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The leaders in PIC development

* & & o

All you need to get started with PIC
Industry standard/quality board
Open the box and get coding
Available with C compiler or_
use our PicScript to write programs using
simple commands...

NO ASSEMBLER,

NO COMPILER,

JUST WRITE AND RUN

PicDev Board with PicScript
£99.00 (plus p+p)

This is a complete development suite
for the novice or non programmer.
Itis shipped with:

PicDev Board

PicShell and PicScript software
Breakout board

Cables

Example scripts

Both items require
o PC with serial port available
° Power supply adapter

To order:

www.pagm.co.uk

SCRIPTABILITY

PicDev Board with C Compiler
£1 65.00 (plus p+p)

This is a complete development suite for
the more advanced programmer.

It is shipped with:

PicDev Board

PicShell and PicScript software

C compiler

Breakout board

Cables

Example scripts

ICD1
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sales@pagm.co.uk Tel: +44 (0)1792 891927




POLARISING COLOURS

As | write this, our UK subscribers have had their April 2004 issue for about a week,
and the magazine has been on sale in UK newsstands for just three days. So far, two
dozen or so emails have been received on our ‘feedback’ address in response to the
rather dramatic layout changes we made to the magazine. | expect a good deal more
feedback to arrive once the magazine reaches our overseas readers on subscripfion or
via newsstands, distributors and bookshops all over the world. Alihough I've been privi-
leged to see most of the layout changes evolve during the page layout phase, | must
admit that nothing beats the real thing: a printed magozine on your desk.

I the feedback received so far is anyihing to go by, it is not just proof that there’s no
accounting for taste, but also a fairly accurate reflection of our own diverse opinions on
the new layout, which has been the subject of hot debates these past few weeks. Most
readers emailed brief comments, but a few analysed the new magazine in such detail
we had to use a typography manual to make sense of it all. We were glad io see that a
small majority applauds the new layout: Elekfor has always kept up wiih fimes and the
new format is no exception — A picture tells a thousand words — Makes competitive
mags look decidedly drab and dated in comparison — Good fo see that Elektor never
rests on its laurels — I like the articles and presentation — Component overlays in green
underline the quality of your PCBs which is second to none.

Of course, we also met with disapproval: Your use of colours degrades serious articles
— The paper is too shiny — What's the connection befween cigars and electronics —
If the new layout is this year’s April spoof, I'm nof amused — Nof so bad, but I still like
the old format better — Dale isn't easy fo read on ihe cover.

In general, you seem to approve of the new layout, although the new logo and the
abundant use of colours is often queried or described as something to get used to. We
will carefully evaluate all feedback and make adjusiments over the coming few months.
For example, many of you like to copy circuit diagrams and parts lists on paper for use
on the workbench and admittedly that has become difficult owing to the use of colours.
Our mission, however, is fo make the magozine affractive fo a wider audience, not just
by enhancing the technical contents, but also by proving that elecironics is an exciting
field fo work in.

Jan Buiting, Editor.

Subscriptions
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onthe .S-_t*s.:"-_:-tn:-": Order Form
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news & new products

FASTER & LOW-VOLTAGE READY
MultiMediaCard (MMC) specification version 4.0 is released

Version 4.0 of the MultiMediaC-
ard specification, offering wider
bus width, dual voltage opera-
tion and the highest transfer
speeds available, was recently
introduced by the MultfiMediaC-
ord Association (MMCA), a sian-
dards organization that pro-
motes the worldwide adoption of
MultiMediaCards (MMCs).

The new, featurerich version 4.0
specification represents @ major
expansion of the MultiMediaC-
ard standard, opening new lev-
els of sophistication and market-
ing opporiunities fo the digital
imaging and mobile phone
industries.

To ensure smooth fransition from
previous versions of the MMC

standards, the new specification
defines backward compatibility
paths for both legacy cards and
host devices that accept MultiMe-
diaCards. The specification is
provided o all MMCA members.
Three key feafures of the new
specificalion are:

Wider bus-widith: The new multi-
ple (x1 bit, x4 bit and x8 bii)
bus-width feature now allows for
host design flexibility and higher
data fransfer bandwidih at a
given clock speed, to accommo-
date the more data intensive
content in cell phones and digi-
tal cameras.

Higher clock frequency: Extend-
ing the maximum clock frequen-
cies from 20 MHz to 26 MHz

and 52 MHz allows higher data
transfer rate and better compat-
ibility fo mobile phone architec-
tural requirements. Operafing af
52 MHz in x8 bit mode, data
can be transferred af up to 52
Mbyte/sec., a 20-fold improve-
meni from the previous stan-
dards. This is the highest data
iransfer rate of all flash memory
card form faciors available
foday.

Dual vo[iuge operation: The
MMC specification is the first
small form factor memory card
standards to define both 3.3 V
and 1.8 V operafions. 1.8 V
compatibility is especially impor-
tant for the new generations of
cell phones and small mobile

Fluxes for Flip Chip Bonding

Designed for use in both air and
nitrogen reflow and halide free,
Indium Flip Chip Bonding Fluxes
can be obfained individually or
as part of a research kit, avail-
able in two series, [T and HT.

Indium Series LT is for high per-
formance eutectic saldering such
as Sn63Pb37 and
Sn62Pb36Ag2. Series HT is
designed for high melting point
solder alloys, for example

Pb90Sn10 and Pb955n5.

Each series consists of fluxes
with different viscosities and
specifications depending on the
processing condifions. For exam-
ple, a flux with low or medium

viscosity can be sprayed onto
subsirates followed by flip chip
placement.

Fluxes can also be dispensed
onto the side of the flip chip,
allowing the flux to work across
the bottom of the chip. Fluxes
with higher viscosifies can be
printed onto the pads or the chip
can be dipped into the flux prior
to placement.

Both series offer superior wetfing
ability, wide reflow temperaiure
ranges and exiremely low fo no
residue for no-clean applica-
fions.

Custom fluxes can also be pro-
vided fo meet specific require-
ments.

(0470310

Indium Corporation of Europe.
9 Newmarket Court, Kingston,
Milton Keynes MK10 0AG.

The internet site for all professionals and hobbyists

devices that operate af lower
voliages for lower power con-
sumption.

Definition of the specification is
the culmination of the work and
major contributions from Nokia,
Hewleit Packard, Renesas Tech-
nology, Samsung Electronics,
Infineon Technologies Flash,
Micron Technology, SanDisk,
and other member companies in
the Association. It was
approved and adopied by the
full body of the MMCA Execu-
tive Membership.

WWW.IMMCO.0rg

Tel: +44 (0) 1908 580400.
Fax: +44 (0) 1908 580411.
Internet: wwv.indivm.com

actively engaged in electronics and computer technology

www.elektor-electronics.co.uk
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PCB-mounted Current Transducers

LEM has infroduced the HAIS
series of PCB-mounted current
measuring fransducers that oper-
ate from a single +5V supply.
Permanent available rms rafings
are 50, 100, 150, 200 and
400 A, with a measuring span
of up to 23 x IPN. The trans-
ducer aperfure acceps bus bars
as large as 8x15mm, in a very
compact design of only
33x29x14mm.

The heart of the HAIS series is a
LEM ASIC, which provides a
number of performance improve-
ments, in parficular an extended
operaling temperature range |-
40 to +85°C) compared to fra-
ditional discrete technology.
With the standard HAIS, the
internal reference voliage of the
ASIC is used lo provide a fixed
oulput offset of +2.5V. This voli-
age reference is also made
available on an external pin to
allow it to be fed fo the refer-

ence of an A/D
converter or a DSP.
The SP1 version
provides a ratiomet-
ric oufput offset
Vc/2 when the Ref
pin is not used. The
user can also apply
the system’s voltage
reference (befwesn
23Vand2.7V)io
the Ref pin, in
which case the out-
put offsef is equal to
the external refer-
ence. This mode
allows reference
thermal drift to be
cancelled.

An optional bus bar
(HAIS xx-TP models) is available
for nominal rafings of 50 A and
100 A.

CE marked and conforming to
the EN 50178 standard, these
fransducers are designed for

Low Pincount PIC Micros

The PICT12F683, PIC16F684
and PIC16F688 microconirollers
offer up to 7,168 bytes of Flash
program memory, making use of
Microchip’s PMOS Electrically
Erasable Cell (PEEC) Flash tech-
nology offering one million
erase/write cycle endurance.
The devices also include on-
board EEPROM Data Memory,
and offer several peripheral
options  with  integrated
nanoWatt technology. Standard
analogue peripherals include
single or dual comparators, and
up to 8 channels of 10-bit A/D.
In addition, they suppori a wide
operating voltage of 2.0 — 5.5
volts.

The PIC12F683 features a stan-
dord Capiure/Compare/PWM
module, while the PICT16F684
features an Enhanced
Capiure/Compare/PWM mod-
ule with deadband control, up fo
4 oulpuis and emergency shut-
down. The PICT16F688 features

5/2004 - elektor eledironics

an EUSART peripheral to support
RS232/485-type communica-
fions and the LIN protocol.
Microchip'’s existing 8- and 14-
pin Flash devices clready offer
nanoWatt technolegy features
such as nanoAmp standby cur-
reni, faststartup internal oscillo-
tor, and Brown-out deteciion for
reliable operation. These new
devices offer additional power-
management features such as
software-selectable clock speed,
software<controlled Brown-out
detection, ulira-low-power
wakeup on change, a lower
power Real Time Clock timer
and an extended Waichdog
Timer. These provide maximum
flexibility in managing power
consumption, without sacrificing
system reliability.

The three new PIC microcon-
trollers come in smallfootprint 8-
pin SOIC and 14-pin TSSOP
packages. The devices are sup-
poried by Microchip’s develop-

indusirial applications. LEM
Components offers a five-year
warranty for each iransducer.

©47031-2)

ment fools, including the PICkir™
1 Flash Starfer Kit, MPLAB® IDE
(Iniegraied Development Environ-
mentf), and the MPLAB ICD 2 (In-
Circuit Debugger).

LEM HEME Ltd., 1 Penketh Place,
West Pimbo, Skelmersdale,
Lancashire WN8 9QX.

Tek: +44 (0)1695 720777.
E-Mail: kwi@lem.com.

Internet: wwwiJem.com

Arizona Microchip Technology Ltd.,
Microchip House, 505 Eksdale Road,
Winnersh Triangle,

Wokingham RG41 5TU.

Tel (+44) (0)118 921 5858.

Fax (+44) (0)118 921 5835.

www%mm.

(©37031=
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news & new products

SMART Ships One-Millionth Bluetooth Module

SMART Modular Technologies,
Inc., recently shipped ifs one-mil-
lionth Bluetooth module since
Jonuary 2003, an important
milestone that demonstrates the
relative success of the Bluetooth
technology in the short-range
wireless module  market.
SMART’s Bluetooth modules
have been designed into PC,
PDA, medical, consumer and
industrial products.

SMART's communication prod-
ucts division (CPD) has devel-
oped a broad line of Bluetooth-
enabled modules and devices to
support OEM/ODM designs at
all stages of the development
cycle. SMART's current product
and service portfolio includes
USB and RS-232 Bluetooth

adapters, mini-modules and
developer boards, as well as
complete product lifecycle sup-
port built with next generation
iechnofc:gy.

According fo a recent report
from In-Stat MDR fitled, Bluetooth
2003: Are PMGs Another Dri-
ver, over ihree million notebocks
with Bluetooth are forecasted to
ship in 2003, which indicates a
significant increase from the pre-
vious year.

SMART Modular Technologies, Inc.,

PO Box 1757, Fremont, CA 94538.
Tel. (+1) 510-623-1231,

fax (+1) 510-623-1434.

Internet: www.smartmodularfech.com

(04703

To combat the health and safety
issues surrounding solder fume,
Purex International have devel
oped a new tip exiraction and
filtration unit for use by people
who solder by hand.

These units are designed to
remove hazardous fumes from
up to 10 soldering irons and
with low copifal and running
costs they are ideal for schools
and colleges, home workers,
rework, repair and profofyping
work, light production soldering
and hobby workshops.

To protect ihe operaior from haz-

ardous material a powerful vac-
uvum blower draws the solder
fume directly from the tip of the
soldering iron and then fhrough a
sub-micronic filter. High quality
HEPA media is used in the filters
to remove hazardous particles
from the air siream, capluring
99.997% of particles at
=0.3 pm and 95% at =0.01 pm
in size. A large chemical layer
in the filter then adsorbs toxic
gos before clean air is returned
to the workplace.

The combination of excellent
build quality, materials and filter

technology used in these uniis
ensures that people are pro-
tected against developing med-
ical conditions such as occupa-
tional asthma.

Purex International, Purex House,
Farfield Park, Manvers, Rotherham
$63 5DB. Tel. +44 (0)1709 763000,
Fax +44 (0)1709 763001. Infernet:
www.purexitd.co.uk
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Nanowatt PIC Microcontrollers

Microchip’s new
PIC16F737 /747 /767 /777
microcontrollers offer up to 8K
words of reprogrammable Flash
program memory and 368
bytes of RAM. They can operate
at up to 5 MIPS at 20 MHz. In
addition, they feature three
enhanced nanoWatit Technology
modes that allow total control of
sysiem power consumpfion.
These new devices are socket
compatible with existing PIC®
microconirollers, and yet can
offer up fo 10x power reduction
using the new power manage-
ment features with minimal oddi-
fional software.

The fomily also offers three
Pulse-Width Modulation (PWM)
modules with safe shutdown fea-
iures for 3-phase motor control,
10-bit Analog-to-Digital Conver-
sion [ADC) and Real Time Clock

WIRELESS AND AIRBORNE

functionality. Additional
nanoWatt Technology features
include: an on-chip multifre-
quency oscillator operafing at
up to BMHz (with fast startup),
flexible clock switching, 2-speed
starfup from reset, a fail-safe
clock monitor, and a low-current
programmable watchdog fimer
for safety critical applications.

Serial interfaces include a
USART module, SPI™ and
[2C4

These new PIC microcontrollers
come in 28- and 44-pin QFN,
SOIC, SDIP, SSOP, PDIP and
TQFP packages. The devices
are supporfed by Microchip’s
development fools, including
MPLAB® IDE (integrated Devel-
opment  Environmeni), the
MPLAB ICD 2 (In-Circuit Debug-
ger), the MPLAB ICE 2000 (In-
Circuit Emulator), the PRO

‘Technology

MATE® Il medular device pro-
grammer, and the PICSTART®
Plus low-cost programmer.

(B47315)

Arizona Microchip Technology Ltd,,
Microchip House, 505 Eksdale Road,
Winnersh Tri Wokingham RG41
STU. Tel. (+44) (0)118 921 5858.
Fax (+44) (0)118 921 5835.

Telemetry system helps reproduce Wright flyer

A century after Ohio brothers
Orville and Wilbur Wright first
flew their Wright Flyer at Kitty
Hawk, North Carolina, Ohicans
again played a major role in the
history of flight. The Sensotec
Test and Measurement business
of Honeywell Sensing and Con-
irol provided instrumentation that
helped test the reproduction
plane built by The Wright Expe-
rience of Warrenton, Virginia,
for the Experimental Aircraft
Associafion.

Other teams have simply con-
structed a plane similar to the
Wright Flyer. But the Wright
txperience flight engineers
examined the original plone
[now in the Smithsonian Institu-
tion) and used notes lefi behind
by the Wright Brothers, com-
puter simulations, and airfunnel
testing to build the world’s most
accurate reproduction.

Honeywell provided an essential
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piece of the highly reliable test
and measurementi instrumenia-
tion that helped the team suc-
ceed. The firm's wireless teleme-
try system enabled the Hight
engineers to measure how effi-
ciently the plane’s engine was
able to turn iis propellers. The
Wrights”  propeller  design
enabled them to get the maxi-
mum possible power from their
small engine and was the key
factor that made their plane ﬂy
in 1903. Modern engineers
have found the Wrights” design
fo be very nearly as efficient as
that now used in modern air-
crafi.

Although weather prevented the
reproduction model from
becoming airborne at the
December 17, 2003, Centen-
nial Celebration atiended by
President Bush, the litlle 605-
pound plane did actually fly on
the earlier test Hights.

For more information about the
Wright Flyer, visit
wwaw.wrightexperience.com.

Honeywell Sensote, 2080 Arlingate
Lane, Columbus, Ohio 43228, USA.




Paul Goossens

Design Your Own IC

Prototyping with CPLDs (part

Designing a circuit always involves several somewhat

1)

disagreeable tasks, such as soldering, looking up the pinouts

of ICs and laying out a maze of tracks on a printed circuit

board. All of this is now no longer necessary, since you can

program your own digital circuit in a CPLD.

10
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The CPLD experimenter's board pre-
sented here makes an excellent start-
ing point for sitting down at the key-
board and directly designing your own

For most people, experimenting with
digital logic brings to mind an image
of an experimenter's board stuffed full
of ICs interconnected by countless
wires. Anyone who has ever worked

in this manner knows that such an

arrangement usually takes many
hours to construct, not to mention the
modifications that have to be made if
the circuit does not work properly
right off the bat.

A CPLD can be used to replace such a
‘forest’ of digital logic ICs. CPLD ICs

contain a large number of digital

building blocks that can be intercon-
nected in a wide variety of manners
simply by programming. Such an IC
can actually be considered to be the
modern version of an experimenter's
board full of ICs.

Instead of soldering all sorts of little
wires in place, designers and experi-
menters can now conveniently design
circuits while seated in front of a PC,
and then program their latest designs
into the IC in a trice.

This clearly saves a lot of time, and it
has the advantage that it isn't neces-
sary to document modifications after-
wards on paper or in some other man-
ner. This is because the circuit is
drawn (or described, as discussed
later on) on the computer, after which
the PC computes how the design must
ultimately be realised in the IC.

CPLD organisation

Our experimenter's board is based on
the Altera MAX7000 family of CPLDs.
The organisation of these CPLDs is
shown in Figure 1. At the top of the
drawing you can see the four special

5/2004 - elektor elettronits
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(D1-D8 & LD1) and switches with

5

H

(S1-S8 & IC5-IC8).

des the CPLD, the circuit of the experimenter’s board includes several indicato

L

bouncing
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d

Figure 3. Besi
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COMPONENTS LIST

Resistors:
R1,R10,R20,R23,R26 = 10kQ
R2-R9,R25 = 1k

R11-R18 = 6800

R19,R24 = 10kQ 8-way Sl array
R21 = 100kQ

R22 = 100Q

Capacitors:

C1,C12 = 10uF 16V radial

C2 = 100uF 16V radial
C3C6,C8L11,E15LC20 = 100nF
C7 = 22uF 16V radidl

C13,C14 = 22pF

Ci7-—

=

0
-
)

ollood

2
o

oo

Lo
(o%0! |

Figure 4. Component layout of the doubl

Semiconductors:

DI1-D8,D10 = LED, red, low current

D9 = 1N4001

ID1 = 7-segment-display, common ancde,
e.g., HD1131 0)

IC1 = EPM712851C84-10 or
EPM712851C84-15

IC2 =7805

IC3,1C4,1C? = 74HCT563

IC51C8 = 74HCT74

Miscellaneous:
JP1 P2 = 2-way header with jumper
K1 = 2-way PCB terminal block, lead piich

o[mnlo

o[rilo=

Smm

K2 = 10-way boxheader

K3-K6 = 20-way boxheader

$1-S8 = slide switch, 1 changeover
contacis, e.g., APEM A2

X1 = 4.000MHz quariz crysial

84-way PLCC socket

PCB, order code 030385-1

(o] INE*IN o
(o] 1™ [°]

(4%}

LLa

-

@ Wi

g8 5288 S

ENENERENENANE

o

: y 4 L 1 far’s boo TH ccneiated conper frock
e-sided through-plated PCB for the experimenter’s board. The associaled copper frack

layouts can be refrieved from the Free Downloads section of our website (file no. 030385-1.zip).

inputs for the CPLD. These signals are
connected to the macrocells in the IC
in a manner that allows them to opti-
mally periorm their intended functions
(CLK, OE, and CLEAR).

The inputs and outputs of the various
macrocells are connecied to each other
as desired via the Programmable Inter-
connect Array (PIA). There are also
inputs and outputs that are connected
ta the various I/0 Control Blocks. Their
job is to connect the internal signals to
the I/O pins of the IC.

5/2004 - elektor elecironics

Four Logic Array Blocks (LABs) are
also shown in Figure 1. These LABs
contain the actual programmable logic.
Each LAB consists of 16 macrocells.
Various CPLD versions are available in
the MAX7000 family. The type number
of the IC indicates how many macro-
celis are present in the IC.

Macerocells

The actual programmable logic is
located in the macrocells. The struc-

ture of a macrocell is shown in Fig-
ure 2. Each macrocell has its own
Logic Array, which consists of 36
inputs connected using a program-
mable AND function. Four of these
AND functions are combined into a
single signal in the Product Term
Select Matrix. The capabilities of the
IC can be increased by further
increasing the number of product
terms. If you want to know more
about this, we recommend reading
the data sheet for these CPLDs.

13



oo coononnotrornn

=0

Figure 5. This photo of an assembled prototype of the circuit board shows that the switches can be fitted as desired: in this case

five are fitied.

The signal generated by the combina-
tion of AND and OR operations then
arrives at the register and its surround-
ing logic. This portion can be used as
a D-type, T-type, JK or SR flip-flop, or it
can be completely bypassed if no regis-
ter is needed.

Fortunately, as designers we do not
have to be overly concerned about
exactly how our designs can be imple-
mented in this manner. This is where
the (free) software comes to our aid.
But before we delve into the software,
let's first take a closer look at the
experimenter’s board.

Experimentfer’s
board

Our experimenter's board has a rea-
sonably simple design. Nevertheless,
it has more than enough I/O for per-
forming our initial experiments with
CPLDs. Naturally, all of the relevant
pins of the CPLD are brought out via
several connectors, to allow external
hardware to work together with the
board afterwards.

The schematic diagram, which is
shown in Figure 3, is fairly simple. The

14

supply voltage of approximately 9 Vpe
is applied to connector K1. IC2 and iis
surrounding components provide the
5-V operating voltage for the entire cir-
cuit. LED D11 and R25 provide a
‘power on' indication.

The CPLD is shown in the schematic
diagram as IC1. The JTAG program-
ming interface is brought out via K2.
The pin layout of this connector is com-
patible with the Altera ByieBlaster,
which means it is also compatible with
the Elektor Electronics Parallel-io-
JTAG interface (see the September
2002 issue, page 34). The reset circuit
is formed by RC network R1/Ci2.
Finally, an oscillator is implemented
using R21, R22, C13, C14 and X1. The
manner in which these components
can be used together with the CPLD to
make an oscillator is described later on
in the examples.

A certain amount of simple I/0 is
indispensable on every experi-
menter’'s board. IC3 is a buffer that
boosts several signals from the CPLD
and uses them to drive LEDs D1-D8.
IC4 performs a similar function for
driving a 7-segment display. If these
1/0O functions are not desired, they can
be decoupled from the CPLD by

removing jumper JP1.

We decided 1o use eight switches for
the inputs. To make your initial experi-
menting relatively easy, these eight
switches (S1-58) are equipped with a
debouncer circuit. This function is pro-
vided by IC5-IC8. These inputs are
connected to the CPLD via ICY, but
here again this part of the circuit can
be decoupled from the CPLD. In this
case, JP2 is responsible for coupling
the signals to the CPLD.

Finally, connectors K3 through K6 make
all relevant CPLD signals available to
the outside world.

Construction

The double-sided prinied circuit board
shown in Figure 4 is generously dimen-
sioned in order to keep everything
readily accessible. All connectors are
placed at the edge of the circuit board.
Fitting the components to the circuit
board should not present any difficul-
ties. Anyone who is interested in
CPLDs will certainly have already built
other circuit boards. When fitting the
components, you primarily have to pay
attention to the proper orientation of
the ICs, LEDs and electrolytic capaci-
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Figure 6. This screen shot gives an impression of Altera’s free Quarius sofiware.

tors. Sockets are definitely recom-
mended for the ICs, and a suitable 84-
pin PLCC socket is essential for the
CPLD. Make sure that the bevelled cor-
ner of the PLCC socket is correcily
positioned on the circuit board (refer to
the component overlay), since it can
also be fitted incorrectly into the holes
in the circuit board. Incidentally, the
CPLD fits into the socket in only one
orientation.

Portions of the circuit that are not used
can be disconnected from the CPLD by
means of jumpers JP1 and JP2. Natu-
rally, you can also simply omit the
unneeded components. For instance,
1C4 along with I.D1 and R11-R18 can
be omitted if the 7-segment display is
not necessary. The same holds true for
IC3 together with D1-D8 and R2-R9 if
you don't need any LED indicators. As
for the switches, you only need to fit
the ones that are needed for the initial
experiments.

The voltage regulator (IC2) is fitted flat
against the board and secured using a
small screw and nui. An additional
heat sink is not necessary, at least as
long as any additional hardware con-
nected to the board does not draw too
much current.
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The supply voltage can be provided by
a mains adapter that supplies approx-
imately 9-15 V at a current of at least
100 mA. This value applies to the
experimenter's board by itself and
must be increased by the amount of
current drawn by any additional hard-
ware that may be present.

Software

PC software that can generate the nec-
essary programming files and program
them into the IC is required for pro-
gramming the CPLD. Fortunately, the
manufacturer of the CPLD has a nice
(and free) software package for this
purpose (see Figure 6). This software
is called Quartus, and it can be down-
loaded from the manufacturer’'s web-
site (http://www.altera.com/).

On the home page of this site, select
Design Software under the Products
heading. This will cause a new win-
dow fo appear, where you should
select Quartus IT Web Edition. After
this, follow the instructions displayed
on the screen. However, you shouldn't
overlook the size of the download. The
file is a hefty 144.9 MB, so if you have
a dial-up link, it might be more conven-

ient to have someone else with a faster
Internet connection download this file!
After installing the software, you must
request a free license. Exactly how io
do this is clearly explained on the
Altera website.

Next month

Next month we will use several exam-
ples to explain how you can design a
circuit using Quartus, and of course
we will describe how to try out these
examples using the experimenter’s
board. For programming the CPLD,
vou will need a JTAG interface in
addition to the experimenter's board.
The previously mentioned Parallel
JTAG Interface from the Septem-
ber 2002 issue of Elektor Electronics is

-suitable for this purpose.

