp3

Z#include <util/delay.h>
i
Sint main(void){

7 DDRD|=(1<<PCO)

@5 while()]
10 PORTC| =(1=<PC0) ;
11 _delay_ms{10000);
12 PORT C&=~(1==PCO) ;
13 _delay_ms(10000);
14 1

< & ledtest
Clean
Compile
Program
= || P =5 mp3

[£: Problems & Z..Taskﬂ = Cunsulew 9% cic++ \ndex}

!@ﬁ
4

0
o

1 error, 1 waming. 0 infos

Description Resource

Location

= I Errors (1 itemn)

= I Warnings (1 item)

@ expected ;' before ‘while' main.c

& no newline at end of file main.c

line 9

line 15

o® = ledtest

That is all for this chapter. Eclipse offers many other features: you can learn more about them
by accessing their wiki at: http:/wiki.eclipse.org/index.php or for C/C++ developers:
http://wiki.eclipse.org/index.php/CDT.
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6. Debugging with JTAGICEmKII and Eclipse

Debugging is known as the task of finding and solving program errors, in this case with help
from another program. I will explain how to debug using Atmel's JTAGICEmKII (introduced
in chapter 3.2.1), a debugging hardware through JTAG interface. Emulation using simulavr
will not be explained, but you may find the chapter on how to configure and use Eclipse
useful, since it would be identical for simulavr. We will also use two programs in our
computer: Avarice and GDB (GNU DeBugger). The first one will communicate it with
JTAGICEmKII and will open a local server where GDB will connect and interact with. GDB
offers a command line interface, but it is not very comfortable. Eclipse offers a graphical
interface for debugging which will be very useful. Setting breakpoints or reading/writing
variable values will be made with only a few clicks. There is another good alternative for
graphical debugging with GDB if your computer does not have enough memory to run
Eclipse, or you do not like it: it is called Insight and is freely downloadable at
http://sourceware.org/insight/. However it will not be covered in this document.

6.1. Installation of GDB and Avarice

As 1 said both programs are necessary for debugging. If you are a Windows user, you can step
over the installation process since both programs are included in WinAVR. By the date (July
2007), Avarice is in version 2.6, but the CVS version has some important bug fixes and USB
management has been completely rewritten, so I will also explain how to compile it from
CVS. Note that some patches could be available for GDB (refer to chapter 2.2.2.A)

6.1.1. GDB

Before installing GDB you must have the termcap library installed, freely available at
ftp:/ftp.gnu.org/gnu/termcap. After that, you will have to download GDB from
http://ftp.gnu.org/gnu/gdb/ and follow these steps to compile and install it in your toolchain's
directory:

tar -zxvf gdb-<version>.tar.gz

cd gdb-<version>

mkdir obj-avr

cd obj-avr

../configure --prefix=$TOOLCHAINPATH --target=avr
make

sudo make install

H = H H FH H

6.1.2. Avarice

If you want to have the most recent code of Avarice, use the CVS installation method that
requires a few more steps, but if you want to use the latest stable version follow the second
method. Note that the CVS version is not considered stable.

A. CVS Installation

B. You must have the CVS package and even Automake >= 1.9 and Autoconf >= 2.59 in
order to compile the program. For MacOS users, the following flag must be added
when executing configure (included quotation marks):
"LDFLAGS=-L/usr/local/i386-apple-darwinX.X.X/avr/lib -Ibfd" "CPPFLAGS=-
I/usr/local/i386-apple-darwinX.X.X/avr/include"


http://ftp.gnu.org/gnu/gdb/
http://ftp.gnu.org/gnu/gdb/
http://ftp.gnu.org/gnu/gdb/
ftp://ftp.gnu.org/gnu/termcap
ftp://ftp.gnu.org/gnu/termcap
ftp://ftp.gnu.org/gnu/termcap
http://sourceware.org/insight/
http://sourceware.org/insight/
http://sourceware.org/insight/

# cvs -z8 -d
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:pserver:anonymous@avarice.cvs.sourceforge.net:/cvsroot/avari
ce checkout avarice

# cd avarice
# ./Bootstrap

# ./configure --prefix=$TOOLCHAINPATH

# make

# sudo make install

C. Latest stable release

The latest stable release can be found in their SF.net project page:

http://sourceforge.net/projects/avarice/

The installation is done as always, but MacOS users must add the following flag when
executing configure (included qudation marks):
"LDFLAGS=-L/usr/local/i386-apple-darwinX.X.X/avr/lib
I/usr/local/i386-apple-darwinX.X.X/avr/include":

# ./configure --prefix=$TOOLCHAINPATH

# make

# sudo make install

6.2.

