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MEXLE — Philosophy

o O : : : :
=Microcontrollers in EXperiment + LEarning
o

The basic ideas behind are:
. ,Learning by doing“ instead of ,chalk-informatics*
. Benefit of the students ,play instinct” for learning
. Low cost — affordable also low budget environment

1

2

3

4. Shared platform with international partners

5. Multifunctional use within different study courses
6

. Extendable family including a lot of peripherals

FFN CERR N International Educational Platform 4 jJL
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MEXLE — The family (1)

e MIinIMEXLE - Microcontroller ATmega48/88
- 2x16 LCD-Display, 4 push buttons
- Analog interface: 2 A/D and 2 D/A channels

MiniMEXLE
®  Uer. 2.8 Sep

o i i 5 4P
FEN ° |, [stiesbaictn .- -
MEXLE - The family (2)
e MEXLE - Microcontroller ATmega8515 or AT89S8252

- 6x7-segment LEDs, 4 buttons, 4 switches
- Bar graph, serial interface to PC

5PI PROG i

International Educational Platform 6 jjﬂ
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MEXLE - The family (3)

e UMEXLE - Microcontroller ATtiny2313 or AT89S2051
- compact, no display, simple peripherals

LA International Educational Platform 7 jjﬁ
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MEXLE - The family (overview)

MiniMEXLE Microcontroller ATmega48/88
2x16 LCD-Display, 4 push buttons
Analog interface: 2 A/D and 2 D/A channels

MEXLE Microcontroller ATmega8515 or AT8958252
6x7-segment LEDs, 4 buttons, 4 switches
Bar graph, serial interface to PC

MMEXLE Microcontroller ATtiny2313 or AT89S2051
compact, no display, simple peripherals

MEXLE family all boards can be used with AVR Controllers
- common environment for development
- common programming interface

F F N (- L I nternational Educational Platform 8 ﬂﬂ
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L eRienpenber

MEXLE board plus PROGI (programmer board) with USB interface
e Simple connection to standard PC

e Low cost programmer usable for most AVR microcontrollers

e Compatible to STK-500 ATMEL evaluation board programmer
e Programmer powered by USB connection

F F N CERRL N I nternational Educational Platform 9 ﬂﬂ
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MEXLE — Development Environment (2)

A¥R Studio - [C:Dokumente und Einstellungen Gerhard Eigene Dateien'\FH\1_Lehre'MIKR\AVR-MEXLE-Projekte\MagnetschweberQuellcode MagnetschweberMAG
[ Fle Project Buld Edt Wiew Toos Debug  Window Help

DRl RESs cBHRh M 4% %%

reEN P BPROEMNR I REEEOE

S Trace Disabled B GG BN SRR I I e
|AvR Gec x|
s
=G5 MAGH_SCHW (default) /7% Diesss Programn dient zur Regelung des Magnetschwebers B
1423 Source Files <% Dabei geht == um die srfassung analoger Hesssignale und der Regslung *
o [5] magh_scHw.c s-% anhand der digitalisierten Werte. Als Ausgang zur Ansteuerung des *
24 Header Files s7# Magnetschwebers wird sin PUM-Signal erzeugt =
. <% Der ADC ist zyklisch iiber den Timsr0 gesteusrt *
1428 External Depandancies s/ Der Systemtakt betragt 15MHz x
423 Cther Files e *
<% Yerfasser: Azesl Dinnwald =
. . % Betreuung: Prof . Dipl. -Phys. Gerhard Gruhler *
AVR Studlo T00| W|th ;;: Dipl.Ing.—FH Thomas Pospiech =
R ss% Zeitraum: Somnersemster 2006 o
L PrOJeCt management|| -~
. 0
Editor, Assembler .
e
1 #define F_CPU 150000000L
= GNU C'Compller #include <a2vr/ic.h»
#include <stdint h>
1 1 #inzlude <avr-interrupt. h>
= Simulation sinoLude (avEdolay. n;
#include "led_lib Steffen.c”
= Programming
I T—
Elavm cee [FRlyo view | @100 | [El c:\pokumente und Einstellungen’,Gerhard'Figene DateienFH',1_Lehre\MIKR\AYR-MEXLE-Projekte’,Magnetschw
Build
I I N U International Educational Platform 10 €%
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MEXLE — Network

e Heilbronn University, Germany:
Faculty of Mechanics and Electronics
(10 Staff, 250 Students/year)

e |nternational:
- STU Bratislava, Slovakia
- UNN Newcastle, GB

- GTU, TESAU, ATSU, Georgla Faculty of Mechanics
g o & -- and Electronics

Bachelor of Engineering in:

-4
osystems Engineering
* Robotics and Automation

Master of Engineering In:
* Mechanical Engineering
+ Mechatronics
+ Electronic Systems Engineering

I_ I_ N CERL A International Educational Platform 11 4%
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MEXLE — Educational Platform

MEXLE Webpage MEXLE Wiki
Micosentolers in EXparienent and LEarning | erticle || discussion | [ view source | | history |
FFN Technik - Wirtschat - nformatik e o (-] Main Page

[n-.]rm | wims [n-w]smw | Prolects | Downioads | cooperat Welcome to MEXLEwviki!

| Welcome!

The MEXLE project is an internation sl lear categories This is a wik
Imawiedge of technical informascs and mi

d community platform for Microcontroll

= Basics
= WEXLE-Hardwars

= WEXLE-Software
= Projects
= Literature
= Links

| » Created by MEXLE team
* Responsibility on staff

Pleage note hat there ané siil some page

I_ I_ N BRI International Educational Platform 12 9%
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1. Introduction o O
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3. ATMEL AVR Microcontrollers

4. Teaching Informatics with MEXLE
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MiniMEXLE — Hardware

Jumper and Peripherals Analog
/ \ Buzzer Interface Power Supply 9V DC
] g i |
: 5

Controller
ATmega88

External
Connector
Programming
Interface
® Uer, 2.8 Sept.
4 Push Buttons and LCD Display 2x16 Characters
FFN (- L | nternational Educational Platform 14 ﬂﬁ
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MiniMEXLE — Block diagram

DC In | Regulator 2x16 Character
—) >
9V > 5V LCD Display
18,432 MHz 1
1 1 1 1
- Clock
e T o O O O
—T—_| Generation
HC 4 Buttons for Functions
ATmega
Analog Input
. Reset 48/88 - A/D-D/A [«— NTC, Opto-Sensor
N Generation| Interface — PWM Output
Buzzer
External Programming
<> <> [€<—> AVR-USB-PROGI
Connector Interface

F F N B AN International Educational Platform 15 4%
-1 Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) ]_QJL”

MiniMEXLE — Power Supply

N4004 g
YOC T 1 gy WCC
02 SReRABLER
.

Pt ouT

) p( R2
‘oltage input 1004 | GHD C3 L C4 W
12VDC c1&g = =

- 100uF ] AonE [ToorF T opF
GN
¥¥ e

(12%DC rechrmmende

e Diode D2: for safety reasons: inst wrong polarity at DC input
+ Diode D1: for safety reaso

e Power-ON-LED (LED1)

F F N (- L I nternational Educational Platform 16 QJZJ
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: protects regulator against back powering
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MInIMEXLE — Clock and Reset Generator

* Reset sources: g ﬁ
L]
- RC (Power-on) 2 4 1144148
o i D6
- Button ﬁ'w:»? 1
- External (PROGI)| 7T recel e &
L |PceirESET
« Connector for e I S |
.Debug-Wire* iy s | A
interface : = P
_ 13 I S.Jani 2 J L2 pespTaLimoscn
» Separate filtered TR~ DU (2 Pereramosc)
analog supply 2208 Emﬁs’-—‘l | i
GND_ il SERE o i
e External crystal E Y
EXT-RESET oo WDDHFU
(18,432 MHz) |
FFN BN International Educational Platform 17 jjﬁ
PR Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) 14| ]
MInNIMEXLE — User Interface
- 2x16 LCD display e e
- a RS DD
with backlight T o A7
. S
(connected by 4 Bits) = Hom w4 L
(RS: Data/Control) = o Towe >
. DB4 W55
(E=1: _Enable Display) § E§§ N e
(R variable: Contrast) o O_I .
A 148 2|_i_|AS1
Bt D7 m‘ﬂ_.
* 4 Buttons con_nected P
at the same pins as . 22 L]
the LCD display o L ﬁ'-hfg
25 pog DT
(E=0: Reaq .buttf)ns) e L=
(Port uC bidirectional)
FFN Q. L I nternational Educational Platform 18 ﬂﬂ
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MiniMEXLE — Analog Interfaces