While you're waiting for the next issue
of Elektor Electronics, we recommend
that you read the Quartus tutorial. It
can be found under the Help menu.
Using this tutorial, you can already
familiarise yourself with the organisa-
tion of the software and examine the
features of the software.
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High-End-Preamp (1)

Benjamin Hinrichs




The multitude of options for construct-
ing your ‘personalised’ high-end pre-
amplifier mean that you must read this
second part of the article before you
order the parts and take up your sol-
dering iron. This is because your
requirements determine how many cir-
cuit boards of which type you will
need, as well as which components
you will need. You can connect several
volume controls in parallel as illus-
trated in Figure 1, in order to adjust
more than iwo channels at the same
time. If you do this, you must intercon-
nect the CS, Mute, SCLK, +5 V and
Ground terminals of the circuit boards.
SADATO from the first circuit board is
connected to SDATI of the next circuit
board, and so on. This causes the vol-
ume level setting to be communicated
to all of the circuit boards.

You can choose from traditional audio
signal switching, switching the
ground leads together with the signal
leads, or switching balanced signals.
If you kmow how, you can also give the
microconiroller additional functional-
ity or modify the details in the sofi-
ware, such as the designations shown
on the display.

What we need now are a few instruc-
tions for populating the main preampli-
fier board. This is because the circuit
board shown in Figure 2 is quite com-
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pact. The closely spaced, narrow
iracks are not particularly forgiving of
mistakes, so the components should
be fitted properly the first time, and
solder splashes and overheated joinis
should be assiduously avoided.

On the main circuit board, only JP1
and JP3 can be implemented as
jumpers. JP2 (directly underneath
IC2) is a wire bridge. There is another
wire bridge at the inner edge of K5,
which should be fitted immediately:
done is done!

Now you should consider whether the
programming and/or paralleling con-
nections are necessary. If you amive at
a positive conclusion after studying
the two text boxes, then you must fit
the associated connectors (refer to the
componenis list) and the solder pins
for the audio signals. Despite all the
claims to the conirary, it certainly
makes sense to fit the solder pins
before the other components. Gener-
ally speaking, they need a bit of coaxz-
ing, and sometimes they can only be
pressed into the holes using (brute)
force. Besides this, a 1.3-mm diameter
silver-plated steel pin requires a con-
siderable amount of heat to achieve a
reliable bond with the solder. And if
you find a solder pin standing at an
angle to the board, you can start all
over again. This can be the kiss of
death for small, sensitive components
that have already been fitted in the
immediate vicinity.

If you use a decent stuffing frame, it
doesn't matter very much if the low-
profile components (resistors, capaci-
tors, and diodes) are only fitted after-
wards. As always, proper polarisation
is important for some of the compo-
nents. Besides the diodes and small
electrolytic capacitors, this also
includes the resistor arrays and the
PLCC socket, which is bevelled on one
corner. This marking must match the
component overlay on the circuit
board. Now it the right time to not {it
LED D1 if you want to use it as a pilot
light on the front panel. This LED,
along with IR receiver IC3, should only
be soldered in place after the circuit
board has been securely fitted in the
enclosure and the two components
have been fastened in holes drilled in
the front panel. If your enclosure layout
does not permit the circuit board to be
placed directly behind the front panel
and you thus must fit the IR receiver off
the board, a screened connection cable
is mandatory.

- The fixed voltage regulators 1C4-1C6,

which should be soldered in place
after pin headers K3-K5 and the high-
quality DIL socket for the PGA2311
have been fitted, do not require heat
sinks. The soldering work is completed
with the fitting of the three large elec-
trolytic capacitors and the two circuit-
board terminal strips (K1 and K2).

If you wish to control several volume
control boards in parallel, fully popu-
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Resistors:

Rl =270

R2,R9 = 47k0

R3 = 8-way 10kQ SIL array
R4 = 4.way 10 kQ Sl array
R5 =1kQ5

R6,R7,R8,R10 = 10k

P1 = 10kQ presel
P2 = 1000 presef
Capacitors:

C1,€2,C3,C20 = 10pF 25V radial

18

C4C11,C14,C15= 100nF

C12,C13 = 27pF .
C16,C17,C18 = 2200pF 25V radial
C19 = 100nF ceramic, lead pitch Smm

Semiconductors:

D1 = low-current LED (+ 2-way pinheader)

D2.,D3,D4 = zener dicde 5V6, 1.3W

IC1 = PIC18LF4521/L (PLCC). Blank ICs:
Farnell # 4009654 Programmed ICs:
order code 020046-41

IC2 = PGA2311PA from Texas
Insiruments/Burr-Brown or €53310 from
Cirrus Logic (Crystal

COON_

IC3 = SFH5110 [TSOP1836) (+ 3way
pinheader)

IC4,ICé = 7805

IC5 = 7905

T1 =BC550C

Miscellaneous:

JP1,JP3 = 2-way pinheader + jumper

IP2 = wire link

K1 = 3-way PCB terminal block, lead piich
Smm

K2 = = 2-way PCB ferminal block, lead
pitch Smm

K3 = 16-way pinheader

late one main circuit board and fit only
the portion with the PGA2311 (includ-
ing the peripheral circuitry and the
voltage regulator circuitry) on the
other boards.

The system has been tested using a
single controller board and two paral-
lel circuit boards. All of the necessary
connection poinis are located in a row
on the circuit board.

The input channels are switched on
the relay board. The circuit shown in
Figure 3 sllows two different wiring
options.

With the traditional option, all eight
inputs from the Cinch sockets are
used, with a single output o the main
circuit board. This requires JP2 and
JP3 to be fitted. Each relay is then
responsible for one stereo channel. If
standard twin screened audio cable is
used, one channel is connected to A
and the other to B, and the screen
braid is soldered to the bottom of the
circuit board. Ground isolation, which
may be desired to improve channel
separation or avoid interconnecting the
grounds of different items of equip-
ment connected to the preamplifier,
can be achieved by switching not only
the signal lines, but also the associ-
ated ground potentials. In this case, for
each channel the ‘live’ lead is soldered
to A and the ground lead is soldered to
B. In addition, jumpers JP2 and JP3 are
left open. In this mode, each pair of
relays (RE1 & RE5, RE2 & REG, RE3 &
RE7, and RE4 & REB) belongs to a sin-
gle signal source. This yields four
stereo inputs and two sets of outputs
(OUT1A & OUTI1B and OUTZA &
OUT2B). Here again A corresponds to
the 'live’ lead and B to ground. The
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Figure 3. The relay circuit also allows ground isolation and connecting bolanced signal sources.

only other thing you have to do is to
change the Input Type option in the
Set-up menu to ‘Double’.

In order to handle balanced signals,
we simply switch two relays simulia-
neously. In this mode, you also have to
add a second, parallel volume control
and then connect the balanced signals
to one of the input channels (such as
Left In) on both volume controls. This
works well — quite well, in fact.
Fujitsu (formerly Takamisawa) type RY-
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5W-K relays are used here. Naturally,
other pin-compatible types could also
be used, but the specified line has
excellent characteristics and is avail-
able for less than 2 euros (approx.
£1.40), for example from Conrad Elec-
tronic (www.conrad.de). This is a plas-
tic-encapsulated relay, which prevents
any dust from accumulating inside.
The contacts are made from a
silver—palladium alloy with supple-
mentary gold plating.

Power for the relay board is taken from

- the main circuit board via connector K1

(which requires jumper JP1 to be fit-
ted). If you wish to treat the channel

- switching board to its own power sup-
ply or you want to use this board in a

different project, you can also connect a
5-V supply to the K2 terminals.

In order to avoid overloading the
microcontroller outputs, transistors
with base resistors are used as relay
drivers. Diodes D1-DB act as free-



Microcontroller programming is normally not the forte of
audiophiles who huvﬁ):’ dedicated H'llemsT] EQE;;’ ng
struction. Consequently, most e will pro

quite pleased :ﬁnow that th:?hﬁsmconfr’;ﬂer can be
obtained ready-programmed from Readers Services
under order number 020046-41. However, anyone who
has a suitable development package for the PIC18LF452-
I/L will certainly not have any prcglems downloading the
hex code for the control program into the microcontroller
(item number 020046-11, available at no charge from
the Free Downloads page of the Elektor Elecironics web-
site or on diskette from Readers Services). The easily con-
structed JDM programmer (see reference [4]) is an exam-

ple of a suitable programmer.

The software package also contains the source cede, so
interested users can get an idea of how it is constructed
and/or make their own modifications (assuming they
have suitable programming experience). The software is
written in the JAL high-level language (see reference [5]),
which is available from the Internet as freeware. JAL is an
excellent choice for getting started with PIC microcon-
troller programming, particularly since there are also very
informative newsgroups on this subject (see reference
[6]). Nevertheless, it was necessary to make a few modi-

P 7 Y

wheeling diodes, while LEDs D9-D16
provide a visual indication of the relay
states. The LEDs do not necessarily
have to be fitted to the circuit board
(Figure 4); they can of course be fitted
to the front panel instead if you want
to do without the display, or they can
simply be omitted (along with their
series resistors).

JP1 can be implemented as a jumper,
but JP2 and JP3 should be imple-
mented as wire bridges. Otherwise
there’'s not anything particularly
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remarkable about populating the cir-
cuit board, particularly if you use the
componenis specified in the compo-
nents list and everything fits perfectly.

A large pari of the stabilisation,
decoupling and hum suppression for
the supply voltages takes place locally
on the main circuit board, for both the
digital portion (+5 V) and the ana-
logue portion (5V). The only other

fications to the JAL files in the assembly code since JAL

thing you need is a sufficiently stable
source of symmeitrical DC voltages
(which shouldn’t be a problem with
the low current consumption). This
provides an opporiunity o use a gen-
eral-purpose low-power mains power
supply (Figure 5).

The power supply is designed to use
Talema 10-VA encapsulated low-pro-
file toroidal transformers (see refer-
ence [2]), which can be obtained
from DigiKey (among others). Partic-
ularly for audio applications, toroidal
transformers are preferable to other
types of transformers due to their
low stray fields.

The power supply circuit board is gen-
eral-purpose because it can be config-
ured fo provide either an asymmetric
supply voltage (V+ and ground) or
symmeirical supply voltages (V+,
ground and V-) by simply fitting either
wire bridges ‘A’ (for asymmetric out-
put) or ‘B’ (for symmetric output). Nat-
urally, C6 and R2 are not needed if it is
configured to provide an asymmetric
supply voltage.

The output resistors (R1 & R2) should
be wire-wound types, since this fur-
ther reduces the hum voltage. Fast
diodes with a recovery time of less
than 200 ns are used as rectifier
diodes (D1-D4) — for comparison, the
recovery time of standard 1N4004
diodes is 1.2 ys, which is more than
six times as long. If you wish to use
ultrafast diodes (< 50 ns), you are of
course free to do so.

Small foil capacitors are connected in
parallel with the rectifier diodes to
effectively suppress high-frequency
noise, which primarily arises from
diode switching transients. Each cir-
cuit board is protected by a slow-blow
fuse rated at 125 mA.

Fitting the components to this board

elekdor eledtronics - 5/2004




does not provide native support for storing code in the
EEPROM of the PIC18F452. All of the modified files are
included in the project. If you wish to make changes fo
the source code, you should adjust the path names in the
accompanying JALBAT file and use them for compiling.
The software was compiled against JAL 0.4.59.Win32.

The sofiware was entirely written by the author, except
for a few functions such as driving the display, for which
JAL provides native support. Functions such as the SPI
interface code and acquiring RC5 signals were specifi-
cally developed for this project. Modification and/or

reuse of parts of this software, including in your own

projects, is explicitly desired, as long as the author is
named and the software is used for non-commercial pur-
poses (which means at home). More on this subject can
be found in the file VV.JAL.

The PIC18LF452 can easily be programmed in-circuit.
For serial in-circuit programming, a number of conditions
must be satisfied: the PBGA2311 must be removed from
its socket, and the connectors for the display and relay
board must be disconnected. The programming interface
comprises five connections: MCIR, RB6, RB7, +5 V, and
Ground. These connections are arranged in a row on the

circuit board and fitted with solder pins.

(Figure 6) is also about as simple as
could be imagined. First solder the
wire bridges in place (one circuit board
with the three ‘A’ wire bridges and a
second one with the three ‘B’ wire
bridges). Then fit the remainder of the
components in any desired order.
Mount the series resistors vertically.

Before inserting the microcontroller
and the PGA2311 into their sockets
and connecting the display, you
should painstakingly check all the
boards for incorrectly fitted compo-
nents, dubious solder joints and solder
bridges. The first test should be per-
formed with the boards outside of the
enclosure. To hold the boards securely
in place for testing, screw them to the
workbench using standoffs under
each of the boards.

First connect the power supply
boards and check the voltages at their
outputs. Due to the high open-circuit
voltage and the combination of recti-
fication and filtering, the measured
voltage will naturally be somewhat
higher than the 7 V specified for the
iransformer.

Next, connect all of the boards
together and switch on the power.
Nothing will happen, but the following
voltages should be present at the
appropriate IC pins and the display
module connector:

+5V:
K3-2,1C1-12, 1C1-35, IC2-4, IC2-12

-5 V:1C2-13
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If everything is OK, wait a few minutes
to allow the capacitors to discharge,
and then insert the ICs and connect
the display.

The display, the microcontroller and
the volume control IC are highly sensi-
tive to static electricity. As all of these
componenis are not exactly inexpen-
sive, you should work at a suitably
earthed workstation.

Figure 7 gives a deep insight into the
laboratory protoiype of the digitally
controlled high-end preamp. The
mains filter was fitted because it was
‘already on hand’, but it is fully ade-
quate. The power supply boards and
the main board are separated as far as
possible. Nevertheless, the FFT analy-
sis (see Part 1) shows that induced
50-Hz noise is responsible for the
majority of the distortion. If you want
to improve matters and are not afraid
of a bit of effort, you can fit the sensi-

sW 020045-13

tive audio portion into a suitable tin-
plate enclosure.

At the rear, besides the mains input
socket there are two sets of eight audio
inputs and two audio outputs, all using
isolated gold-plated Cinch sockets.
After the ‘official’ completion of the
device in the Elektor Electronics lab,
further tinkering revealed that small
RC networks on the inputs suppress
induced RF noise on the cables, and
that a 100-Q series resistor in each of
the output lines assures the stability of
the PGA2311. As shown in Figure 8,
these components should be soldered
directly to the Cinch sockets using the
shortest possible leads, or even fitted
in the connecting cable, in order to
maintain the highest possible degree
of screening.

In contrast to the audio connections,
which employ high-quality twin
screened cable, the keypad (which
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does not have a circuit board) and the
front-panel LED are connected using
simple flat cable. This allows a rela-
tively large amount of freedom in the
layout of the front panel. For example,
the volume buttons can be arranged in
a diamond patiern (if sufficient room is
available). You can spare yourself the
trouble of looking for a distributor for
the attractive metal buttons used for
the protoiype - they were personally
turned by the author.

The bright red cable between the main
circuit board and the LC display came
from a computer shop. But be careful:
many of the cables available in such
shops have crossed lead pairs. In case
of doubt, a ‘normal’ flat cable is also
perfectly satisfactory.

[1] www.fel.fujitsu.com/en/
products/relay/index.himl

[2] www.talema.de

[3] www.avitechpulse.com/
appnote/techbrief9

[4] www.jdm.homepage.dk/
newpic.htm

[5] http://jal.sourceforge.net

[6] http://groups.yahoo.com/
group/jallist

K2 = 2-way PCB terminal block, lead pitch

7.5mm.

TR1 = mains tmnsfonner, 2x7V T0VA, low
profile, e.g. Talema 70040 (RS-
‘Components, Digikey)

D1-D4 = BY500-200

Miscellaneous:
F1 = fuse, 125mA, slow, with FCBmcunt
holder

K1 = 3-way PCB terminal block, lead pitch-

Fit wire links ‘A"

Do not mount R2, C6.

L . Smm
SYMIMEeITICcC Ko o Ny ?CB lennmui block, ]em-] o
. 7.5mm
L2l TR]m_ﬁ mains Imr;;:nner, 2x7V 10VA, low
R profile, e.g. Tolema 70040 (RS
Rnfszﬂm1 5w Components, Digikey)
Ws: Fit wire links ‘B'
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Allows users with no
programming skills
to design compiex
electronic sysiems

for PICmicro® .
antrollers =

Flowcode is 2 programming system
for PiCmicro microcontrollers based
on flowcharts. Fflowcodes incdudes
macros to faclitale the control of
complex devices like 7-segment
2nd LCD displays. Flowcode allows
complete noyices to design contol
systems without getting bogzed
down in the programming involved.

= Requires no programming experience

= Full on screen simulation

s Produces PICmicro hex code for a range
of 8, 18, 2B, and 40 pin devices
Full suite of demonstration tutorials
Allows complex PICmicro designs
tobe produced'in minutes

for full specification see:
www.matrixmultimedia.co.uk
or coptact us for a full colour brochure w w

email: salesBmatrixmultimedia.co.uk matrix
tel: 0870 700 1831 fax: 0870 7001832 muitimedia

The World's most advanced solution for leamning
and programming PICmicro microcontrollers

Allows you to program PICmicros and test your programs
Designed for education, hobbyists and industry
Supports low cost Flash programmable PICmicro devices
Fully featured displays including 2/line LCD

and quad 7-segment LED

Programs most 8, 18, 28, 4o pin devices - including
those with ADC capabilities

Free download 'software provides seamless send

and 'verify function

3 CD ROM courses in C, assembly code, and flowchart
programming are available

for full specification see:
www.matrixmultimedia.co.uk |

or contact us for a full colour brochure w'w

email: sales@matrixmultimedia.co.uk matrix
tel: 0870 700 1831 fax: oBjo 700 1832 muttimedia

® Veroboard

Q VEero

@ Prototyping Boards

@ Extender Boards

@ Wiring and Terminal Pins
@ Standard Backplanes

@ Verowire

® Cardframes

@ Front Panels

@ IBM PC Brackets

©
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Figure 1. In practice, the sensor signals shown here may differ considerably from
your own because the shape depends largely on the sensor consiruction. The shape
change as a result of the wind will be hardly noticeable on a “scope.

One advantage of the specific design
of the combined sensor is that the
mechanical construction of the
anemometer is far simpler than that of
traditional meters while also reducing
the risk of wear and tear as well as
breakdowns. The instrument readout
showing wind speed and direction is
on an LCD as well as via a serial out-
put that allows a PC or an (NMEA
compatible) navigation instrument to
be connected.

Even if mounted in a single enclosure,
wind speed and wind direction
meters typically employ two different
sensors. Several solutions have
become commonplace for the wind
speed (anemometer) function, includ-
ing optical sensors, generators and
reed contacts. However, the classic
design comprising a rotor with three
half spheres causing a magnet to
pass across a Hall sensor has the
smallest number of disadvantages.
The sensor type UGN3503 used in
this project supplies a voltage of the
order of 1 mV per gauss. These sen-
sors, which are discussed in some
detail, in the inset are impervious to
dirt ingress and may be totally encap-
sulated. They consume little energy
and unlike reed switches cause
hardly any electrical noise.

Wind direction meters are usually
realised using potentiometers and
optical Gray encoders, but here, too,
the linear Hall sensor is a good choice.
The circuit presented in this article is
a simplified version of the Rotavecta
system whose main advantage lies in
the total absence of mechanical parts
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for the wind direction meter, leaving
us just with the three-blade
anemometier part.

The principle

The crux of the system is the little vane
on one of the half spheres on the rotor.
The vane causes a small acceleration
or deceleration of the rotor, depending
on its position relative to the wind
direction. If we assume an angle refer-
ence point 1elative to the wind (on the
fixed part) then it has to be possible to
determine the wind direction using
two sensors fitted at an angle of 90
degrees. The calculation method con-
sists of first measuring the average
value (of each sensor) over a couple of
revolutions. Each change in the wind
direction will result in a small variation
of these two average values. Next,
using an angular reference table with
two inputs, the microprocessor is able
to figure out a ‘wind vane' angle
expressed in degrees. Hence in our
wind speed and direction meter, only
two Hall sensors are used supplying
voltages proportional to their magnetic
field. Each sensor supplies a sinewave-
like voltage (Figure 1) whose frequency
increases with wind speed while the
average value is an indirect indicator
for the wind direction.

Block diagram

No remarkable things are seen in the
block diagram in Figure 2. The start-
ing point is the pair of Hall sensors
arranged at an angle of 90 degress.

Two amplifiers, one for each sensor,
condition the sensor signals for use by

an ADC and then on to the processor
The ‘limiter’ block prevents gverdriving
of the capture/compare input on the
PIC16F878. The processor is also busy
driving the LCD as well as outputting
an NMEA compatible serial signal for
use by a PC or suitable navigation
equipment. That wraps it up as far as
the block diagram is concerned and
we're ready to have a look at the

Circuit diagram

The schematic in Figure 3 can not he
said to be overly complex, can it? At
the heart of the circuit we find a
PIC16F876 and a double opamp.
There's a 218-page document on the
PIC family waiting to be downloaded
from the Microchip websiie men-
tioned at the end of this article. The
PIC usd here has Flash memory and
is simple to program over a serial link.
On board we find a 10-bit ADC of
which two inputs are used, as well as
a capture/compare module with one
input used to measure the period of
the reference signal. Using opamp
1IC1 (an LM358) the signal amplitude
is adjusted for optimum use of the
input span afforded by the ADC
inside the PIC.

The two UGN3503 sensor chips, IC5
and IC8, are linked to the main board
by way of 4-way connector K3.
Together with two small loading
capacitors, quariz crystal X1 provides
a 16-MHz clock frequency.

Connector K1 allows the circuit to be
hooked up to the PC’s serial port. The
LCD drive employs the R/W signal
pair, besides Enable and RS, all on con-
nector K2. Only four datalines are
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Figure 2. Block diagram of the combined wind speed & direction mefer.

.

required in our case as the LCD is PVC tube, just under the sensor part.
operated in 4-bit mode. Jumpers JP1 Note that presets P1-P4 are accessible
and JP2 serve to select beiween from the top side. The aciual popula-
NMEA mode (JP1) and CALibration tion of the board is straightforward. It is

mode (JP2). best to start with the smaller parts. X1
The on-board power supply gets its is a quartz crystal in a miniature case.
raw supply voltage from a 12-VDC The PIC chip is the most expensive
mains adaptor. Alternatively, the part and therefore best installed in a
instrument may be powered from a 9- quality IC socket.

V battery, in which case C7 and regu-

lator chip IC3 are omiited and a wire s

link installed between the holes nor- Sensor consfruction

mally provided for the input and output The Hal sensors are accommodated on

pins of the 781.08. the small round board that's separated
from the main board by cutting. The

Build ing is sensors are fitted at exactly the same
height. Next, the board is fitted in the

Figure 4 shows the component overlay. open end of the PVC tube and secured

The copper track layout may be found in place with epoxy glue. The spindle

on the PCB Layout pages towards the is made from a metal pin with a diam-

back of this issue. The board consists eter of 3 mm, passing though a ball
of a main section and a sensor section. bearing or a Teflon sleeve bearing. In
The elongated shape of the board the prototype we used epoxy glue to
allows it to be mounted in a 32-mm secure the litile magnet on to the spin-
26

&

| [N

\\\

N

elekior elecironi

- 5/1004




Cc3 1c4
78L08 LM7BLOS
+5V
— ¥ > O
+ — b
BT1
v oS =5 =
§ TA ; Tm
25Y 18V
IC5
UGN3503U
K4
= O
H1
H2
=15
K5

IC6
UGN3503U

*
o
<

L]
»

-
o

dodoodooolE

1H4148

%
—DE#
SEIEIEIEYA

susps @

Figure 3. The circuit diagram remains happily unclutiered. Nearly all functionality is hidden inside the PIC micro.

dle, as well as to secure the ball bear-
ing. The rotor with its three half
spheres has to be fixed securely on to
the spindle (such rotors are available
as spare parts from appoinied Auto-
helm dealers).

Home construction of a rotor from Ping-
Pong balls cut in half look atiractive is
far from easy. An unexpected difficulty
you may run into is the need for perfect
mechanical balancing, which is hard to
achieve because of the little vane
attached to one of the half spheres.

The programs

The program VE16MPU.hex (in INHX8
format) may be blown into the PIC if
you have a suitable programmer.

The PC programs called TUNE and
ANEMO, written in Delphi, serve for
the wind speed/direction adjustments
and the PC readout respectively. The
subject will be reverted to under the
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paragraphs on calibration.

The program file, ref. 030371-11, may
be obtained from the Free Downloads
section of our website, or on disk
under the same order code. If you are
unable to program a blank PIC, a
ready-programmed one may be
obtained through our Readers Services
under number 030371-41.

Amplifier
adjustments

The first thing you need to do after
switching on the supply voltage is
adjust the four multiturn presets P1-P4.
Your goal will be to make the IC1a and
ICib output signals cover the full
range of 0.5 V to 4.5 V. This may be
done with the aid of either an oscillo-
scope or the TUNE software. In the
first case you closely watch the signals
at pins 1 and 7 of IC1 while the rotor is

made to turn continuously by, for
example, a hair dryer. Adjust P1/P4
(amplification) and P2/P3 (ofiset) to the
best of your ability. Do make sure the
sinewave signals remain between
0.5V and 4.5 V and free from clipping.
Aim to achieve the optimum setiing
shown in Figure 1. If you don't have an
oscilloscope, use the software instead.
TUNE offers a min/max function that
draws a line along the discrete values
measured. This requires the working
meter to be connected to a PC. After
starting the program, click on
‘Min/Max' and view the message
*=*Min/Max*** after a few seconds.

Wind speed
calibration
The wind speed meter measures the

period of one rotor revolution and then
computes
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COMPONENTS LIST

Resistors:

R1 = 1kQ8

R2,R3 = 1kO5

R4 R5 = 5kQé

R6,RB-R11 = 10kQ2

R7 = 1k

P1,P4 = 47kQ mullifurn preset with top
od]usfment

P2,P3 = 4kQ7 multiturn preset with top
udiusrrnent

Capacitors:

speed = K., / period

The displayed speed is dependent on
the constant K which takes a default
value of 35500. The adjustment pro-
gram TUNE calculates the constant
based on a comparison between meas-
ured speed and real speed (obtained,
for example, with the aid of a car
speedometer). Adjusting the speed
factor Ko (if necessary, adapt the
initiglisation value in the .hex file) boils
down fo comparing (a) the speed
shown on the LC display with (b) the
real speed and (c) the speed already
stored in memory. In each case it is
necessary for the PIC to be read out
first. The program TUNE will then
show ‘x.y (2)' where

z = speed factor = y + 256 x

Sensor calibration

Due to the small differences in force
and direction of the magnets we're
forced to create individual calibration
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C1,C6 = 1uF 16V
C2.C3 = 15pF
CA4.C5 = 100nF
C7 = 1uF 25V

Semiconductors:

D1,D2 = I1N4148

Tl =BC547

IC1 =1M 358

IC2 = PIC16F876, programmed, order
code 030371-41

IC3 = 78108

curves for each UGN3503 sensor chip.
The process places rather high
demands on the test wind ‘quality’.
The air stream produced by a hair
dryer is too concentrated for an accu-
rate direction measurement — nothing
beats a real air stream.