Getting Eclipse ready to debug

-Ibfd"

"CPPFLAGS=-

A few things have to be configured in Eclipse in order to start debugging. Just follow the
instructions described in the next lines.
First, go to Run > Open Debug Didog. A new dialog like this one will be opened:

BEbug)

=]

B b~
|type fiter text |

[l cjc++ Attac

[E] c/C++ Local Application

[E] c/C++ Postrmortem debug

© Eclipse Application

7 Embedded debug (Cygwin)
P z¢ Embedded debug (Native)

i Java Applet

[ Java Application

Ju junit

J¥ Junit Plug-in Test

@ 0SGi Framework

[ Remote Java Application

I—GE—| D]

Filter matched 13 of 13 items

Create, manage, and run configurations

Configure launch settings from this dialog:

g

% - Press the 'New' button to create a configuration of the selected type.

- - Press the 'Duplicate’ button to copy the selected configuration.
% - Press the 'Delete’ button to remove the selected configuration.
& - press the 'Filter' button to configure filtering options.

- Edit or view an existing configuration by selecting it

Configure launch perspective settings from the Perspectives preference page

Close

Then, left-click the Embedded debug (Native) item on the list and select New. A new debug
profile will be created and a section with some fields to fill will be opened:
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= BEbug) —{ga)
Create, manag d figurati @\
L it Name; ledtest Default ]
‘M‘ [EXY % Debugger| Bl Comman ds| % Source = common
[E] C/C++ Attach to Local App
[E] C/C++ Local Application Project:
[ cjc-++ Postmortem debug | | [ledtest ] [ Browse ]
© Eclipse Application C/C++ Application:
o e emoetint ees e [ ) Boart Pt ] [_aoes-. |
= ledtest Default
76 mp3 Default
il Java Applet
[T Java Application
Er i
@ 0SGi Framework
& Remote Java Application
.. )
Filter matched 14 of 14 items
Fill the fields with these values:
Tab Fields content
Main C/C++ Application: main.elf
Debugger GDB debugger: avr-gdb
GDB command file: Clear this field and leave it blank
Commands Initialize commands: target remote [host]: [port]

Note: [host]:[port] must be replaced by the host where Avarice is running (not necessarily
localhost) and the port where it is listening to. An example would be: localhost:6423 (this
configuration will be used in the document as default). Now click on Apply button and close
the dialog.

Finally, we will add a shortcut to our new debugging profile by clicking on the Debug button
in the toolbar and select Organize Favorites:

W 0 Q- | & &
Debug As r
“ %5 Open Debug Dialog... -~
.d o

g Qrganize Favorites... Lp

Then click on Add and select your debugging profile from the list. Now, the Debug menu
should appear with the new profile:

W 0 @~ | &
¢ 1 mp3 Default

a Debug As b5
9 %5 open Debug Dialeg... [

r Organize Favorites... -

o T [ o T —

That is all for Eclipse. Read the next chapterto learn how to start debugging!
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6.3. Starting to Debug

Before starting to debug, you need to know something more, which is how Avarice works, and
how to enable debugging information in your ELF file. And of course, you will need to have
your JTAGICEmKII connected as described in chapter 3.2.1. and the real circuit where your
program will run.

6.3.1. Adding debug information to an ELF file

We need to add something to our ELF file to make it ready for debugging. It is very easy: we
need to indicate it to GCC by adding a new flag. So, modify your Makefile adding this line
below the first CFLAGS entry (already in the template given in chapter 4.1):

CFLAGS+=gdwarf-2

6.3.2. Working with Avarice

First I will explain the Avarice flags that we and then how we use it to debug together with
GDB and Eclipse. Note that some flags have a shorter equivalent, also listed in the table.

Flag Description

--mkII /-2 Debug devices available: JTAGICEmkI/II and AVRDragon. One of them
--mkI /-1 has to be indicated

--dragon / -g

--jtag /4 Port attached to the JTAG device. If it is through serial use device's path,
ex: /dev/ttyS0. If you use USB, just write 'usb', and if more than one device
is connected, write 'usb' followed by a colon and the device serial number
you want to use (ex. 'usb:xxx').

--erase / - Erase the target

--program / |Program the device. --file / -f flag required indicating the corresponding
-p binary file.

