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the Atlas DCA55 
• Automatically analyse most 2 and 3 

leaded sem iconductors. 
• Automatically identify all leads, just 

connect any way round! 
• Measures lots of parameters too 

such as gain, VSE ' V GS' etc .. . 

Passive components I semiconaucto 
power devices I network cabling 

Choose your perfect analyser 
New Low Price 

limited time only 

the Atlas LCR40 
• Automatically identify 

Inductors, Capacitors and 
Resistors. 

• Inductors from 1 ~H to 10H. 
• Capacitors from 1 pF 

1 O,OOO~F. 
• Resistors from 1 Q to 2MQ 
• 1 % Basic accuracy. 
• Automatic frequency selection . 

Triac and Th 

WMI/WI. 1P®)<al ~®) ~ ®)(C. (C(Q). 
all prices include UK Delivery and VAT 
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Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 08702461826 

Postage & Packing Options (Up to 2Kg gross weight): UK Standard I VISA I 
3-7 Day Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; 
Europe (EU) - £6.95; Rest of World - £9.95. 
IOrder online for reduced price UK Postage I 
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E-mail: sales@quasarelectronics.com 
Web: www.QuasarElectronlcs.com 

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

QUASAR 0871 CREDIT CARD 
SALES 717 71 •• 

electronics 
Get Plugged Inl 

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. 

NEW! Bidirectional DC Motor Controller 
Controls the speed of 
most common DC 
motors (rated up to 
32VDC/5A) in both 
the forward and re
verse direction. The 

range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 
Kit Order Code: 3166KT - £14.95 
Assembled Order Code: AS3166 - £24.95 

DC Motor Speed Controller (5A1100V) 
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: 5-15VOC. Box sup
plied. Dimensions (mm): 60Wx100lx60H. 
Kit Order Code: 3067KT - £11.95 
Assembled Order Code: AS3067 - £19.95 

NEWI PC I 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

~ . '1 r! - ..... 
Cl . 
. ~-; ,. 

- • !.I ~ • 

tion control. Operates in stand-alone or PC
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9V DC. PCB: 80x50mm. 
Kit Order Code: 3179KT - £9.95 
Assembled Order Code: AS3179 - £16.95 
Assembled Order Code: AS3113 - £24.95 

NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper 
motor using externally sup
plied 5V levels for stepping 
and direction control. These 
usually come from software 
running on a computer. 
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). 

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 PSU445 £8.95 

ROiling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. 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 OF. 
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 Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional OS1820 Sensors - £3.95 each 

NEW! DTMF Telephone Relay Switcher 
Can your phone number 
using a DTMF phone from 
anywhere in the world and 
remotely turn on/off any of 
the 4 relays as desired. 

\ . - .-, , . . \ . , . :. , .... -,' 
-- .... "--

User settable Security Password, Anti
Tamper, Rings to Answer, Auto Hang-up and 
lockout. Includes plastic case. Not BT ap
proved. 130x110x30mm. Power: 12VDC. 
Kit Order Code: 3140KT - £39.95 
Assembled Order Code: AS3140 - £49.95 

Serial Isolated I/O Module 
Computer controlled 8-

relay board. 
rated relay 

~I UlHIJ, .. n~. 4 isolated 
inputs. Useful in 

variety of control and 
sensing applications. Controlled via serial 
port for programming (using our new Win
dows interface, terminal emulator or batch 
files). Includes plastic case 130x100x30mm. 
Power Supply: 12VDC/500mA. 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS31 08 - £64.95 

Infrared RC Relay Board 
Individually control 12 on
board relays with included 
infrared remote control unit. 
Toggle or momentary. 1 5m+ 
range. 112x122mm. Supply: 12VDC/0. 5A 
Kit Order Code: 3142KT - £41.95 
Assembled Order Code: AS3142 - £51.95 

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: 
4O-pin Wide ZIF socket (ZIF40W) £15.00 
18V DC Power supply (PSU010) £19.95 
Leads: Parallel (LDC136) £4.95/ Serial 
(LDC441) £4.95/ USB (LDC644) £2.95 

NEWI USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 
'Flash' devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows Software. ZIF Socket 
and USB Plug A-B lead not incl. 
Kit Order Code: 3128KT - £34.95 
Assembled Order Code: AS3128 - £44.95 

Enhanced "PICAll" ISP PIC Programmer 
Will program virtually All 8 
to 40 pin PICs plus a range 
of ATMEl AVR, SCENIX 
SX and EEPROM 24C de- -'3;.a§i1lJ vices. Also supports In Sys-

tem Programming (ISP) for PIC and ATMEl 
AVRs. Free software. Blank chip auto detect 
for super fast bulk programming. Available in 
assembled format with ZIF socket only. 
Assembled Order Code: AS3144ZIF - £64.95 

: : WI · 0' i 
ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 lED's display 

. -. • ~! 

the status. ZI F sockets 
. i', ""1i .. ~'- . 

~ ~.. I ~ ~~ • 

not included. Supply: 16-18VDC. 
Kit Order Code: 3123KT - £29.95 
Assembled Order Code: AS3123 - £34.95 

NEWI USB & Serial Port PIC Programmer 
USB/Serial connection. Header 
cable for ICSP. Free Windows 
software. See website for PICs 
supported. ZIF SockeUUSB Plug 

___ A-B lead extra. Supply: 18VDC. 
Kit Order Code: 3149CKT - £34.95 
Assembled Order Code: AS3149C - £49.95 

www.quasarelectronics.com 
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Comment 

Book reviewing -

O
ur recent initiative for technical book 
reviewing has taken off to the point that 
book publishers keep sending us more 
books! So, here, you will find an even 
longer list of books for grabs. All you'll 

need to do is select a favourite, write us a short 
review and you get to keep the book. 

We already have reviewers that come from all 
corners of the world - Australia, The Netherlands, 

Robots 
Daniellchbiah 

Video Demystified (4th edition) 
Keith Jack 

Recording Tips for Engineers 
Tim Crich 

Building Valve Amplifiers 
Morgan Jones 

PC-based Instrumentation and Control (3rd edition) 
Mike Tooley 

Short-range Wireless Communication (2nd edition) 
Alan Bensky 

Networking and Internetworking with Microcontrollers 
Fred Eady 

Demystifying Switching Power Supplies 
Raymond A. Mack, Jr. 

Beebop to the Boolean Boogie (2nd edition) 
Clive Maxfield 

The Digital Consumer Technology Handbook 
Amit Dhir 

it could not be simpler 
the UK, Belgium, Canada and others. Thank you to 
all of those readers who subscribed to our idea of 
reviewing books for Electronics World, but I'd like 
to emphasise that the invitation is open to all 
readers interested in reviewing technical books. 

At present, we have the following selection 
waiting to be reviewed. Please call us or email us 
to leave your details if you would like to partici
pate too. 

Svetlana Josifovska 
Editor 

The design Warrior's Guide to FPGAs 
Clive Maxfield 

Designing Autonomous Mobile Robots 
John M. Holland 

Op-amp Applications Handbook Analog Devices, 
edited by Walt Jung 

Op Amps for Everyone (2nd edition) 
Ron Mancini 

Introduction to AutoCAD 2005 2nd and 3rd design 
AlfYarwood 

Embedded Systems Architecture 
Tammy Noergaard 

Building Interactive Worlds in 3D 
Jean-Marc Gauthier 

Advanced Systems Design with Java UML and MDA 
Kevin Lano 

User Interface Design and Evaluation 
Stone, Jarrett, Woodroffe, Minocha 

Practical Process Control for Engineers and Technicians 
Wolfgang Altmann 
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Technology 

New fuel cell does not give 
batteries room for manoeuvre 

Gas Diffusion Layer --- ___ 

Cathode Catalvst----, 

Bipolar Flow-Field Plate 

CELL REPEAT UNIT - 2 mm 

CMR's new fuel cell structure 

Conventional battery tech
nologies' days are num

bered, says a small British firm 
that invented a new fuel cell 
stack structure. CMR Fuel Cell 
from Cambridge has departed 
from the full-plate membrane 
structure that lies at the heart 
of a fuel cell, in favour of a per
forated membrane that con
ducts the air-fuel mixture 
through the structure itself. In 
conventional fuel cells, the 
electrolyte membrane acts as 
a physical barrier between the 
fuel and the air/oxygen. A cat
alyst layer at the anode oxidis
es the fuel, while the cathode 
catalyst reduces the oxygen. 
The electrolyte and electro
catalyst layers are bonded 
together to form an imperme-

able membrane electrode 
assembly (MEA). Several such 
rvlEAs are assembled together 
with intermediary bipolar flow
field plates and gas-diffusion 
layers to form a fuel cell stack. 