Here we avail ourselves of the adjust-
ment software. To enable the system
to calculate the wind direction, each
sensor is linked to a lookup table with
72 values (for 5-degree steps). The
adjustment program employs 8 points
for the interpolation of each curve, so
a total of 16 values is needed. In other
words, two values have to be meas-
ured with each angle of 45 degrees.
This calibration method may take a
while. In between two measurements,
the wind meter has to be turned 45
degrees while making sure the readout
remains stable. The values may be
viewed continuously on the LCD or on
the PC display (via the COM port) after
the command ‘read PIC'. They have to

IC4 = IM78105
IC5,IC6 = UGN 3503 [Allegro)

Miscellaneous:

X1 = 16MHz quariz crystal, minicture
case

K1 = 9-way sub-D socket [female), PCB
mount

K2 = 10-way pinheader

K3 = 4-way pinheader

IP1,JP2 = 2-way pinheader with jumper

Standard LCD, 2 x 16 characters

be entered in a table like the one
shown in Figure 5. Once the table is
complete, the function ‘Curve' com-
putes the 72 values we need, on the
basis of the 16 actually measured val-
ues. Next, the curves are actually plot-
ted using 2 times 72 reference poinis.

Practical uvse

After an initial phase in which the sys-
tem has to determine a number of
average values, the wind speed &
direction meter will transmit its data to
the LCD as well as the NMEA output.
Although. the NMEA 0183 (or
NMEA183) standard is a bit old, it sees
wide use in marine electronics. In our
case, the NMEA sentence reads:

SWIVWR,dir,L,vit K

where SWIVWR should be taken to
mean ‘Weather Instrument’; ‘VWR' is
the standard prefix for anemometer
information; ‘dir’ is the wind direction

elektor eledronics - 5/2004
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Figure 5. Once TUNE Sl S VY
has been launched you : Anemometer

can start collecting
calibration data.

Figure 6. An example
of the ANEMO software
in action. The values

are simultaneously
shown on the LCD.

in degrees and 'vit' is the wind speed The Beaufort scale
in km/h. The program ANEMO allows 1

everything to be viewed on your PC in 0 | Calm <1 knot [
real time. ‘
Admittedly the construction of our 1 | Light air 1-3 knots

wind speed & direction meter requires

due attention to mechanical details, 2 | Light breeze 46 knots

but once calibrated the instrument will

reward and surprise you with its 3 | Gentle breeze 7-10 knots

totally efficient operation. 4 | Moderate breeze | 11-16 knois
(OxEE71-1) -
5 | Fresh breeze 17-21 knots |
6 | Strong breeze 22-27 knots
7 | Near gale 28-33 knots
8 | Gale 34-40 knois
ol 9 | Severe gale 41-47 knots
Web pointers
PIC16F876 family datasheets: i Fikdodndts
www.microchip.com/download/lit/pline/picmicro/families/
16f87x/30292¢.pdf 11| Violent storm 56-63 knois
Beaufort scale: 12| Hurri 63 knots
www.zetnet.co.uk/sigs/weather/Met_Codes/beaufort.htm iy ezt
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Everything you need to know
to drive a stepper motor

First Steps

Stepper motors have found their way into Elektor Electronics
many times, most recently in the November and December

2003 issues. In contrast fo previous articles, we'll keep it
practical and won’t go into the theory. If you want to know

more about the background, have a look at some previous
articles (listed in the reference section at the end of this article)
elektor eledronics - 5/2004
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To get an unknown motor to work you
really need to do two things: find out
what properties your motor has and
choose the right driver electronics.
With the help of this article you will
find that it's not that difficult. The fol-
lowing three steps will help you dis-
cover the most important properties
of a motor. The first step helps you
determine whether you have a bipolar
or unipolar motor.

1. Type of motor

A bipolar motor (Figure 1) has wind-
ings whereby the current alternately
flows in one direction, then in the
opposite direction. This creates a mag-
netic field that also changes direction,
causing the motor to tumn. The winding
of this type of motor has two connec-
tions. The driver electronics therefore
has to continuously reverse the voltage
to the winding. This requires a bridge
circuit using four transistors.

A unipolar motor has a winding with
a centre tap. This winding therefore
has three connections. The centre tap
has to be connected to the positive
supply voltage. If we now connect the
start connection to ground (and leave
the end connection open), there will
be a current flow through the first half
of the winding. If we connect the end
to ground (and the start is left open),
there will be a current flow through
the second half of the winding. Since
the current in the second half of the

5/2004 - elektor electronics

bipolar

030203 -13

Figure 1. Bipolar or unipolar motor?

Figure 2. Finding out what the
connections are.

winding flows in the opposite direc-
tion, the magnetic field will also be
reversed. The driver electronics can
therefore be simpler, since we only
need to connect either the start or the
end of the winding to ground. Two
transistors are sufficient for this.

A stepper motor has at least two pairs
of windings, so 2_2 or 2_3 connections.
When a motor has four leads it is
almost certainly a bipolar type. And
when it has five or six leads it is almost
certainly a unipolar type. It's as simple
as that. Should you find a motor with
more leads, then you have a problem.
There is nothing left but to open up the
motor and hope that you can see what
the internal wiring is. This is usually
not successful. In that case you'll just
have to use a different motor!

2. Connections

Once you have determined what type
of motor you have, it's time to find out
which leads belong to each of the
windings. Measure the resistance
between the connections using a
multi-meter. Go through all possible
combinations and make a note of the
resulis. The resistance between the
ends of a winding will be low.
Between the centre tap and one of the
ends of a winding you'll have half the
value measured for the full winding.
Between separate windings you'll
find an infinite resistance, or at least

oo
S L T -
| 4 4
75 75
T ¥
0| O—t @ 0 |m
75 75
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several megohms. In this way you can
determine which two or three connec-
tions belong to each winding. When a
unipolar motor has a common centre
tap (5 leads), it is unfortunately not
possible to find out which connec-
tions belong to which windings. In
that case, the centre tap will have an
identical resistance to the remaining
four leads. But as you will see later,
we have come up with a solution for
that as well.

3. Operating voltage

Unless it's written on the motor, there
is no way of telling what the operat-
ing voltage of the motor is by looking
at it. Often you do know what the
supply voltage was to the circuit
where the motor came from. A step-
per motor from a floppy drive will
work at either 5 or 12 V. If you have no
idea what the voltage was, you can
estimate it using the following
method. For a bipolar motor connect
one of the windings to a variable
power supply. For a unipolar motor
you connect two of the windings as
shown in Figure 3. Set the output to a
several volis and wait a few minutes.
Feel if the motor becomes warm. If
not, increase the voltage and check
the temperature again after five min-
utes. Repeat this until the motor
becomes almost too hot to touch. This
should give you the maximum operat-
ing voltage for that particular motor.
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Figure 3. What is the maximum supply
voliage?

Hardware

Now that we have determined what
the properties of the motor are, we
have to choose the right hardware. But
don't panic, we'll work through this in
a few simple steps as well.

Qur driver stage has several limita-
tions. The maximum operating voliage
is 18 V (preferably a bit less, such as
15 V) and the maximum motor current
is 2 Amps. If your motor requires a
higher voltage or current then this cir-
cuit won't be suitable. The current con-
sumption of the motor can be read
from the power supply during the pre-
vious test, or calculated by dividing
the motor voltage by the resistance of
the winding.

The supply voltage chosen for the cir-
cuit should be the same as the
required motor voltage.

The circuit in Figure 4a consisis of a
bridge, so that it can drive bipolar
motors. It is also possible to use the
same board to drive unipolar motors. In
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Figure 4a. Circuit diagram of the stepper motor driver.

that case the ‘top’ transistors aren't
mounted. Instead of these, a reverse
biased diode is put between the collec-
tor of the remaining transistors and the
positive supply. That means that the
cathode, the side with the line, goes to
the positive. The other sides go to
motor connectors A, B, C and D.

Remember to connect the centre tap to
the positive supply for a unipolar
motor. The complete circuit diagram
can be downloaded from the Elektor
Electronics website (Figure 4b).

The next question is which type of
semiconductor to use. it happens that
both transistors and FETS are suitable.
Transistors are often cheaper and more
robust, but have greater losses. In fact,
we don't use ordinary iransistors, but
darlingtons. These consist of two tran-
sistors after each other in one case.
They behave just like ordinary transis-
tors, but with a much greater gain,
usually about 1,000 times. Their disad-
vantage is that they have a greater
voltage drop of about 0.8 V.

FETs are usually a better choice, but
take note: P-FETs (for the ‘top’ semi-
conductors in the bridge) are a bit
harder to find. Their voltage drop is
minimal, which makes the FET ver-
sion particularly suitable for 5 V
motors. In the transistor version there
would only be

5-08-08=34V
left for the motor.

It may be that you're told to buy so-
called logic FETs. These FETs can
function with a lower driving voltage
on the gate. You can use logic FETs,
but they're not strictly necessary, as
can be seen from Figure 5. Witha5V
supply even a ‘normal' FET can
switch over 5 A, which is more than
enough. In case of a 9530 type P-FET
this is less favourable, but 2 A should
still be possible.

The choice of either the darlingtons or
the FETs isn't critical. If you can't find

elektor eledronics - 5/2004
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Figure 5. Most FETs can easily pass 2 Amps with a 5 V gate/source volfage (Vizs).

the types in the parts list or if you have
some spares, you should use a type
that has a minimum working voltage of
50 V and a minimum current of 4 A.
Many types satisfy these criteria.

Operation

The driver circuit for the stepper
motor consists of two identical halves,
so we only need to look at one half.
The signal at the input is converted
by T9 into a square wave with an
amplitude equal to that of the supply
voltage to the circuit. This is neces-
sary because the driving signal usu-
ally has a much smaller amplitude,
such as 3.3 or 5 V. So T9 adapts the
voltages to each other.

The signal then goes to NAND gate
IC2b, once direct and once delayed by
10 ps via R7/C2. There is a purpose to
this of course. The trick here is that a
transition from ‘1’ to ‘0’ is fed through
immediately, whereas a transition from
‘0’ to ‘1" is delayed. The same occurs
via ICla and IC2a, but on the other
diagonal because IC1a has inverted
the signal. This exercise is required so
that the transistors turn off immedi-
ately, but only turn on after a short
delay. In this way we avoid that two
transistors above each other conduct
at the same time, which would short
the supply. If you dare, you can leave
C1/C2 from the board: you'll then find
current spikes of several Amps!

During normal operation only two
diagonally opposite placed transistors

5/2004 - elektor eledronics

will conduct. For example, when T1
and T4 conduct point A is positive and
point B is connected to ground. LED
D1 lights up and there will also be a
current through the winding of the
stepper motor. If T2 and T3 conduct
instead, the polarity is reversed and
the current flows through the stepper
motor in the opposite direction. Now
D2 will light up.

At the time of switching (when the
iransistors stop conducting) voltage
spikes occur because the stepper
motor winding is a coil (self induc-
tance). These spikes are suppressed
by the LEDs and R5. These compo-
nents should therefore not be left out.
The darlingtons and FETs also have
internal protection diodes.

Driving the circuvit

The stepper motor PCB has two
inputs. These are connected to our
8958252 Flash Micro Board (see refer-
ences at the end of the article).

To make a stepper motor turn requires
two square waves that are 90 degrees
out of phase with each other. If the
waves are —90 degrees out of phase,
the motor will turn in the opposite
direction (see Figure 6). The software
on the Flash Micro Board generates
these square waves. Figure 7 shows
how the board connects to the driver
circuit. Push-buttons connected to the
board make the motor change direc-
tion, although with a little ingenuity
they could also vary the speed.

The input circuit around FETs T9 and
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Figure 6. Two square waves are
required fo drive a stepper motor.

T10 has been added to make sure that
the 5 V square wave from the Flash
Micro Board connects seamlessly with
the (usually) higher supply voltage of
the stepper motor driver.

The software, which can be down-
loaded from the Elektor Electronics
website, is an example so you can
familiarise yourself with the tech-
niques involved and perhaps try your
hand at writing your own programs.

Connecting the mofor

For a bipolar motor you should connect
one winding to A and B, and the other
winding to C and D. Should you find
that the motor turns the wrong way
round, you need only exchange the
connections to A and B.

For a unipolar motor with 6 leads the
centre taps are connected to the +Ve
supply. The ends of one winding are
connected to A and B, and the ends of
the other winding to C and D. If the
motor turns the wrong way round, just
swap A and B.

For a unipolar motor with 5 Ieads the
common centre tap is connected to the
positive supply and the four ends of
the windings are arbitrarily connected
to A, B, C and D. If you are very lucky,
the motor will turn. However, it is more
likely that the motor will just vibrate a
little bit. This is where plan B comes
into action: keep swapping the con-
nections until the motor turns! You
won't cause any damage to the circuit
or motior. Remember to turn off the
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supply before changing any connec-
tions. Swap A and B and tumn the sup-
ply on again. If the motor still doesn’t
turn, swap A and C. If you still don't
get a result, swap A and B again.

The associated program is described
elsewhere in this edition in the article
‘Software? We'll do that ourselves!'.
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Stepper Motors Uncovered,
part 1, Elektor Electronics
November 2003.

Stepper Motors Uncovered,
part 2, Elektor Electronics
December 2003.

8958252 Flash
Microcontroller Board,
Elektor Electronics
December 2001.

Figure 7. This is how the Flash Board should be connected to the stepper motor driver PCB.

Internet

The full version of the circuit dia-
gram, as well as the PCB layout
and software for the Flash Micro
Board can be downloaded from:

www.eleldor-electronics.co.uk/
di/dl.htm,.,

select month of publication.

elektor elecironics - 5/2004




. A /] i
1410

'SERVICING YOUR COMFLETE PROTOTYPE NEEDS

| & Prototypes al a fraction of the cost
‘&5 Tooling and setup included

& Any confour

& Frd 1.6mm, 35um Cu

i
FRICE EXANFLE
1 EUROCARD scre
+ Tooling

+ Pholoplois
+ VAT

L3 Industry standard quality
3 Folfow up series runs
£ CAM [ CAD consulting

—t 20.89%

*Sterfing rates may vayt Frice = €43

o—" g
IR R R
B350 A1 R
Fer <353 (041 7RI 25E
ik s Sten ot oo

Simply sead your files and order ONLINE

WWWw.pPcB-POOL.COM

vaezt [GEE| § orcad  Grophicrae mmmmes 4 2o [

AVR Modular Development System

* Based on the Atmel AVR controller
* Flexible and powerful

* Simple to configure

* Very compact

Check out FlexIt at www.ennovi.co.uk

ennovi Jtd

€' +4a(0)1425 a7888a I
salesSennavi.co.uk

5/2004 - elekior electronics

See your design in print!

Elektor Electronics (Publishing)
are looking for

Freelance Technical
Authors/Designers

If you have

¥ an innovative or otherwise original design you would

like to see in print in Europe’s largest magazine on

practical electronics

above average skills in designing electronic circuits

experience in writing electronics-related software

basic skills in complementing your design with an

explanatory text

¥ a PC, emadil and Internet access for efficient
communication with our in-house design staff

¥ kK

then do not hesitate to contact us for exciting opportuni-
ties in getting your designs published on a regular basis.

Elektor Electronics

K. Walraven, Head of Design Dept.

RO. Box 75, NL-6190-AB Beek, The Netherlands,
Fax: (+31) 46 4370161

Email: k.walraven@segment.nl

Handyscope HS3 2cn

Resolution Menu - 12, 14 or 16bits
Sample Rates - 5,10,25,50,100 Ms/s models

v Oscilloscope

v Spectrum Analyzer
v/ Voltmeter plus!

v Transient Recorder
v/ Arbitrary Waveform Gen.
v/ Two hi-z probes 1:1~1:10
v/ USB1.1or2.0

v Windows 0S- all

Ml | P Lu
28 Stephenson Road, Industrial Estate, St lves, Cambs. Pe27 3WI
Telephone: 01480 300695 Fax: 01480 461654

info@itp101.com www.itpi0i.com www.tiepie.com

5 Ms/s Model

£435

ex VAT/pp
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Figure 1. The lead filter with negative
aroup delay.

ea for this article began when

a student-asked me if it was possible
1o build a filter that preduced a 'neg-

atwe graup delay’. A quick trawl of
the lntemet (Google: 'negative group
delay’) soon gave some interesting
hits. In particular Professor Kitano in
Japan had published just such a cir-
cuit that apparently exhibits a nega-

- tive group delay [1]. With kind per-
“mission from him we were able to

use his ideas and circuit (slightly
modified) in last month's article. So
much for the background, now on to
the details...

The concept of speed

If we consider the transmission of

_information in a communication
channel, the first characteristic we
need to look at is phase velocity.

‘With a pure sinusoidal carrier wave
this is equal to the propagation
speed of any point (i.e., constant
phase) on this wave. Without any
form of modulation it is not passible
to send information, so we can see
that the phase velocity has no influ-
ence on the speed at which we can
send information (i.e., the group
velocity). Information can, for exam-
ple, be transmitted on narrow-band
signal pulses or envelopes and the
speed of the envelope will be gov-
erned by the group velacity through
the medium. Now back to the origi-
nal question: if a circuit possessed a
negative group delay this would
imply that the information acceler-
ates in the medium and travels back-
wards in time to arrive at the output
before it was introduced at the input.

5/2004 - elekter elecironics
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Figure 2. Block diagram of the experiment.

This indeed is what appears to hap-
pen in our circuit.

This phenomenon has apparently
been observed in the field of optics
where anomalous dispersion (in a
narrow spectrum) has seemingly
produced a negative group delay
and a refractive index smaller than 1.
It is often the case that these effecis
occur when the circuit or medium is
in resonance and an equivalent elec-
trical experiment is described in a
paper [2] which shows an output
AM envelope leading the input sig-
nal thus yielding an apparent nega-
tive group delay.

It is easier to observe these effects
by using a filter with negative group
delay at low frequencies and DC.
The circuit shown in Figure 1is a
(low-pass) lead filter and produces
the necessary effects. When a low
frequency pulse from the generator
described in the first part of this arti-
cle is introduced to the lead filter, it
should produce an output ‘befors’
the pulse is introduced.

This basic idea has been perfected
by Mr. Kitano [1] in a circuit that
maintains the pulse shape through
the transmission medium and pro-
duces a negative propagation delay.
The pulse envelope travels at the
group velocity and the pulse appears
at the output of the filter before the
input signal!

Causality

Causality states that in our physical
world the flow of events is always the
same: first, cause, then effect. You are

—»1
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aware of pain in your thumb after you
hit it with a hammer and not before
the unfortunate accident. If this prin-
ciple is universal, is it possible in our
simple circuit that a signal arrives at
the output of a filter before it was
applied to the input? Clearly not. To
understand what really is going on in
the circuit we need to take a closer
look. Figure 2 shows a block diagram
representing the main parts of the cir-
cuit. A rectangular pulse is generated
when the switch is momentarily
closed at t = 0. A low-pass Filter
(LPF) is used next to filter out the
high frequency components and pro-
duce a smoothed Gaussian impulse
at B. The pulse is now introduced to
the medium and recovered by the
lead filter to produce the output pulse
C. The recovered pulse is amplified to
produce the output pulse C so that its
shape is similar to the input pulse.
The circuit doubles-up the pulse
shaping and lead-filter stages to
optimise the effect. Additional com-
ponents in the Lead Filter help
reduce noise in the circuit. The
more observant among you will
have noticed that the output puise
rises more quickly than the input
pulse. It was found to be impracti-
cal to increase ‘negative group
delay’ effect further by adding more
lead filters. So there really is noth-
ing unusual about the circuit, the
effect is produced using just con-
ventional components. The need for
400 m of cable was also something
of a red herring.

The circuit demonstrates that in this
case the group velocity is not rele-
vant to the (negative) time difference
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observed between the inpui and
output pulses, here the front veloc-
ity (the propagation speed of an
abrupt change or front) of the sys-
tem is more important.

The effects produced here are still
the subject of hot debate on the
Internet but in any case you will no
doubt be pleased that causality is
still intact (at least for the time
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(check the Internet).
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group delays in a simple
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being) and this experiment under-
lines how careful you need to be
when interpreting test resulis espe-
cially in systems using slow pulses.
A similar phenomenon to that shown
here occurs with a Mach Zehnder
interferometer (no, honest), where
light pulses appear to arrive ‘too
early’. For more information on this
subject refer to [2]. If you are still

[3] J.DF. Jackson, Classical
Electrodynamics, Wiley and
Sons, New York 1975.

curious about propagation speeds
and anomalous dispersion then the
classic work by Jackson [3] should
fill in any gaps.
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David Daamen

Telemetry applied to modelling sometimes pro-
duces astounding results — especially if elec-
tronics is part of the payload...

Model construction and
electronics seem to get on
like a house on fire, new
challenges appearing any
time these two fields of
interest are combined. The
results are often rather spe-
cial. For example, Olivier
Humez on his website [1]
describes lots of equipment
Lo enable photo or video
cameras to be attached to
model planes and even bal-
loons. The images captured
during the flight and
beamed down to the ground
are often stunning.

Of course we do not have to

5/2004 - elektor eledronics

limit ourselves to ‘shooting
pictures’, as Humez proves
by the equipment he devel-
oped fo convey telemetry
data. Height, temperature
and battery volitage are
among the quantities that
can be measured in real time
and fransmitted to ‘earth’ by
a radio link, possibly backed
up by a video link you can
watch using an on-screen
display.

Mr Humez is of course not
the only person active in this
most interesting field. A
team lead by Maynard Hill
managed to make a model

plane cross the Atlantic
ocean. The take-off and
landing were accomplished
in the traditional way using
radio-control transmitters.
However, during the actual
flight above the vast ocean
waters, a microcontroller
was in total control of the
plane, continuously adjust-
ing its course with the aid of
GPS information. A few
details: total distance trav-
elled 3,000 kms in 39 hours
with a total fuel consump-
tion of just 5.7 litres! More
about the flight and the
technology used on the
team's website at [2].

Among lots of other
webbed information on
telemetry and data logging
we found Dietrich
Meissner's site at [3], com-
plete with circuit diagrams
and software for PICs, Palm
and Windows PCs.

If you are now anxious o
learn more about telemetry,
have a look at the sites dis-
cussed here, or do your own
search using Google and the
search words [model] in com-
bination with [telemetry].
(0eiTE-1)

[

(2]

Olivier Humez’ aerial

photography:

vavww.kapelec.com/

Trans Atlantic Model

Homepage:

http://tam.plannet2 1 .com/

indax him

Diefrich Meissner’s
circuits and soffware:
hitp://home.germany.net/

100173822/
d_logg2_engl.him
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FlexiPanel IR

Infrared glue for micros and PDAs

Jan Buiting and luc lemmens

IrDA sure looks like an attractive medium for
conveying data across small distances.
Unfortunately, the associated hardware gener-
ally causes sour faces, and is not just ‘playing’
hard to get. Those days are over.

Paris-based Hoptroff sarl (in
the UK: Flexipanel Ltd.)
recently announced the
release of an I'DA module
(also called ‘irGUI module' or
‘Flexipanel') designed for
easy connection to microcon-
troller circuits. This triggered
our curiosity and within days
a sample of the module
artived in the post along with
a hefty information pack.

We were not disappointed.
To begin with, free sofiware
is available for devices such
as handhelds, mobile
phones and (portable) com-
puters. In the case of micro-
controllers, the FlexiPanel
module allows user access
to any of these remote
devices using a single, sim-
ple 12C interface.

As we write this, the module
should be available as a one-
off, as well as software for
PocketPC handhelds.
Product distribution has
been arranged with Parallax
Inc. (and its European dis-
tributors such as Milford
Instruments). A tentative
price of US$S 80 has been
given for the module, USS 25
for the chip set and USS 6-8
for licensing. According to
Richard Hoptroff, software
for Palm devices, Nokia and

Ericsson mobile phones and
Windows laptops is sched-
uled for release later this
year. A Bluetooth version is
also under development and
we hope to report on iis
release some fime in the
near future.

Applications

Applications for the
FlexiPanel IR module broad-
ly fall into two categories:

The first category is 'big
guns' comprising handhelds,
mobile phones eic. that can
employ the generic Virtual
Control Panel (VCP) soft-
ware that's available free of
charge from Hoptroff. On the
device, a graphical user
interface (irGUI) provides the
link to the VCP In this way,
the irGUI acts as the Ir'DA
server and the VCP as the
IrDA client. To connect low-
volume (100's) and medium-
volume (1000's) products to
VCPs, manufacturers should
use an irGUI module or a
chipset which will manage
the user interface. VCP tech-
nology licensing is recom-
mended for bulk volume
products (10,000's and up)
with help available from
Hoptroff with the implemen-

tation on he host controller.

The second category is much
more interesting to the occa-
sional user and lab worker as
is comprises a multitude of
individual microcontrollers
and development sysiems
for which tailored software
needs to be written. In prin-
ciple, any MCU or MCU sys-
tem may be used as long as it
talks and understands I2C
(this will include many
Elektor Electronics microcon-
troller boards). Fortunately,
Hoptroff have made the com-
plete communications proto-
col for ‘FlexiPanel' freely
available as part of an
impressive and neatly organ-
ised 70+-page datasheet
(which is too modest, 'docu-
meniation set’ would have
been a more apt description).
FlexiPanel allows electronic
products to create an opera-
tor interface on remoie
devices such as handhelds
(PDAs), mobile phones and
other computers, using an
infrared link. The remote
device asks the product what
controls it wants displayed
and then it displays them.
The operator reads the dis-
play and modifies the con-
trols as required, sending any
changes back to the product.

The Flexipanel documenta-
tion, then, goes into great
depths, discussing every-
thing from product ordering
and suggested product
development methods down
to the nitty-gritty of the (fairly
complex) command syntax,
not forgetting the hardware
specification of the two avail-
able FlexiPanel core proces-
sors. Towards the end of the
manual, lots of example pro-
grams are found for functions
including the Message box,
file control, calibration, test.
array control, password con-
trol and many more. All this
should allow microcontroller
enthusiasts to slap together
their own irDA interface fairly
easily on just about any MCU
system sporting 12C connec-

tivity.
Our conclusion is that
Hoptroff have not only

released a module that
avoids many pitfalls associ-
ated with irDA hardware
construction, but also a
good amount of software to
back up the product.