--file / -f File used for the --program / --verify flags

[host]:[port] Specify the host and port to listen to for a GDB connection. Ex:
localhost:6423

Let us see how we would use Avarice. I will assume that we are using JTAGICEmkKII
connected through USB. If you want to start debugging with a version of the program that is
newer than the one already inside of the microcontroller, you will have to run avarice with the
programming options. The command would be as shown below (both, long and short versions
are indicated):

# avarice --mkII --jtag usb --erase --program --file
/your/project/path/main.elf localhost:6423

# avarice -2 -j usb -e -p -f /your/project/path/main.elf
localhost:6423

However, sometimes you will start a new debugging session with the program that is already
uploaded, so in that case, you should run Avarice without program options:
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# avarice --mkII --jtag usb localhost:6423
# avarive -2 -3j usb localhost:6423

You will notice that after running Avarice it will stay waiting for a GDB connection by
prompting Waiting for connection on port 6423 on the screen. Now it is Eclipse turn.

6.3.3. Debugging with Eclipse

Before starting a new debugging session, you should put a breakpoint in any part of the
program, for example in the middle of a function, that will let us test the variables features.
How to add breakpoints is described in A section of this chapter. After that, run Avarice in
your shell as described in the previous chapter and leave it waiting for a new connection. Now
click on the Debug button in the toolbar, and select your debugging profile. If it is the first
time you have run it, a new dialog will ask you to change to Debug perspective. Say "Yes' and
remember the decision to avoid future prompts. Now Eclipse should look like this:

g P =1 Fof B

Fle Edit Refactor Navigate Search Project Run Window Help

rE @B eo-ar|e s |or§-w o 7 (3 Debug|
%5 Debug 2 [ 3 3 D i ¥ = 0| /¢ Variables £ . ® Breakpoints | i#if Registers | =i Modules % B §F ¥ =8
¥ 2¢ mp3 Default [Embedded debug (Native)] Name value
- &2 Embedded GDB (7/25/07 8:40 PM) (Suspended)
< Thread [0] (Suspended)
= 1_ vectors() 0x00000000
il avr-gdb (7/25/07 8:40 PM)
4 fhome/gerardjworkspace/mp3jmain.elf (7/25/07 8:40 Ph)
H
mainc  [felledie 82 [ makefile = 8| 2 outline B R ¥ e ¥=08
* params rs, used at bit level: (1 is set, 0 is clear) - #defines at led.h [+ =1 avifio.h
will automatically write ...|
¥ Te e is set = avr/pgmspace h
- Text will not delete w on its background. bgeolor flag wi = stdib.h
*
void led_putstring(char *text, uint8 t x0, uint8 t y0, uint8 t textcolor, uint8 t bgcolor, uint8 t params){ U hardware.h
= utiljdelayh
uint8_t xOsave, character; L o ledh
e x0save=x0; o fath [
while((character=pgm_read_byte(text++))){ [ a1 wilh
/7Check if we have to jumpt to the next line = commonh
lH1?;(t’ni?):7:2’:‘[;‘:}*:;:?{TEXT7MLINE)){ L) BT
YO += FONT_HEIGHT ; o usarth
_ Xo=xOsave; =l o lcd sendbyvte(uints 1) : uints t =
D] I D]
Bl onsole i . &I Tasks| [2{ Problems | @ Memory bl o B =0
mp3 Default [Embedded debug (Native)] fhome/gerardjworkspace/mp3/main.elf (7/25/07 8:40 PM)
0® Writable Smart Insert | 1:1

As you can see, execution is suspended. To continue with execution, just press the Resume
button on the Debug window. Now, you will see that the program will start executing, and will
stop at the first breakpoint it encounters. Then, the program is suspended again to let you do
debugging tasks:
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File Edit Refactor WNavigats Search Project Rum Window Help

o @ |srorar|® ¥ v & [$5Debug|

35 Debug % I3 = i ¥ = B ®-Variables 2 . % Breakpoints ifif Registers | =i Modules =t B | § v =0
¥ 3¢ mp3 Default [Embedded debug (Native)] Name Value
¥ 2 Embedded GDE (7/25/07 8:40 PM) (Suspended) b witext 0x0080199¢
= ;@ Thread [0] (Suspended: Breakpoint hit.) [E%) 22

= 6 led_putstring() /home/gerardworkspace/mp3/lcd.c:244 0x00003468 yo 22
= 5 intf_menu_refresh() jhome/gerard workspacefmp3finterface c:184 0x00003d66 o4 textcolor o
= 4intf_menu_load() /home/gerardworkspace/mp3/interface ¢:211 0x00003f6a 4! bgcolor o
= 3intf_init() jhome/gerard/workspace/mp3/interface.c:75 0x00003f8¢ ImD]

2 software_init() fhome/gerard/workspace/mp3jmain.c:128 0x0000227&
= 1 main() jhorme/gerardjworkspace/mp3/main.c:67 0x0000230a ‘ ‘

#il avr-gdb (7/25/07 8:40 PM)