e 2 Analog Inputs 0 -5V
- voltage protected
R4, D3, D5; R14 ,...
- DC/AC coupling (C6, C11)
selectable by jumper
- Low Pass 1,6 kHz (C8, C12)

* Alternative: |
- Temperature measurement:
(NTC Resistor R11)
- Light intensity: ]
(LED2 used as photo sensor)
e 2 PWM Outputs (8 Bit)
- Low Pass 1,6 kHz (selectable’
- on Board Buzzer

F F N B AN International Educational Platform 19 QJLJ
PO Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) ]_4JL”

mMiniMEXLE — Expansion Connectors

PIN-OUT ATmega88
(Pin 1 bis 28)
g

-
FO0 3 TECd
ED1 5 B P
= 7 =
P09 TP
PpaTl 2000
C13 AGND
CNOTS BAREF
PEG 17 - IEAVCT
- et DCF77 RS232 IrDA
N 2406 -
— — el
2 — — ? g (? 1 2 D1
[z 20PR1 P - oD = %
= EXOSC
1 -_- 3 =2 J_
=z I sva ==
GND

e Full access to signals at uC pins by Extephal Connegtor — 34 pins
e Connector for radio clock signal (DCF77) - 3 pins
e Connector for serial interface, IrDA or USB expander — 6 pins

F F N BN International Educational Platform 20 jjﬁ
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MiIiniMEXLE — Programming Interface

XAl
= SPI Interface e - ) o vee
(Serial Peripheral Interface) rosocie) f—gt—r> -
PBE3MOSIOCZ) 5 ] T
to programmer (PROGI) pﬁéé?”s'%% = - . »
(programming active =5 — R20
fOI’ RESET = 0) S
4 1 EXT DECCT
= Visual interface by LED3 A
e SPI signal names:
MISO = Master IN, Slave OUT
MOSI = Master OUT, Slave IN
SCLK = Serial Clock
SS = Slave Select
FFN CERRLC AN | nternational Educational Platform 21 jlﬂ
PSS Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) 14| ]
AVR-USB-PROGI — Function
USB to PC RxD
USB-Serial-Convertor - X Protocol Conversion SPl-Interface
> Serial Interface [ —>
incl. 5V DC FT232BL XD ATmega8 uC to Target-pC

N

e Connection direct to U
- Power supply of PROGI
- specific USB driver f

interface emulation)
grammer by USB
T232BL needed on PC

e USB protocol to sefial protocol conversion by FT232BL

e uC ATmega8: protocol conversion to SPI for target interface
- programming of ATmega8 possible by PC trough USB
(jumper placement needed)

F F N LB International Educational Platform 22 jjﬂ
-1 Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) ]_4JL”
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AVR-USB-PROGI — Hardware

e Compact unit in
plastics box

« USB connector pRe
seriesAtoPC — ——,

e 10 pin connector
to target pC

e USB-Serial-Converter
on bottom plane

e 3 LEDs for status

F F N BB | nternational Educational Platform 23 jjﬁ
)| Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) 14| 1]
Overview
1. Introduction o O

2. MiniMEXLE Hardware o 0
| 3. ATMEL AVR Microcontrollers |
4. Teaching Informatics with MEXLE

FFN CERR N International Educational Platform 24 jlﬂ
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AVR — uC family with RISC structure