BASIC Stamp

Not just to underline their
business relation with dis-
tributor Parallax Inc., but
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also to encourage lab work-
ers, Hoptroff provide lots of
information on linking the
Flexipanel to the famous
BASIC Stamp. And a very
welcome bit of information it
is because the BASIC Stamp
(BS2p) is widely known and
exiremely popular among
budding programmers (and
a lot of professionals, too...)
if only because it can be pro-
grammed in... BASIC!
Figure 1 shows the really
simple connections
between the BS2p Demo
Board and the irGUI452
module. The practical
assembly is shown in the
photograph in Figure 2.
LEDs may be added to mon-
itor the CD, Ready, Data and
Test pins (shown dotted in
Figure 1). If so, 4k7 current
limiting resistors should be
used to prevent overloading
the power regulator on the
Basic Stamp.

The 10k resistor between
Attn and Vss is only
required if nap mode is to be
used — it ensures that the
Atin pin is not pulled high
when Stamp resets. The 4k7
pull-up resistors on the SDA
and SCL pins are required in
all cases.

In the example application,

5/2004 - elektor elecironics

two check boxes are dis-
played on the PDA. When
Send is pressed, the state of
the second check box is dis-
played on the LCD display,
the value is inveried and
written to the first check
box. Thus if a Read opera-
tion takes place after the
Send operation, the first
check box's state will be the
opposite of the second.

The required resource script
is shown in Listing 1. It is
read using the irGUI config-
uration tool and used to pro-
gram the irGUI. Correct
irGUI programming can be
verified using a PDA to read
the controls.

Once the irGUI is config-
ured, the Basic Stamp can
be programmed. The
required code is found in the
Flexipanel documentation.
Correct operation may now
be checked by pressing the
Send button.

It is also possible to connect
the irGUI452M directly to
the BS24p without the Demo
Board. The 40 mA voltage
regulator on the BS2p mod-
ule is then usually sufficient
to power the irGUI device,
whose consumption peaks
at 30 mA during infrared
communication. However, if

881 Chetk Box
Chsck Usl = $FF

additional components are
added, a more powerful reg-
ulator may be needed.

Contact information

Hopiroff s.a.rl.,
wvaw.hopiroff.com
UK distributor: Flexipanel Lid.,

v fl =xipanel.com

Listing 1. irGUI452M resource script

1/
/1
// 001 Check Box.rs
1/
// I2C test on basic stamp check box control
1/
/1
PARTNUM irGUI452M
DEVICENAME “001 Check Box"
SERTAL RANDOM
RESET
12¢ 0x68
I2CADDRESSING IBYTE INDEX

CONTROL CHECEBOX
ID chkl
FIXEDSTORE ROM
VARSTORE RAM
TITLE
VALUE 0

1/
gets inverted

TEXT

CONTROL CHECEKBOX
iD chk2
FIXEDSTORE ROM
VARSTORE RAM

“Check Box 1"
Initial value is 0; when stamp starts,

“I'm what he’s not”

TITLE “Check Box 2"
VALUE 0
TEXT “Try Me”
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Under the increasing time and cost pressures imposed on the system. In many cases, the transfer characteristics are
developing instrumentation devices, building preamplifiers non-linear and must be linearised. This is especially true for
for sensors is increasingly coming to be seen as an irksome conventional temperature sensors, such as NTC and platinum
secondary task. They must be exactly maiched to the sensor resistors, as well as thermocouples.
output signals, which are usually weak, and if a different type Regardless of whether linearisation is performed using con-
of sensor is used, the entire job has to be done all over again. ventional analogue electronics or software in the signal evalu-
A far more user-friendly approach is to employ sensors whose  ation computer, it always requires additional effort and
signals have been preconditioned to remove distortion factors expense. If a silicon-based temperature sensor is available. it
(such as temperature dependence, offsets and the like) and can be housed on the same chip and the linearisation can be
| give them a standardised output format, such as 0-10V or implemented directly adjacent to the sensor. Such compo-
; 4-20 mA. This makes it easy to swap sensors. nents are now in Widespread use. One example is the National
Fitting the sensor components and measurement electronics Semiconductor LM33. which has been manufactured for
into the same package has been common practice for a long many years already. It generates an output signal that pre-
time already. In order to further reduce costs, the present cisely and linearly increases with temperature at the rate of
trend is increasingly heading in the direction of integrating 10 mV/K. Over the years, it has been joined by a whole group
both of these elements onto a single silicon chip. This of relatives that operate in similar manner (for more informa-
requires finding ways to construct the actual sensor element tion, ses www.national.com/appinfo/tempsensors/products.html).
in silicon. In many cases, this has already been successfully
accomplished. For temperature sensors, it is especially easy.
For prfssure Sensors, ir[l)fvhich the membrane opgen a]'read_\: Sensor / confr O" er combos
consists of a silicon structure bearing piezoresistive tracks. Once a sensor has already become an IC, the next step is to
the solution is also simple. Even if such a sensor system may integrate functions that were previously wired externally in
appear to be expensive at first glance, overall costs are the form of “discrete’ circuits. An example of such functions
reduced thanks to savings realised in development effort. is comparators driving outputs that switch if the temperature
Another reason for integration is failure prevention. Human lives crosses a certain threshold temperature. The threshold values
can depend on the reliable operation of sensors, such as in the can be provided externally in analogue or digital form. Inte-
| case of ABS and ESP systems in cars. In the automotive area, a grated A/D converters are also commonly present, usually
: special challenge is provided by the extreme range of tempera- with serial output in order to save pins. The next logical siep
| ture variations, which extends from below 20 °C to the engine is to add a microcontroller to the chip. This makes a multitude
temperature of +125 °C. As has been shown by experience, fail- of additional functions possible, including externally pro-
ures of soldered joints are much more common than internal fail- grammable parameters such as sensitivity and measurement
: ures of ICs. Efforts to achieve increased levels of integration are range, calibration, and many others. An EEPROM (also on
, thus primarily driven by considerations of safety and security. the chip) can store the calibration data. In this way, the sensor
> The cost savings that arise at the same time (assuming large- is transformed into a miniature computer. 2
2 scale mass production) are a welcome side effect. Another bene- A significant advantage of such ‘intelligent’ sensors is
: fitis increased interference immunity. If sensor signals must pass  reduced type diversity. Instead of making a large variety of
: through long cables before they are amplified, as was the casein  types that differ only in their detailed specifications, manufac-
the past. interference will be coupled in. With everything on the turers can make just a few basic types, which can then be pro-
P same chip, this hazard is eliminated. duced in much larger quantities. The parameters required for
a operational use are entered by the user, and in many cases
| s [P they can also be subsequently modified.
| SIQH a, con d' ﬂon'ng A l')T}ica] example Gfel‘lllis Ijqie of sensor is the family of Hall
E Amplifying the signal is not the only task of signal condition- sensors made by Micronas. The first model of this family was
ing. Many of the physical effects utilised for sensors are tem- the HALS800, which was further refined to yield the derivative
perature dependent. To compensate for this, a temperature types HALS0S5, HAL810 and HALS15
sensor that suitably adjusts the gain can be incorporated into (www.micronas.com/producis/overview/sensors/index.php).
5/2004 - elekior eledironics 5




Figure 2. Block
diagram of the
LMB87 supervisory
IC. The temperature
sensor on the chip
(lower left) plays
only a secondary
role. (National
Semiconducior)

Figure 3. Motion-
sensitive comb
structures in the
ADX1202
micromechanical
acceleration sensor.

{Analog Devices)

Figure 4. In the
ADXRS150
rofational rate
sensor, the palhs of
vibrating
mechanical
structures are
altered when the
device is rofated.
{Analog Devices)
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In this case. processing the measurement signal is especially
difficult. The signal voltage from the Hall element is
extremely small, and it is superimposed on a large offset volt-
age. In addition. both voltages are highly temperature depend-
ent. Temperature compensation requires complex circuitry,
and optimum results can only be achieved using a switching
technique, similar to a chopper amplifier.

With these sensors, users can configure a whole range of
parameters according to their wishes: sensitivity, the upper and
lower limits of the measurement range. measurement band-
width and the amount of temperature compensation. A special
feature here is that the temperature dependence can either be
entirely eliminated (even including its nonlinearity. for which
purpose a quadratic correction network in included). or a cer-
tain proportion of the temperature dependence can be inten-
tionally retained. This can be useful if (for instance) the sensor
is used with a magnet that has its own temperature depend-
ence. In this way, the temperature dependence of the overall
system (and thus the temperature dependence of the switching
distance, for example) can be reduced to nearly zero.

In normal measurement operation, this sensor is operated
from a 5-V supply voltage and generates an analogue signal
that is proportional to the local magnetic flux density. It can
be programmed by increasing the supply voltage to a higher
level and modulating the voliage. A voltage in the range of
5.6-6 V corresponds to a logic Low level, while the range of
6.8-8.5 V corresponds to a High level. The data are writien
serially. In this mode the sensor output operates digitally, and
the internally stored parameter values can be requested and
read out serially via the output. The sensor is electronically
‘sealed” on conclusion of the programming process, and sub-
sequent programming is no longer possible. The output signal
is again analogue after programming.

This approach allows the number of leads to be kept to an
absolute minimum: ground, supply voltage and output. This
keeps down the cost, which essentially depends on the pack-
age type used and thus the number of leads. The packaged
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sensor, with dimensions of 4 x 4 x 1.5 mm, looks like a plas-
tic-cased transistor. Its block diagram is shown in Figure 1.

Bus connection

In systems with many sensors, it is economical to connect all
of them to the computer via a common bus, rather than using
individual cabling. This means that each sensor must have a
bus coupler. which in many cases can also be housed on the
chip. An early example of this type of component was the
National Semiconductor LM75, which had a delta/sigma A/D
converter and an I2C bus interface on the same chip. A large
demand for ICs of this type quickly arose, so new types were
continuously developed and their range of functions was con-
stantly enlarged to meet the wishes of users. They ultimately
evolved into complex monitoring components, which (for
example) can be used in PCs to monitor not only the tempera-
ture but also a whole range of other quantities, such as fan
speeds. Figure 2 shows the block diagram of the LM87,
which has so many functions that it has become a general-
purpose ‘early wamning system’ for all possible types of faulis.
Here the actual temperature sensor (at the bottom left) is only
one of a host of elements.

MEMS

Now that we have leammed how to accurately produce mechan-
ical structures with micrometre dimensions. it’s possible to
integrate sensor elements that operate using moving parts,
such as sensors for pressure, force, acceleration. and rota-
tional motion. Where we previously encountered metallic or
ceramic parts with dimensions in the millimetre or centimetre
range, we now find miniature structures made from
monocrystalline silicon, which together with their associated
electronics form a monolithic block. This combination of
micromechanics and microelectronics forms a micro-electro-
mechanical system (MEMS).

The first products of this type to be manufactured in large vol-
umes were acceleration sensors for triggering air bags in cars.
They contain two interleaved comb structures made from sili-
con, with one of them being firmly attached and the other
being suspended such that it can move. Capacitances in the
femtofarad range (1 femtofarad = 1013 F) are created
between these two structures. When the sensor is subjected to
a mechanical impact, the movable comb is slightly displaced
due to its inertial mass. This causes one capacitance to
become larger and the other one to become smaller, which is
sensed using an electronic bridge circuit. Such sensors have
proved to be extremely reliable, and more than 100 million
pieces have been produced by now. Some of them are even

5/2004 - elekior electronics

sensitive in two directions, such as the Analog Devices

ADXI 202 illustrated in Figure 3 (www.analoz.com).
Airbags in cars have already saved many lives, but electronic sta-
bilisation systems can make an even greater contribution, They
sense the rate of rotation of the vehicle about its vertical axis as
the primary variable, and if it exceeds the maximum permissible
value (as occurs with a skid). they initiate suitable steering and
braking manoeuvres. In the event of rotation about the longitudi-
nal axis (rollover), the airbags must inflate immediately.

Sensors for use in cars must be produced in large quantities at
low cosis. The glass-fibre gyroscopes used in avionics and
space flight systems would be unaffordable. Here again com-
ponents containing movable micromechanical structures have
proven to be quite snitable, and they are already being pro-
duced by many manufacturers. They are based on the physical
phenomenon of the Coriolis force: if 2 mass in a rotating sys-
tem is displaced linearly in a radial direction, it experiences a
deflection in the tangential direction. In the Analog Devices
ADXRS150, a flexibly suspended mass is excited into reso-
nant vibration by electrostatic forces. with an amplitude of
+3.5 um and a frequency of approximately 15 kHz, If the chip
is subjected to rotation, a force perpendicular to the direction
of oscillation is exerted on the vibrating element. and in a
manner similar to the previously described acceleration sen-
sor, this causes a change in the capacitance measured between
two interleaved comb electrodes.

In its practical implementation, the IC uses two sensor cells
whose masses oscillate in antiphase. Not only does this neu-
tralise the external vibration of the IC. it also makes it less
sensitive to disturbance from vehicle vibration. Figure 4
shows a portion of the chip, which measures only 3 % 3 mm.
It is housed in a BGA package with dimensions of

Tx7 %3 mm.

Modular construction

Despite its considerable success. there is a problem with
microsystem technology, which is that the large front-end
development costs can only be recovered if the components
are produced in large quantities. This is difficult to achieve for
small and medium-sized sensor manufacturers.

One solution to this problem is to construct the sensors in
modular form using several independent functional blocks,
which can then easily achieve large production volumes. A
concept employing three modules, which has been developed
by AMA Fachverband fiir Sensorik e. V. (www.ama-sen-
sorik.de) in close cooperation with industry, is shown in Fig-
ure 5. I consists of the following modules: 1) the measure-
ment module with the sensor element and signal conditioning,
2) a microcontroller for additional signal processing (includ-



Figure 5. A modular
microsensor
technique using
defined interfaces
{PrimSens and
Buscoupler). ([AMA
Fachverband fir
Sensorik e. V)

Figure 6.
Temperaiure
megsurement using
fibre-opfic sensors
inside a 1300-MW
generator with
exiremely high
electrical and
magnelic field
sirengths. (Photo:
Siemens)

Figure 7. A wireless
sensor using surface
acoustic waves. The
response signal is
affected by the
attached sensor
element.
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ing digitising), and 3) a bus coupler if necessary. The modules
are separated by two standardised interfaces. The first inter-
face is called "PrimSens’, and the second is called *Buscou-
pler’. The first products of this type were shown recently at
the Hanover Fair.

Another modular concept defines a component system with
small, square circuit boards with dimensions of 10 x 10 to

45 x 45 mm, which can be stacked on top of each other
(www.match-x.org).

Interference-free measurement
without electricity

The sensors we have examined up this point are all *normal’
sensors that work with electrical cables, but there are some
places where it is not possible to run such cables, such as
where there is an explosion hazard or where there is a risk of
voltage discharge in a high-voltage installation — or in envi-
ronments where there are strong eleciromagnetic fields, such
as in radio transmitters or electrical generators.

In such situation, a different approach must be taken. A highly
promising technique is optical measurement using light instead
of electricity. The light is conveyed by a glass or plastic optical
fibre to the measurement location, where it is affected by the
quantity to be measured and then returned via the same optical
fibre or a second fibre. The evaluation instrument determines
the measurement value from the returning light. An example is
the Lumitherm instrument made by the US company Ipitek.
which transmits light pulses from an LED through a fibre to a
measurement probe, where they excite luminescence in a fluo-
rescent material. The duration of the luminescence depends on
the temperature, and this effect is exploited to make measure-
ments using the luminescent light returned to the instrument.
Systems of this sort. in which the fibre only acts to convey the
light, are called “extrinsic” fibre-optic systems.

However. it is also possible to use the actual fibre as the meas-
uring element. Such ‘intrinsic’ fibre-optic systems exploit the
miniscule but still present effects of external physical quanti-
ties on the propagation of light through the fibre. If the wave
nature of the light is also taken into account, very high sensi-
tivity and resolution can be achieved. A widely used technique
involves writing a “Bragg grating’ into the fibre. A Bragg grat-
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ing is a periodic series of regions having an elevated refractive
index. which is generated by means of UV irradiation. Light
with a wavelength that exactly corresponds to twice the grat-
ing spacing is reflected back to the optical source. while all
other wavelengths pass through unaffected. If the fibre is
stretched, light with a somewhat longer wavelength will be
reflected, and this can be measured optically. This yields a
highly sensitive elongation sensor that operates without elec-
tricity. cannot be affected by extremely strong ambient electro-
magnetic fields, and cannot itself interfere with anything else.
There are very many physical effects that can influence the
propagation of light in a fibre. Quantities that can be meas-
ured in this manner include elongation, tensile stress, vibra-
tion, flow, filling level. pressure, angle of rotation, tempera-
ture. ionising radiation and many others. This makes it possi-
ble to make a wide variety of measurements under difficult
conditions, in situations where such measurements were pre-
viously considered to be out of the question — such as deep
inside the 1300-MW generator shown in Figure 6.

Passive RF sensors

With rapidly rotating machine parts, a sensor link via commu-
tator rings is frequently not sufficiently reliable. In such sia-

tions, it is possible to use another sensor technology that does
not require a local power source: surface acoustic wave chips.
These componenis, which are made from piezoelectric crystals
(such as lithium niobate), are used as bandpass filters in radio
receivers. An RF altemnating voltage applied to the input comb
electrodes (typically with a frequency of several hundred mega-
heriz to a few gigaheriz) generates a shallow mechanical wave
on the surface of the crystal. This wave propagates over the
length of the crystal until it is reflected at the other end and
returns back to the electrodes, where it again generates an alter-
nating voltage that is slightly delayed from the excitation pulse.
If a sensor (for example, a capacitive pressure sensor) is con-
nected to a second set of electrodes at the far end of the crys-
tal, the reflection of the waves will be affected by the sensor
in @ manner that depends on the pressure. The pressure can
then be determined by evaluating the returned signal

(Figure 7). If an aerial is connected to the input. the sensor
can be queried using radio waves. This technology has been
studied in the research departments of tyre manufacturers as a
means of acquiring measurement data from rotating tyres
(pressure, temperature and traction) without using a battery as
a power source. For more on this subject, see the article
“Wireless tyre-pressure monitoring” elsewhere in this issue.
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‘Polymer Electronics for Chemical Sensors’ was the topic for lies ahead. At the moment it is only possible to make polymer

the tenth research and development conference at the Massa- sensors in the shape of a one-dimensional sirip, whereas

chusetis Institute of Technology (MIT), which gave an effective chemical sensors need to have a three-dimensional

overview of current developments in the field of plastic elec- structure. Two-dimensional planar sensor structures will have

tronics. The name of one speaker made us prick up our ears: to be made before we can even consider going into the third

Professor Timothy M. Swager is associate director of the dimension.

‘Institute for Soldier Nanotechnologies’ at MIT. What was he ~ Chemistry is being brought to bear on electronics in other

seeking to achieve? areas t00. Swager and his colleagues have developed a tiny

The MIT professor came straight to the point, summing it up laser made from a polymer, capable of delivering an ouiput

in one sentence: “We want to build sensors so small that they ~ power of up to 75 nW. A ring laser has also been built using

could in principle be constructed from a single molecule™. An~ Microstructures made from dinitrobenzene. Using cunning

ambitious target, and certainly not one that can be achieved in ~ molecular design techniques signal gains of up to 10° have

the foreseeable future. Or can it? Some substances, such as been achieved. The MIT professor is absolutely certain that

nitric oxide (NO) are relatively simple to detect using poly- new results in chemistry will have a dramatic impact on the

mer sensors. NO is a colourless, poisonous gas which future of electronics.

increases the conductivity of certain polymers. With a good

sensor it is already possible to detect as little as a few - 4 ;

nanograms. Using more sophisticated polymer systems, more ereless P hy SIO’OQ 'ca’ dafa

complex mixtures of substances can be detected. measurements

Swager and his colleagucs‘ha\'e, as an example, developed a Phil Shaltis, research assistant in the Department of Mechani-

prototype of a delecl{{r which can respond to as little as 10-6 cal Engineering, agrees. He reporied a sensor in the form of a

grams of TNT explosive. With that a very sensitive land mine finger ring which can measure blood pressure and oxygen sat-

detector could be built. What interests potential users more at uration levels and transmit them wirelessly to a monitoring

the moment, though, is the possibility of dramatically improv-  ssation.

ing the sensitivity of baggage monitors at airports. In a com- The challenge in this case is not the instrumentation technol-

mercial product such a detector could be more than ten thou- ogy itself, but the problem of minimising power consumption.

sand times more sensitive than those currently used. And the The data are measured on an artery in the finger. The ring

chances of being able to smuggle explosive on board an aero- itself was designed using finite element methods to guarantee

plane in the heel of one’s shoe would fall 1o zero at a stroke. reliable operation: it must not press too hard against the bones

At MIT they are well aware that a lot of development work in the finger, or errors will be introduced into the readings,
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ultimately giving rise to incorrect measurements of blood
pressure; but on the other hand, the better the ring fits, the
better the signal-to-noise ratio achieved. Pressure is therefore
only applied locally on the finger in the spots where the artery
in question lies. The pressure itself is measured using infra-
red sensors.

What can we do with a sensor like this in everyday life? This
is being researched at the Massachusetts General Hospital
(MGH) in Boston, located opposite MIT on the other bank of
the Charles River. Similar measurement devices for these

kinds of data are already used in hospitals, and although they
are very advanced they are also comparatively large: the ring
developed at MIT is a thousand times smaller. At present it is
used in parallel with traditional instruments. including at a
stress EKG unit. Early results are already available: identical
measurements are obtained from patients at rest, while under
stress the ring sensor gives much more accurate readings and,
most importantly, fewer artefacts.

Many different approaches were taken in trying to minimise
the power consumption of the ring. A high modulation rate is
used during data transmission to keep the transmit time as
short as possible. A “sleep mode’ for the ring saves yet more
power: there is no need to take measurements continuously.
For special applications like this one a dual-architecture
processor has been developed at MIT which meets the
extreme performance requirements better than conventional
processors. The device also has an interesting market in the
area of fitness. Once the system has proved itself in hospitals,
the next project is to create a monitoring system for intensive
training.

Other experiments are being carried out to record stress situa-
tions while driving. There is a close relationship between
brain function and cardiac activity. Stress, anger and physical
tiredness are reflected in an increased heart rate. For example,
a sysiem which provided continuous medical monitoring of
the driver of a long-distance coach could increase safety.

As well as this sensor ring, aciive sensors have bzen placed in
cuffs to be worn on the arm: so-called “wearable cuffs’. Many
people require continuous monitoring of the most important
body functions in order to be able to call for help quickly in
case of an emergency. Another approach to monitoring such
patients is to use “smart shirts’, which connect together a
whole network of body sensors. At present they require oo
much wiring to be used inconspicuously: development work
is in progress to reduce the number of connections to just two
(for the power supply). The power supply wires can be used
simultaneously for signal transmission, forming a bus system
for the data to be communicated. Such unprotected bus sys-
tems are susceptible to interference. in particular to the
inevitable noise. An initial analysis of the noise spectrum
indicates that this idea is practical over a wide range of fre-
quencies, certainly above 100 kHz.

MEMS for biosensors

Joel Voldman, Assistant Professor of Electrical Engineering at
MIT, reported on BioMEMS. Cells contain a large quantity of
useful pieces of information which are not only of interest to
doctors. Modern criminology is also dependent on cell
research. Today’s tvpical experiments use cell cultures con-
sisting of more than a million individual cells. The cells” envi-
ronment is poor: the cells die during the experiments, which
changes the nature of the culture. What are wanted are
biosensors which can extract the same information, and possi-
bly much more, from just a few cells. MEMS (micro-electro-
mechanical sensors) look as if they might make suitable
biosensors.

Using such microminiaturised experimental methods it is pos-
sible to aim for better results. For example. micromanipula-
tion of samples can help extract desired information. The
problem with experimenting on single cells lies in optical
screening: one can only siudy what one can screen for, and
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one can only screen for what one can see. The classical
microscope always shows the same section. If the sample
being studied is on a glass slide, then there is no difficulty.
However, when using dynamic screening, the cell material
being studied flows across the screen, and thus there is always
the danger that an interesting part of the sample might be lost
for ever.

Voldman and his colleagues are looking for a solution
between these two extremes of dynamic and static screening,
where there might be the possibility of repeating an observa-
tion to obiain reliable data. Using MEMS one individual cell
can be studied. The cells are kept alive in a transparent nutri-
ent fluid. They can be studied using optical and electrical
techniques, as well as by using ultrasound. Using microscopi-
cally small grids cell traps can be constructed in which cells
can not only be observed. but can also be moved around using
electrical impulses.

Using these technologies we hope to gain insight into a secret
that also concerns quantum physicists. Today we know very
little about what influence observation from outside has on a
cell. As in quantum computing, we have to be wary of the
problem that when reading or writing information one always
runs the risk of distorting the information iself.

Adverfissment

Speclal Offers

Spectrum Anaiysers

.- ]

Farnell DTV 12-14 Oscilloscope
Dual Trace 12 MHz TV Coupling  Only

Farnell LFI SinefSq Oscilloscope

GOULD 05303 O=ciliz = Dugd
S 10Hz - 1 MHz

£5 5 8. =) ACnTSIMmOEEY | yanons pANASONIC VPTTESA
Cursars E’._'._ Supn.eﬂ with 2 Tekdronix probes. KENWDOD VT178
Teidroain 2232 Digin! “...r‘s;.bscz" Doz fracs 1000 EKENWDOD FL143 = ﬂsclLLﬂSﬂUPEs
1D0ALS wish p P e S e : s SEEART 0

HE. s&waﬁ.,

MARCONI B33C AF Power Meter. Siad ks
- —— B £

WA'I"HE I’.EH!I B-Iz-l HAR[ILI(I Z518 Trus AL

10 - 10T on

e ——

0. 1HZ-13MHT ANLFID Swesp/TriGats
ST RampPuine
F wm.m socrtic hod M

12 reoges 10H- I
SOLARTRON 7158 DIM 5 Scg= 7

SOLARTRON 7150 Pes
_ M
40
]
=]
359
__ TLEAEISE
B s
_H#
B e ]
w2000 e
fa
£1883 — ESERE100E
THURLSY/THANGER FSU F ———i.
022V - D-ZA Twice (k= colowrs) €750 1258
_ =1 ] e
Power Sapsly HPS010 030V, 0104 £140 e _EHD
FARMELL [hai PSU XASS: ¥ 02X Twice GMD. LCD
WM 1.3MiHz - 26tz 180 £1858
= -th
e . 3% E e e Ty EEa
High Quality 6.5 Digit Bench Multimster Mazy ofer Power Ssppliss svaiistls
Tris AMS/A 'mreﬂunirﬂ Cenverier mchg Tresstormss 240V Ut SO0VA _

=g 110 WYKEHAM ROAD, READING, BERKS. RE6 1PL
Telephone: (0118) 9268041. Fax (0118) f=3:.169c.
www.stewart-of-reading.co.uk  Zienm rovns

£ Friiey f2nter Amas

5/2004 - elektor eledlronics 53




iliii‘é‘.‘::.:‘.?:ﬁi I THE ORIGINAL SURPLUS WONDERLAND! | f:r:f;;i:r[g:ﬁll

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

10”7 SEGMENT DISPLA YS|| IC’'s -TRANSISTORS - DIODES e 19" RACK CABINETS

A h&?.xc-em enzhiss s 1o bring OBSOLETE - SHORT SUPPLY - BULK Europe’s Largest Stocks of
e aa&g’“mm 10,000,000 items EX STOCK [ quality rack cabinets,
abify a bng dsterces and ahostof For MAJOR savives enclosures and accessories.