In CMR's novel Compact 
Mixed Reactant stack, the 
reactants are mixed first and 
then fed through a porous 
membrane, which makes the 
design thinner, lighter and 
cheaper. The fuel used is 
methanol. 

This approach has reduced 
the size of the cell stack by a 
factor of ten, extended the fuel 
cell's runtime by a factor of 
four and made its assembly 
considerably easier and, 
hence, more cost-effective. 

"Conventional battery tech-

CELL REPEAT UNIT - 0.2 mm 

Conventional fuel cell technology 

no logy has no room to develop 
into," said John Halfpenny, 
CMR's CEO and formerly of 
ARM. "We have the ability to 
create a totally solid state 
stack, making it robust and 
easy to fit in any application 
that requires a battery source." 

This technology break
through now promises to 
acquire a big chunk of a 
$2bn-market expected to 
open up by 2010, consid
ering that conventional bat
tery technologies are running 
out of steam. Among the 
applications that CMR hopes 
to tap into are power tools, 
electric scooters, consumer 
portable systems and, even
tually, even move into the 
automotive market. 

Although the company 
demonstrated a working pro
totype last month, it is 
unlikely to begin volume man
ufacture of such cells sooner 
than 2008. "We've proven 
that the technology works, 
despite the incredulity of 
many," said Michael 
Priestnall, CMR's CTO and 
formerly of the Generics 
Group, "but there's a lot more 
work to do, such as opti
mising the system, having 
better engineered compo
nents, better supply relation
ships and so on." 

CrvlR is VC-funded. It plans 
to manufacture these cells 
fablessly, but hopes to enter 
into strategic partnerships 
with interested parties. 

One OuadraView offers four computer screens 
Rose Electronics, the KVM 

(keyboard-video-mouse) 
solutions expert, is bringing 
a unique product to market 
in its quad display switch 
called QuadraView, says its 
general manager Giles 
Prewitt. "The QuadraView is 
not a typical product. If you 

take any KVM switch', an 
ordinary monitor and the 
QuadraView, you will have a 
split-screen into four sectors 
that you can work on at the 
same time. And for a direct 
link, such as a coax cable, 
there's no delay in what you 
see on the screen." 

QuadraView is a quad dis
play switch that allows any 
four of several connected 
KVM switches or computers 
to be viewed on the same 
screen simultaneously. Each 
sector can display VGA or 
DVI images from any source. 
A user can work on any of 

them by simply rolling the 
mouse across from one 
sector to another. This is 
particular useful in financial 
environments, such as stock 
floors for example, data 
centres, classrooms, indus
trial applications, receptions 
and others. 
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Staccato believes in its own 
UWB market success 

CMOS 

UWB 
RIpcord'M DVK 

M80A fPGA MAC 

1\ two-year old start-up from 
Msan Diego, US, called 
Staccato Communications, 
claims will be the first firm to 
ship all-CMOS Ultra-Wide 
Band (UWB) chips in volumes. 
"Our single die solution will 
start sampling in 03 this year, 
with volumes to follow in early 
2006," said Eric Rosser, vice
president of sales of Americas 
and EMEA. "We already have 
partnerships with companies 
that are using our Ripcord 
development kit to create the 
[UWB] drivers." 

Although SiGe and BiCMOS 
are seen to yield better perfor
mances in RF applications, 
Staccato has chosen CMOS to 
implement the UWB front-end 
in as this process technology 
advances faster, it is more 

widely available, it is much 
cheaper and it offers better 
wafer yields. Staccato's whole 
UWB offering includes the 
chip, the PHY, MAC, the crys
tal, the filters , transceiver 
switch and matching circuits. 
Per node implementation will 
cost less than $10 at connec
tivity of 480Mbps. Fujitsu will 
be fabricating these chips in its 
110nm process. 

However, the only place 
where UWB products could be 
shipped today is the US, where 
the FCC has already allocated 
spectrum to this standard. This 
is not the case in Europe, 
where UWB operating frequen
cies are close to the noise floor 
of the 3G spectrul11, potentially 
interfering there, to the greatest 
chagrin of some mobile phone 

UWB 
demonstration 

set-up 

operators. It is believed that 
UWB will not be frequency
harmonised across the world, 
which might mean that 
Staccato and similar suppliers 
will have to ship different UWB 
chips to different markets. 

"We can provide a chip that 
will offer low out-of-band power 
so that it does not interfere with 
other [wireless] standards," said 
Rosser. "By using a harder filter 
for the out-of-band and yet 
using the same radio technolo
gy - so providing [the solution 
at] low power and [at] wide fre
quencies - we can ship the 
same product everywhere." 

In a separate announcement, 
the Bluetooth SIG has agreed 
to ship its next generation of 
products with an integrated 
UWB front-end. 

New PoE standard for Cat 5 
Anew standard for Power 

over Ethernet (PoE) is 
being proposed that will allow 
motorised closed circuit IV 
cameras to be powered and 
controlled directly from 
Ethernet cables. 

PoE technology is already 
well established for providing 
wireless networking access 
points without having to co
locate them with power sock
ets. Almost all wireless LAN 

providers have at least one 
line of access point with built 
in PoE and 90% of all enter
prise-wide installations - par
ticularly in places such as air
ports - use the technology, 
says Igal Rotem, chief execu
tive of Israeli company 
PowerDsine that has set up a 
free certification programme 
for PoE designs. 

The new standard would 
provide between 31 Wand 

35W over the existing 
Category 5 data cables, 
compared to 15.4W over the 
same 42V-56V range today. 
This would allow cameras 
with pan, tilt and zoom to be 
powered, as well as biomet
ric sensors. 

A working group for the 
technology is due to be voted 
on in July, with an I EEE stan
dard following in early 2008, 
he said . 

Technology 

Ian Pearson, the head of BT's 
fubJrology unit, says that emotions 

could be created for computers 
through chemical imbalances, 
similar to those created in the 

human brain. "If you were on an 
aeroplane that was more afraid of 

crashing than you, it would do 
everything to stay in the air until it 

was supposed to be on the 
ground," he said. 

One application that is already 
being worked on in labs is an 

interface that will translate human 
senses into computer 

programmes. "You could link 
computer systems to shake hands 

or cuddle across a network," 
added BT's Pearson. 

Q 
The development of the Semantic 

Grid is making nice progress 
toward seamless automation that 
will enable flexible collaborations 

and computations on a global 
scale, says Professor David De 

Roure of Southampton University. 
The Head of Grid and Pervasive 

Computing at the School of 
Electronics & Computer Science 

says that the Grid is a large-scale, 
seH-managing, collaborative 

network. "Semantic Grid 
computing has allowed us to bring 

resources together to achieve 
something that was not previously 
possible. We now look forward to 

working on some of the remaining 
challenges, which include, for 

example, the intersection between 
the grid and the physical world 

through pervasive computing 
devices and the self-management, 
seH-optimisation and self-healing, 

so-called 'autonomic' behaviour, 
necessary for large scale 

distributed computing. 

Q 
Matsushita Electric (Panasonic) 

has developed VCSEllaser with 
the world's highest data 

transmission rate. In addition, the 
optimisation of the device 

structure, employing current 
confinement by selective 

oxidation, has realised a low 
threshold current of 1 rnA and a 
high slope efficiency of 1.1W/A 

that is almost three times higher 
than the conventional value. This 

has resulted in a low operating 
current of SmA for 12.5Gbps 

modulation. Panasonic aims to 
begin shipping the two types of 

surface emitting lasers (2.5Gbps 
and 12.5Gbps) in early 2006. 
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Technology 

Some 120 California-based 
companies have opened offices In 
the UK over the past few years, 
according to Think London, the 
official inward invesbnent agency 
for London. Around 5()I'A, of these 
companies have selected London 
as their base, which makes this 
city one with the largest group of 
leading-edge companies in 
Europe, including names like 
Google, Yahoo and Apple. One in 
five California companies investing 
In London establishes a European 
headquarters operation here, with 
over than half locating sales and 
marketing offices 
Over 75% of all California 
Invesbnents come from the IT 
and software sectors. Think 
London states that the economy, 
skilled talent pool and agile 
business environment attract 
CaIHomia businesses to this city. 