.
+ Reduced Instruction Set Computer

= | = Powerful 8 Bit RISC CPU
oo | | e | = Program Flash 8 KByte

AVR - Data EEPROM 512 Bytes
== 1 .. Data SRAM 1 KByte

(ot ] ‘%I | ﬁ;a,m_ S 23 programmable 1/0 lines
» 3 Timer/Counter Units with PWM
* USART, SPI, 12C Interface
* Analog Comparator
= « 10 Bit A/D-Converter
,,,,,,,,,,,,,,, — [+~ eIn-System Self-programmable

g 2
vee.n Pote. ) Popa Ao

F N BN International Educational Platform 25 ﬂﬂ
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AVR — CPU core

Data Bus 8-bit

< T e Harvard structure
E s I o T S « 131 instructions
Memary o
e (most single cycle)
Instr}ntmn (;gezn:rsal . .
Faguter | e [ s = 32 x 8 Bit registers

Wiz » Fully static operation

Timer

v — « 20 MIPS at 20 MHz
Comparator

Instruction
Decoder

Control Lines

 2-cycle HW multiplier

Direct Addressing
Indirect Addressing

[“>| 110 Modulet

IIIIC

Data PN 1O Module 2
———*  sRAM

/O Module n

IO Lines
F F N LB International Educational Platform 26 jjﬁ
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AVR — Clock Generation

A IR IR
A A A
» 4 Clock sources
- - HF Crystal
- LF Crystal
iy AVA Clock Clicpy )
CeuLi - RC-Oscillator
gy Ky
I - External Clock
System Clock eset a mer
| = “* ‘“’: | - » Programable
N . prescaler
ource cl fatchdog dock
/oo wacg = Watchdog timer
T « Flexible power
management
| | « Different sleep
Timer/Counter Crystal Low-frequency Calibrated RC
Oscillator ‘ Btauial Clek ‘ Oscillator ‘ Crystal Oscillator Oscillator modes

F FN B International Educational Platform 27 jlﬁ
Y Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) !JLH

AVR — RESET Functions

DATA BUS

,:l:‘m * Power-on Reset
U Status
Register (MCUSR) (nO eXternaI

o | i) &
o -pawa&un;.ase. 8,855 2 components)
reul

‘ = External Reset
BODLEVEL (2.0 Resd Gl with Spike Filter

[] Pull-up Resistor

* Brown-out Reset
(monitoring Vcc)

Reset Circuit

™\
— 5

INTERNAL RESET

- - Watchdog Reset
RSTDISEL 3 (Separate OSC.)
Watghdog © .
| Osclalor |_|_’ * Reset source Is
| Clock |CK Delay Counters readable in
Generator TIMEQUT Status Reg|ster
CKSEL[2:0] j—‘[
SUT[:0] ——
F F N CERL N I nternational Educational Platform 28 ﬂﬂ
PO Introduction to System and Philosophy © HS Heilbronn « G. Gruhler (2007) IJJLH
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AVR — On-chip Memory

________________ Tofo

Watchdog -

« 8 KByte Flash for
program code

e ] siien | L2 ] (programming
Waichdog POR/BOD & T parallel or SPI)
Oscillator > RESET LOGIC

* Bootloader Flash
P
Oscillator Flash SRAM e Lock bits for
Circuits / 2
— Clock T 1T software protection
Generation « 1 KByte SRAM for
AVR cru Dgta (ad_ress space
with registers+ 1/0)
EEPROM
¢ * 512 Bytes EEPROM
4 5 | for nonvolatile data
in 1/0-space
International Educational Platform

FEN° ..

Introduction to System and Philosophy

© HS Heilbronn = G. Gruhler (2007) 14| &1

29 4¥ %

AVR — On-chip Peripherals

| ¥ 1l AVCC
\ 1

y y v AREF
|

GND
y , !
| Bbit T/CQ | | 1Bbit T/C 1 | | A/D Conv. |1—;‘ :
) 3 ) !
|
§ «l» BbitTIC2 | I Analog I‘_ Internal 6 |
a L Comp. Bandga :
& | i
|
|
1
1
I USART 0 | I SPI | I TWI | |
1
r W 4 |
I ' 1
. ] R |
) 1
|
) 4 ¢ A A4 ¢ ¢ !
1
| PORT D (8) | | PORT B (8) | | PORT C (7) | |
A F - :

L RESET
______________________________________ Ls

XTAL[1..2]