CALL or see web site www.distel.co.uk

| COMPUTER MONITOR SPECIALS Ovor 1000 Racks fiom slock

o FCoPC . x
mmwmnm*gmmum m@ el m_‘:;::_ﬂ A Legacy products This month’s special 45'/9
gl Zero Pouer e W Oy TR ey eeor  High spec genuine multysync. 33/42/47 U - High Quality &ZIH&J
Fveryday & Practical Blectronics’ magazine. keal School | Colizgs con- CGA, EGA, VGA, SVGA All I Rack Cabinets éj?
stuchion project Surcied n good RFE condtion. compists wilh ¢2i3 sheet. Mgm1m 14* SVEA Multisyne colour monlior weh e stee ac anine
Lessthan30% Only £29.955) or 4 ," £99, Uﬂ(u) dit pich e and rescilfion of 1024 X768 Avar  Made by Eurocraft Enclosures Lid 1o the highest pos-
of makers price ! Ot RVWAL = @dmmmTﬂﬂhThﬂmﬂﬂm sible spec, rack festures all steel construction win -
%ﬂmmcmmm_&s&%ﬁ ir;:;;-.-.:,' id mn.éd.gfnbaha\d:;m Fm;ﬂndaa-% : 3
THE AMAZING TELEBOX ARCHIMEDES 23 APPLE Many foshures Eichad jockabla with fve securs § lever barrel locks, fo <o~y
. * facepiais, Bﬁg;;ﬂvﬂ and Lm'f%xmlﬁﬂﬂﬁ_ﬂf_ﬂ Tn;ll’:n?\l m::ls constructed of doubls wa&:g |
: == - === specicaion guaranised, in EXCELIENT 85 staql vt ' smoked
TV SOUND & L5ed concdtion. Tit & Swivel Basa £475 panel ta :nahfa’:farl:?:emmwrs to ba seen |

VIDEO TUNER VGA cabls for [BM PC Inchuded. Ol'lly £129 5 Orderas  through the panal, yel remain unobtrusive. |

CABLE COMPATIBLE * CGT3 1rft§al1“;a!!y ﬂ"ii rack m flgigaolﬁwh‘rm-
vailahls - CALL vertical fixing 13 '] |
Exioimal Conina Jor DT SYTics o compiers est of 19° rack equf(pmcnt The two movable

The TELEBOX i an asrackie Sy cased eivs ponered it conieinra a1 | Generic LOW COST SVGA Monitors | zarical fing sinis (sxiras avaigbie) o &Tf ‘.
elscioncs ready D piug i & host of video monioes or AV equipment which We choose the make, which includes Compag. tribution panel !nmmm& o e totior |
&rs fisd wih a composis video or SCART m%mmﬂ{kﬂ Mitsubushi, IBM, efc. Supplied ready to run with all rear, providas 8 x IEC 3 pin Euro socksts and 1 ,(‘:3} 11
wil @0 Flag crechy Jok) fmoet “:nm elowing recepton of TV cablss, Standard RTB 90 day guarantes. 13 amp 3 pin swilched utifity socksL Overal ventla-
oo mmmmmmumﬂmm 0{';“.‘7; 17 5 7 Lm.smmwwwﬁmmgmm
Lreshis 'off & UHF colowr islevison TELEBOX OONES Vi with: top £
el ol ovisen £ s VIF and URF including the HYPERBAND as Esg 00 £69 00 £79 00 for ﬁlim? of integral fan;‘)}:' Ihe sub plata elc. Other features
usad by most eabla TV operatons. idsal for desidon compurter video sys- : -1a ;gsem'iam” for penbla | S,"g.ed,y"?‘ﬁ,,f:g ,_.pf.i_ icu Fed in !!xieenerﬁ:
foms & FIP {pickrs 1 picrs) SSAps, For complss Compeibify - ven £ order TDB4 order TG21 order TJG6 Clor cotae k = Supet :‘I i in & elient
roniors Wi sound - an g 4 watt audo ampifer and ow kel (51 | Supplied in good Lsed condition. Shipping code (D) e e
=udio oufput are provided as siandand. Brand new - Sy : it i

TELEBOX MB Muliiband VHF/UHF, tuner £69.95 PHILIPS HCS35 (same siyle as Ch2833) atiractvely siyied 14° | Orderas BC44 | Orderas DT20 | Order as RV36
For overseas PAL versions siate 5.5 or B mHz sound ; colour monitor both RGB and stan composits 15.625 |Extama! dimensions|Extemal dimensions|Extamal dimensions

1ot L e oo “"”TEEWEF‘ i e VIDEO MONITORS 334U 42U 47U

x 535D x|mm=2019H x 6350 x|mm=2235H x 635D x

*For cabiz | hyperband signal recaption Telsbax MBS should be - Khz video inputs via SCART sockat and separate phono jacks. [mm=1628H ; D x|m x X 2035H - ' X
r:.mdzamuﬁtypes?;mmPMmﬂTMa,mg Iniegrd!al.ﬁnl:wmram and spaakar for all audlo visual usss 553_'{!'_—__j§_-r H x 257|860 ‘-"'5}?%.‘5 Hx25'|803 W (88" Hx 25
\mmmmmpummaacmmmmrau D x 233 W) D x23%" W) Dx23W'W)
O e N I e e s | o o
. Hiero o i PES oy 73 x : £245 | £345 | £410

G:t"u"\s Micro ,;!mn ail on one smal FCB only 73 x front concealed flap conirols, \"'CR comection bulton elc. Good
0 x 52 mm enable full tuning control via a simple 3 wire link o Usad condition - Ry tested - guaranteed D Only £99.00 e
an l::u o< lypa compuier. compiata with .]glg!a working Dimensions: Wi4" x HI2W" x 1547 D, D) Call for 5h|pp|ng quot
program =nd documentafion. ras+12\.l’&+5\' PHILIPS HCS31 Ui&rammpad?mrnd% monitor with stan-

BRAND NEWY - Order as Only £3 mdarﬁ} dard col ite 15.625 Khz video input via SCART socket [deal

Sez waw.distel.co.uk/data_my00.htm forpfcfure gl for & monforing / securty applications. High quati n‘ff' k=l COLOUR CCD CAMERAS

— Tully :e.sted & guaraniesd (possible minor screen bums). In a‘ne_ U o &
22 : <uring W10" x Hi0® x 13%" D ndoubt :ly 2 miracle of modem tuchno]ogy
HARD DISK DRIVES 27" - 14" RSt e e RS s L R e e s B

" TOSHIBA MK1002ZMAV 1.1Gb lar.'opqiz 5 mm H) New £53.95 lhhl‘g 2 cased CDLOLIR C-Cg camea 2l 2

TOSHIBA NKISTIMAT £ 3Gb apiop (82 1om ) New £105.00 give away prce U for R
- TOSHIBA MKOIGSMAY 6.1G5 fapiop (12.7 men 1) New £98.00 fNDUSTRIAL COMPUTERS — Ume e I?th 2 high light
applications. A 10 mm fixed focus

2%
5" TOSHIBA MK1814GAY 13 G‘tl !Sp'ﬂp 12 mmH) New£149.95

_‘ 4" to 34" convarsion kit for Pc's, complsts with conneciors £15.95 wide angle lens Frvss excellent focus
3% ES]‘.‘%?“ af%wazi ﬁau] ng uu.‘scsus New £199,00 = @ and mululion rom ciose up to hvr;f
2 303325 20mi M E5985 G eV AC S0 /60 by tgnge. The composits video oUfput wi
i" CONNER CP3024 ZtlranD— L"F {msqur\r)RFE £59.95 WJE cmaﬂmw 318 (PC104) standar, single mmﬁmd m’:f;‘dﬁ
- gﬁiﬁﬂm Pmlﬁ gs?qu?r].‘m- RFE ggﬂ 8 MByte NON VOLATILE sold stats y \\\ recorders. Unit runs from 12V DC so
; 20mb SR D'SK somptises: Rocky S8 (i) ideal for security & portlblc applica-
5V MINISCRIBE 3425 MFM UF (or equiv.) RFE £43.95 Lt A i) 1Bhﬂmn e Iodel fot sacueky & portable
£ SEAGATE ST Mmb BIL IRt £58.5 St AVI BI0S, bt e bl | S € e Mtk ol et
5% HP 97548 B50 Mb SCS| RFE tested £o9.0p 16550 satiel ports. EPP mmmmnmmmm BRAND NEW & fully guaranieed wih user catz, 103’ of appics-
228 - 00 nacior, floppy IDE port for hard drives up 1o 528 tions indluding Secutity, Homa Video, Web TV, Web Cams eic, gic.
57 HP C3010 2 Gbyte SCS| differential RFEtested  £13500 oo %y o tmer end PC/104 bus sockel. The 8 MEyte. Y.
& NEC D2248 85 Mb SMD intarface. New £99.00 04 state ‘aisk on a chip' hes its own BIOS, and c2n e Orderas1K33  ONLY £79.00 or 2 for £149.00 &

6" FUJITSU M2322K 160Mb SMD UF RFE tested £1985.00 . A
TS MO 2 GO SNOUE RTERSS oD e Fot o s o webes, i o U3 SOFTWARE SPECIALS
ses website furbfﬂsl‘nckm Shipping on all drives is cods |’Cj 1005““— m‘hanshg;celc Only £99.00 p) NT4 WorkStation, wmp!ata with service pack 3

EMS  Unless marked NEW, items in [EUCNIEEICR OEM packaged. ONLY £89.00 &
ENCARTA 95 - CDROM, Not the latest - but at this price | £7.95

MITSUBUSHI FA3445ETKL 14" Ind. spac SVGA monitors HPE030A 0-200V DC @ 17 Amps bench pow ¥ £ DOS 5.0 on 34" disks with concisa books c'w QBa £14.95
FARNELL 0-80V DC @ 50 Amps, bench Power Supples Intz] SBC 4B&/125C 3 Er'h_rr:ad Mufthus (MSA) New VWindows for Wo 3,11+ Dos B.22 on 3.5" disks £55.00
FARMELL AP3080 0-30V DC @ 80 Amps, bench Suppy Nikon HFX-11 (Ephiphot) exposurs control unit £1 YWindows 85 COROM Only - No Limnce - £19.95

KINGSHILL CZ403/1 0-50V @ DG 200 Amps - NEW PHILIPS PMS551 W.Wsl]rﬂlgwefawl‘ £

1K t0 400 KW - 400 Hz 3 phase power sources - ex stock Motorola VME Sus Soards & Components List SAE /CALL £PDA
IBM 8230 Type 1, Tokmmghasounﬂdrlva’ Trio 0-18 vdc Enear, metered 30 amp bench PSU. New £550
Wayne Kerr RAZ00 Aud fmrwr&spormaﬂa‘r Fujitsu M3041R €00 LPM speed band pr
INFODEC 1U, 24 pori, RJ45 natwork patchpanels. F u M3041D 600 LPM with network inisr £1250
3COM 16570 12 Fort Ethemet hub - RUA5 connaciors £LD9 8lemans K4400 64Kb to 140Mb dmwamryccr £2950
3COM 16671 24 Port Ethemet hub - RM5 connactors £89 Perkin Elmer 289B Infrared £500
3COM 16700 8 Port Ethemet hub - RJ45 connaciors NEW Perkin Elmer 537 Infrarsd s £3500
IBM 53F5501 Toksn Ri £POA VG Electronics 1035 TELETEXT ing nMeler E3250
1B} MAU T ing di } LightBand 60 output high spec Zu rack mount Video VDA's £435
AIM 501 Low dist Oscifator §Hz to 330Khz, IEEE IO £550 Sckonlc 8D 150H 18 channg! (ﬁg’ﬁ Hybrld chart recorder Eggﬁ

Wordperfect 6 for DOS suppiied on 314" disks with manual £24.85
shipping charges for sofiware is code B

SOLID STATE LASERS

Visihle red, 670nm izser diode assembiy. Unit runs i:l.fms"ﬂf‘a!

a 50mA made for continuous uss In industrial bar-

demwra.?hr?mm is mounted in a removabla solid aluminksm

biock, which functions as a heatsink and ri np:aa!nmtl:km:m
bodthﬁwaﬁdxiShrrm!nbgraJ res incude over iam-
mrm:l.iaserﬂf!mm andgmad

hishows

ALLGON 8360.11805-18580 MHz hybrid powsr combir £250 BE&K 2633 Microphona pre
Trend DSA 274 Data Anzlyser with GT03{2M) 64 o Taylor Hobson Taﬂysur‘lm:pﬂﬁe:-’wder i3 shest.
Marconi 6310 P msbie 2 to 22 GHz sweep generator ADC 55200 Carbon ¢ gas I monitos D'—‘Eraa 1]’_‘}31 ONLY £24.95 »

Marconi 2022C 1 1GHz RF signa! generstor BEC AM20/3 PPM Mater (Emest Tumer) + drive electronics _ £75
HP1650B Logic An: ANRITSU 9654A Opécal 2. 5G/b waveform monitor £5650
HP3I781A Pattern generator & HP3I782A Emor Detector ANRITSU MLS3A power meler
HPE621A Dual Programmable GPIB PSU O-7 V 1680 watis ANRITSU Fibre opfic characianstic test sot
HPE264 Rack mount variable 0-20V ZﬂAnw',ered PsU R&S FTDZ Dusal sound unit

HP54121A OC to 22 GHz four R&S SBUF-E1 Vision modulator can imagine.Over 10,000 Power Supplies
HPE130A opt 020 300 MHz pulss anaﬁrlm' GHB eic £7500 WILTRON 6830B 12.4 / 20GHz RF sweep generator Ex Sitock - Call or see our web site.

HP A1, AD B pen HPGL b hspeadgdmmm - from £550

pe rack mount

25&“;2.?:@2;&'233%3“ <o d e X 2465 300 Mhz 30 et Nl RELAYS - 200 ooo FROM STOCK

Keithley 530 CV capaditor / voltage ara‘ TEK TDS524A 500Mhz digh ime + colour display efc  E5100 Save £FFfs by sy from our Massive Stocks
Racal ICR40 dual 40 channs! volca reco: system HP3585A Opt 507 20Hz o 40 Mhz spsctrum analyser £3950 covering nmsud}ss Cragie, Hermetically Ssaled,
Fiskers 45KVA 3 ph Cn Ling UPS - N"w batteries £4500 PHILIPS F¥W1730/10 60KV XRAY genoralor & accessonies EPOA  Continental, Conlfaciors, Tm: Deiay, Reed, Mercury Wetted, Sosd
Emerson AP130 2 SKVA Industrial spec UPS £1499 VARIACS - Large range from stock - call or ses our wabsite State, Printed Circut Mounting elc. , CALL or see our web sife
Mann Tally MT645 High speed ins printer CLAUDE LYONS 12A 240V si phase autp. voit. regs £325 www.distal.co.uk for mors infarmstion. Many obsolels hypss from
Intel SBC 488/ 33SE Muithus 486 system_ EMb Ram CLAUDE LYONS 100A 2404415V 3 phaso auln. volt. regs  £2900 sfock Ssve ££FF%

DC POWER SUPPLIES

Virtually every type of power supply you

= Q(L[-E MAIL TO 18 Million ltems On Line Now ! ALL €=* ENQUIRIES
ept EK, 29 / 35 Osborme Rd Secure Ordering, Pictures, Information
Surrey CRY 89D, UK ¥sign www.distel.co.uk 0208 653 3333
Open Wou EER.00 =530 o emall = admin@distel.co.uk FAX 0208 653 8888

Mp\:e;ttUK fainiand. UK cusiomens add 17.5% VAT 1o TOTAL order amount. Minimum arder £10. Bora Fide acoount orders accepled fom Government, Schodis,
Uritversies and Locs) Aumorses - minmurn acooun: order £100. Chegquss ower £100 are subied D 7 working 63,5 dearance. Camage dharpes (AFE3 50, (BAE6 50, (CFETD,

OFES 00, (EEE18.00, (FECALL Alow spprox 3 deys for shipping - isier CALL. Al goods supplied b cur Siendsrd Condfions of S3e which can be viswed sl o welsis and
uriess sisfed guarenised for 20 days Al gusrartsss on = reium 0 base basis. Al rights resened b chonge pricss | Speciications wilhout pooe nofice: Orgiers shiect b siock,
Discounss foevoiime. Top CASH prices pad for surpius goods. All rademenks, rucser“aressmmﬂmmgﬁwa Eeconics 202 ESOE

54 elekior electronics - 5/2004



CM23 4WP

Quasar Electronics Limited
PO Box 6935, Bishops Stortford,

Tel: 0870 246 1826
Fax: 0870 460 1045
E-mail: sales@quasarelectronics.com

to Quasar Elect

Add £3.00 P&P to all UK orders or 1st Class Recorded - £5,

Next Day (insured £250) - £8, Europe - £6, Rest of World - £10 (order

online for reduced price UK Postage).

We accept all major credit/debit cards. Make cheques/PO's payable
Ies. Prices include 17.5% VAT.

MAIL ORDER ONLY.

Call now for our FREE CATALOGUE with details of over 300 kits,
projects, modules and publications.

QUASAR O 87 1

elecironics

Hedping you maiks the right connactions!

Motor Drivers/Controllers

Here are just a few of our controller and
driver modules for AC, DC, unipolar/bipolar
stepper motors and servo motors. See
website for full details.

CREDIT CARD
SALES

717 71

Controllers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU203 £9.95

DC Motor Speed Confroller (5A/100V)
Control the speed of almost any common DC
motor rated up to 100V/5A. Pulse width
modulation output for maximum motor torque
at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm): 60WWx100Lx60H.

Kit Order Code: 3067KT - £12.95

Assembled Order Code: AS3067 - £19.95

NEW! PC / Standalone Unipolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direc-
tion control. Operates in stand-alone or F'C-
confrolled mode. Up fo six 3179 driver boards
can be connected to a single parallel port.
Supply: 8V DC. PCB: 80x50mm.

Kit Order Code: 3179KT - £9.95

Assembled Order Code: AS3179 - £16.95

PC Comro!led Dual Stepper Motor Driver
e Independently control

= ——  two unipolar stepper
=1 motors (each rated up to
A= L 3 Amps max.) using PC
"' : = parallel port and soft-
ware lnterfaee prowded Four digital inputs
available for monitoring external switches and
other inputs. Software provides three run
modes and will half-step, single-step or man-
ual-step motors. Complete unit neatly housed
in an extended D-shell case. All components,
case, documentation and software are sup-
plied (stepper motors are NOT provided).
Dimensions (mm): 55Wx70Lx15H.
Kit Order Code: 3113KT - £15.95
Assembled Order Code: AS3113 - £24.95

__,__.

NEW! Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper :
motor using externally sup- EE
plied SV levels for stepping
and direction control. These

running on a computer. i1
Supply: 8-30V DC. PCB: 75x85mm

Kit Order Code: 3158KT - £12.95
Assembled Order Code: AS3158 - £26.95

Most items are available in kit form (KT suffix)

or assembled and ready for use (AS prefix).

Rolling Code 4-Channel UHF Remote
State-of-the-Ar. High security. _,
4 channels. Momentary or
latching relay ouiput. Range
up to 40m. Up to 15 Tx's can
be learnt by one Rx (kit in-
cludes one Tx but more avail- .
able separately). 4 indicator LED 's. Rx: PCB
77x85mm, 12VDC/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £41.95

Assembled Order Code: AS3180 - £49.95

Computer Temperature Data Logger
4-channel temperature log-
ger for serial port. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide

== == range of free software appli-
cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.
Kit Order Cede: 3145KT - £22.85
Assembled Order Code: AS3145 - £29.95
Additional DS1820 Sensors - £3.95 each

NEW! DTMF Telephone Relay Swltcher
Call your phone number

using a DTMF phone from
anywhere in the world and

the 4 relays as desired. a =
User setiable Security Password Anh-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case.
130x110x30mm. Power; 12VDC.

Kit Order Code: 3140KT - £39.95

Assembled Order Code: AS3140 - £59.95

Serial Isolated IO Module

PC controlled 8-Relay
Board. 115/250V relay
. outputs and 4 isolated
. digital inputs. Useful in
¥ a variety of control and
#= sensing applications.
Uses PC serial port for programming (using
our new Windows interface or batch files).
Once programmed unit can operate without
PC. Includes plastic case 130x100x30mm.
Power Supply: 12VDC/500mA.

Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

ersrrrerrrs

Infrared RC Relay Board
Individually control 12 on-
board relays with included &
infrared remote control unit. §
Toggle or momentary. 15m+
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95

Assembled Order Code: AS3142 - £68.95

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £15.00
18V DC Power supply (PSU215) £19.86
Leads: Parallel (LEAD108) £4.95 / Serial
(LEAD76) £4.95 / USB (LEADUAA) £2.95

NEW! USB "All-Flash’ PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
poriable. Supplied with box and
Windows Software. ZIF Socket
and USB Plug A-A lead not incl.
Kit Order Code: 3128KT - £28.95
Assembled Order Code: AS3128 - £38.95

Enhanced “PICALL" ISP PIC Programmer
£ Will program virtually ALL 8
¢ 4 to 40 pin PICs plus a range
= } ' of ATMEL AVR, SCENIX

~ /)| SX and EEPROM 24C de-

=" vices. Also supporis In Sys-

tem Programming (ISP) for PIC and ATMEL
AVRs. Free sofivare. Blank chip auto detect
for super fast bulk programming. Requires a
40-pin wide ZIF socket (not included).
Kit Order Code: 3144KT - £54.95
Assembled Order Code: AS3144 - £69.95

2 Rasaar s s

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms _i§
program. 4 LED's display
the status. ZIF sockets i
not included. Supply: 16-1 8vDC.
Kit Order Code: 3123KT - £29.95

Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection. Header
5 cable for ICSP. Free Windows
{815 software. See website for PICs
Lt B supported. ZIF Socket/USB Plug
([ =—=— A-A lead exira. Supply: 18VDC.
Kit Order Code: 3149KT - £29.85

Assembled Order Code: AS3149 - £44.95

/T84 - eleldor eledronic

Secure Online Ordering Facilities _Fﬁli Prpdimt Listing, Dgs;;jpﬁﬁns_&: Photos

www.quasarelectronics.com

Kit Documentation & Software Downloads
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Reso aing 1 :

Burkhard Kainka

DUSIIC 11 1
.'-l " y

There are those cool-headed types, who can lie

through their teeth with a straight face. But in the

end it is just a matter of asking the right questions.

Sooner or later everyone will get sweaty palms.

Lie detectors are always a great deal
of fun at parties. Who is prepared to
face up to the challenge from technol-
ogy? And also: who is able to defeat
the machine! The latter is also very
dependent on the actual situation —
the questioner must not make it too
easy for the test subject! When the ten-
sion increases, even the best liar can't
avoid a subtle but inevitable physio-
logical reaction: sweaty palms.

The operating principle of this lie
detector makes use of this phenome-
non. When the hands of the person in
the hot seat become damp, the elec-
irical resistance of the skin will

56

reduce. This change is relatively easy
to detect. In that respect we certainly
don't want to claim that the circuit
presented here is a feat of brilliant
innovation. However, it is the manner
in which this device signals the result
that sets it apart. That is, this circuit
will emit a tone, the frequency of
which depends in the resistance of
the skin.

Five=five=five

The design of the circuit shown in
Figure 1 is actually a relatively typi-
cal application for the well-known
555. This timer-IC has been wired

here as an astable multivibrator, that
means that at the ouiput there is a
signal, the frequency and duty-cycle
of which are determined by two resis-
tors and one capacitor. In this case
there are actually three resistors and
one capacitor. The resistance of the
skin is connected in series with R1. In
conjunction with R2 and C1, this
series connection determines the
duration that the output (pin 3 of IC1)
is high. When the power supply is
switched on, the capacitor is charged,
through these resistors, to 2/; of the
power supply voltage. An internal
comparator compares, via pin 6, the
voltage across the capacitor with this

elekior eledronits - 5/2004



threshold value. When this threshold
is exceeded, the output of the IC will
change state. This means that the
inverting output of the internal flip-
flop (& in Figure 1) will become high.
This causes an internal transistor to
conduct which resulis in the dis-
charge of the capacitor via pin 7 and
R2. Note that the length of time that
the output remains low is not depend-
ent on R1 or the skin resistance.

Subsequently, the second internal
comparator staris to play a part.
Again, the voltage across the capacitor
is compared with a threshold value
(pin 2). When the voltage is /5 of the
power supply voltage, the internal
flip-flop is set, the output changes
state again and the whole process
begins anew.

Two pins of IC1 are not used in this
configuration. Pin 4, the inverted reset
input, can be used to interrupt the
charging process of the capacitor pre-
maturely. This can be very useful in
other circuits but is not necessary in
this design. Here, the reset input has
been connecied to V., so that the
internal comparator alone determines
when to reset the flip-flop. That leaves
the control input (pin 5). Via this input
the upper threshold value can be
changed. That function is not used
here and the input is left open.

Censfruction

For this project too, we have designed
a printed circuit board. However, this
time not quite as you have come to
expect from us. Figure 2 shows a PCB
layout for our Universal Prototyping
Board size-1 (UPBS-1) which can be
purchased ready-made through the
Elektor Electronics Readers Services. A
normal piece of prototyping board,
stripboard or Veroboard can be used as
well, of course.

