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One platform for 8-, 16- and 32-bit development
- with Microchip's MPLAB@ X IDE

* Envftinment

32-bit PIC®
Microcontrollers

512K Flash

1.5 DMIPS/MHz
80 MHz

16-bit PIC®
Microcontrollers &

dsPIC® Digital Signal
Controllers

256K Flash

70 MIPS

. 150+ Options

8-bit PIC®

MiCrOCOnt rollers

128K Flash

16 MIPS

250+ Options

Integrated Development Environment

Open-Source Cross-Platform Universal

MPLAB® X IDE is the free, integrated toolset for all of Microchip's 900+
8-

, 16- and 32-bit PIC® Microcontrollers, dsPIC® Digital Signal Controllers,
and memory devices. Based on the open-source NetBeans platform,
MPLAB X runs on Windows® OS,MAC® OS and Linux, supports many
third-party tools, and is compatible with many NetBeans plug-ins.

MPLAB XC compilers help increase code speed of any PIC®
Microcontroller or dsPIC® digital signal controller by 30%, whilst
also cutting code size by 35%. These new compilers give
designers the choice of Free, Standard or Pro code optimisation
levels for 8-bit, 16- or 32-bit development, or a single C compiler
suite to support all Microchip Microcontrollers and
digital signal controllers.

Microchip,s tool chain of compatible compilers
and debugger/programmers operate seamlessly
within the universal, cross platform open-source
MPLAB® X integrated development
environment, reducing both learning curves
and tool investments.

START DEVELOPING TODAY

Download a free copy of MPLAB X
and choose from a choice of new

C compilers:
 MPLAB XC8 for 8-bit MCUs

 MPLAB XC16 for 16-bit MCUs

and DSCs

 MPLAB XC32 for 32-bit MCUs

 MPLAB XC Suite for all

900+ PIC MCUs and dsPIC DSCs.

Evaluate MPLAB X today! www.microchip.com/get/eumplabx

Microchip

Microcontrollers * Digital Signal Controllers * Analog * Memory * Wireless

The Microchip name and logo, PIC, dsPIC, and MPLAB are registered trademarks of Microchip Technology Inc. in the USA and other countries. All other trademarks mentioned herein are the property of their respective companies.
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16-bit and 32-bit worlds united.
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Willi; MLU CARDS ARE

SOLD SEPARATELY

NOMINATED FOR

embedded AWARD 2013

In the Best Tools Category

We are honored and proud to be among a few elite and successful companies whose

products are chosen as the most innovative this year EasyPIC Fusion v7 definitely deserves

this recognition as the one and only development board that supports three MCU

architectures and unites 16-bit and 32-bit microcontrollers vithin the same workstation.
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. Tech the Future

70 Virtual Money
Developments in implementing bi-
directional payment systems, allow-
ing virtual and traditional currencies
to flow freely back and forth. Series
Editor: Tessel Renzenbrink.

Projects

10 Pattern Lock

This access control system requires
a personal pattern or signature to
be 'drawn' on a surface instead

of banging numbers into a key-

pad. The article also has a solid
backgrounder on capacitive touch

circuitry.

22 500 ppm LCR Meter (2)
This top notch project deserves

a matching presentation. In this
second instalment of the article we

continue with descriptions of the

keypad extension for standalone
use, the instrument

's functions,

and control software.

32 Elektor Linux Board Extension

This extension board was devel-

oped to further propel our Embed-
ded Linux series of articles and the

matching GNUblin board. It has a

display, buttons, a real time clock

and 16 GPIOs. Linux devotees,

switch on your solder irons.

38 Arduino on Course (5)
Using a webcam and a few parts

found in the junkbox we build a
one-eyed guard to watch over our

cookie jar. The circuit and Arduino
software faithfully evidence any at-

tempt to steal cookies by taking a
snapshot of the culprit.

44 Universal Driver for Power

LEDs

Power LEDs are now affordable,

and this project uses a specialist
IC Type TS19377 to simplify the
design of a compact and efficient
power LED driver.