Q 

m Techmedia, the organisation 
that focuses on the Scottish 
economy, has announced a new 
R&D programme in which it will 
plough some £6.7m. 
The programme will focus on 
ultra-wideband technology (UWB), 
which m Techmedia believes will 
be a source of major market 
opporb.mity in the next three to 
ten years. H is estimated that the 
global UWB market for consumer 
and computing applications 
could exceed $1.2bn by 201 0, 
says m Techmedia. 
1be R&D programme will last two 
years and develop end-to-end UWB 
systems, including the hardware, 
software and mesh networking. 
Programme partners include 
YES 8ectronic Solutions, Elonics 
and Cambridge ConsuHants. 

Q 

NaIIaIech and partners IalI1ched the 
FPGA High Performance Con1JUting 
AIance (AIPCA) last month to design 
and build a 64-node FPGA-based 
~, capable of achieving 
processing speeds in excess of 
1Teraftop. The computer win be buIt 
using commercial off-the-shelf tech-

. noIogy from alliance members. The 
new~will be owned 
and opera1Bd by Edimu¥l ParaIeI 
~Centre atthe~of 
Ecir1IJIIVI. ClIrentIy, few standards 
exist to guide engineers developing 
FPGA-based computer systems, so, 
by collaborating in this development, 
the 1echnoIogy partners expect to be 
able to increase the interoperabilily 
and accessibility of their technolo
gy to engineers and scientists. 

Artimi chip offers UWB 
and powerline connectivity 

25MtU Xtal 

DRADIO 

Artimi's RTMI-100 block diagram 

I\. rtimi, a fabless semicon
/""\cJuctor company with R&D 
facility in Cambridge, has 
launched RTMI-100 - a single 
chip UWB mesh network 
device, capable of dual-mode 
wireless and powerline high
bandwidth multimedia trans
port. With an underlying 
800Mbps transport and option
al error correction and encryp
tion, the RTMI-100 provides a 
flexible wireless or powerline 
connection between two or 
more multimedia devices. 

The chip contains four main 
blocks that handle the radio 
(DRadio), the PHY, 802.15 
MAC and the I/O interface. The 
main element of the DRadio 
section is a parallel DSP front
end, operating at over 
2.4TOPs/s. The pulse position 
modulation (PPM) UWB receiv
er performs direct deconvolu
tion of the radio channel, effec
tively acting as a Zero-IF PPM 
receiver. The PPM receiver is 
fed from an on-chip LNA and 
sampler, running at 10GHz. 
The PPM transmitter can send 

(24kl(4kl 
~~ 
UWBPHY 

r64kl(T6kl 
~~ 
802.15 MAC 

200ps wide differential pulses, 
with a repetition rate of 
200M Hz. Pulse whitening cir
cuitry built into the device 
ensures spectral compatibility 
with the FCC spectrum alloca
tion for UWB devices. 

The UWB PHY CPU is based 
on a 200MHz RISC engine. The 
CPU manages the DRadio 
block and co-ordinates the 
transmission and reception of 
UWB frames with or without the 
use of channel error correction, 
through the use of convolution
al encodingNiterbi decoding, 
interleaving and Reed Solomon 
block error correction. The third 
section is the MAC CPU, which 
is a dedicated 200MHz RISC 
engine that implements the 
802.15.3 compliant MAC. This 
includes scanning and synchro
nisation, beaconing, stream 
muxldemux, contended and 
non-contended media access, 
piconet management, QoS 
control, security and power 
management. This CPU is also 
the boot master for the device 
and is responsible for loading 

RTMI-100 

the internal code memories 
from either serial or parallel 
external non-volatile memory. 

The 10 CPU is a third RISC 
CPU that manages the PCI 
interface and allows the device 
to control external PCI con
nected peripherals including 
Ethernet (10/1 OOMbit and 
Gbit). For larger applications, 
the 10 CPU has access to the 
external memory bus, where it 
can access additional Flash 
and/or SRAM as required. 

RTMI-100 requires very few 
external components. All that is 
required is a 25MHz crystal, 
connected to the internal crys
tal oscillator circuit, an addi
tional LNA and TXlRX switch, 
controlled by the device, and 
an external non-volatile memo
ry (either serial PROM or Flash 
ROM) to hold the device pro
gram. All internal firmware is 
developed by Artimi and is 
supplied with the device. The 
processors on the chip are 
license-free to reduce costs. 

The chip is a combination of 
CMOS and SiGe. 
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Technology 

TI enables VoWLAN for mobile phones 
Texas Instruments (TI) was 

showing its Voice over 
WLAN technology for use in 
mobile phones at this year's 
Wireless Connectivity show in 
London. There are two devices 
(lNETW1251 and TNETW1253) 
each providing a single-chip 
solution for VoW LAN , which is 
becoming increasingly impor
tant for WLAN usage. By incor
porating this technology into a 
mobile phone, it will enable 
users to select the most cost
effective form of communica
tion, whether via a cellular or 
Wi-Fi network or by using VolP 
on the WLAN. 

The chips, part of the WiLink 

.~ TIN TrErWfmR,. only_In 
~_""TrErWf_for __ ff. __ 

Block diagram of TI's new VoWLAN devices 

4.0 series, are fabricated using 
a 90nm CMOS process and 
TI's Digital RF Processor (DRP) 
technology to reduce the 
physical size (6x6mm BGA). 

The device consists of several 
circuit blocks. At the RF end of 
the chain is the radio that inter-

faces to a power amplifier for 
either 2.4GHz (TNETW1251 
and 1253) or 5GHz 
(TNETW1253). Away from the 
antenna, the radio interfaces to 
ADC and DAC elements to pro
vide the digital conversion. 
Thereafter, there is processing 

for the baseband signal. The 
MAC (Media Access Control) 
elements may also interface to 
external Bluetooth circuitry, 
allowing operation of the mobile 
phone on a variety of stan
dards. The output from the 
MAC passes to the WLAN host 
interface circuitry and thence to 
other circuitry in the phone. 

With the cellular industry 
moving swiftly toward a situa
tion where a variety of wireless 
standards provide the optimal 
service for the user, ICs like 
those in the WiLink series such 
as the TNETW1251 and 1253 
are likely to see an increasing 
level of use. 
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RFID not ready for shoppers' trolleys 
RF scanning of trolleys full 

of groceries that will cut 
shoppers' queuing time to 
several seconds at the point 
of sale is unlikely to come to 
stores in the next five to eight 
years' time. This is despite 
RFID technology touted as 
being near-ready several 
years ago. 

A chip containing an 10 and 
an antenna would be 
attached to the grocery's 
packaging. However, the 
price of the chip has to drop 
to a tenth of a penny for such 
a system to be commercially 
viable. 

Despite tag manufacturers, 
such as Texas Instruments 
and Intel using 130nm and 
below chip-manufacturing 
processes, which offer higher 
wafer yields and lower costs, 
it is claimed that the prices of 
RFID tags have not reached 
the desirable level yet. Tags 
at the moment cost between 
five and ten US cents (around 3p). 

"Even with 90nm [chip 
making processes] the eco-

nomics are not there yet. The 
physics [of the tag] is still not 
out-of-the-box," said Danny 
Edsall, Global Solution execu
tive at IBM. "There are a lot of 
issues in terms of packaging: 
Do you embed the antenna 
into the substrate or etch it on 
top or even use magnetic res
onant inks to print it on top? 
Then, there are issues with 
the efficiency of the tag 
readers and the business 
planning behind [the use of 
RFID technology]." 

At the moment, RFID has 
only penetrated the busy ware
houses of retailers such as 
Wal-Mart in the US and Tesco 
in the UK, and several shop-

floor pilot schemes at 
Marks and Spenser's. 
But, even in the 
supply chain, there 
are issues with RFID, 
such as the correct 
placement of the 

Photo: Newscast 

tags, for example. "You don't 
want to place the tag over a 
bulk of material that absorbs 
RF," said Dr. Duncan 
McFarlane, research director 
at Auto-ID Labs. 

Nevertheless, Tesco will go 
RFID 'live' in 2300 back-end 
locations by the year-end and 
Wal-Mart will continue with the 
rollout of RFID in its stores in 
Europe and Canada. "The 
technology is making a differ
ence," said Simon Langford of 
Wal-Mart. "On the positive 
side, there's no need for line of 
sight as with bar coding; iden
tification and tracking of prod
ucts in busy warehouses is a 
lot easier; and it's more accu
rate and robust than bar 
codes. But, on the negative 
side - especially in the food 
and drinks industry - there's 
the recyclability issue of RFID 
tags, especially their copper 
antennas." 