5/2004 - elektor electronics
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COMPONENTS LIST

Resistors:
RI1,R2 = 27k

Capacitors:
Cl =4n7

Semiconductors:
IC1 = NE555

Miscellaneous:

BZ1 = buzzer

2 PCB solder pins

2 solder pin receptacles soldered fo long
wires (stripped ends)

6 pieces of [bare) wire

PCB, protloiyping board, order code
UPBS-1 (see Readers Services page)

9 V-battery with clipon leads

030020 - 11

Figure 1. The 555 as an astable multivibrator.

We can be brief regarding the actual
construction, the only thing that may
need some clarification is how to
measure the skin resistance. Very sim-
ple: attach two wires, one to the posi-
tive power supply and one to R1. The
stripped ends are then loosely

wrapped around two fingers of one
hand. That is all.

Componenf values

In the inset you can read how the com-
ponent values in the circuit are calcu-

o 0
o

o8 8 u
LJ

LILICE
efjefle §i & & o
RO RO
e 8

o8 90 80

o
°
-
‘o efeflofle §

Figure 2. Suggested construction on an UPBS-1 prototyping board.
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ReCapping...

When a capacitor is charged through a
resistor, the charging current is not con-
stant. As a consequence, the change of
voltage across the capacitor follows a
typical curve (Figure 3 refers):

U(t) = Ug, (1 - e /RC)

In this equation, the product of capaci-
tance and resistance stands out: the RC
time constant. This determines how long
it will fake before the capacitor is
charged to a certain value. By rearrang-
ing the equation we can determine this
time accurately:

t == RClog, (1-U(t) / V)

Here U[t) is the desired voltage at instant
tand Uy, is the charging voltage. The
time it fakes to charge ?he capacitor fo
2/3 of the power supply voltage is there-

re:

t=-RClog, (1-(2/3/ 1))
= 1.10 RC

' i
i I
" .
[ [ 1 1 i
1 1 I 1 i
i I i i i
i ] !
i I

wt | |

i
—p— 1 ]
I 1 [ -2 |

!
0. 12

Figure 3. The voltage across the
capacitor (top) and the correspending
oulput signal (botom).

Once the circuit is ting, the capaci-
tor only needs to b:pc‘}axf:rge% s}nrﬁng!:)u
from 1/ of the power supply voltage. If
we subtract the time this takes from the
value previously calculated, we then

know the duration of the on-period:
fon = 1.10 RC = 0.41 RC = 0.69 RC

For the off-pericd (the discharging of the
capacitor) we can write another equa-
fion. In general:

U(t) = Ug e - H/RC
or
toft = = log, (U(1) / Ug) RC

Here we are looking for the time it will
take to discharge the capacitor to 1/3
Uy, when the initial value is 2/5 Uy, :

toft = ~ loge (1/2) RC = 0.69 RC

lated. If you are only interested in the
result, then only the last equation is of
importance. Normally, the resistance of
the skin will be between 10 and
500 kQ). With the component values as
shown, this will produce a tone from
buzzer Bzl with a frequency between
500 to 3500 Hz. The frequency is
mainly dependent on the dampness of
the skin: the more sweat, the better
the conduction and therefore the lower
the resistance. When the resistance
reduces, that is, the test subject
becomes nervous, the pitch increases.
Note that the pitch is not an absolute

Now that we know exactly how long it
takes for one cycle, i.e., what the period
is, we can determine the frequency of
the signal at the output:

f=1/T whereT =t,, + t5f

Substituting the capacitance and resist-
ance values into the equations for the
on- and off-fimes (note: when discharg-
ing only R2 is part of the RC nefwork)
we can calculate the frequency of the
tone we'll hear:

f=1/7(ton + top)
f=1.4/C1 (Rys, + R1 + 2 R2)

Here:

f=319 %105/ (Ry, + 81 x 109)

QED: only the resistance of the skin
determines the frequency.

measure of ‘the truth’. One person has
a naturally betier conducting skin than
another. That makes no difference
here, hecause it is the change that
matters. Human hearing is actually
quite sensitive to such changes in
pitch. An additional feature is that the
test subject can hear the tone as well.
This often leads from bad to worse.
Despite the best intentions mot to
break under duress, this psychological
feedback is usually the last straw that
breaks the camel's back.

The internet site for all professionals and
hobbyists actively engaged in electronics
and computer technology

www.elektor-electronics.co.uk
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Combl-gcﬂ'e is now available in a single IC

Oscillator IC

Many of you will know that a dig-
ital ascillator built from unbuffered
inverfers in a 74xx04U IC has to
be followed by a ‘normal’ gate.
Boih funcfions are now available
from a single IC produced by
Philips.

A quariz crystal oscillator built
around an unbuffered logic gate
type 74HCO04U traditionally
employs a high feedback resist-
ance to be effectively turned into
a high-gain linear amplifier (Fig-
ure 1). The frequency-determin-
ing quariz crystal is also inserted
in the feedback path, its reso-
nance characteristics forcing the
circuit to oscillate at the crystal fre-
quency. This works very well but
unfortunately there are also a few
disadvantages: not only are five
of the six gates in the HCO4U
package left unused, but you will
also need one unbuffered gate fo
make the signal truly digitalcom-
patible because ihe output signal
of the linear oscillator stage looks
more like a sinewave.

The above combination of an
unbuffered and a buffered gate

package type 74IVC1GX04
from Philips (Figure 2). The new
IC may be used for oscillator cir-
cuifs operaiing at up fo 50 MHz
and runs happily off supply voli-
ages between 1.65V ond 5.5 V.
lts output is capable of 24 mA
drive [at V= 3.3 V). The first
inverter in the new IC is
unbuffered and the second one,
buffered to ensure the non-digital
oscillator signal is properly
shaped to meet TTL specifications
in regard of swing and absolute
high/low levels.

The 7AIVC1GX04 requires only -

a quariz crystal and a small num-
ber of external paris. Resistor R1
is the feedback resistance to
which the crystal is connected in
parallel. Resistor R2 and copacitor
C1 together act as volioge
divider to keep the quariz crystal
dissipation within limifs. The dis-
sipation spec may be found in the
quariz crystal dotosheets, or
obtained from the manufaciurer.
If necessary, the value of R2 may
be adapted fo your requirements.
In Figure 3, capacitors C1 and
2 together with the load capaci-
tance C, form the load on the
quartz crystal. The manufacturer
will typically indicate that due to

T4LVC1GUD4

unbuffered

xi

7ALVC1GD4

Das012 - 12

the crystal cutiing and grinding
method, the nominal crystal fre-
quency is reached ot a load
capacitance of about 30 pF
Because C_ is in parallel with the
crystal, a mode called ‘parallel
resonance’ is required. Here, the
crystal ‘sees’ as its load iwo
series connected capacitors, C1
and C2, not forgetting the circuit
stray capacitance C,, which is
essentially formed by the gate
input (X1, X2 in Figure 1). In
practice, C, equates to about
5 pE

C,=[(C1C2) /(C1 +C2)) +C,
€l =2 -C
Ci=Cl2%C,

With C, = 30 pF and C1 = C2
=C the latter takes a theoretical
value of 50 pF, or 47 pF from the
componenis drawer. C2 ‘may
hove a frimmer connected in par-
alle! if exact frequency adjustment
is required. The value of C2'is
then decreased by an amount
equal to half the trimmer’s full
capacitance.

C1 decouples the supply voltage
and has to be fitted as close os
possible fo the 74IVC IC. If nec-

023012 - 13

essary, noise suppression may be
enhanced by adding o small
series resisior or a choke in the

supply line.

Web pointer
wwaw.philipslogic.com/products/
Ive/pdf/7 4lvc] gx04 pdf
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Global Power
Supply

With confinuously
variable output voltage

Bernd Oehlerking

Small swiich-mode power sup-
plies are often available af a low
price from jumble sales, eleciron-
ics surplus outlets and high strest
electronics shops. We'll show you
how these units can be put to

good use.

These SMPSUs from surplus lots
can handle any power line volt-
age between 100 V and 240V,
which makes them suitable for
use all over the planet. They
adapt automatically to the mains
voltage measured. Not much
larger than a cigarefte pack,
these SMPSUs are short<ircuit
and overload proof, offering an
output power of up to 50 waits
depending on the type on offer.

Usually, the output voltage is
adjustable over a wide range
between 5 V and 24 V in 1-volt
increments. The voltage adjust-
ment is carried out using @ small
rotary switch or — as in our case

5/2004 - elektor elecironics

— with the aid of labelled code
plugs included in the package.
These infriguing plugs contain no
more than an SMD resisior and
fwo coniact pins. Even without a
look inside the power supply
{which is usually contained in a
fully moulded case you con't
open without causing permanent
damage fo the supply) it's not diF
ficult to identify this resistor as
part of a voltage divider that
determines the voliage af the out
put of the switch-mode controller
IC. Simply by replacing the fixed
SMD resistors with a suitable
potentiometer, we obtain a con-
tinuously varioble power supply
(Figure 1). The potentiometer
takes a value of 50 kQ, linear
law. The author used a pot with
an end swiich Figure 2. When
the swiich is opened, the output
voltage is 5 V. When closed and
with the pof af maximum resis-
ance, the level is 6.2 V. Turning
the pot towards the zero position
causes the oufput voltage to rise
to its maximum value of 24 V. If
you use a pot without an end
switch you can either fit a sepa-
rate on/off switch for the 5V set
ting or simply unplug the lead to
the pot. On the subject of plugs,
you'll find that @ 2-way pinheader
will fit the socket on the SMPSU.

1 S=open:

5V, 4A

S=closed: 6Y2...24V continuously variable

The pot is best built into a small
ABS case and fitied with a knob
and scale. Once you've meas-
ured a couple of frequently used
oulput voliages and marked the
associated seftings on the scale,
any volioge may be adjusted with
reasonable accuracy.

The maximum current that con be
drawn from the power supply is
of course dependent on the out-
put voltage, but inversely propor-
tional for all practical purposes.
The SMPSU the author picked up
from o shop and used for his
experimenis was labelled '35

0303%4-11

watis’. According fo the equip-
ment label, it supplies 1.5 A at
24 V which equates to 36 was.
At 5V, however, we see that the
current spec is just 4 A which
means 20 watis of output power.
Apparently, internal  losses
become significant in the lower
output voltage range (roughly
below 12 V). Figure 3 shows
the actual output voltage as a
function of load current. The
measurement was carried out in
the Elekior Electronics dasign lab-
oratory.

25
030384 - 12
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Self-tapping screws

Many ABS but also aluminium, steel
and other light metal enclosures like
diecast are closed with selfiapping
screws secured direcily into the car-
rier material. In general, this works
fine but you may run info a problem
when a screw has been removed
and needs fo be secured again. For
example, when selftapping screws
are reinserted just like that affer a
repair or battery replacement, i
may happen that the screw appears
fo cut @ new thread into the carrier
material. If this happens a few
times, the screw hole will be
enlarged fo the exient that the screw
will no longer provide the necessary
force fo keep the case fogether.

A simple frick of the frade may pre-
vent such problems: when the
screw is reinserted, first turn it
counter clockwise unfil you feel it
rising and suddenly dropping
again. With melal enclosures this is
even audible. Exactly at this point,
start turning the screw clockwise
again and secure ik

Of course, the thread cut info an
ABS or soft metal case is subject to
normal wear, hence the above frick
cannot be repeated foo many
times. None the less, the method
will help to increase ithe life
expectancy of the screw joint con-
siderably. If things do go wrong,

make the hole a bif smaller with a
small piece of plasfic or a maich-
stick, if necessary adding a drop of
permanently flexible glue.

Pressing matters
with flatcable connectors

Although special tools are avail-
able to press IDCs (insulation dis-
placement connectors) onio flatca-
bles, a small vise will also do the
job. Unfortunately the vise method
cannot be applied fo DIP IC and

mini DIP connectors without squash- .

ing the delicate pins. The frick is to
insert the pins info a few layers of
veroboard or stripboard (the num-
ber of layers you need depends on
the pin length) and so protect the
pins from the pressure exeried by
the vise jows. The holes in the
stacked pieces of veroboard have
to be accurately aligned before
inserfing the connector pins. The
‘assembly” is then ready for clomp-
ing in the vise. You may want fo
turn the makeshift solution into a
permanent tool by using srips of
veroboard with lengths and widths
to suit different fypes of IDC connec
tor. Secure the stacked sirips with
two-component glue.
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OFTWARE?

WE’LL DO THAT OURSELVES!

Three examples explained

Karel Walraven and David Daamen

Elsewhere in this issue is an article for a stepper motor driver.
This arficle describes the demonstration software for this circuit.
We explain how these programs came about and find that
there are several ways of achieving our goal.

We have purposely kept the software for the stepper motor
driver as simple as possible. This makes it easier to follow
and allows you to use it as a basis for your own software.
Examples are given in assembler as well as C. These two
examples are meant for use with the 8958252 Flash Micro-
controller Board (Elekior Electronics. December 2001). The
third example is in Visual Basic and works on a PC. This lets
vou generate the required signals without the use of special
hardware.

Assembler

We’ll first cast our eye over the assembler program, which is
the file that ends in .asm. The designer of the stepper motor
driver has developed the program using Proview32, which
also includes an assembler.

The program (Listing 1) first specifies which inputs and out-
puts are used. The pushbuttons connect to pins P1.6 and P1.7,
and pins P3.4 and P3.5 output the square waves. If you
choose different pin names, the microprocessor will use these
as inputs and outputs.

First we test Button_17. If this button isn’t pressad, the input
is at logic High and the program jumps to label ‘ccw’. The
code then tests Button_16 and if this isn’t pressed either the
program jumps back to label ‘cw’. As long as no button is
pressed. the processor follows this loop indefinitely.

When a button is pressed the input at P1.6 or P1.7 is con-
nected to ground and the program doesn’t jump, but executes
the following instructions. The following actions now take
place: L_1 goes high. delay, L_2 goes high, delay, L_1 goes
Jow, delay. L_2 goes low. delay. The routine has therefore
zone through a complete cycle of a square wave. The pro-
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Listing 1. Assembler program

Horst Hubert

ma mE o ma me mE ma me ma m

Stepper motor software for use with the 8958252 flash beoard

Two switches are used to control the motor. One between

P1.7 and GND (Button 17 for turning clockwise) and one between
Pl.6 and GND (Button 16 for turning counter clockwise).

Turning cw/ccw is an assumption: the actual direction is of course
dependent on how the motor is connected.

; In the cw direction, the motor will turn at higher speed than in

; ccw direction.

; Declarations
e

Button 17 equ P1.7
Button 16 egu P1.6

Ll equ P3.4
L 2 equ pRas
org 0000k

; Turning cw

CW: ijuttun_l?,ccw

cwl: setb L1 ;jcoil 1 high
call Z5I

setb L 2 ;coil 2 high
call ZSr
clr L1 jcoil 1 liow
call ZST
clr L 2 icoil 2 low
call ZSr

sjmp cw

; Turning ccw
.
L

CCW: jb

Button 16,cw

gram then tests if the button is still pressed and repeats the
previous actions.

The delay routine consists of two nested loops. The inner loop
decrements register R0 from 255 to 0. and this happens 20
times (the value in R1). By varying this value, you can gener-
ate square waves of a different frequency. causing the motor
to run at a different speed.

This is just about the simplest driver program that can be
written.

C

The C program (Listing 2, the name of the file ends in .c) is
more compact than the assembler listing. This also starts with
some declarations. The first line includes a complete file con-
taining a set of standard declarations for our processor. This

t_ i 5/2004 - elekior eledironics
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ccwl: setb L1 ;coil 1 high
call zsl
clz L2 jcoil 2 low
call zsl
clr L1 ;coil "1 low
call zsl
setb i 2 ;coil 2 high
call zsl
sjmp cCcw

Delay for turning cw

Zsr: mov RO, #255
mov R1,220
Zsrl: djnz RO,zsrl
djnz Rl,zsrl

ret

Delay for turning ccw

.

zsl: mov RO, #255
mov. R1,#255
zsll: dijnz RO, zs11
djnz R1l,zsll
ret
end

type of file always ends in .h. Many manufacturers make
these files available for use with their processors.

Next, we have to define the inputs and outputs, just as in the
assembler program. Sbit tells the C compiler that L_1 is one
bit in size and is connected to a single processor pin, with an
internal microprocessor address of B4. We won’t go into fur-
ther detail here, but more information can be found in the
datasheet for the 8958252 in the section “special function reg-
isters’. Later on in the program use is made of the variables i,
j and k. The compiler needs to know about these in advance,
since it has to reserve memory space (2 bytes for an integer)
and also use the right type of maths routines. in this case rou-
tines for integers (abbreviated to int).

In this program the delay routine is implemented as an inde-
pendent sub-routine (a function), which also has to be
declared in advance. The size of the delay is given as an inte-

65



Elektor - Square wave generator

ger affer the name of the function, which is why we have int
in brackets after the name of the routine. The delay routine

doesn’t return a value to the calling program. For this reason
the word void is in front of the You will have noticed
that with higher level languages there are more declarations.
This has the effect of shuﬁenmg the program code. Every-
thing is declared at the start, so you don’t have to worry about
these things in the actual,pmgram.

And now for the main pr‘;gmm. In C this is always called
main. It is through this convention that the compiler knows
where the program starts. Since it is the main program it
doesn’t take any arguments, nor does it return a result. For
this reason there are empty brackets after main and it has
void in front of it. This main program starts with a loop
(while(1)) that runs indefinitely. This statement really means:
do the following while *1” is equal to a logical one. Since the




Listing 3. Visual Basic program: the most important parts

‘Elektor Example Square Wave Generator for use with Stepper Motor Driver

“030203-I1 May 2004

‘This examples employs inpout32.dll. Copy this DLL to /windows/system32.

‘See http://www.logixdu.net/

Public Declare Sub Out.Lih.“inpout32.dll"'_
Alias “0ut32” (ByVal PortAddress As Integer,

E}Val Value As Integer) ‘use external
library for direct LPT access

Public Delay As Long

Public Run As Boolean

Public Ccw As Boolean

Public Cw As Boolean

Sub Sleep(Delay As Long)

Delay and do nothing
ThisDelay = Delay

While ThisDelay > 0
ThisDelay = ThisDelay - 1

‘count the wvalue in

DoEvents ‘pass control to the 0S5 to
‘prevent hanging
Wend
End Sub

Sub Sguare Wave Generator() ‘hide the main
Word window and show the macro form
‘show Word again after exiting

Documents (“Square wave_gen.doc”).Windows(1).Vi
sible = False
form.Show

Documents(“Sguare wave gen.doc”).Windows(1).Vi
sible = True
End Sub

Sub Output(Port As Integer)
sSguare waves

‘generate some

Out

(Port), 0

While Run
While Cw

Out 888, 1
Sleep Delay
Out 888, 3
Sleep Delay
Out 888, 2
Sleep Delay
Out BBE, 0

Sleep Delay
DoEvents

Wend

While Cow

out 8B, 3

Sleep Delay
out B88, 1
Sleep Deslay
Out 888, 0

Sleep Delay
Out 888, 2
Sleep Delay
DoEvents

Wend
DoEvents

Wend

‘reset printer port

‘turn clockwise: make
‘output 1 high first
‘pause for one half
‘period

‘switch on the second
‘output too (90 degrees!)

‘switch off first output

‘switch off second output
‘too

‘pass control to the 0S
‘to prevent hanging

‘reverse: both outputs
*high

‘switch off second output

‘switch off first output
‘too

‘switch output 2 on again

=

i [iGenerat

i Mcrnsalt Vil Batac - Squaare_wave_gen - [Squae Wave Gen (Code)] o ~ioi i
Bt e Ve pum Bmat Db Bn Bek BiEs o b 151t
HE-B CEEA o=y g s HES 2 T Lo

Project - Prodect ] ﬂ I =y :]
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Figure 2. Macro
opened in Visual
BASIC Editor.
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Figure 3.

How fo connect the
stepper molor
conirol fo your PC.
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‘1" is never changed, this is always true and the loop will go
on forever.

We now come to another loop. This time there is a condi-
tion fo be met: while Button 17 is not equal to a logic one.
The exclamation mark indicates the condition is negated: it
is compared to a not logic one. When the condition is satis-
fied (the button is pressed and a “0’ is at the input), the pro-
gram will execute all statements within the following curly
brackets.

The routine within the curly brackets creates a square wave,
just like the assembler program. First. j takes the value 4000.
Then output L_1 is set to *1° and the delay routine now cre-
ates a delay dependent on the value in j. This continues until a
full square wave has been created.

The part of the program following this routine has the same
function, but this time the other buiton is tested.

The final routine is the delay function. Since C programmers
don’t like typing (and seem to prefer to write compact,
obscure code) it’s written as a single-line function. As you
may have guessed. this is a for-next loop. which begins at
zero (i=0) and is incremented by one (i++) as long as the
value is less than m (i<m). This m has a value that was given
as a parameter when the function was called and in this case
is either 4000 or 200.

Visual Basic and the PC

Qur final example uses the printer port of a PC. This makes it
possible to experiment with stepper motors if you don’t have
a Flash Micro Board. This example is also very convenient in
use, since you are unlikely to need any special programming
software: we make use of the Visual Basic environment that is
nowadays integrated with Microsoft Office. The only extra
software that needs to be installed is a little helper program
that permits direct access to the parallel port. Windows NT
and XP no longer let normal programs access this port. You
therefore have to copy the file inpoui32.dll to the folder \win-
dows\system32. This helper program works transparently
with some other versions of Windows (98SE and ME): the
port will still be driven correctly. Unfortunately., this software

won't work with older versions of Windows.

The actual Visual Basic program is in fact a macro for
Microsoft Word. The most important parts are shown in
Listing 3.

Here too we have declarations, a delay function. a function
that pops up the macro window (Figure 1) and temporarily
hides Word, and finally a function that toggles the output pins
in the correct order. just as in the other examples.

There is some other code as well. but there is not enough
space 1o go into details here. The document including the
macro can be downloaded from the Elekror Electronics web-
site (030203-11). Remember to turn off macro security before
opening the document. Go to Tools/Macro/Security. Choose
one of the lower two options, so don’t use ‘high’. If you now
open the document and permit the use of macros. the program
window will appear automatically. When you close this win-
dow, Word will re-appear again.

You can now open the Visual Basic Editor using alt-F11 (Fig-
ure 2). To the right will be a small window showing *Project
(Square_wave_gen) . Below this project are a few folders
with a document (the document containing the macro), the
code and description of the form to control the software, a
module with the actual program and possible references to
other files. If you inspect the code belonging to the form it
should soon become clear how the macro operates.

Operation

All software can be downloaded from the Elektor-Electronics

website. We assume that owners of Flash Micro Boards don’t

need to be told how to load a program into their boards. But if
vou do need more information, it can be found in the Decem-

ber 2001 issue of Elekror Electronics.

The Visual Basic software is hidden inside a Word file and is
automatically started as soon as the document is opened. Its
operation is very straightforward. A number can be entered in
a text box (defaults to 10000). This value determines the fre-
quency of the signals on the printer port. The effect of this
value depends on the speed of the PC’s processor. If other
programs are running at the same time, they too will influence
the output signal. You will have to find the best value for your
PC by trial and error.

Finally. Figure 3 shows the pinout of the sub-D connector,
which connects the stepper motor driver to the printer port.
Connect pin 2 and 3 of the printer port to P3.4 and P3.5 of the
stepper motor board.

All software for this project can be downloaded
under number 030203-11 at

www.elektor-electronics.co.uk/dl/dl.him,
select month of publication.

elektor electronics - 5/2004



inside out

=30 -25 -20 -15 -10) 5

4]

S

20 25 30

tire pressure
foo:low

life expectancy reduction in %

{ire pressure
oo high

deviation from nominal tire pressure in %

Figure 1. Relation between fyre pressure and wearing. (Wabco)

Wireless Tyre Pressure
Monitoring

Helmuth lemme

Sudden tyre failure is not only annoying but also downright dangerous. In the
future, new technology will help to reduce the number of accidents caused by
fyre problems, with recently developed sensor systems constantly guarding
fyre pressure and issuing a warning signal well before disaster strikes.

In 85% of all cases, tyre rup-
ture or explosion is caused by
too low pressure. The real
cause, however, is increased
friction leading to excessive
tyre temperatures and mate-
rial failure with often cata-
strophic Consequences.
Slightly less worrying, even a
small loss of tyre pressure
causes not only increased
wear but alos higher fuel con-
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sumption due to increased
rolling resistance. Just as with
too high pressure, the life
expectancy of the tyre is sig-
nificantly reduced (Figure 1).

Since there are no tyres with
zero rolling resistance, and
pressure checks by the vehicle
driver are insufficient, an elec-
tronic alternative appears use-
ful and more than welcome.
The first systems are now in

volume production. Each
wheel contains a module

measuring the tyre pressure

and temperature at regular
intervals and copying the
resulting data to the vehicle
computer. The computer
responds to too low or too
high values by lighting a
warning indicator on the
dashboard. In the USA, the
National Traffic Safety Admin-

istration has made the use of
a TMPS (tyre pressure moni-
toring system) compulsory for
new cars as of November
2003. It is expected that
Europe and Japan will follow
suit in the not too distant
future.

From a point of view of tech-
nology used, individual manu-
facturers seem to follow their
own ideas. The oldest princi-
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Figure 2. Paris constituting Beru's TSS (fyre safefy system)

ple works indirectly: a micro-
computer compares the rota-
tional speed of all wheels,
using data supplied by ABS
(anti-blocking system) sen-
sors. This principle is used by,
among others, Continental for
their DDS (deflation detection
system). If the tyre pressure on
one wheel drops, the effective
wheel radius becomes smaller
causing a higher rotational
speed. Although such systems
are cost-effective, they suffer
from a high detection thresh-
old (approx 30% pressure loss).
Also, gradual pressure loss on
all tyres goes by unnoticed.

Systems with real sensors
inside the tyres are far more
secure. The technical chal-
lenge boils down to the ability
to convey measured values
from the rotating wheel to the
vehicle chassis. Slip rings are
too unreliable because they
soil easily. Today, the standard
principle is a radio link. The
measurement module on the
wheel not only contains a
microcontroller that turns the
values supplied by the pres-
sure and temperature sensor
into a digital data packet, but

also a small RF transmitter
operating in one of the ISM
bands (usually 433 MHz,
rarely on 2.4 GHz). The unit is
powered by a Lithium battery
which should last for a couple
of years but is nonetheless a
serviceable part. The module
should be up to harsh condi-
tions: strong vibrations with
dynamic peak acceleration
exceeding 2000 g, dirt, water,
salt, ice and snow, yet have
the smallest possible dimen-
sions and weight. A receiver
antenna is fitted in each
wheelcase, or a single
antenna cenirally located
under the chassis. A second
microcontroller computes the
measured values.