PCl0.6] ADC[6.7]

International Educational Platform
-4 Introduction to System and Philosophy

FEN°

© HSHN ¢ G. Gruhler (2006) * Einfuehrung-miniMEXLE-AVR.ppt

* Up to 23 digital
bidirectional 1/0-
lines (Read-Modify-
Write functionality)

» 3 Timer/Counters
2x 8 Bit, 1x 16 Bit
(with Capture and
Compare units and
PWM generation)

= 10-Bit A/D-Converter
(up to 72 kHz rate)

« 3 serial interfaces
(USART, SPI, TWI)

30 4%

© HS Heilbronn = G. Gruhler (2007) 14| ]
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AVR — Digital 170

‘ « Flexible structure
=< = (In, Out, In/Out,
Read/Modify/Write)
by 2 Flip-Flops

« Selectable Pull-Up
resistor per pin

[E|
Vi

 Sleep mode inputs

DATA BUS

SLEEP

» Synchronizer for
external signals to
avoid meta stable

situations
1 e Alternate functions
. WDx: WRITE DDRx .
Sf  QHICOMRE R ETEPORT v selectable per pin
clk,g Y0 CLOCK RRx: READ PORTx REGISTER
RPx: READ PORTx PIN
WPx: WRITE PINx REGISTER
F FN CERRL N I nternational Educational Platform 31 jlﬂ
Y Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) !JL”

AVR — Timer/Counter Units

Count o TOVn R .
S ttoon | S e Timer for internal
e clock signals with
Top | BoTToM extra prescaler
g - B « Counter for
L o ] - - .
'- 4 -f" o external signals
(IntReq.) 1
P with edge detect
= | Generation '@ g
| S | e Output compare
g M TR o ol O . functions for
® Voo r""'ﬂﬁm PWM waveforms
a ) Generation @
g | Setemton | e Input compare
O oo ] function only on
16 Bit Timer 1
[ TCCRNA | TCCRNB
t t (measurement)
F FN CERL N I nternational Educational Platform 32 jjﬂ
PO Introduction to System and Philosophy © HS Heilbronn « G. Gruhler (2007) IJJLH
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AVR — SPI Interface

™ » High speed serial 8-
XTAL MSB LSB M g Bit interface for
8 BIT SHIFT REGISTER s 9 . h I d
3 Sl LRl
DIVIDER & a g
: programming of chip
e e _
SP| CLOCK (MASTER ook oK s * Max. Speed Clk/2 =
. LoGIC |y 10 MBit/second
Hlz g 5
%{"’\ d I Ta * Master/Slave
cEE structure with full-
P .
‘ [ Pl CONTROL L”»E" : duplex function
o3 5 TEVEEEE: « Clock prescaler
w = L 1] |% 8L v w & 2 o & W w

SPI STATUS REGISTER SPI CONTROL REGISTER ° Wake up functionality
8 8

SPIINTERRUPT |NTERNAL
REQUEST DATA BUS

F F N LB International Educational Platform 33 jjﬁ

) Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) ]_QJL]J

AVR — USART Interface

Y ——rEeEn e Full-duplex 8 Bit USART
i - with 5..9 data bits and
! 1..2 stop bits
1
| e Internal baud rate
1
= generator
1
4 ! * Asynchronuous and
= N
! synchronuous modes
gr .
: * Multiprocessor mode for
I g 5
! communication network
I o . .
! « Noise filtering
I
B e » High speed SPI mode
$ | i
F F N LB International Educational Platform 34 jlﬂ
P Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) !JLH
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AVR — TWI/12C Interface

st SDA « Powerful 2 lines
Slew-rata Spike Slow-rate Spika .
G| Gt | i interface (SCL, SDA)
+ Master and Slave
v Y H
Bus Interface Unit Bit Rate Generator Operatlon

START / STOP
Control

Spike Suppression

Prescle e Multimaster ability
T ‘ I 'ﬁg?ifﬁﬁgg'f‘ | e ‘ © Up tO 400kBItS/S€C

3 : ¢ e Up to 128 slave
adress space

e Adress recognition
for wake-up
functionionality

Address Match Unit Centrel Unit

Address Register
(TWaR)
Stata Machine and
Addrass commor

Status Flegister Control Registsr
(TWSR) (TWCR)