Paxar, Bristol-based suppli
er of RFID tag antennas, is 
already experimenting with 
new technologies, such as 
the more environmentally 
friendly silver-based printable 
inks. "We'll introduce it in the 
next few years," said Pete 
Moylan, business develop
ment manager at Paxar. 
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SDR is good for the military but not 
commercial mobile phones 
Software defined radio (SDR) 

will not fulfil its potential to 
take over the market for mobile 
phone base stations, says one 
of the major base station sup
pliers. Software de'fined radio 
(SDR) has been making signifi
cant progress in US military 
radio systems, where different 
'personalities' of frequencies, 
demodulation schemes (based 
around frequency modulation) 
and message protocols can be 
loaded into a programmable 
FPGA in the radio. 

However, there are signifi
cant problems with applying 
the technology to mobile 
phone base stations, says 
Hans Otto Scheck, principal 
engineer for l\Jokia Networks. 
"We are in the second cycle of 
industry hype in SDR," he said. 
"When all the fog disappears, 
we will get an improvement. 
But SDR is part of a trend, not 
a revolution. It is not a disrup
tive technology, as some 
people like to think, but it's an 

evolutionary one, and 
we have to take 
things step by step." 

Scheck points to 
significant technical 
and regulatory issues 
that hamper SDR's 
smooth progress into 
mobile phone base 
stations. "For each 
separate frequency 

The military uses SOR, 
[Photo defenseimages,mod,uk] 

band you need a separate filter -
that's the point that is often 
overlooked," he said. "And how 
do you handle time domain 
modulation as well as frequency 
domain modulation?" Handling 
both FM and TDM is something 
that the military systems don't 
need to worry about as they all 
use FM, but commercial base 
stations would have to handle 
both to get the cost savings 
from simpler hardware. 

"Then, what about GPS 
satellite navigation [for location 
based seNices] or [added 
value seNices such as] IV sig
nals?" he said. "A wideband 

filter would leave the receiver 
low noise amplifiers (LNAs) 
unprotected from the high 
transmission power and there 
are very strict rules in each 
band for the modulation to 
prevent leakage." 

He also points to radio regu
lations that require large, spe
cific guard bands. Handling 
specific standards with a radio 
front-end allows the hardware 
to concentrate on specific fre
quency ranges, but having a 
very wide input would mean 
the guard bands of some 
technologies would fall directly 
on the signal bands of others, 

causing real problems. 
Some supporters of SDR 

have said that the new tech
nology means you don't have to 
worry about these elements, as 
they can be handled within the 
system, but Scheck disagrees. 

"SDR doesn't make radio 
regulations and frequency 
planning obsolete - that's a 
dangerous statement," he said. 

But companies at the heart of 
SDR such as FPGA vendor 
Xilinx still see it as a major 
market opportunity. "It seems 
to be closer than it's ever been 
before," said Chris Dick, DSP 
Chief Architect at Xilinx. "It 
looks like the network operators 
really are under pressure to 
force the equipment makers to 
cut the cost of base stations." 

However, he sees no sign of 
SDR emerging from its use in 
the military sector any time 
soon, and when questioned 
says he can see no base sta
tion vendors committing to 
SDR as yet. 

UK chip designer speeds up development of 3G phones 

Cambridge-based DPCom 
supplies hard IP for GSM, 

GPRS and 3G phones, and 
has now developed software 
to speed up the development 
and customisation of basic 
applications such as email and 
address books for these 
phones. 

The platform, called AJAR 
integrates the applications 
into a phone design that 
uses either a single pro
cessor, a single chip with 
several processors or a mul
tiple chip design. Previously 
the different hardware archi-

tectures needed different 
software development 
teams, which is expensive 
and time consuming for the 
phone makers who have to 
provide different user inter
faces and 'look and feel' for 
the different operators. 

"These are some very sig
nificant forces at playas 
operators want more control 
over the phones," said Steve 
Baker, marketing director for 
the software business at 
DPCom. 

AJAR dramatically reduces 
the software requirement for 

the handset makers, he says, 
using a form-based 
approach and a set of stan
dard APls. "Instead of having 
a software team for each dif
ferent phone, the OEM can 
have one team for the whole 
family and the different oper
ators," said Baker. 

DPCom is using this to 
encourage designers to use 
its hardware solutions, how
ever, designers are increas
ingly fitting it into other 
chipsets instead. SK Teletek 
in Korea is it for a GSM plat
form based on a chipset 

from Analog Devices, while 
phone maker Asustek in 
Taiwan is using it on a 3G 
phone platform using an Intel 
applications processor. 
Motorola has also licensed 
the technology for certain 
devices. 

"The first customers are 
using AJAR on platforms 
with DPCom chipset IP but 
we are not constrained to 
DPCom baseband chips," 
he said. "It's not public yet 
but we are engaged with 
non-DPCom [hardware] 
customers." 
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Single-chip Zig8ee from Jennic 
Microcontroller 
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Jennic 's Zig6ee c hip's bloc k diagram 

J ennic, a fabless semicon
ductor company based in 

Sheffield, launched the 
JS24Z121 single-chip solution 
for IEEEB02.15.4/ZigBee appli
cations. Zig Bee, which adds 
the upper layers and enables 
inter-station connectivity for 
the IEEEB02.15.4 standard, is 
aimed at low power sensor 
and control applications, par
ticularly where power con
sumption must be minimised. 

The new device provides a 
single chip solution for applica
tions requiring microcontroller 
functionality with an in-built 

wireless link. It is fully compliant 
with the IEEEB02.15.4 stan
dard, providing robust spread 
spectrum communication with 
highly secure AES encrypted 
data flow. This device allows 
applications to be developed 
using either ZigBee or other 
proprietary networking layers. 
The device is highly integrated 
and only requires an external 
crystal, flash memory, decou
piing components and a printed 
antenna to complete a solution 
for most applications. 

logue (ADCs, DACs, compara
tors, temperature sensor) and 
digital (SPI ports, UART s, timers, 
general purpose I/O) peripherals 
are provided. The device offers 
low system-power consump
tion, particularly in sleep mode. 
This is achieved by using an 
embedded clock oscillator on 
the chip and, also, by imple
menting the MAC functionality in 
hardware, thereby reducing the 
microcontroller activity. The 
IEEEB02.15.4 software is sup
plied with the device and the 
Zig Bee protocol stack is avail
able separately from Jennic. 

In addition to the wireless 
functionality, a range of ana-
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A deal has been signed between NPL and 
the University of Surrey's Nano-Electronics 
Centre to appoint a visiting NPL Strategic 
Research Fellow to work jointly between 
UniS and NPL, in order to exploit new and 
future technological advances in the area of 
Carbon Nanotube Probes. 

Researchers at Toshiba's Cambridge 
Laboratories today revealed their latest sci
entific breakthrough - a light source that can 
send single photons in a regular stream over 
a long distance optical fibre network -
paving the way for the 'unhackable' net
work. 

University of Surrey and University of 
Southampton researchers have won a 
£373,000 award from the EPRSC under the 
Next Generation Electrophotonics pro-

gramme. The interdisciplinary team of physi
cists, engineers, material scientists and bio
logical chemists will study optical non-lin
earity in carbon nanotubes. 

Dr Richard Curry of the University of 
Surrey has been awarded a grant of 
£122,000 from the EPSRC to carry out 
research on hybrid quantum dot systems. 
Dr Curry will be joined by Korean 
researchers to study real-time kinetics of the 
energy transfer between organic complexes 
and colloidal quantum dots. 

Professors Ben Murdin and Ortwin Hess 
from the Advanced Technology Institute, 
have been awarded a grant of £221,000 
from EPSRC to study spintronic devices. In 
the field of spintronics, it is the electron spin 
which encodes information. 
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~~ Don't be afraid of being foreign, but 
pay attention, show respect and 
don't be aggressive or loud. 
Listening is very important. 

~~ Business culture is very different in 
China. Try to learn as much about 
it before you go by researching the 
subject, the markets and 
competitors there. 

~~ Cultivate relationships within 
business and government circles. 

~~ Put time into social occasions. For 
example, attend banquets, even if 
there are two or three in an evening 
- try to go to all of them. For the 
Chinese a banquet is dinner. It is 
formal and includes speeches. 