The above systems are avail-
able from Beru (TSS, tyre
safety system, Figure 2),
Wabco/Michelin (IVTM, inte-
grated vehicle tyre pressure
monitoring), Continental
(TMPS, tyre pressure monitor-
ing system) and a few other
manufacturers. In principle
they are similar, but different
when examined in detail. For
example, the Beru wheel mod-

Figure 3. No more batteries in the fuure: passive-sensor inferroga-
tion using RFID techniques (Siemens/Goodyear).

ule that forms a compact unit
with the tyre valve is fitted
inside the tyre on the wheel
Tim — meaning it can only be
built into a vehicle by the fac-
tory. The Wabco/Michelin
module is fitted ouiside the
wheel rim, secured to the
valve with small pneumatic
tubes so it can be ‘retro-fitted’
without so much as having to
remove the tyre. Other sys-
tems for trucks and utility
vehicles differ widely because
of the large variations in tyre
pressure.

Batteryless
systems

The Lithium battery is a
source of problems with all
systems. Exchanging the
battery is time-consuming.
The battery is also heavier
than the entyre electronic cir-
cuit and it obviously requires
a very stable mounting
method in view of the cen-
trifugal acceleration. When
braking hard, the tempera-
ture inside the tyre can reach
up to 100 degrees C which
may easily damage the bhat-

tery. Finally, flat Lithium bat-
teries are toxic waste hence
have to be disposed of using
the proper channels.

A solution to the above prob-
lems was found in the use of
passive sensor responders
that are interrogated over
radio. The RF energy allows
the transponder to return the
instantaneous iyre pressure
‘over the air’. The sensor goes
inactive again until the next
RF trigger arrives. The princi-
ple is well established in RFID
(‘radio tagging') sysiems that
have been around for years.
The technology offers several
options. One very elegant
solution is called ‘surface-
wave elements’. A sysiem
using these devices was
developed by the Siemens
research labs but never made
it to volume production.
Instead, Siemens in co-opera-
tion with Goodyear are now
working on a different system
which reportedly is cheaper as
well as less complex. Here, the
transmission is inductive:
inductors are fitted on the
wheel and the wheel hoider,
the assembly producing a
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Figure 4. Quariz crystal based sensor: principle of the Tyretronic’
pressure and temperaiure sensor system. (Q Mobil)

transiormer effect (Figure 3).
A short RF pulse at a carrier
frequency of 125 kHz supplies
the energy for the measure-
ment and returning of a data
packet containing the current
tyre pressure. The system is to
be perfected for launching in
2006.

Quartz crystal
sensors

Still another principle has
been adopted by IQ Mobil
(Munich, Germany) for their
tyre pressure monitoring sys-
tems. The central part is a
quartz volume oscillator pro-
ducing a controlled amount of
‘ringing’. The interrogator
module emits a microwave
signal (at 2.45 GHz) which is
amplitude-modulated with a
frequency between 6 MHz and
10 MHz. Inside the responder,
the RF burst is rectified and
the resulting voltage used to
excite the quariz crystal
(within approx. 1 ms), Next,
the AM modulation is removed
from the carrier. The quartz
crystal will continue to oscil-
late at its own frequency, but
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subject to the capacitance pre-
sented by the pressure sensor.
The result is crystal ‘pulling’ to
a frequency removed from the
excitation frequency. The
resultant ringing (oscillation
decay, lasting about 2 ms) is
mixed with the carrier fre-
quency, hence modulated by it
and returned as an RF signal.
The control module measures
the modulation frequency of
the responder signal and
employs the deviation from the
excitation frequency to calcu-
late the pressure value. (Fig-
ure 4). The entyre interrogate-
and-respond sequence is com-
pleted within 6 ms. The (small)
temperature coefficient of the
quartz element responsible for
the pressure measurement is
compensated. In this way,
Dressure measurements can
be performed at an accuracy of
=0.1 bar (1.45 psi).

The second measurement
channel is for temperature and
employs its own quartz crys-
tal with a different cut angle
and a much larger tempera-
ture coefficient. In practice, it
allows and accuracy of 1 K
(kelvin) to be achieved. The

Figure 5. The ‘Darmstad} fyre sensor’ measures road confact by
interprefing tyre profile deformation.

return carrier is alternately
modulated with the two crys-
tal resonance frequencies.
Extensive tests showed that
the system is immune to other
RF sources in the 2.4-GHz
band (say, from other cars).
This is achieved by measures
including frequency hopping
after each sensor interroga-
tion action. The usable range
of the RF links is about 1 m.
The size of the module is
22 x 22 mm and its weight,
approximately 14 g. The sys-
tem will be taken into volume
production by the Japanese
company Alps. Reportedly the
unit cost should remain under
1 USS. The chip could also be
programmed to contain data
on the tyre used. This may be
useful for car production logis-

tics or even to inform the car

computer new tyres have
been fitted.

Road contact
sensors

Still more security is afforded
by an additional iyre parame-
ter which is actually the most
Important: road contact. Using

R R ——————————— ...

this real-time information, anti-
blocking and vehicle stahilisa-
tion systems could be made to
work even better. The ‘Darm-
stadt tyre sensor’ (Figure 5) is
a joint development by Conti-
nental and the University of
Darmstadt (Faculty of Vehicle
Technology, Prof. Winner). It
records deformation of the tyre
profile elements when in con-
tact with the supporting sur-
face. The current version
employs a surface-wave sen-
sor in the tyre profile and has
not yet left the test bench. The
adaptation to ‘real life’ on the
road is problematic because
the sensor is expected to
measure as well as transmit
when it is in contact with the
road. At that instant, the RF
contact is hindered by the
wheel rim. There remains a lot
to explore and research. If,
however, researchers are suc-
cessful, they can pride them-
selves in having reduced the
number of road accidents even
further.

71



72

mailbox

iAccess — accessible to
anyone? Dear Edifor,
regarding the impressive
iAccess project in your
February 2004 issue | would
be very interested fo know
how the iButtons are encoded
and how we can be sure that
the code can not be iraced
back to the buyer. After all, |
would like to be the only per-
son authorised to open my
own door! The question can
be extended to other protec-
fion systems like magnetic
cards, fransponders, etc.
menfioned in the arficle.

D. Kokta, Germany

(by email)

The author, llse Joostens, replies:
each iButton has a unique serial
number consisting of six bytes.
This number is preceded by the
family code which is 01 for the
DS1990A and followed by a
CRC checksum (to detect read
errors). Dallas Semiconductor
(now Maxim), the manufacturer
of these iButtons guarantees ihat
every single iButton has a unique
serial number, so there are no
two iBulions with the same serial

number in the world.

Six bytes corresponding fo 2.81
x 1014 possibilities, it is unlikely
that problems will occur in pro-
ducing unique iButtons in fhe
future... Having said that, it is
possible to copy a DST1990A iBut-
ton. Some months ago | saw a
circuit using an AT89C2051
microcontroller on a Russian web-
site capable of emulating a
DS1990A iBution. In foct you
could store up fo 30 serial num-
bers in memory and emulate one
of your choice.

It is possible to copy an iButton
with this circuit, however chances
are small this will ever happen
since some knowledge about
microcontroller circuits is required
and physical access to one of
your iButtons is needed in order
io get the unique serial number fo
emulate.

Other systems like magnetic cards

and transponders have also a
unique code, but can be copied,
foo. It is widely known that credit
cards and other bank cards have
been copied... while even biomet-
ric systems employing franspon-
ders have some weaknesses.
However, the iButton system sfill
provides more security compared
o traditional mechanical keys. If
even more securify is desired, you
may consider combining systems,
for example, you can combine a
biometric system with an iBuffon
system.

Sound Generation using
VB Dear Editor, ever

since the Commodore

64 was infroduced and per-
haps even before that, users
were capable of conirolling
the sound chip in their com-
puters. | remember in those
days when my hair was still
black | created music and
tones with various waveform
and levels, even white noise
and speech fragments. |
designed a program to test
the hearing response of my
whoale family by having them
push the space key, once
they heard a fone whose
level was ramped up.

Along came the PC and dll
changed. Users needed
sound cards, which made
proper music and speech of
course, but robbed smalltime
programmers and enthusiasts
of their chance to control
tones and sounds in self
made games or small techni-
cal computer applications,
like electronic fest programs,
filter evaluation efc.

Even under DOS BASIC, pro-
grams siill allowed a
sequence of tones fo be cre-
ated by using the “play”
command. But then Bill Gates
spoke again and said let
there be Windows and
Visual Basic and he saw

that they were good.

| bought many books fo
teach myself VB 3, VB 4 up
o VB 6, never giving up
against befier presentiment to
iry to discover somewhere in
a hidden chapter a way to
create a few modest fones
apart from the ugly Beep
command, but every fime my
hopes where crushed. So |
gave up hope in books and
combed the Internet. Apart
from ready-made shareware
or commercial programmes
the search machines eluded
my quest for an answer.
Having been a subscriber to
Elektor for many years |
checked thousands of pages
hoping to find an arficle to
deal with the generation of
tones under the Windows
environment, preferably using
VB. It is utterly absurd io
have a Soundblaster card in
your computer playing
dozens of instrumenis simulta-
neously and no way to cre-
ate a single tone by your
own program code.

And now | am coming fo the
point: will you have mercy on
us smalliime programmers
and show us how fo extract
tones from our thousand
Pound machines?

Klaus Bartges, Cairo,

by email

A Google search using the words
“Visual BASIC sound” produces a
lot of educational web links,
including complete tutorials. Here
ore a few:

www.vbexplorer.com/
VBExplorer/sound].asp

htip://vsers.bigpond.net.au/
gradley/vbatutor/
VBAlessoné.him

www.officecomputeriraining.com
/vbiutorial/tutpages/
pagedl.asp

hiip:/ /experis.about.com/q/
1048/3376005.him

Also, our bock PC Interfaces
under Windows (ISBN 0 905705

65 3) includes chapters on sound
card confrol at o very elementary
level using Delphi, as well as a
program to implement an auto-
mated hearing threshold test sim-
ilar to the one you produced way
back in the C64 age.

89C equivalent, please
Dear Editor, regarding the
Rev Counter for R/C Models
project (November 2003), |
could only find the
89C2051-24PC in Malaysia
— the 89C2051-12PC you
specily is not available. Is it
possible to use the -24PC as
a substitute? According fo the
datasheets, the IC specs are
identical and the only differ-

ence is the range of supply

voltages it can handle: the -
12PC accepis 2.7 Vio 6 V
and the 24PC 4 Vio 7 V.
And where can | obtain the
hex files for the IC2

K. Cheah (by email)

The 89C2051-24PC is suitable.
The suffix (24) indicates the max-
imum clock frequency in MHz.
The hex files are available on disk
or from our website as is made
abundantly clear in the arficle.
Alternaiively, the programmed
controller can be purchased
directly from us.

Evergreen oscillates
Dear people a Elekior, |
recently built the Compact AF
Power Amplifier from the
May 1997 issue. With the
quiescent current preset
turned fully ccw oll measured
values match those printed in
the circuit diagram. Although
| am sure there is no ground
loop in my construciion, both
amplifiers (L and R) produce
spurious oscillation between
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1 and 4 MHz when the pre-
set is turned three quarters
cw. Do you recognise this
effect or did | make a mis-
take somewhere?

Dick Flanderijn, Holland
(by email)

Although the project is now
almost seven years old, the Com-
pact Amp has made it fo Ever-
green status, hence we include
this letter in this month’s MailBox.
Looking at the impressive PCB
sales volumes achieved by this
project, the problem can only be
said to have been reporied spo-
radically. A suggested cure is fo
fit @ 100-pF cap behween the
base of T16 and ground. This will
however affect the amplifiers
sonic response fo some extfent.

Tension rising! Dear Jan,
can | ask two questions about
the power supply with the
Valve Final Amp from April
2003, please?

The required alternating volt-
age should be 340 V (I, =
0.7 A). | have had a match-
ing transformer made which
supplies 365 Vac under no-
load condifions and 340 Vac
when loaded with 0.7 A_ Is
365 Vac too much of a good
thing2

Second, you state that the
direct voliage after rectifica-
tion is 440 Vdc. My calcula-
tions tell me that 340 x V2 =
480 Vdc.

The two above factors cause
a high tension of about

510 V in my circuit. Is that a
problem?

Patrick Gérlach (by email)

The designer of the amplifier; Bob
Stuurman, replies: Mr. Gérlach’s
transformer is probably beyond
reproach. As a safely precaufion
I would advise loading in the HT
PSU with two parallel connected
230-V, 40-watt bulbs. This load
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will draw about 200 mA which is
about the same as the amplifier
under no signal conditions.
Replacing the transformer should
only be considered if the HT is far
off the 440-V mark with the
lamps connected.

Those Elektor drawings
Dear Editor, which drawing
or CAD program do you use
io make your schematics and
PCBs? I'm curious because
your drawing style appears
to have been identical since
the early 1990s when there
were no drawing programs |
know of.

Serdar Ulukonakci

(by email)

Well Serdar this question is asked
at least once o week hence we
print a reply here. We started
drawing schematics on PCs as far
bock as 1985 using OrCAD and
PCB artwork using Ultibeard.
Today we employ versions of
McCad (www.mccad.com) and
Ultiboard (veww.uliiboard.com),
both heavily customised and
extended with our own libraries
for circuit symbols and shapes.

CorrectioNs & UpbATES

FMS Flight Simulator
Encoder

January 2004, p. 22-26,
030066-1

In the parts list, the CTS
model number for mini joy-
sticks P1 and P2 belongs to
the 100-kQ version. The cir-
cuit diagram however shows
10kQ joysticks (model no.
CTS 25A103A60T8). The
10kQ and 100kQ versions
funciion equally well in the
circuif.

LED Roulette

January 2004, p. 52-55,
030168-1

The PCB has a short<ircuit
behween the anode of D18
and the +5 V rail.

To lift the shori<circuit, two
fracks have to be cut and a
wire link fitted, as shown in
the illustration.

Seconds and Minutes
Clocks from DCF77
July/August 2003, p. 40,
024005-1

The RC time defined for IC2
needs fo be increased by a
factor of 10. This requires
changing P1 to 1 MQ and
R7 1o 330 k.

Stepper Motors
Uncovered (2)

December 2003, p. 54-63,
020127-2

On the printed circuit board
overlay, the symbols for FETs
T1-T16 have been printed the
wrong way around. The FETs
devices should be mounied
the other way around.

Lambda Probe Readout
for Carburettor Tuning
July/August 2003, p. 36,
034052-1

In the circuit diagram, the
anodes of D1-D10 should be
shown as connected to

+12 V.

MailBox Terms

— Publication of reader’s comespon-
dence is at the discretion of the
Editor.

— Viewpoinis expressed by comes-

pondenis are not necessarly

those of the Editor or Publisher.

— Comespondence may be translated
or edited for length, clarity and

style

—When replying to Mailbox corre-
spondence, please quole Issus
number.

— Please send your MailBox cormre-
spondence to:

lectronics couk of

Elektor Electronics, The Editor, PO
Box 180,

unbridgs Wells TN5 7WY, England
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To book your website space contact Bernard Hubbard

Tel 00 44 (0)1242 510760

Fax: 0044 (0)1242 226626

ALLGOOD TEGHNOLOGY

c... nology.cam

noiegy.

an medium volume sub-coniract assembly.
SMT specialist since 1990. Customers include
military, aerospace eic. 0402 io BGA capabilities,
automatic assembly and hand built prototypes.

BETA LAYOUT
------- w.pch-pool.com
Beta layout Lid Award-
winning site in both
English and German
offers proiotype

PCBs at a fraction of the cost of the usual
manufaciurers’ prices.

ﬂ" NB-PO!I.‘
s

i e gt

BURN TECHNOLOGY LTD
hiip://www.burniec.com

Disfribuiors of a wide range of device programmers,
package adaptors, test and soldering equipment.
Order online and get free delivery on all orders over
£30.00.

COMPUCUT

hiip://wrww.compucuiiers.com

Computer Numerical Control from your home PC.
Great for iricky jobs, and accurate repetitive
work. We supply: - Software - Interface - Manual
- Support

Price £250 plus postage.

CONFORD ELECTRONICS
hittp://www.confordelec.co.uk

Lightweight portable battery/mains audio units
offering the highest technical performance.
Microphone, Phaniom Power and Headphone
Amplifiers. Balanced/unbalanced signal lines with
exiensive RFI protection.

BANBUHY ELECTRONICS |

htip: v.mc-h.demon.co.uk/iransformers.himl
Here ynu mll find our mains and nutpm
transformers in Mike Holme's range of
valve/tube amplifiers (PP & SE). Also circuits,
parts lists, chassis, advice.

DEBUG INNOVATIONS UK

http//www.debuginnovations.com

Introducing hassle free protoiyping

» RF / Analogue

= High speed digital

= Surface mount

* (.17 grid

e Power planes

 Unique patch
architeciure

Forget custom PCBs, start your project now!

EASYSYNO

htin:// N.easysync.co.uk
EasySync Ltd sells a wide
range of single and multi-
port USB io RS232/RS422
and RS485 converters at
competitive prices.

ELEXOL PTY LTD
hitp://wnwnw.elexol.com
Developer and
manufacturer of

= [JSB Development Modules.

= USBMOD Series.

» UJSBID24 Digital Input/Output Module.
* MP3 Solutions.

e MP3MOD4 Module.

Distributor inquiries welcome.

ELM ELECTRONICS
ntip://wwrw.elmelecironics.com

Offering a variety of unique and low cost
integrated circuits for the experimenter. Secure

ordering via the web site with worldwide shipping.

ELNEC
wwnw.elnec.com ’

s device programmer

manufaciurer

selling through S
contracted distribuiors all over the wurld
universal and dedicated device programmers
excellent support and after sale support
free SW updates

» once a months new SW release

o reliable HW

= three years warranty for most programmers

ERVAN INTERNATIONAL Co.

hiin://www.ervan-int.com

Power Electmmcs and Solar Energy Design and
Consultants. Also offers;

Discount prices of:

e Ultra Bright LEDs

e PCB LED Cluster Kits

e Laser Pointers

= Solar Modules

= Batteries

FOREST ELECTRONIC
DEVELOPMENT

hiip://wvnwfored.co.uk

FED supply PIC programmers, Basic modules,
and development software including a PIC C
Compiler, Prog *n Drop Visual Development and a
well featured debugging environment.

FUTURLEC

hittp:/Avoww futurlec.com =

Save up io 60% on

e Elecironic Components

* Microcontrollers, PIC, Atmel

= Development Boards, Programmers

Huge range of products available on-line for
immediate delivery, at very competitive prices.

hitp://vavwfidichip.com 4
FTDI dBSigns and sells 48
USB-UART and USB-FIFO
inferface i.c.’s.

Complete with PC drivers,

these devices simplify the task of designing or
upgrading peripherals to USB

FUTUHE TECHNOLOGY DEVICES

HAMMOHD ELECTRONICS

yw.hammandmig.com,
sales@hammond-elecironics.co.uk
fel: 01256 812812.

Small die-cast, plastic and
metal enclosures for the
hobbyist and professional.
Widely available from
major disiributors.

LONDON ELECTRONICS COLLEGE
hitip://wrerw.lec.org.uk

Vocational training and education for national
gualifications in Electronics Engineering and
Information Technology (BTEC First National,
Higher National NVQs, GCSEs and Advanced
Qualifications). Also Technical Management and
Languages.

MQP ELECTRONICS

hitp://www.mgpelecironics.co.uk

Leaders in Device

Programming Solutions.

s Online shop

= Low Cost Adapters for all
Programmers

e Single Site and Gang Programmers

o Support for virtually any Programmable Device

NEW WAVE COHCEPTS

| EW-vave-concenis.co

Saftware fnr hobhbyisis:

e |ivewire circuit simulation
software, only £29.36

o PCB Wizard circuit design software, only
£29.36

Available from all Maplin Electronics stores and

www.maplin.co.uk

PEAK ELECTRONIC
DESIGN LIMITED

..... a 1
wWww.peakelsc.co.uk

Cool component test gear
for your passives and
semis. Instant identification, measurement and
validation. Connect anyway round. The Peak Atlas
family staris from £59.
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POND ELECTRONICS
hitp://wnww.pond.ie
tel +353-1-821-5060
fax +353-1-820-9384
Innovative systems for PIC |
development & |
embedded applications.
¢ FlashB76

* PIC C Compilers & Programmers
* MicroStack e Basic Stamp

¢ Cusiom development Service

QUASAR ELECTRONICS
www.QuasarElecironics.com
Over 300 electronic kits,
projects and ready built
units for hobby, education
and industrial applications |
including PIC/ATMEL
programming sofutions.
Online ordering facilities.
Tal: +44 (0) 870 246 1826
Fax: +44 (0) 870 460 1045

Email: sales@QuasarElectronics.com

HOBOT ELEGTHOHICS
[t~ ROBET|

* Ultrasonic rangefinders | .

* Motor H-Bridge Ny |
conirollers

» Magnetic Compasses

* RC servos and controllers

® PIC programmers and components

® Electronic Design/Development and
Manufacturer to industry

TECHNOBOTS
nm/iwww techinobots.co.uk
Welcome fo Technobots -
the one stop shop i
especially for the remote
operated robot builder,
radio control and engineering hotlbylst

TELNET
htip=//www.telnet.uk.com
The site shows graphically
Telnets wide range of
quality second-user test
and measurement
equipment, including
oscilloscopes and
spectrum analysers.

ULTRALEDS
hitp://wvwnweultraleds.co.uk

fel: 0871 7110413

Large range of low cost Ulira bright leds and
Led related lighting products. Major credit
cards taken online with same day depatch.

USB INSTRUMENTS

”“'[’legnlﬁ com

USB Instruments specialises &
in PC based instrumentation |
products and software such S 8y
as Oscilloscopes, Data Logaers, Logic
Analaysers which interface fo your PC via USB.

tronics.co. uk |
I

TELNET

VIEWCOM WI'ECK

hiip:/ v vigwcom.f9.co.uk www.component-technology.co.uk

tel: 020 8471 9338 fax: 020 8552 0946 Kits/modules for

= Mail Order supplier of: students /hoppyists. PIC

e |ntegraied Circuits and Components. microcontroller 18F45X, © —

 Kit and paris for Elekior projects. 16F87X ProtoBoards for

o Transistors, FETs, Capacitors, Resistors, Crystals,  ease and fast = =- =
etc and hard fo find devices. development CCTV. | = 3 aj

Viewcom Electronics, 77 Upperton Road West, infrared luminators,  '=——————-

Plaistow, London E13 91T 5% discount code ‘eenlink2004’ for Blekior Readers.

4/7004 - elektor eledronics

e i R B S g sy g SO Sy

PROMOTE YOUR
WEBSITE HERE

Elektor Electronics have a feature to help customers to promote their websites, Net Links - a

permanent feature of the magazine where you will be able to highlight your site on a regular

basis.

* For just £120 + VAT (£10.90 per issue for eleven issues) Elektor will publish your company
name, a 25-word description and your website address.

* For £300 + VAT for the year (£27.27 per issue for eleven issues) we will publish the above
plus run a 3em deep full colour screen shot from your site.

Places are limited and spaces will go on a strictly first come. first served basis. please fax back

your order today!

I wish to promote my company. please book my space:
* Text insertion only for £120 + VAT = Text and photo for £300 + VAT

NAME: ORGANISATION:
JOB TITLE:
ADDRESS:

TEL:

PLEASE COMPLETE COUPON BELOW AND FAX BACK TO 00-44-(0)1242 226626
COMPANY NAME
WEB ADDRESS
25-WORD DESCRIPTION

ELECTRONIC ENTHUSIASTS

Only one magazine tests its projects and circuits in its own lab before publication -

ELEKTOR ELECTRONICS

THE ELECTRONICS & COMPUTER MAGAZINE

Contact: Worldwide Subscription Service Ltd,
Unit 4 Gibbs Reed Farm, Pashley Road, Ticehurst
TN5 7HE Telephone: (+44) (0) 1580 200657
Fax: (+44) (0) 1580 200616 Or visit our Website:
www.elektor-electronics.co.uk
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World Beating Value in PCB DeSign SOHWGre

wm .  High performance Windows based PCB Design Capture,
- £97 = Simulation and Layout soffware at prices you'd expect
“~. .+ from your local computer store!

NEW! in Easy-PC 7 Stop press... by customer demand, now  Uresemi
e Library Databook with Tsien Boardmaker 2 design import...

* Step and repeat plotting
e Swap Connection Mode
* Dimensioning

* Copy to Metafile

plus much more...... Test drive Easy-PC and Easy-Spice for yourself and be prepared to

fermr e e e
R e e i e~ . be amazed at the super value...

Number One Systems delivers frue 32 bit Windows software
applications including features that a few short years ago would
only have been available in software tools priced in the thousands!

Call for a brochure, price list and demo (D
on +44 (0)1684 773662 or email sales@numberone.com

| =M=

~t

S

! =

Number One Systems
Oak Lane, Bredon or download from

Tewkesbury, Glos GL20 7LR
o, D www.numberone.com

StarTER Kit n Em Em

Step into the fascinating world of microcontrollers with the Elekior
Electronics
Flash Microcontroller Starter Kit.

Contents of Starter Kit 1:
8958252 Flash Microcontroller board (ready-assembled and tested PCB)
300-mA mains adapter
Serial cable for COM port
Software bundle on CD-ROM
Avrticle compilation on CD-ROM:
e 8958252 Flash Microcontroller Board (December 2001)
. s Microcontroller Basics Course parts 1-6 (January through June 2002)
— Y e Microcontroller Basics FAQ (September 2002)
— o Port Line and ADC Extension for 8958252 Flash Micro Board

The Flash Microconfroller Starfer Kit costs (December 2002) ;

just £ 69.00 / USS 112.50 o Chess Computer using the Flash Micro Board.

(plus postage)-:

Order, now using the Order Form in the Readers Services section in this issue
Elektor Electronics (Publishing) ¢ P.0. Box 190 © Tunbridge Wells TN5 7WY _ l l g _V,E L LN e et

o England. Telephone +44 (0) 1580 200 657 = Fax +44 (0) 1580 200 616 =

THE ELECTRONICS & COMPUTER MAGATINE

electronics.co.uk
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readers services

Please Nole

Scftware fems marked @ afe avaZabiz from the Fres Downloads pags
of the Puhiichers” websile at www elsifor-slecimaics co uk

Diskestzs are supplied for the comvenience of readers without Intemet 2ccess.

