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Abstract: Thiss paper presents
ts simple evaluaation kit for students
who learn microcontroller
m
r programmingg. This is seecond
generation off such a kit which was modified
m
basedd on
experience wiith the previouss version. It iss very easy to make
and cheap which
w
allows sttudents to buiild it at homee and
experiment with
w
it. It iss based on Atmel
A
AVR Mega
M
microcontrolleer and is conneected to PC via serial
s
port.
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1. INTRODU
UCTION
e
Microconttrollers are noowadays presennt in almost every
device aroundd us and their usage
u
increasess. With this inccrease
of usage increeases also the need for qualified experts abble to
program them
m. It is the tassk of universities and colleges to
prepare such experts, softw
ware engineerss, able to proogram
a correctly.
microcontrolleers efficiently and
At our faculty we developed
d
a simple
s
and cheap
c
microcontrolleer tool whichh can be ussed in lessonns of
microcontrolleer programmingg (Dolinay at al., 2007). Ourr aim
was to makke it possible for a studeent to work with
microcontrolleer (MCU) not only
o
at the lessoons but also at home,
h
to obtain som
me real experience with the methods usedd for
programming and so on.
Based on practical experrience with thiss tool we designned a
w improved features.
f
This second
s
generation of
new version with
the simple miicrocontroller kit
k is describedd in this article.. The
improvementss are in the new type of MCU used,
u
which is better
b
suited for this task and also in
i the way of connecting
c
the kit
k to
the computer, which is also simplified. Desppite the new feaatures
mains simple annd affordable.
the kit still rem
As for the question why we
w strive for chheap solution, which
w
b the
may arise, the motivation for cheap solutionn is not driven by
ment for our lessons
inability to obtain more sophhisticated equipm
but by two othher factors: Firsst, it is the desiire of some students
to further inveestigate the toppic. For such a student, buyinng the
same equipmeent that is usedd in lessons maay be too expensive
and borrowinng it from schhool is not alw
ways possible. The
second reasonn is simplicity. The devices used in lessonns are
professional products
p
which actually hide thhe basic principple in
their sophisticcated design. Inn a device withh many parts itt may
be hard to eveen find the micrrocontroller itseelf. It is desirabble, at
least at the beeginning, to allow the studentts to see how thhings
are made. Thaat is why simpple board containing just the MCU
M
and few otherr parts is helpful. Better yet,, if the student can
make the boarrd himself.

2. DESIGN CONSIDERA
ATIONS
d
is to proovide
As alreadyy mentioned, thhe aim of our design
students witth easy-to-buuild platform for develooping
microcontrolleer applications. This tool should be used mainnly at
home for the student’s own projects but it should also reffer to
a school. In the lessons students
s
first learn
the lessons at
programming in assembly annd then in C. We
W use evaluatioon kit
GB60 with Frreescale HCS008 microcontrroller,
M68EVB908G
which is 8 biit MCU with FLASH
F
and RAM
R
memory (***,

2009
9). This kit is equipped withh LCD display
y; several pushh
swittches, LED diiodes and eveen a buzzer. We
W have alsoo
deveeloped several extension moduules which can
n be attached too
this kit, for example, 7-segment, 4 digit multiplex
xed display andd
board, DC motoor drive and sim
mple heating pllant (Dolinay ett
keyb
al., 2007).
2
The development kit is well suited forr the purpose off
learn
ning MCU prrogramming, bbut the advantage of manyy
interresting periphherals brings also the dissadvantage off
com
mplexity. This makes
m
it hard too see the hardw
ware principless
and the cost of suchh a kit is beyonnd student’s bud
dget. Moreover,,
m
r
the student may sooon want to crreate his own microcontroller
urface mountedd
appllication and forr such a homee project the su
MCU
U with over 600 pins is not thee best choice. The
T kit itself iss
too complicated to provide muuch inspiration without goodd
expeerience in elecctronics. For student with litttle experiencee
interrested in simplee way to use aan MCU in his//her project thee
kit described
d
here has
h been designned.
2.1 Choice
C
of the microcontrolle
m
er
For
F the first verrsion of the kit we limited our choice to threee
bran
nds of microcoontrollers that w
we have perso
onal experiencee
with
h and which bellong among thee most used: Frreescale, Atmell
and Microchip. Lucckily, the princciples are very much
m
the samee
for all microcontrrollers so the choice is nott critical. Thee
prefe
ference of partiicular brand iss affected by factors
f
such ass
personal experiencce, price, featuures and deveelopment toolss
available.
For
F
microconttroller manufaccturers the ho
obby-users aree
prob
bably not the most
m
important customers, but for our aim off
prov
viding simple and
a affordable kit for studen
nts which theyy
coulld make at hom
me, the popularitty in hobby market segment iss
an im
mportant clue.
Freescale
F
micrrocontrollers, w
which we use at lessons, aree
wideely used in professional
p
appplications - in automotivee
indu
ustry, etc. For hobby
h
use theyy are not so po
opular, perhapss
becaause it is not easy
e
to obtain them (situation
n in the Czechh
Repu
ublic). Atmel microcontrollers
m
s (***, 2010) arre very popularr
amo
ong the hobby users
u
because of low price, goo
od features andd
perfo
formance and availability
a
of free software including fulll
featu
ured C com
mpiler (AVR studio, WiinAVR). PIC
C
micrrocontrollers arre very populaar in hobby arrea also, but itt
seem
ms they are loossing the battle tto Atmel at pressent due to lackk
of go
ood free develoopment tools.
For
F the first generation of thhe kit we used
d ATTiny 23133
MCU
U; for the second generationn we chose AT
TMega8. Thiss
micrrocontroller hass bigger memorry, (8 KB of flaash and 1 KB off
RAM
M compared too 2 KB and 1288 bytes in Tiny
y2313) for veryy
simiilar price. Also,, there are verssions with even
n more memoryy
available with the same
s
pin configguration (ATMeega168 with 166
KB and ATMega3228 with even 322 KB of flash).
2.2 Connection
C
to PC
Another
A
imporrtant decision for the kit design
d
was thee
meaans of connectinng the kit with tthe PC on whicch the programss
are developed. Thhis choice is a compromisee between thee
mfort of usage and
a the price off such a tool. The
T best optionn
com
now
wadays is obviouusly connectionn via USB, but for
f our purposee