~~ Don't fill the silences, especially in 
negotiations Silence and patience 
is not difficult for the Chinese when 
in business discussions - to them 
it is natural. 

~~ Do not be too modest about your 
achievements - the Chinese like to 
be associated with success. 

~~ Never get angry or show your 
frustration when negotiations get 
tough. 

~~ Play hardball , but courteOUSly. It is 
worth having contingencies and 
oplions, as this will increase your 
chances of success rather than 
ending up in arguments. 

~~ Never allow your business contacts 
or employees to 'lose face'. 

~~ Negotiation never stops, even after 
the contract is signed. Chinese 
think very strategically and for the 
long term. It is not seen as devious 
to keep negotiating to get the best 
deal . 

This month's Top Ten Tips were supplied 
by Peter Eales, Director of 01 Solutions 
Limited, a business consultancy focusing ( 
on helping firms expand into overseas 
markets. 
(www.oisolutions.com) 
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New 82 Spice V5 
Our hottest Spice ever 

New 82 Spice Version 5 has all the power and functions you expect from a 

professional Spice package, but without the high cost: 

• Real design flexibility with over 30,000 models, unlimited circuit size and a huge 

range of new virtual instruments 

• New Circuit Wizard saves time by auto-generating many designs for you 

• Sweep all parameters for any component and simulation type with the powerful 
new Scenario Editor 

• Live Circuit feature allows values to be adjusted while simulations are running, 
displaying the results in real time 

Professional standard Spice simulation for just £229 + VAT. Plus educational 

and multi-user licence discounts available and FREE comprehensive telephone 

technical support. Try the full version completely free for 30 days. 

www.spice-software.com 
Tel: 01603 872331 

Research House, Norwich Road, Eastgate 
Norwich. NR1 0 4HA. Fax: 01603 879010 
Email info@looking.co.uk 



What do microprocessors 
and FPGAs have in common? 
Nick Martin explains 

T
here are two ways of looking at 
the overall impact of FPGAs on 
the electronics industry. The 
first is to consider them as a 
cool way of implementing digital 

logic. This is the conventional model that 
sees FPGAs as better, cheaper, faster and 
field-configurable for implementing digital 
electronics. This view is simple and com
fortable - doing the same thing in a more 
efficient way. It is not really disruptive, it 
just gives us access to more power at 
lower cost. 

If, however, if we look at the bigger pic
ture and where FPGAs.are positioned, 
what we see is a technology that is part of 
a much larger trend in the development of 
electronic products - the move from 
'hard' to 'soft' design. This is a more scary 
view of the world because it threatens the 
way we see the whole process of 
designing electronics. 

The real clues as to what is really going 
on with FPGAs can be better understood 
if we first take a trip down memory lane. 
Let's go back to the early days of the 
microprocessor - perhaps the last real 
'paradigm shift' to hit the electronics 
industry. 

The first, real, microprocessors were 
developed by Intel, on contract as 'com
puters' for a desktop calculator product. 
Although their development was not part 
of any grand strategy, it wasn't long 
before their potential was spotted and the 
personal computer revolution ensued. The 
widespread use of microprocessors as 
'embedded controllers', directly replacing 
'hard' electronics, only came after their 
decreasing cost made them competitive 
with the old 'hard-wired' solution. Once 
this point was hit, the use of microproces-

Insight 

So, what use 
are FPGAs? 

sors in electronic systems exploded. 
In general though, the important thing is 

not the microprocessor device itself, but 
rather the change in design trend that it 
enabled - the move of design content 
from the 'hard' to the 'soft' domain, which 
brings some very strategic benefits. The 
design can be split into two major parts -
the design of the hardware platform (the 
'dumb' part) and the development of the 
actual device behaviour (the 'intelligence'). 
This platform-based approach allows the 
same physical hardware to be manufac
tured with much lower risk, because we 
can modify the behaviour of the applica
tion after constructing the hardware. 

Starting out life as a tool to increase 
the efficiency and scalability of designing 
electronics, the microprocessor ulti-

is going. Large parts of the system design 
hardware will inevitably 1:low onto the 'soft' 
FPGA domain and join the processor soft
ware as part of the 'embedded intelli
gence' of the product, rather than being 
part of the hard-wired platform. PCBs will 
be the physical platform and provide the 
connection between the 'real' design plat
form - the FPGA - and the outside world 
via analogue interfaces. 

The fact that such a large part of the 
'real' design can now be described in a 
soft way and then compiled into the phys
ical hardware, forces us to review our 
whole approach to the design process. 
The designer can now make choices 
about how to split the system between 
software and 'soft' hardware implementa
tion after the physical device is actually 

mately rewrote the rules on •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
what was demanded of an 
electronic device. It is no 
longer good enough to be 
cheap, reliable and efficient; 
today's electronic devices 
need to be 'smart'. 'Dumb' 

" As these devices are passing a crucial threshold, 
in terms of offermg a sufficiently large-scale 

platform at a low enough cost, it doesn t take an 
oracle to see where this is going " 

hard-wired electronic devices need no 
longer apply. 

When considering the history and 
potential of FPGAs, the analogy to micro
processors is striking. With FPGAs, the 
move from 'hard' to 'soft' design that 
started with the microprocessor revolution 
can now advance to the next level. 

FPGAs started out life in the mid-
1980s as a replacement for discrete 
logic, reducing chip count and improving 
our power to cost ratio in digital hard
ware design. Now, FPGAs allow us to 
take all of the digital hardware and 
describe it in a soft way (including the 
actual microprocessors) and then com
pile this into the design. 

As these devices are passing a crucial 
threshold in terms of offering a sufficiently 
large-scale platform at a low enough cost, 
it doesn't take an oracle to see where this 

manufactured - even after the device is in 
the field. 

To realise the true benefits that moving 
the entire system into the soft domain 
offers, design tools must support the con
vergence of software and hardware 
design within the transmutable environ
ment of the FPGA. They must, therefore, 
support a much more holistic approach to 
the entire design process. In particular, 
the FPGA-hardware and embedded soft
ware domains must move towards 
becoming a singular, unified design pro
cess. When this happens, brace your
selves for a state change in the way we 
do electronics design and an explosion in 
innovative applications to rival that her
alded by the introduction of the micropro
cessor itself. 

Nick Martin is CEO and founder of Altium Ltd. 
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4ms. This is independent of the current and the requested fre
quency. Samples of the sine waves are generated by a program 
in the microcontroller (see 'The design procedure' below). 

My design is for the AT89C2051-24PI microcontroller (MCU). 
This is a 2MIPS controller from the Atmel 51 family. Generated 
samples are forced to a DAC. The DAC converts digital samples 
to quantised current samples. An op-amp generates the voltage 
samples and a low-pass filter attenuates the sampling frequency, 
which means we then have a pure sine wave. 

The total program binary file is less than 1 kB. The sampling fre
quency is 50kHz and the low-pass filter is a 4th degree with a 
cutoff frequency at 14kHz. 

The microcontroller has 6 input bits for the frequency. If the 
number of bits is N, then in the next 4ms the output frequency 
will be N*250Hz. For example, if N=20 then the output frequency 
is 5000Hz. 

DFT (Discrete Fourier Transform) calculations in samples gen
erated from the MCU yield THD in the frequency band of 0-
14kHz and it is better than -40dB (less than 1 % accuracy). 

The design procedure 
After calculating some parameters, I program in C to generate 
tables for the microcontroller. Then, I code the microcontroller 
assembly program. 

The algorithm is based on some calculations and look-up tables 
(LUTs). There are three LUTs - Mtable, LTable and SINTable (I 
have selected the names, based on my design vocabulary). 

The sampling rate is based on the MCU's processing power, in 
this case 2MIPS. If the MCU is faster, the sampling rate is 
greater. The sampling rate, or the interval between samples, 
directly influences the Mtable and LTable. 

I predict how many instructions can be executed in a sampling 
interval, then I generate the tables and then code the MCU pro
gram. If the instructions exceed my prediction, then I lower the 
rate (allowing more time between samples), reconstruct the 
tables and then code the program. 

By trial and error, I have found that this MCU can run the algo
rithm in 20j.1s, in which case the sampling is 50kHz. The tables 
are based on these figures. There are samples every 4ms. 
Connecting the end of a sine wave to start another at the end of 
each 4ms interval makes a continuous wave. In 50kHz sampling, 
there are 200 samples. 

A counter in the MCU clocks the samples and each time it 
counts to zero it re-initialises to 200. This creates the continuous 
wave generation. 