48 Thermo Book

Designed to fit into the back of a
book cover, this circuit indicates

temperature and relative humid-
ity at fixed intervals. The temp/
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66 News & New Products

New electronics products, compo-

nents and technologies.

. Labs

62 Frontline Breaking News
What's brewing, growing and being
researched at Elektor Labs

64 XTAL Killer

Leave room for the humble quartz
crystal on your board.

64 What's cooking?
Encouraging news for all builders of
the 500 ppm LCR Meter project.

65 LDO replacement THT
The pitfalls of designing a through-
hole 'equivalent' of a low-drop regu-
lator board originally cast in SMD.

. Magazine

74 Retronics:

The Curse of the Collector

Ah, the thrill of recognition. This

month Reginald Neale showcases

a fairly random selection of items

from his electronics vintage collec-

tion. Series Editor: Jan Buiting.

76 Hexadoku

Elektor's monthly puzzle with an
electronics touch.

78 Gerard's Columns:

Mind Altering
A column or two from our colum-

nist Gerard Fonte.

82 Next Month in Elektor

A sneak preview of articles on the

Elektor publication schedule.

RH readout can also be toggled
manually (literally) by clapping
your hands. The sensor used is a
Sensirion SHT15.

52 DIP Accelerometer Module

Accelerometer ICs typically come in

packages not suitable to home sol-
dering. Here we solve the problem

by presenting a carrier board for
the popular MMA7455.

54 Gadgeteer
Introducing Microsoft Gadgeteer, a

rapid prototyping system compris-
ing a mainboard, extension mod-
ules, and software to match.

60 Handlebar Heating
Not satisfied with the crude sys-
tems on the market the author

set out to design a sophisticated
handlebar heater circuit with intel-

ligent control. The result is suitable
for motorbikes and scooters.
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From PRware to working project

Pattern Lock, this month's front cover project

and leading article, proves that technology

rolled out big time by leading manufacturers

can take a long time before it gets adopted by

design engineers to the extent of DIY pro-

jects for home assembly using low cost parts

and free software libraries. In this case, our

contributing author David Ardouin based his

design on Atmel's Qtouch suite of hardware

and software, but with an original touch to it.

I remember Qtouch being launched by Atmel

PR and sales staff (and a few hired young

ladies) at Embedded Systems Conference

(ESC) Boston in 2008. The launch was underscored with development kits, leaflets,

a pet dinosaur you could stroke, Norwegian giants, inflatable hammers, and a few

slick presentations on huge screens. Getting a dev kit wasn't easy though, I even-

tually received one from one of the very few engineers around on the booth, after

asking some basic questions about intrinsic capacitances, static buildup and EMC

issues - and getting really useful answers once the PR people were out of hearing

range. Later that day I powered up the Qtouch dev kit in my hotel room and was

impressed by the quick response and electrical robustness of capacitive sensing in

combination with microcontroller technology. Some of my fellow journalists prefer-

ring NASDAQ over technology were amazed to see the blue PCB actually working.

Three years on, I am grateful to David for his effort in bringing Qtouch to the

dynamic stage called Elektor magazine, and for covering the basics of capacitive

sensing, rather than presenting another black box circuit with an ATtiny88 in it

doing 'something' between I and O. His project and in-depth article successfully tell

the story of capacitive touch evolving from techno concept right up to hands-on -

from PRspeak right up to understanding and soldering. Hopefully our publication

triggers some thought that should go into replacing keypads for access systems

with capacitive sensors allowing a personal signature to be 
'drawn' - it's much

cooler than banging in PIN codes like 1-2-3-4 or 6-5-0-2 to open the lab doors.

Enjoy reading this edition,

Jan Buiting, Managing Editor

The Team

Managing Editor:

International Editorial Staff:

Design staff:

Membership Manager:

Graphic Design & Prepress:

Online Manager:

Managing Director:

Jan Buiting (editor@elektor.com)

Harry Baggen, Thijs Beckers, Eduardo Corral, Wisse

Hettinga, Denis Meyer, Jens Nickel, Clemens Valens

Thijs Beckers, Ton Giesberts, Luc Lemmens,

Raymond Vermeulen, Jan Visser

Raoul Morreau

Giel Dols, Mart Schroijen

Danielle Mertens

Don Akkermans
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Edward T. Dell, Jr.: In Memoriam

February 12, 1923 - February 25, 2013

Edward Dell, founder and former publisher of Audio

Amateur Inc., and former publisher of Elektor USA

magazine (1990-92), died Monday, February 25,

2013, at the age of 90.