EVERGREENS

Elekior Electronics Help Disk
S55022-1  Dusi, Windaws version
Elektor Elecironics ltem Tracer 1985-2003
046003-11  contents dalabase (disk, Windows version)
Medium power HEXFET amplifier (December 1893)
5391021 PCB
Universal Prolotyping Boards
UP831  PCE
UPBS-2  2PC8s
UPES4  4PCEs

ne.332 MAY 2004

Design Your Own IC

@ 0303834 PCE

High-End Preamp

@ 0200461 PCB— main board

@ 020045-2 PC8 — relay board

@ 020045-3 PC8 — PSY board

@ DG Desk
02004541 PCIBLFIS241 . programmed

Wind Speed & Direction Meler

@ 060371-11  Disk, project software
03037141 PIG16FAT1, programmed

no. 331 APRIL 2004

Drop-in Microcontroller Board

© (201431 PCR

@ 020148-11 Disk samphe project fis

Pandora’s Sound & Music Box

@ 03Ep1 Fea

@ (53402:11 Disk, sowrs and hax cods fiss
03040241 PC16FBT1/P programmed

VHF-Low Explorer

@ 0204161 PCB

No. 330 MARCH 2004

Build Your Gwn DRM Receiver
@ 0303551 PCB
@ 05036511 Disk, DRM &z program
Code Lock
@ 24341 Poa
@ 02043411 Disk source & hex cods files
(2043441 Pici6FB4A-4P programmed
Hands-on CPLDs (2)
@ 0300521 P8
@ 030052-11 Software
03005241 EPMT12RSLCA4-15, programmed
liuitichannel Failsate for Radio Controlled Models
@ 02038211 Disk, sowee cods fi
02035241 ATBICS2-240, programmed
Mulifunction Frequency Meter
@ 0301351 PCA
@ [00135-11 Disk proiect software
03013641  ATS0S2313-10°C, proarammed

No. 329 FEBRUARY 2004

Digital Alarm Clock

@ 030096-11 Desk, PIC source and hex code
03009641  PICT6FB4-04/p, peomamimed

iAccess

@ 020183-11 Disk 321, sowrce cods and conrl software
02016341 ATBOS8252-12PC, programmed

Simple 12-10-230V Power Inverter

@ 0204351 PCR

Touch-controlled Switch

@ B30214-11 Dk, PIC sores cods
03021441 PIC12C302A04/308, programmed

No. 328 JANUARY 2004

64-K 80C552 Flash Board

@ 030042-1 PCB

@ [30042-11  Désk, misc. priect softwaze
03004221  29A0, programimed
03004231 GAL 16VBD150P pogrammed

Climate Logger

@ 0300781 PCS

@ 030076-11 Désk Windows soffware

FS Fiight Simulator Encoder

@ 030066-1 PCB
03006641  BTLPCTETBN, programmed

LED Rouletie

@ 0301631  PCB

@ 03016811  Disk, sowrce 2nd hex fles

5/2004 - elektor elecironics

1050

245

3460
490

1060

X
]

2055

880

1%
870

833

£
755

1520

750
1380

850

615

835

10-00
610

75
440

10:20
1705

1720
490

1445
14.35
1925

430
725
155

277

1485
13.30
11.85

865
45.80

B85
305

1520
BES

1875

B65
3540

1850

16.10
BB5

16.85
865
26.00

1575
5310

8B5S
1540

1635

B85
1405

885
26.90

1330
2480

1505

865
1020

1835

17.70
10.60

Priied-cimust boxrds (PCBs), se-adhesihve Frocd
pened g, ROMs, EPROMs, PAls, GAls, microenn-
rofiers and diskelies for pooicls which heve
ppeared in Betfor Blecimnies may be odered using
the Ordar Farm printsd opposits. The form may aisa
b ped to oeder hooks (privets costomers ooly).

» Tz ariwnek for making 2 POB which i not 2vzi-
dile ready-mae Bvough the Resders Senvices
mazy be foand in the reisyant articls.

~ EFROMs, GALs, PALs, (E)PLDs, MACHs. PiCs 2nd
oher miceconiroliers 3t sopicd ready-pro-
grammed.

Frices and #am desoriplions subiset b change The
pubishers resene B rgit o chang® prices wihoot
price noSication Prices =24 lzm deseriphoes shown
Bere soperseds those in previess ssmes. £ A OF

PAST ISSUES

Past kssies, f srifable, should be ordered from
Werldwide Ssbscripticn Service Lid, Uail 4, Gitss
Reed Farm, Pashley Road, TICEHURST TNS THE,
England, telepbone (+44) 1580 200657, fax (+449)
1580 200616, email wwstSwwss.demoncouk
ices | of ‘past issees (omepl Jdy/August and
Decembes), incloding postacs for singis copiss. e
£4.75 (UK 2nd Exe); £5.20 (2 madl Fenge): £5.10
{2l octsige Farops). Prices of past Juby/Augest
& Decermber issues, incloding postzge for single
copies, 22 FR65 (X =d Bre), £7.35 (zrmad
Erxppe); 2nd £8.45 (S cutsids Emope).

PAST ARTICLES

For informestion o past arficles, please contact par
Ecineial and Administrafive Dffices, telephone
(D1530) 200657, fzx 200615, email s2iesSichine
eleckmaics cook

£ uss
03016841 B9C2051-12PC, programmad 505 1425
Multi-event Alarm Clock
@ 02030411 Disk, C (source) hex fies 440 855
02030441 ATBIC2051-12PC, programmed &10 1080
Stepper Motors Uncovered
02012741 PRO16F873-2089 1810 3380
No. 327 DECEMBER 2003
Fiil Remote Confrol Transmitier & Receiver
@ 0340441 FeB 1020 1805
LED Christmas Decaralion
@ 030137-1  PC8 735 1335
PB7LPC76x Programmer
@ 030313-11 Disk, project softwars 2497 8835
Project Timekeeper
@ 020330-11 Disk, soisce & obisctcod: fiss 480 865
D20350-41 PIC1BFEL-10P programmed 1315 2325
Slepper Molors Uncovered (2)
@ 02012711 [sk, source cods fis 490 8865
Universal Clock Generalor
@ 92038511 - Disk, spurce code fle 45 865
Wireless RS232 Link
@ 201 PO8 §70 1540
No. 326 NOVEMBER 2003
Precision Measurement Cenlral
@ 0300504 PCB 870 1540
Neo. 326 NOVEMBER 2003
Rev Gounier for R/C Models
@ 0241111 PCB 1750 3.m
024113-11 Dk sowvee and hex code 400 865
411141 §902051-32PC, programmad 585 1565
Running Text Display
@ 02040711 Disk sowrce and hex code 4480 BES
USB Analogue Converter
@ 0203741 PLB 765 1350
@ 02037411 Disk, hex code and Windows software 430 885
020374-41 PIC16C785, programmed 1325 2345
No. 325 OCTOBER 2003
DDS RF Signal Generator
@ 0202231  PCB, generzor 1160 2055
@ 020299-2  PCB, confrosupply 1210 2145
02029341 ATOOS8515 BPC, programmed 3855 5465
Minimalisl Induciion-Balance Metal Deteclor
@ 0202201 PC3 883 1585
Xilinx PROM Programmer
@ OI003-11 Softwae 440 865
No. 324 SEPTEMBER 2003
ATV Picture Generalor
@ 02029511 Disk. saurce & hex cods fiss 485 865
B20255-41 ATS0S8515-8PC. programimed 1520 2690
02028342 AT9051200-12PC, programmed 1390 2480
DTMF Remote Telephone Switch
@ 0202341 FPLE 1165 2060
@ 02023411 Disk projact sofiwzre 480 865
D20294-41 PCIGFB4A-20F programmed 1470 2600
LC Display with I?C Bus
@ 0300602 PCB 733 13.00
PICProg 2003
@ 0102021 PCB 205 16.00
@ 01020211 Disk, Windows sofiware 440 865
01020241 FICI6FBT4-20F programmed 2355 4165
Polyphaonic Doorbell
@ 026354-11 Disk proict softwase 404 865

R,
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PCB's AND MUCH MORE

020354-41  PIC1GFR4A-10F programmed
Precision Measurement Central

D30080-81 Rzady-zssembied & tested board
Valve Preamplifier (1)
@ 0203831 PCB, ampifier hoard
@ 0203332 FC3, power supply board
@ 020383-3 PC8, 10 board

No. 323 JULY/AUGUST 2003

Add a Sparkle

@ 020293-11 Disk HEX and sours fies
020283-41 PFC120509A-048)), programmsd

AT9052313 Programmer

@ 034036-1 FPCE

Hard Disk Seleclor

@ 0340501 PLB

Mini Running Text Display

@ 020365-11 Disk sowce code fie

Mini Test Chart Generator

@ 02040311 Disk, PIC source code

Programming Tool for ATliny15

@ 0300301 PCB

@ 03003011 Disk project software

Quad Bridge Car Amp

@ 0340331 PLB

Remote Light Control with Dimmer

@ (20237-11 sk HEX and sore files
@20337-41 ATRSC2051-12. programmed

No. 322 JUNE 2003

AVR TV Tennis

@ 030026-1 M=nPCB

@ 030025-2  Pushbution PCB

@ 03002611 Disk, AVR sowrre code
03002641 ATS08515, programmed

Electronic Knoftied Handkerchief

@ 020308-i1 Disk. PC 2nd controlisr sofiware
02030841 ATS052313-10PC, programmed

Low-Cost LCD Controller (2)

@ 0201141 PCB

@ 0201141 Disk, project sofiware

Night Light Cantral

@ 02611511 Disk. hex and source cods
2011541  AT0952313-10PC, programmimed

Universal XA Development Board

@ 0i0t0a1  PC8

@ 01010311 Disk. GAL code, EPRON fiex filss, XADEV
010103-21  EPROM IC8, 270256-90, programmed
010103-22 EPAOM ICS, 270256-90, programimed
010103-31 GAL 16V8, =

No. 321 MAY 2003

Countdown Timer

@ 020295-11 [Esk sowrce and hex code
072029641 AT20S1200, programmed

USB Audio Recorder

@ 012013-11  Disk EPROM hex codz
012013-21 EPROM 270512, promammsd

Valve Final Amp (2)

@ 0200711 Amplifier board {one chianng)

@ 0200712  Power supply board

No. 320 APRIL 2003

8-Channel Disco Light Controller
@ 0101311 PCB

£
14-45

6900

115
1140
1010

430
740

845

450

785
490

870

1
L

625

870
560
400
1520

445
1260

B0
£09

490
1285

1320
480
1000
1000
4-80

480
1320

480
12

1510
1005

1310

uss
2555

11250

2040

17.83

13.10
16.00
16.73
B&5
BB3

13.35
865

885
1105

1540
1523

865
26.90

865
15335
865

8865
2273

2335
17.70

17.70
850

865
2460

B85
230

2613
17.n

2315

01013141 87C750 o 8TCT1, programmed
Pico PLC
@ 0100521 PGB
@ 01005911 Disk, test program
Single-Chip Tone Control
@ 0200544 PCB
Switched-Outlel Power Bar with RS232 Control
@ 0202931 PCB
@ 020228-11 Desk, project sofware
Temperature Indicalor for the PC
@ 020380-11 D=k sowce and compded code
020380-41 ATRUC2051, prodranimed

No. 319 MARCH 2003

17 V /10 A Switch-Mode Power Supply

@ 00543 PGB

Add-on Switch unit for R/C Models

@ 0201261 PC8

@ 020126-11 Disk hexand sous flss
020126-41 PICIBCT12-041/30, programmed

AVRee Development System

@ 0203511 PLB

@ 020351-11 Dk ecmpl prooEms

Guitar Effects Swilchbox

@ 0201811 PGB

Intelligent Fan Timer

@ 020170-11 Dis project softwars
020170-41 MSPA30F1124, programmed

SAA3049 Replacement

@ D2O0EST  PCB

@ 02008511 Disi sourcs and hax oods
02008541 BILPCTA4EN. proorammed

Two-Colour Running Light

@ 0101341 PCB, controlier board

@ 0101342 PCB, LED board

@ 01013411 Desk project software
01013441 - ATB9C2051-12PC, progremmed

Ne. 318 FEBRUARY 2003

20/40 MHz Logic Analyser

@ 0200321 PC3

@ 020032-11 Disk, demo program
020032-41  AT9DSA515-80C, progeammed

Aclive Loudspeaker Syslem (2)

@ 0200542 PGB

Auloranging Capacitance Meler

@ 0201441 PGB

@ 020144-11 Disk sowee and hax Tles
020124-41 PIC16FE4A-20F programmed

Dimmer with 0-10 V Control Input

@ 010125-1  control PCB

@ 0101252 dimmer PCB

Electronic Hourglass

@ 020035-1 PCB

@ 020036-11 Dk proect software
020038-41 FICIEFEL-04P proprammed

Oplimise your PC Soundcard

@ 02018411 Dik, Bxcel spreadshest

No. 317 JANUARY 2003
Active Loudspeaker System (1)
@ 0200541 PCB
Electronic RPG Dice Roller
@ 0200051 PCB
@ 020005-11 Dk, source code e
02000541  ATS054433-5PC, programmed
Rodent Delerrent
@ 0201101 PLB
SMS-Controlled Mains Sockels
@ 0201571 PC8

No. 316 DECEMBER 2002

DCI PLC

@ 0101131 PCB, converies board

@ 0101132 PCB, termingl board

@ 01011311 Disk project software & sowee code
01011341  AT2058515-8PC, programimed

Port Line and ADC Extension

@ 020307-11  Disk BASCOM-51 programs

Products for older projects (if available) may be found on our web site
hittp://www.elekior-electronics.co.uk
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£

1050

1060
4490

1305
490
29

825
10:65
490
715

1520
450
1510

75

735
e

15:20

960

1855
430
1520

1005
499
3080

1290

540
1230
490
2420

4%

Uss
2070

3310
863

1930

1910
BE&S

855
18.15

1665

15.85
865
2680

2335
865

23.30

]
2000

2310
BE5
1755

1460
1860

885
1265

B85
2670

1405

1300
8553
2690

17.00
1583

3285
B&5
26.90

B&S

1220

17.75
B&5
54.50

21.30

2285

1485
22.10

885
3158

BE5



Please supply the following. For PCBs. frant panel foils, EPROMs, PALs, GALs, microcontrollers and disketies, state the part number
and description: for books, siate the full title; for photocopies of articles, state full name of arlicle and month and year of publication.
PLEASE USE BLOCK CAPITALS.

Description i h Qty. Total Order Cod
g Hieemh O Ers% | METHOD OF PAYMENT

(see reverse before ticking 25 appropriate)
Flash Microcontroller Starter Kit £ 69.00 Note='cheques nof mids out
ltem Tracer 1985-2003 £ B.15 in sterling must be increased

by th ivalent of £15.00
cD-ROM Elektor 2003 £ 25.00 ooy

D Bank draft

Cheque

(payable to Elekior Elzctronics Publishing)

I:l Giro transfer
(our account no. 34 152 3801)

D Postal/money order
Expiry date; ...

[ Ladil B S T

I
-
(o b)

=)

&

PBrices and ftem descriptions subject to change. Sub-total
The publishars reserve the fight to changs prices = : %
without prior notification. Prices and item descriptions P&P Please send this order form to
shown hare supersede those in previous ssues. E & 0E (see reverse for condilions}
Total paid Elektor Electronics (Publishing)
I T iss =

SWITCH only: issue number: PO. Box 190

Tunbridge Wells TN5 7WY

ENGLAND

Tel.: (+44) (0}1580 200 657
Address Fax: (+44) (0)1580 200 616

Internet: www.elekior-electronics.co.uk

Fost code +USA and Canada resiients iy
(but are not olSged to)
- use § prices. and send the order form to:
Tel Fax Emaif Oid Colany Sound Lzb
PO, Box 876, Peterborough
. NH 03458-0876. Tel. (603) 924-6371, 924-6526,
Date - - 2004 Signature Fax (603) 924-8467
Email: custsarvEaudioXpress com

METHOD OF PAYMENT

(see reverse belore ticking as appropriate)

Yes, I'd like to try out
the restyled
elektor electronics

Note: cheques not made out
in sterling must be increased
by the equivalent of £15.00

D Bank draft

D Cheque
(payabie to Hektor Bectronics Publishing)

I'am taking out a trial subscription now.
I will receive 3 issues (June, July/August and
September) for just £ 7.50 (without obligation).

3 Giro t fi
The trial subscription expires automatically. YOUR SAVING: ietubir

MORE THAN 40 %!

{our account no. 34 152 3801)

I:I Postal/money order
Expirydate: ..o Lo o

Title (DoMrMrsiMs®)  Initials Surname

. Please send this order form to

Worldwide Subscripiion Service Lid.
Unit 4, Gibbs Reed Farm

Pashley Road

Date = _ 2004 Signature Ticehurst, nr. Wadhurst

East Sussex

ENGLAND TN5 7HE

Tel. (+44) (0)1580 200657

Fax (+44) (0)1580 200616
* eross out what is not applicable Email wwss@wwss.demon.co.uk

Post code

Email




ORDERING INSTRUCTIONS, P&P CHARGES

Except in the USA and Canada, all orders, except for subscriptions (for which see below), must be sent BY POST or FAX to our Tunbridge Wells
address using the Order Form overleaf. On-lina ordering: hitp//wvnv.elekior-electronics.co.uk

Readers in the USA and Canada may (but are not obliged to) send orders, excepi for subseriptions (for which see below),

to the USA address given on the order form. Please apply o Old Colony Sound for applicable P&P charges. Pleasa allow 4-6 weeks for dalivery.
Orders placed on our Tunbridge Wells office must include P&P charges (Priority or Standard) as follows:

UK: £3.50 Europe: £5.00 (Standard) or £7.00 (Priority) Outside Europe: £8.00 (Standard) or £12.00 (Priority)

HOW TO PAY

Uniess you have an approved credit account with us; all orders must be accompanied by the full payment, including postage and packing charges as
stated above. Payment may be made by chegue drawn on a London clearing bank (but sze para. 4 below), postal order, VISA, Access,
MasterCard or EuroCard (When paying by credit card, the order must go the cardholder’s address). Do not send cash through the mail. Cheques and
postal orders should be crossed and made payable to ‘Elektor Electronics (Publishing)’. Payment may aiso be made by direct transier from a private
or business Giro account to our Giro account No. 34 152 3801 by completing and sending to the National Giro Centre, in a National Giro
postage paid envelope, a National Giro transfer/deposit form. Do not send Giro transfers direct o us, as this will defay your order. |f you live oulside
the UK, payment may also be made by Bankers® sterling draft drawn on a London clearing bank. Eurcchegue made out in pounds sterling
(with holder’s guarantee card numbsr written on the back), or US or Canadian dollar cheque drawn on a US or Canadian bank. If you pay by Bankers’
sterling draft. make clear to the issuing bank that your full name and address MUST be communicated to the London clearing bank. Our bankers are
NAT WEST PLC, 1 St James's Square, Wadhurst, East Sussex TN5 6BH, England. Our account number is 3512 5225,

Sorting Code 60-22-15. IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L

COMPONENTS

Components for projecis appearing in Elektor Electronics are usually available from certzin advertisers in this magazine. If difficuliies in the supply
of components are envisaged, a source will normally be advised in the article. Note, however, that ihe source(s) given is (are) not exclusive.

TERMS OF BUSINESS

Delivery Although every effort will be made to dispatch your order within 2-3 weeks from receipt of your instructions, we can not guarantee this
time scale for all orders. Returns Faulty goods or goods sent in error may be returned for replacement or refund, but not before obtaining our
consent. All goods returned should be packed securely in a padded bag or box, enclosing a covering letter stating the dispatch note number. If the
goods are refurned because of a misiake on our part, we will refund the return posiage. Damaged goods Claims for damaged goods must be
received af our Tunbridge Wells office within 10 days (UK); 14 days (Europe) or 21 days (all other couniries). Cancelled orders All cancealled
orders will be subject fo a 10% handling charge with a minimum charge of £5.00. Patents Patent proteciion may exist in respact of circuits,
devices, components, and so on, described in our books and magazines. Elektor Electronics: (Publishing) does not accept responsibility or liability
for failing to identify such patent or other protection. Copyright All drawings, photographs, articles, printed circuit boards. programmed integraled
circuits, diskettes and software carriers published in our books and magazines (other than in third-parly adveriisements) are copyright and may

not be reproduced or fransmitted in any form or by any means, including photocopying and recording, in whole or in part, without the prior permis-
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sneak preview

USB Multi-Programmer

This programmer has an USB interface and was developed for fast and hassle-
free programming of 8051-compatible microcontrollers and serial EEPROM
devices. The programmer employs a Texas Instruments TUSB3210, hence it can

be inifialised like @ HID compatible device without the use of special drivers. 300-watt Class-T Audio Power Amp

The concept of Class-D amplifiers (yes, ‘digital’ ones) is ira-
ditionally associated with high distorfion and problems with
the sonic quality. The amplifier described in next month’s

issue proves the conirary, its design linking the advontages

Also... ; y W of a switched amplifier

Visual BASIC using MS Word — Audio Amplifier Concepts — (PWM) with the sonic fea-

Mini Sound fo Light — Model Railway Turnout & Conirol System — fires ok - good onalgue

MAX038 Precision Oscillator — Ping Pong caniplifier while riof sven
skimping on output power
— that's Class-T!

DAB in Practice

Digital Audio Broadcasfing has been around in the UK for quite some fime, offering full CD quality with
nation-wide coverage. For some reason however many technical aspecis of DAB, like recsiver technology
and the ovailability of medules are unknown even to the technically initiated. Time to fill the gap.

RESERVE YOUR COPY NOW! The June 2004 fssue goes on sole on Friday 71 May 2004 (UK distribution ool

UK subsaribers will receive the magazine o few days before this date. Antidle filles and mogazine contents subjedt I change.
NEWSAGENTS ORDER FORM
SHOP SAVE / HOME DELIVERY elektor
Please save / deliver one copy of Elektor Electronics magazine for me each month .

: electronics

N e e S et b s e R TR
AQAIBSSI -0 e st e e e s SR e e e Please cut out or photocopy this form, com-
PaRbeador B T S e e S R S § L plete details and hand to your newsagent.
g 1 e e R . T ORISR M, 5 ot Elektor Electronics is published on the third
T ik sl I TR S R ey NN B Friday of each month, except in July.
e e e N e R el e L0 el 2 HkiciES. Gy SSyIaoIr (M),
Aligood Technology, Net Links ... ... .. wwivaligoodie

Beta Layoul. NetLinks .. ..........
Bum Technology LTD, Met Links W
e p N . ] WWALCS. bk O New Wave Concepis, Net Links
Compucut, NetLinks .. ..............4 FWN.CO! EF5.COM ... Mumber One Systems .. ............. W
Conford Electronics, Net Links
Cricklewood
Danbury, Net Links
Debug Innovations, Net Links ...
Display Hectronics . .....coonovnn o) iy
Easysync, Netlinks ................ 4
Elzxol, Net Links 23
ELM Electronics, Net Links, ...........¢ )
Enec, Net Links w.eln !
Ennovi

..... B Uiim,eds P e A i
Ervan Intemnational, Net Links : 1 i ;
ERARST ; USB Instruments, Net Links
Forest, Netlinks . ... .. ... ... VIV AR
Future Technology Devices, Net Links - it ::r'”'"‘ YRS BRI e
Pt Net L < ot Mieck, Netbinkes ... ..o .o oo

ak Electronic, Net Links
Fnﬁd Electronics, Net Links
Quasar Electronics, Net Links
Rnbn‘ Efacm}n}ss Net Links

37511 o oo Uk ADVERTISING SPACE for the issue of 22.June 2004 may be reserved

31 A, T _' =4 not later than 26 May 2004 vih  Elkior Electroics {Publishing) Advertisement Office -
e T ey Sl o I I rcauk . 4 3 Crescent Tmace - C{’!Bﬁvﬂﬁ&m GLS{) 3PE Eng!and Telephnn: 01242 510 760 —
London Electronics College, Net Links . . wiviw/ec org uk
Matrix Muftimedia Ltd .............. 4 W matromulim

copy instructions arid amm.rk shuu.’d he addressed,

82 elekior elecironics - 5/2004



BS2-IC BS2-SX BS2E-IC BS2P/24 | BSIR/40

Parallax BASIC Stamps - still the easy way to get your project up and running!

Serial Alphanumeric and Graphic Displays,
Mini-Terminals and Bezel kits

*.L Animated Head s e | Six-Legged Walkers ~ Robotic Arms

Robotic models for both the beginner and the advanced hobbyist

Servo Drivers Motor Drivers On-Screen Displays : DMX Protocol U/Sound Ranging

Animaironics and Specialist Interface-Control Modules

Quadravox | Sensorylnc Parallax | Tech-Tools f BASICMicro
IMP3 & Speech Systems| | Voice Recognition | Ubicom Teol Kits | PIC & Rom Emulators | | PIC BASIC Compilers

Development Tools

Milford Instruments Limited Tel 01977 683665, Fax 01977 681465, sales@milinst.com




ROTELS

The Coniplete Electronics Design System

& PcB
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. New Features
=% in Version 6

e Drag and drop toolbars.

e Visual PCB packaging tool.
e Improved route editing.

e Point and click DRC report.
3]

®

Schematic &
PCB Layouf

Powerful & flexible schematic capture.

Auto-component placement and rip-up/retry PCB routing.
Polygonal gridless ground planes.

Libraries of over 8000 schematic and 1000 PCB parts.
Bill of materials, DRC reports and much more.

Mixed Mode SPICE Circuit Simulation

* Berkeley SPICE3F5 simulator with custom extensions for
true mixed mode and interactive simulation.

® 6 virtual instruments and 14 graph based analysis types. Call Now for Upgrade Pricing
® 6000 models including TTL, CMOS and PLD digital parts.

® Fully compatible with manufacturers’ SPICE models.

Profeus VSM - Co-simulation and debugging for popular Micro-controllers

® Supports PIC, AVR, 8051, HC11 and ARM micro-controllers.
* Co-simulate target firmware with your hardware design. Works with
* Includes interactive peripheral models for LED and LCD displays,
switches, keypads, virtual terminal and much, much more. ' PIC Basic Plus
* Provides source level debugging for popular compilers and
assemblers from Crownhill, IAR, Keil, and others.

G b m C (\ Tel: 01756 753440
C e e Fax: 01756 752857

E Il e ctr onic s Contact us for www.labecenter.co.uk

53-55 Main Street, Grassington. BD23 5aA  rfee Demo CD info@labeenter.co.ulc

Multiple design rules (per net).
Multiple undo/redo.

from Crownhill
Associates