The base frequency is defined as the minimum frequency that 
can be generated by the algorithm. Here that is 250Hz. Note that 
4ms is the period of the 250Hz tone. If base was 333.333Hz, 
then the interval of the sine wave generation would be 3ms. 

The MCU performs some simple calculations by N and counts 
the samples. These calculations result in two sets of numbers - L 
and M, which can be looked up in the LTable and Mtable, 
respectively. These numbers are then added to each other and 
the new number is X. The mapping of X to SINTable results in Y. 
Y is copied to the DAC port and a sample is created. The sample 
counter is updated and a new loop starts. 

A synchronising pulse is generated by the MCU, as well, 

Digital tone generation 

which also indicates the time when N can be changed. This is 
typically after the rising edge of the load signal. Upon this condi
tion, the sine waves are connected to each other and a tone 
stream is generated. 

Note that there are 40 MCU cycles in the sampling interval. 
The algorithm ends in 35 MCU cycles, which means that gen
erating a new sample takes 35 machine cycles. My algorithm 
is designed to overcome all the conditions occuring during 
execution, such as initialisation of counters and registers, 
checking N and so on. I cannot process conditions if the sam
pling interval is less than 17.5us. Thus I have 2.5us to return 
interrupt and others. The algorithm is designed for this 8-bit 
microcontroller. 

THDsummary 
The algorithm is simulated in C. The C program generates the 
exact same samples as the MCU does. The results of the algo
rithm are analysed by DFT. The sine function is 
Y=127*SIN(2nft)+ 128 

The table on the next page ('THO and maintone amplitudes') 
shows the THD and the main tone amplitudes. 

The tone amplitude has a max 0.3% ripple. The frequency sta
bility is perfect as XT AL is the base for the MCU clock. If we use 
30ppm XT AL for IVICU, max drift of sine tone is 30ppm. For 
example, if XT AL was 30ppm, max drift is in 10kHz, which is 
0.3Hz. 

I have not used a spectrum analyser to check the harmonics or 
measure THD. 

The algorithm 
I have developed the algorithm to be better than -43.13dB. 
Developing algorithms to generate better sine waves can be 
achieved by decreasing the sampling rate to 40kHz and adding 
two new tables to the microcontroller program. By choosing 
ADC to 10 bits, sampling to 50kHz and with an improved algo
rithm, THD can be better than -59dB. 

The algorithm is so powerful that can generate better than 
-60dB THD. However, its main restriction is the MCU's pro
cessing speed. For 8-bit MCUs, THD of -43.13dB is the lowest 
limit. Much better results can be achieved with a high-speed 
16-bit MCU. 

Other restriction could be the DAC's resolution; if we increase 
it to 10 bits or higher, THD can be improved beyond -60dB. 

The algorithm is simple enough to be designed for FPGAs or 
ASICs. If an ordinary sine wave generator is the goal of design, 
the clock source of FPGA is two or three times that of the sam
pling rate. In digital devices, lower clock results in lower power 
consumption. I guess that with a simple FPGA, 2MHz sine 
waves can be generated. 

Applications 
There are many applications for this, including modulators that 
can be used as high reliability modems in HF radio communica
tions systems, reference generators for PLLs, frequency meters 
and time-base generators, audiometers as multiple sine wave 
generators, audio measurement instruments and laboratory 
function generators, among others. 
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SERIAL COMMUNICATIONS SPECIALISTS 
Test and Measurement Solutions 

8 Port RS232/RS422/RS485 model 
£350 

DS1 M12 Oscilloscope / Datalogger 
2 1 MS/s Input Channels + waveform 
generator output 

£125 

USB-16COM-RM 
16 Port USB Serial Server Rack 
Mount with Internal PSU 

£265 

pel-BOOl 
8 Port PCI RS232 Serial card 
£150 (including cables) 

I 
.1.1 .1. 
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Radio Modules/Modems 
www.radiotelemetry.co.uk 

PLEASE ENSURE YOU TELEPHONE TO CHECK AVAILABILITY 
OF EQUIPMENT BEFORE ORDERING OR CALLING 

MISCELLANEOUS CLEARANCE STOCK 
OSCILLOSCOPES 
Tek1ronlx 465B Dual Trace 100MHZ Delay fined into 19" rack 
frame £125 
HP 1740A Duat Trace 100MHZ delay (no lock) .................. £40 
HP 1740A Dual Trace 100MHZ Delay.. . £60 
HP 1741 Duaf Trace 100MHZ Analogue Storage .. £60 
HP 1744A Dual Trace 100MHZ Analogue Storage £60 
Philips PM3264 4 Ch. 100MHL £125 
Gould OS3000A Dual Trace 40 MHZ . £40 
Trio CS1040 Dual Trace 40MHZ £50 
Goldstar OS9020P Dual Trace 20MHZ. £50 
Iwatsu SS5702 Dual Trace 20MHZ.. ..£40 
Kikusui COS5020 Dual Trace 20MHZ £40 
POWER SUPPLIES 
Farnell L30BT 0-30V 0-IA Twice.. £40 
Farnell L30AT 0-50V 0-500MA TWice £30 
Farnell LTJO-1 0-30V 0-IA Twice ScruHy £40 
Farnell L30-2 0-30V 0-2A Scruffy £30 
Farnell L30-1 0-30V 0-1 A Scruffy £20 
Farnell L30B 0-30V 0-1 A £25 
Farnell L30AT 0-50V 0-500MA... . .... £20 
Farnell CI 0-50V 0-IA - 2 Meters. £30 
Farnell TOPSI 5V IA +1- 15V 200MA £35 
Coutant LB500.2 0-30V 0-5A - 2 Meters ........................ £45 
Coufant LA200.2 0-3V 0-2A - 2 Meters ... .£35 
Coutant LOT200 0-15V 0-2A - Twice. £30 
Coutant LOT100 0-30V 0-1A Twice ................. £40 
Coutant LOT50/50 0-50V 0-500MA .. . ............ £30 
Weir 761 0-30V 2A or 0-15V 4A.. . .. £30 
Weir 762 0-30V 2A or 0-15V 4A ..... £30 
Weir 4310 0-30V 1A - 5V 4A. . ... £20 
Weir 400 O-OV 0.3A - tOV 1A ........... £20 
Weir 460 0-60V 0.3A - 20V 1A £20 
HP 6266B 0-40V 0-5A 2 Meters... . ............ £60 
HP 6256B 0-10V 0-20A 2 Meters .......................... £95 
HP 6111A 0-20V 0-IA.. . ........ £30 
HP 6235A +6V 1 A +1- 19V 200MA. .£25 
Kingshill 36V2C 0-36C 0-2A £30 
Marconi TF2158 0-30V 0-2A Twice. £30 
Lambda 422FM 0-40V 0-1 A Twice 4 Meters. ..£50 
Lambda LK345A FM 0-60V 0-1 OA 2 Meters £75 
Systron Donner SHR40-2vO-40V 0-2A - 2 Meters. £25 
Sorenson SRL60-4 0-60V 0-4A.. £60 
Grenson BPU4 +5V 2.5A & +1- 15V 0.5A ... £25 
RS 813-9912 x 5v 2.5A or 2 x 12V 1.5A or 2 x 5V IA. £40 
RS 208-197 Line Voltage Conditioner - Output 240V 0.65A £40 
Power Conversion PLC1000 Line Conditioner 1000VA... £50 
Harlyn Automation IPPS5200 System Power Supply.. £60 
Powerline LAB807 0-300V AC 0.75A £40 
Power Supply Model 12030 0-20V 0-30Amps - On Wheels ... £95 
Harmer Simmons 50/25/110 Input 240V 10A Output 50V 25A 

.. £100 
Centronic MI 00 Reqavolt Input 240V 250 VA Output 240V 
1000VA.. . .. .£50 