Dell, a legendary audio guru, developed his taste for

publishing and audio as a teenager. He became a vet-

eran builder of audio hi-fi speakers and was a long-time

full member of the Audio Engineering Society and the

Boston chapter of the Acoustical Society of America. He

published magazines and books on all areas of audio for more than 35 years.

After launching the company's flagship publication, The Audio Amateur, in

1970, Dell published a number of specialized titles covering a wealth of sub-

jects in audio. Proud to lead a force of some 700 authors worldwide - experts

and enthusiasts in audio technology - he started audioXpress 32 years later, in

2002. Dell propelled audioXpress to its position as the audio technology author-

ity and, in 2011, he sold his company's assets - which included audioXpress,

Voice Coil, and the annual directories Loudspeaker Industry Sourcebook and

World Tube Directory, as well as several books and CDs - to the Elektor group,

which publishes Circuit Cellar and the North American version of Elektor.

Dell corresponded with many long-time readers, authors and editors after his

retirement, maintaining a connection to the audio world he loved. His literary

legacy continues to inspire a new generation of audiophiles as they design and

build their own "dream" systems.

Supporting Companies

®"1f94"nESS

 Microchip

AudioXpress
www.audioamateur.com.79

Beta Layout

www.pcb-pool.com.37

Eurocircuits

www.elektorpcbservice.com.47

Labcenter

www.labcenter.com.84

Microchip
www.microchip.com/get/eumplabx. ... 2

MikroElektronika
j

www.mikroe.com.3

7national National Instruments
MSTtUMENTS

www.uk.ni.com.21

pi CO P"CQ Technology
www.usb3scope.com/PS203. 83

iReichelt
*www.reichelt.co.uk.31

/. reichelt

Not a supporting company yet?
Contact Johan Dijk (j.dijk@elektor.com, +27 78 2330 694)

to reserve your own space for the next edition of our members' magazine
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Good marks & certified too

Doing a training with Elektor pays off. Quite recently Elektor was

awarded the CEDEO certification. More than 80% of participants of

Elektor Workshops in The Netherlands rated the overall quality of
the training and workshop sessions as 'good' to 'very good'. CEDEO

is Holland's independent institute for rating and monitoring business

training institutes. With this certification in the pocket Elektor is

on the list of 800 officially recognized training institutes for The
Netherlands. Good job!

Compiled by
Wisse Hettinga

Every day, every hour, every minute, at every

given moment designers and enthusiasts are

thinking up, tweaking, reverse-engineering

and developing new electronics. Chiefly

for fun, but occasionally fun turns into

serious business. Elektor World con-

nects some of the events and activities -

for fun and for business.

Now eat this

When Cederique, a trainee at Elektor Labs,

opened his lunch box, most of us were a

bit surprised. Normally you'd be greeted by
Dutch sliced bread with some cheese (and

you drink milk with it) but now something

completely different emerged. Wrapped

in old paper this nice shiny tube hailed us
from the olden days... our best guess is, it
'

s a Philips photo multiplier tube. The type

number we reckon is PM 1910, oddly typed
as "I9IO" on the primitive label. The first

thought is always - what can we do with
it? We tried looking up the specs but this

piece of engineering is from the pre-google
period - no results showed up. Anyone of

you worked with this component? Let us
know.

8 April 2013 www.elektor-magazine.com
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Starting out with Elektor
One of Elektor's' best kept secrets is its vast network of correspondents. They are all
over the world and talk with professors, students, designers and technicians. Pictured

here is Professor David Banjerdpongchai, Head of Electrical Engineering

Department of the Chulalongkorn University in Bangkok,

Thailand, with his first edition of Elektor magazine. Welcome
to the network, David!