of easy-to-make and affordable solution this has disadvantage
of requiring more parts which make the kit more expensive.
Also the kit could become too complex to understand for
beginners and the home building of this kind of device could
have doubtful effectiveness. It could be easier (and in the end
cheaper) to buy a professional programmer or development kit.
For the above reasons we chose programming via In-SystemProgramming (ISP) interface for the first kit. This kind of
programming interface has the disadvantage of requiring
special cable and computer with parallel or serial port. This is a
problem especially with laptops, which now often have only
USB ports. The simple solution of using USB to serial
converter did not work for the ISP programmer communication
on neither of several converters we used, probably due to the
fact that the converter does not emulate all the functionality of a
hardware serial port. Because of this, the first generation kit
could only be used on computers with serial or parallel port,
which proved to be a major limitation to students. To remove
this limitation we chose a different approach for the second
generation of the kit. It is now programmed via bootloader in
the MCU which communicates with the PC via serial line.
Unlike the ISP programming this communication uses the serial
port in a standard way and there is no problem with USB to
serial converters. So the new kit can be connected to any laptop
using any cheap USB to serial converter. The disadvantage of
this design is the fact, that the MCU has to have the bootloader
programmed before it can be used in the kit. The bootloader can
be loaded into the MCU either at school or by some friend who
has a programmer for AVR MCUs. In total this limitation
seems easier to overcome that the requirement for a hardware
serial port.

3. KIT DESCRIPTION
For our kit we use Atmel AVR microcontroller Mega8, but it
can be simply replaced by pin-compatible Mega168 or
Mega328 which have more memory. The MCU is clocked by
internal oscillator, eliminating the need for a crystal.
The schematic of the kit is depicted in figure 1. Besides the
socket for MCU there is integrated voltage regulator 7805 to
obtain 5V for powering the kit, level converter MAX232 for
connecting the TTL logic levels of the MCU serial interface to
the serial port on PC; then 2 LEDs and 2 push switches to allow
some inputs/outputs for the MCU. A trim is used to generate
variable voltage input for experiments with A/D converter. It
should be noted that the peripherals are not connected directly
to the MCU, but to a DIP8 socket. The MCU pins are made
available using sockets also. This way any peripheral can be
connected to any pin of the MCU using a piece of wire.

For loading program into the MCU a bootloader is used. It is
custom version of bootloader published in (Isa, 2010). To put
the MCU into programming mode, the pin PD4 must be tied to
ground when the MCU is powered up. The bootloader is then
ready to receive new program. This is achieved by holding
down a push switch and signalled by LED. The bootloader
occupies only 512 words of memory, so there is still plenty of
space for user programs. The program is sent into the MCU
using avrdude program, which is part of the installation of AVR
Studio. The program can be started from command line as
follows:
avrdude -p m8 -c avr109 -b 4800 -P com1 -U program.hex
The m8 is the type of the MCU, in our case Mega8. For
Mega168 it is m168 etc.
The –b option specifies the communication speed, here 4800 bd
and the com1 is the serial port used for the communication. The
program.hex is the filename of the hex file which contains the
program to be programmed into the MCU memory. It is
possible to create a simple .bat file containing this command
and execute it from the command line to flash the program into
MCU after building the project in AVR Studio.
To program the bootloader into a new MCU, some programmer
is required, for example the ISP programmer for parallel port as
used in the first version of the kit. The fuses can be then set to
that the bootloader is protected from overwriting so the student
may experiment with the kit without worries.

4. CONCLUSION
This paper presents very simple learning kit for students of
microcontroller programming courses. It is a second generation
of the kit, improved over the first one by new MCU and
different way of connection with PC which allows using it on
computers without serial or parallel port. The purpose of this kit
is to allow students experimenting with their own MCU
applications. It is not intended to be the main development
platform for learning MCU programming - for this the school is
equipped with professional learning kits. This development kit
may be considered tool for home projects. It provides starting
point which is guaranteed to work and opens the way for
student’s own designs. The purpose of this project is to show
the way of applying microcontroller in a real application and
allow easy way of programming it. In future tutorials and
sample applications for the kit should be created to provide
better starting conditions for student’s projects.
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