Dranetz 606 Lrne Distribution Analyser 
Wayne Kerr B601 Radio Frequency Bridge 
Feedback TFA607 Transfer Function Analyser 
Wavetek52 Data Multimeter 
Gould SG200 RF Signal Generator 
Chatillon Force Mete r .. 
Alfred El05 Variable Attenuator4-8Ghz 
Cam metric 6 Decade Resistance Box 
Sullivan C871 0 Precision 5 Decade Capacitor Box 
Marconi 6033/3 Waveguide 
Marconi 2169 Pulse Modulator 
Marconi 2430A Frequency Meter80Mhz 
Marconi 6950 RF Power Meter - No head ... 
Marconi 6960 RF Power Meter - No head - Digital 
HP X3B2A Variab le Attenuator Waveguide 
HP 5316ACounter 
HP 8750A Storage Normalizer 
HP 907A Co-axial Sliding Load 
Programma TM2 Timer. 
Racal 9009 Modulation Meter .. 
Racal 9009A Modulation Meter 
Texcan SA50 102dB in IdB steps 
Bird Anenuator etc in box 30dB 
Bird B341-200 Coaxial Attenuator 20dB 40W 500hm 
Bird 
Wan meter 6 & 30W 500hm 30-50Mhz 
TelonicTIF95-5-5EE Tunable Band Pass Filter 
Telonlc 190-3EE Tu nable Bank Relect Filter 125-250 
Telonic 95-3EE Tunable Band Reiect Filter 60-126 
Helper Inst CMLI Sinadder 
Helper Inst S103 Sinadder 3 .. 
SXP100 Parallel to Serial Convenor. 
MicromasterLV .... 
Dataman S3 Programmer 
RS 424-103 Logic Pulse r .. . 
Global Sal Shonsqueek 
RS IBO-7127 Condu ctivi~1 Meter. .. 
Eagle DC30 Probe 30Ku DC 
AVO 1 OOAMP Shunt for AVO 8 
Southern Calfornla BTXRM-S-l0 2000.0MHZ 
Motorola R2001 0 Communication System Analyser 
Weston 1149 Standard Cell 1.01859 ABS Volts at 20C 
Muirhead A-6-B Resistance Box 
Racal9917A UHF Frequency Meter 10HZ-560MHZ 
Racal 9917 UHF Frequency Meter 10HZ -560MHZ 
Racal 9915M UHF Frequency Meter 10HZ -520MHZ 
Racal 9901 Universal Counter Timer OC-50MHZ 

£35 
£25 
£25 
£60 
.£20 
£15 

.£20 
£15 

.£20 
£20 
£20 
£30 

......... £35 
£50 
£20 
£50 
£60 
£20 
£20 
£40 

...... £50 
£15 
£15 
£25 

.. 61 
£40 
£20 
£15 
£15 
£30 
£30 
£10 
£40 
£50 

£5 
£20 
£35 

£5 
£5 

£50 
£250 
£to 
£10 
£45 
£40 
£30 
£15 

Racal 9900 Uni'lersJI Counter Timer 30MHZ DC-30MHZ 
Wavetek 136 VCGiVCA Generator 

£15 
_.£20 
. £15 

... £30 
HP 435A Power Meter - No lead no head ... 
HP 8015A Pulse Generator 
HP 403B AC Voltmeter 
Di-Log PR415 Phase Rotation Indicator 
Maywood 02000 Olgltallndlcator. 

£15 
£to 

.. ............... £10 

III STEWART OF READING I · 
. , . 1 ' 17A KING STREET, MORTIMER, NR. READING RG7 3RS VISA ! 

Telephone: 0118 9331111 Fax: 01189332375 : 
www.stewart-of-reading.co.uk ' 

Open 9am-5pm Monday to Friday (other times by arrangement) 

HP 37204 HPIB Extender £10 
Hatfield 21 t 5 Attenuator 750hm 100dB £10 
Hallield 2115R Attenuator 750hm 100dB £10 
Hallield 2118R Attenuator 7500hm tOdB £10 
Hallield 2135 Attenuator6000hrn 100dB £20 
Tek1ronlx 1103 Tekprobe Power Supply £10 
Systron Donner 6243A Frequency Counter 20HZ-1250MHZ . £35 
Levell TG301 Function Generator tMHZ Srne/SqiTri £30 
Solan ron 7045 Digital Mullimeter £30 
HP 8404A Levelling Amplifier.. .. £15 
HP 3455A Digital Voltmeter .. £50 
FeedbackFM610 Digital Frequency Meter . £25 
Farnell TM8 True RMS RF Millivoltmeter £40 
Thurlby 1503 Digital Mulitmeter £15 
Sullivan 6666 Milllohrnrneter £15 
K&L Tunable Bank Relect Filter ... £15 
Barr & Stroud EF4-01 Bank Pass Filter 1HZ-100KHZ £15 
Barr & Stroud EF4-02 LP/HP Filter 1HZ-100KHZ . £15 
Fluke 88 10A Digital Multimeler £30 
Flu ke 8502A Digital Multimeter. .. .. £25 
Electronic Visual EV4040 TV Waveform Monitor £20 
Tracer Nonhern TN1750 £30 
RS 555-279 UV Exposure Unit £10 
Mlcrodyne Corp Receiver ..... £60 
Varian V2L-6941Fl Travelling Wave Tube Amplifier £50 
Moore Read SFC500/1 AUXR Static Frequency Convenor 120 
Volts 400 HZ .. £50 
Drager 21/31 Multi Gas Detector £10 
Philips PMB237B Mullipoint Data Recorder £20 
Endeuco 4417 Signal Conditioner X 2 £10 
Pulsetek 132 DC Current Calibrator £30 
PM1038-D14 Display With 1038-Nl0 Network Analyser. No 
Heads £50 
Megger MJ4MK2 Wind Up 1000V MOhm £30 
Metrohm 250V Pat Tester £15 
Sullivan ACI012 4 Decade ReSistance Box 0.05% £10 
Brandenburgh 020 Static Freq Convenor 11 0/240V Input 
50/60HZ Output lt5V 400HZ 20VA £40 
Narda 706 Attenuator £10 
Analogue Associates X800 Audio Amplifier 800wall (400w per 
Channel no DC Protection) £60 
W&G PCG2 PCM Channel Generator £30 
S,vers Lab 12400 -18000 MHZ £to 
S,vers Lab 5212 2500 - 4000MHZ+C264 £10 
Cruplco VS 1 0 DC Standard t OV £30 
Oawe 14050 Sound Level Meter £15 
Cambridge 44228 Potentiometer in Wooden Case £30 
Welfct,"e Model 6 Bulk Eraser £10 
Casella TB620 Heat Stress Monilor £20 
Casella Drum Recorder £20 
Negreni 0-55C Drum Recorder.. £20 
Negreni 125 Series Drum Recorder . £20 
SaID Keiryoki NS307 Hydrothermograph Dual Chan net -15c to 
+40c ... _ ....................................................................... £30 
OK Industries CECCOO-015 Surface Resistivlty/Resistance to 
Ground Meter - No Probe £10 

Meggar 1 OOOV X2 Wrnd Up ... £10 
Edgcumbe 30A Clamp Meter Analogue £10 
Li nstead G 1000 Generator 1 OMHZ Sine/Sg/CMOSffiL £20 
Circuitmate FG2 Function Generator 1HZ-2MHZ ... £30 
Klippon UT2 Combi Check.. . ... £10 
AVO 1200R Clamp meter 0-600V 0-1200A Analogue ... . ..... £10 
AVO TI1691nsitu Transistor Tester ... £10 
Thurlby Thandar TG102 Func. Generator 2MHZ .............. £25 
Farnell PA122 Programmable Anenuator 500MHZ ..... . ... £f5 
Farnell ESGI OSCillator IMHZ.. . ... £15 
Telequipment CT71 Curve Tracer (Broken Knob) £20 
HP 5004A Signature Analyser ... £20 

SPECIAL OFFERS 

Oscilloscopes 
LE CROY 9400A Dual Trace 175MHZ 5GJS £500 
LECROY 9400 Duat Trace 125MHZ £400 
TEKTRONIX 468 Dual Trace l OOMHZ Digital Storage £300 
TEKTRONIX 475 Dual Trace 200M HZ Delay Sweep . £250 
TEKTRON IX 465B Duat Trace l OOMHZ Delay Sweep £250 
TEKTRO NIX 465 Dual Trace lOOMHZ Delay Sweep £175 
PH ILLI PS PM32t7 Dual Trace 50MHZ DelaySweep .. _ £150 
THURLBY PL3200MD 0-30V 0-2A Twice Digital PSU _ £160 
HP 66312A 0-20V 0-2A Communications PSU _ £200 
HP 6623A 3 Outputs PSU O- lV 0-5A or 0-20V 0-2A £425 

0-20V 0-2Aor 0-50V O-OBA 
O-lV 0-1 OA or 0-20V 0-4A 

H.P. 6626A Precision High Resolution PSU 4 Outputs £500 
O-lV 0-t5MA or 0-50V 0-0.5A Twice 
0-16V 0-0.2A or 0-50V 0-2A Twice 