Inside the minds of our engineers
E

. HARTFORD, CT, USA - The Circuit Cellar team recently

surveyed a random sample of more than 1,000 engineers

and academics on their technical interests and preferences.

How often do you solder? How many milliamps have

you felt? Do you know more than three programming
languages? Do you use FPGAs? Which companies make

the best embedded products? And more!

The results are fascinating! To check them out, go to

http://bit.ly/llQzflp.

The electrical engineers, academics, and students who

read Circuit Cellar hail from a wide range locations
across the globe, such as the US, Brazil, India, The

Netherlands, Germany, the UK, and Japan. Despite
having different languages and cultures, the survey

results prove they share a common dedication to,

and passion for, electrical engineering.

www.elektor-magazine.com April 2013 9
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Mode

(. auto

O series

C parallel

ICR Mftfr All?011 version ?.0.A - firmware Version ?.2.6

3-

Frequency

© 10 kHz

O 1 kHz

O 100 Hz

97.463 nF

110.6 O

D 0.678 O inverse

Z 197.25 O

0 -55.88 °

Ux 303.4 mV

IX 1.538 mA

LCR Meter AU2011 version 2.1.0

Port Tools Sort Help

Firmware Version 2.2.7 BE®

Short-circuit Trim

Mode

® auto

O series

C parallel

Open-circuit Trim

- Frequency

® 10 kHz

O 1 kHz

O 100 Hz

3.19 pF

369.5 MQ

Stop

D 0.014  inverse TRIM

Z 4.9943 MQ

0 -89.23 °

Ux 40S.1 mV

Ix 81.83 nA
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Sort parameters

Componant R J, 10.0 0

Suffix k T)
Save

Tolerance 1% ;, Cancel

Load DUT parameters

9 OO LCR Meter AU2011 version 2.0.8 Firmware Version 2.2.6

-1 10.014 kO 1 Sop 1

D >10k Qlnwrse | TRIM |

Real deviation :0.
1X Sort

Z 10.014 kn R 5 0 0

0 -241.4 M* F 1 kHz

Mode Frequency
Crror on Cains

0 %

(.) auto

C series

O 10 kHz

© 1 kHz
ADC U 4.403 V

C parallel O 100 Hz ADC 1 4
.395 V

ICR Meter AU2011 version 2.0.6 - Firmware Version 2.2.6

D- 107.69 n

ft moo 19.7 °C

Stop

0 auto

O series

0 parallel

Frequency
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O 100 Hz

ADC U

ADC I

0.000
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4
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4
.454 V

R 3 4 5
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Error on Cains

0.016 %
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Ux 233.4 mU

Ix 3.255 mfi

LCR
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case "$1" in
start)

# star I here

if [ ! d /sys/bus/i2c/dcviccs/l 606f/ ]; then
echo nicp7940 6x6f > /sys/bus/i2c/devices/i2c-l/new

_

device

fi

if [ ! -c /dev/rtc0 ]; then
mknod /dev/rtc0 c 251 0 2>/dev/null >&2

fi

# end

i|3 [ "$VERBOSE" !- no ]
then

echo "System tine was date,."
echo "Setting the System Ciock using the Hardware Ciock as reference..."

fi

Elektor GNUBLIN ELDK (Built by Poky 5.0) 5.0 gnublin ttySO
http://www.gnublin.org

gnublin login: root
root@gnublin:~# modprobe pca953x
root@gnubltn:~# echo 98 > /sys/class/gplo/export
root@gnublin:~# echo out > /sys/class/gpio/gpio98/direction
root@gnublin:~# echo 1 > /sys/class/gpio/gpio98/value
rootggnubltn:-# |
_
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Hey there! Are you ready to
create something awesome?
Microsoft .NET Gadgeteer is an open-source toolkit for

building small electronic devices using the .NET Micro

Frampwork and Visual Studio/Visual C# Fxpress.

Build all manner of electronic gadgets quickly and easily

with.Ntl Gadgeteer!