(@ maine |8 lodc 8 Lo makefie = 8% outline 8 B W e ¥ =0
params -> Some parameters, used at bit level: (1 is set, 0 is clear) - #defines at led.h [+ o aurjioh
Bit O: AutoDots (If the text doesn't fi on will automatically write ...| u
Bit 1: Multiline - Text can be multiline if this set ® avrjpgmspace h
* Bit 2: Transparency - Text will not delete what's s background. bgcolor flag wj w0 stdibh
*
void led_putstring(char *text, uint8 t x0, uint& t yo, uint8 t textcolor, uint8 t bgcolor, uint&_t params){ o hardware h
(=22 02e] 0 ety
uintg_t xOsave, character;
= S T L
- x0save=x0; o fath
» i = =
while((character=pgm_read_byte(text++))){ R
Check if we have to jumpt to the next line o commonh
if(131 - x0 < FONT_WIDTH){ -
if(bit_is_set(params, TEXT_MLINE)){ ) Gzl
YO += FONT_HELGHT; U usarth
_ X0sx0save; S o _lcd sendbyteluints t) : uints t &)
I D] I D]
B Console 3 7 Tasks| [ Problems| 0 Memory T @@ Er-=o

mp3 Default [Embedded debug (Native)] avr-gdb (7/25/07 8:40 PM)
target remote Localhost:6423

0x00000000 in __vectors ()

No symbol "xOsave' in current context.

Attempt to use a type name as an expression

Attempt to Use a type name as an expression

Attempt to Use a type name as an expression

Next I will explain the basics of debugging: breakpoints, read/writing variables, viewing
register values, etc. More features are available, but you will have to learn them yourself!

A.

Breakpoints

Breakpoints are interruptions of execution at a specific point in the program. When
they are matched by the program running, the debugger stops the execution and lets
you check variable values and many other useful things for a programmer. In Eclipse
setting up a breakpoint is very easy: double-click on the left of a line and a blue spot
will appear. This means that the program will be interrupted at this line. To remove it,
double-click again overit.

void led putstring(char *text, uinte

uints t x0Osave, character;

e |[Line breakpoint: lcd.c [line: 243]
while(T{character=pgm_read_byte(t

Working with variables

Another useful thing is to read, write or cast variables. When you are inside a function
and the execution is suspended, you will see that in the Variables window a list of the
current local variables wth their value is shown:
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G9=\ariables i3 . % Breakpoints il Registers | =i Modules 5 B | §° ¥ =0

MName Walue
bW text 0x0080199¢
641 x0 22
641 y0 22 —
4! textcolor 0
4! bgcolor 0 -
]
22 '\026'

To modify the content of a variable, right-click overit and select Change lalue...:

42 x0 —

’ Select All ctri+A
&4l y0 _

=| Copy “ariables Ctrl+C

4! textcol

]
42 bgcolor [] Disable B

22 '\D26'

#, Cast To Type...

Find... Ctri+F —
@, change value... L
, 0 1s clear 57 Add Global variables... irfit

e v 11

And then enter the new value for that variable. If you want to cast it, just click on Cast
To Type... and write the new type.

As you can see, only local function variables are shown. However, global variables can
be added to the list by right-click and select Add Global Variables.... A full list of the
available global variables to be added will be shown.

Others

Other interesting things are the ability to see the current value of the microcontroller
registers in the Registers tab:

)= \ariables | % Breakpoints i Registers £ - =i Modules = =
Name Value -]
1t r29 X
it r30 -100
1t 131 2 i
it SREG -128
i sp 0x008021df 8
[T
33 '

Or watch the list of sub-sequent function calls:



openfilayer

% Debug 2 g O3 R i= ¥ =0
= 26 mp3 Default [Embedded debug (Native)]

- Embedded GDE (7/25/07 9:36 PM) (Suspended)

+ o Thread [0] (Suspended: Breakpoint hit.)

6 led_putstring() fhomefgerardfworkspace/mp3/led.c:244 0x00003468
5 intf_menu_refresh() jhome/gerardfworkspace/mp3/interface.c:184 0x00003d66
4 intf_menu_load() fhomefgerard/workspace/mp3finterface.c:211 0x00003f6a
= 3 intf_init() fhomefgerard/workspace/mp3finterface.c:75 0x00003f8c
= 2 software_init() /home/gerardjworkspace/mp3/main.c:128 0x0000227e

1 main() jhome/gerardjworkspace/mp3/main.c:67 0x0000230a [
w avr-gdb (7/25/07 9:36 PM)

(]

As you can see in the picture, lcd putstring() has been called by intf” menu_refresh(),
this one by intf menu_load() and so on.

Of course, debugging offers more possibilities, I have just explained the basic ones.
You will have to discover the others!
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