A,

TWI Unit

F F N B AN International Educational Platform 35 QJLJ
PO Introduction to System and Philosophy © HS Heilbronn = G. Gruhler (2007) ]_4JL”

AVR — A/D Converter

ADC CONVERS)

. « 6 A/D-channels

e up to 10 Bits resolution

o OBITDATAEUS

el . )

|| » 13-260 ps conversion time

L il (max. 15 kSamples/sec
:lj with full resolution)
- E— * Internal bandgap
% - reference
=0 - e > « Input voltage range from
L= GND - Vce
=] = Several clocking modes:
wes[ ] wg . sPcuaTILE - free running
AMDD - single conversion
.WDL - event triggered
o

F F N CERLAN International Educational Platform 36 4%
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AVR — PWM Generation
@ e Timer-based PWM

generation by Output

DT T = Compare Registers and

4 additional logic
|| « Different waveforms with

OCn (COMA1 0 = 2)

= A M B SET clear and TOGGLE
of the output pin

R e e e S
e Fast PWM-Modes

o E—— (up to 72 kHz at 8 Bits)
‘ r—*l; = Single slope application

O it P S

with fixed or variable

e \1{ \ puls period

- » Phase correct PWM-

o Mode especially for

Feret l'—“_'—‘_"'_'_'l . g 0
motor drives applications
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AVR — Internet Resources

/1 projects
— ::;;_:;::z microcontroller

Devices
pooFower Technglogy
S O 0w B PR
Apphcabions = g )
Toois & Saft Welcarne  Mews  Photo's  Downloads  Links  Guestbook S
Duthifa rs have eore rurni P
Acgbcation Notes : dnfined 1 Welcome to AVR Microcon
o 7 . trrral companents. Internal asallators, =
otk timers, UART, SPL pull-un resistors, pulse width madulation, ASRTEeAming
Suppor Cetger ADC, analog comparstor and watch-dog timers are some of ¢ A/D Convertor
Thie Party Suppeet the fastures you will find in AVR devices. e AWR Programming Hardware
* AVR P Soft i
Consutarts AVE instructions sre tuned to decreass the size of the R artll_%r;mmmg i This site is dedicated to my AVR
T Drogram whether the code is written in C or Agsembly. With s and board-layouts , also the prg
wn-chip -systam programmable Flash and EEPRGH, the AVR sieiaeing Some projects are programmed
Reyueil Samplet 14 a8 peelect choss in o & and get produd to ¢ LCD @ AVR are programmed with the BASCC
Ahars Changed the market guickly, Road R avereow. ¢ Pulse Width Modulation download for free. ¥ou can see t
+ Serial Cornmunication the specific project.
AVR Projects R e e e
http://www.atmel.com/products/avr/ http://www.avrprojects.net/
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Overview

1. Introduction o O

2. MiniMEXLE Hardware o 0
3. ATMEL AVR Microcontrollers
|4.Teaching Informatics with MEXLE |
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What is Informatics?

Technical Informatics Practical Informatics
Hardware components Algorithms
Microcontrollers Data Structures
Architecture of Computers Programming languages
Computer Networks Operating systems
Theoretical Informatics Applied Informatics
Theory of automats Information systems
Formal semantics Computer graphics
Analysis of algorithms Artificial intelligence
Compilers Digital signal processing
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Basic Informatics for Engineers

Realtime and
Multitasking

Digital Circuits

Memory
components
Microcontroller Software-based
Technology Measurements

Programming in C

Function of
State Mashines
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Technical Informatics - Contents
Course run in the 1. Semester

Number systems in the informatics

Digital logic components / Boolean algebra

Developing combinatorial logic

Practical realization of combinatorial logic

Flip-Flops and memories

State machines and their development

e Architecture and components of microcontrollers (uC)
e Structure of an AVR-based microcontroller system

e Programming of microcontrollers with assembler

» Realization of a sample project in software
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Technical Informatics - Tools
_ Digital Works
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| thank you very much for your attention
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