LEARN HOW TO GET STARTED

id
e?

tot windows 
PHONE IMAGE STREAMING

Robot controlled by Windows Phone
application that shows captured images

LATEST NEWS i STUFF  7/23/2012 Love Electronics Argon R1 Mainboard and New Modules Now
Shipping

kift rjavjrrcq? pj nrT p<k rucn KrinKi cQ FFKfl iBCnDBntrK -i7>-

L4J GodqctecrAppl Microsoft Visual C* 2010 Express (Administrator) l°i®
Fii* FdiT View Project Build Drtiug Data Took Window Hrtp

|1 ji- j A A A - n   .J- > iDdM
Piuyidin.ydilyclcci* X [

* Send

Pointer

0 Accelerometer

0 Rarnmeter

Q CellularRadio

u |t

0 Currentiemor

ED GPS

0 Gyro

m MoistureSensoi

s OledOisplay

n? PulseOnmctcr

0 Relays

p Temperature  Humidity

. GHI Elccliunio

* Pninm

0 Bluetooth

0 Riittnn

0 CAN
.
UW (Premium)

0 Caineia (Pieiuium)

0 Currant ACS/12

S3 Display TE35

0 0isplay_

CP7

o Display IID44780

0 Display.T35

0 Ethcmet
_
ENC28 (Premium)

0 Frh«n«
_

tl 10 (Premium)

0 Extender

0 FLASH

 «

Tip: To have the designer
connect all module for

you. right-click the
diagram, and than click
Connect all mndulM

Gadgeteer Mudel
15 Comments

R Gadgeteer I lardware
- display TD5 (Module)
i n SodcctUso

j U B (Socket Use)
G (Socket Use)

R (Socket Use)

T (Socket Use)
Sockets

L f-LZHydra (Mainboard)

0 Sockets

1 (Socket)

10 (Socket)

11 (Socket)

12 (Socket)

13 (Socket)
-14 (Socket)

j-? (Socket)

? (Socket)

4 (Socket)

5 (Socket)

G(Soiled

7 (Socket)

8 (Socket)

9 (Socket)

F gps (Module)

| A Socket Uses
U (Socket Use)

: Sockets

B - gyro (Module)
3 Socket Uses
i I (Socket Use)

 Gadgeteer Model Expl- Mmsm



ljj GadqeteerAppl Microsoft Visual C* 2010 Express (Administrator}

Fil* Friit Vifw Rpfartnr Pmjert Riiilrl Hrhug Data Took Window Hrlp

; . . &'
; -

.1  -Tm -r* i:|oq
. .««3*

There are no usable controls in this qroup.
Drag an item nntn thk trit In arid it tn thp

 Gadgeteer  Appl.Program .| .J* ProgramMaitedQ

using Microsoft.SPOT.Touch;

tiding liarl rppr.Nrtwirklng;
using CT - Gadgetee-;
using GTH - Gadgeteer.Modules;
lining fiadgprppr.Mndulp*.Spppri;
using Gadgeteer.Modules.GHIClectronics;

nampsparp fiadgptpprApp!
{

public partial class Program
{

// This method is run when the moinboord is powered up or reset.
void ProgramStarted()
{

.*} DisplayModulc

Many modules g * El1"1'
hurrnn. But il InvalidPusiliunReieivedHandlei

*$ NptwnrkMnrliilp
It you want to)  J, NMEASemenceReceivedHandler

fal.liaer t .
, _ „

timer.Sto- * PositionReceivedl landler
v RefeiciiLcEqudta 

_

CTM.Seeed. 3?S.|

// Use Debug.Print to show messages in visual Studio's *Output" window during debugging.
Qgtjyjj.PrinlCPi-ugram Started");

tabxtab> to add a handler to a

a GT.Timer and handle its Tick event, e.fi.i

wery second (ltMWms)

TJ Solution 'CadgeteerAppl' (1 project)
s l

~

*l CadgeteerAppl
[> ;-i» Properties
< I_i References

*Q Gadgeteer
-a Gadgeteer.Serial
.O Gl flEtectronics.Gadgeteer.FEZI tydrt

GTM.GI IIEIectronics.Displey TD5
a GTM.Seeed.GPS

O GTM.Seeed.Gyro
.O MkrosoftSPOT.Graphics
.O MkrosoftSPOT.1 lardware

nJ MicrosoftSPOT.1 lardv. are.SerialPor

.Q MkrosoftSPOTJO

.O Microsoft.SPOT.Native

O MkrosoftSPOT.Net

-i3 MkrosoftSPOT.NetSecurity
h3 Microsoft.SP0T.TinyCore
-O Micro soft SPOT.Touch

d mscorlib

J System

_

O System.Http

rtrtpg*tp<i*rigptpp».Mndiiles-Spppd.<iPS.PntitinnRprpiv«1Handlpr
Represents the delegate that is used to handle the Gadqcteer.Modulcs.Seeed.GPS.PositionRcccived

m G Pruyrani.yadyeteer
Pioyram.yadgeteei.diayiari
Piuyiarii.yerieisted.is

i' JJl Resources.ieix
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The Life of a

Raspberry Pi
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Assembly Language
Essentials

Circuit Cellar,s first book, Assembly Language Essentials, is a matter-
of-fact guide to Assembly that will introduce you to the most fundamental
programming language of a processor.

Author Larry Ciechinelli provides readers with:

* An introduction to Assembly language & its

functionality
* Essential terminology pertaining to higher-ievet

programming languages & computer architecture

. Important algorithms that may be built into high-

level languages - multiplication, division, and

polynomial evaluation
* Overview of Interrupt Service Routines
* Free

, downloadable Assembler program ...

and more!

On Sale

NOW!

$47.50

CRCUIT CELLAR
WWW . CIRCUITCE LLAR - COM * WWW . CC-WEB5 HOP. COM kVOKLiyS-SUlM L hCK LWBLLXLU L_ILCIrtCWCii LVUINLlHlSti M QtWA,lijM





Do your electronics speak to you? Are the words audio,
"vacuum tubes/

'and "speaker technology
"

 music to your ears?

Then you should be reading audioXpress!

Audio

Choose from print delivery, digital.

or a combination of both for

maximum accessibility,

Subscribe to audioXpress at
www.audioamateur.com
today! 

Recently acquired by The Elektor Group, audioXpress has been providing

engineers with incredible audio insight, inspiration and design ideas for over

a decade. If you
'

re an audio enthusiast who enjoys speaker building and

amp design, or if you
,

re interested in learning about tubes, driver

testing, and vintage audio, then

audioXpress is the magazine

for you I

What will you find in audioXpress?

. In-depth interviews with audio industry
luminaries

. Recurring columns by top experts on speaker
building, driver testing, and amp construction

. Accessible engineering articles presenting
inventive, real-world audio electronics applications
and projects

. Thorough and honest reviews about products
that will bring your audio experiences to
new levels

SPECIAL FOCUS ON

jnm mood to tKBConw a

<t"

:f (Hignr. Trwi nanity nwMd

' i- -m now iCMn K
.hppf' nnoVfB'V dnw%,

acftaptar On oudifwat** vocno. oc«« on

»"Kf aWKhf Ctang s. mul M

i» Mi ii««S SJ--ps compM* wfl" lnrw CO

contBiirg QJ+r I DO nfla ograi AgpiM ana

Yours today for just £39.95.
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Limited Time Offer for GREEN and GOLD Members!

15% DISCOUNT + FREE SHIPPING
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elektor labs
Sharing Electronics Projects I |

lektQrH ndsTMfQn
 labs

Active ftopula-r
Create a Project

Cct ,'y'P. ICCtifriK* ft wptr? I'-?T. ql;hcr

MiaHPTt. urt mry&c yq-j nrffl m eiBfaorucd

PIC dmv bennS (with High end prapeHer Eielrtor-POST Km. 
piiflfammtf) clock 13,30733] (AVR LED Clock)

Not a m«mb«r?

You went to port a project but you are
not a member?

Clkh heft to send a description of your
project including a circuit diagram and a
photograph for evaluation and maybe
you will be granted ... '
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