CIRRUS CRL254 Sound Leve l Meter with Catibrator BO- t20db LED .. £95 
WAYNE KERR B424 Component Bridge . £50 
RACAL 9300 True RMS Volt meier 5HZ-20MHZ usable to 60MHZ tOV-
316V ........ £50 
RACAL 9300B True RMS Volt meier 5HZ-20MHZ usable to 60MHZ 
IOV-316V .. £75 
AVO DA1t6 Digitat Avometer with Battery and Leads. .£20 
FARNELL LFM4 Sine/Sq Osci llator 10HZ-I MHZ low distonlon TIL Output 
Amplitude Meier £75 
FARNELLJ3B Sine/sq Oscillator 1 OHZ-l OOKHZ Low Dlstonlon £60 
HEMc 1000 LCD Clamp Meter 0-1000A In Carrylllg Case £35 
fLUKE 77 Mulilmeter 3 1/2 Digit handhetd with Banery & Leads £45 
KENWOOD VT1762 Chan net Mullivoltme ter . £50 
KENWOOD fLl 40 WOW & Flutter Meter _ .£50 
KENWOOO FL tBOA WOW & fluner Meter £75 
KENWOOD FLIBOA WOW & flutter Meter Unused.. £125 
MARCONI 6960B Power Meier with 6920 Head 10MHZ - 20GHZ £450 
SOLARTR ON 7150 DMM 6112 digit True RMS.I EEE £75 
SOLARTRON 7150 Plus As 7t 50 + Temperature Measurement £100 
IEEECabtes £5 
HP 3312A Function Gen 0.tHZ-t3MHZ AM/FM SweeplSq/TrVllurst elc 

£200 
HP 33 t OA function Gen 0.OO5HZ-5MZ Sine/Sq/T riJRamplPutse £80 
RACAL 9008 Aulomatic Modulat ion Meter I .5MHZ-2GHZ £60 
ISOLATING Transformer Input 250V Output 500VA Unused £30 
RACAL 1792 Reciever £525 

USED EQUIPMENT - GUARANTEED. Manuals supplied_ 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before 

ordering CARRIAGE all units £16. VAT to be added to total of goods and carriage. 
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ADSL 

+ 
ine driving so utions 

Christophe Prugne, from the standard linear division at STMicroelectronics 
(ST) , presents an overview of the ADSL application environment and gives 
examples of how to set up an ADSL2+ analogue line interface. 

D
igital Subscriber Line (DSL) is a tech
nology that converts current twisted-pair 
telephone lines into access paths for mul
timedia and high-speed data communica
tions. A modem is connected to a 

twisted-pair telephone line, creating three informa
tion channels. A high-speed downstream channel, a 
medium-speed upstream channel and POTS (Plain 
Old Telephone Service) split off from the modem by 
filters. These channels depend on the implementa
tion of the architecture as described in Table 1 
opposite. 

The line interface 
ADSL remote tenninal (RT) 
Figure 1 shows a typical analogue line interface 
used for ADSL. The upstream and downstream sig
nals are separated from the telephone line by using 
a hybrid circuit and a line transformer. On this note, 
emphasis will be placed on the emission path. 
Several criteria must be recalled: 
::;> Power supply 
The choice of the power supply of the driver is 
directly linked to several factors: 
:..- the turn ratio of the line transformer; 
;.- the output capabilities of the driver (maximum 
output swing, output current, linearity versus load); 
::;> the line matching technique; 
-- and the insertion loss of the hybrid circuit. 

To fit with +5V and + 12V power supplies available 
in multimedia equipment, we show here the imple
mentation of drivers in +5V and + 12V single supplies. 
;;> Temperature considerations 
ADSL drivers must adequately dissipate power in 
order to maintain an operating temperature range, 
where their linearity and stability are not affected. 
This aspect is very important to improve the SNR of 
the downstream signal and to improve the data 
reception rate. Here, we will focus on techniques 
that improve heat dissipation and the linearity of the 

Active or 

Upstream Passive 
Path Low Pass 

Filter 

Downstream 
Palh 

Table 1: ADSL spectrum allocations 

POTS ISDN Upstream 
(4kHz) (Hz) 

ADSL2+ 

AnnexA yes 30k> 130k 

Annex B yes yes 64k >256k 

Annex C 

Annex I no no 4k >130k 

Annex J no no 4k >256k 

Annex M yes no 30k >256k 

ADSL2 

AnnexA yes 30k >130k 

Annex B yes yes 64k>256k 

Annex I no no 4k > 130k 

Annex J no no 4k >256k 

Annex L yes no 30k > 130k 

Annex M yes yes 30k >256k 

Transformer 
+ Hybrid circuli 

1 :2 
250 

C-o 
0 

~ 
:J 

Figure 1: Typical AOSL line interface 

Downstream Comments 
(Hz) 

2.2M 

2.2M Over ISDN 

All digital loop. Over POTS 

2.2M Large Upstream without ISDN 

2.2M Long reach. Modulation chosen to 
increase the data rate on long lines. 

2.2M 

1.1M 

1.1M Transmission via ISDN line 

1.1M All digital loop technology, transmitted via 
POTS 

1.1M Large Upstream without ISDN 

1.1M Long reach. Modulation chosen to 
increase the data rate on long lines. 

1.1M 
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Table 2: 
Main c harac teristics 
of the drivers 

TS616 

TS615 

CFA 

CFA 

power Bw 
down Gain"4 

(MHz) 

no 40 

yes 40 

*) Differential l6Vpp/ll0kHz on 50n. 

New Concept: 

Transformer 

SR lout 

(VllJs) 
Typ. 
(mA) 

420 420 

420 420 

+ Hybrid circuit 

Upstream 
Path 

Downstream 

1 :2 
250 

Path ...... _____________ .... l1li"""" 

The system can be waked -up 
from the line -----lL...-__ -' 

Figure 2: TS615 power-down mode 

Vi I 

Vi I 
--1t-e---------l 

lOOn 

Hybrid 
& 
Transformer 

Figure 3: TS61 6 (or TS615) as a differential line driver with a + 12V single supply 

--11-*-------1 
lOOn 

l~ 

Hybrid 

& 

Transformer 

Figure 4: TS616 (or TS615) as a differential line driver with a +5V single supply 

28 

Noise 
(nVNHz) 

c-o 
o 

line 

line 

2.5 

2.5 

Icc HD2/HD3 Vout 
per op. 

(d8c) 
differential Packages 

(mA) (Vpp min) 

13.5 (@12V) 
87/83 

20.7 (12V) 
S08 Exposed Pad 

11.5 (@5V) 7.2 (5V) 

14 (@12V) 
87/83 

20.7 (12V) TSSOP14 
11 .9 (@5V) 7.2 (5V) Exposed Pad 

drivers, by showing the measurements of intermod
ulation products. 

ST's TS616 is housed in an S08 exposed pad 
plastic package with the same standard pin-out as 
the TS613. This feature allows the TS616 to be eval
uated more easily on existing boards. The TS615 
uses the same design as the TS616 and, in addition, 
offers the advantage of a power-down mode in 
order to minimise power consumption when the 
modem is not in communication. In power-down 
mode the TS615 shortcircuits the output short. As 
described below, this feature allows one to maintain 
a good impedance matching with the line while the 
modem is in sleep mode, as well as allowing one to 
wake-up the modem via the telephone line (an 
important advantage that ADSL modems have over 
POTS solutions). 
12V power supply: Remote ADSL modem termi
nals must be designed to easily connect to a PC. 
For such applications, the driver should use a + 12V 
single power supply, which is available via standard 
PCI connectors. Note that the TS616 and TS615 
can also be powered by a dual +/-6V power supply. 

Figure 3 shows a single + 12V supply circuit with 
the TS613 as a remote terminal transmitter in differ
ential mode. Note that one could also use the 
TS612 in exactly the same schema. 

The aim is to decrease the power consumption of 
the line interface by reducing the power supply. As 
the output swing of the driver will be reduced, the 
magnetic transformer turn ratio must be increased 
to maintain the correct power level of the line. A turn 
ratio of 4.5 fits well with these requirements. TS616 
(or TS615) as a differential line driver with a + 12V 
single supply. 

The power supply can only be reduced to the limit 
of the capability of the driver to drive a differential 
load below 10Q, while maintaining good linearity 
(the linearity of an operational amplifier is directly 
linked to the load). 
:.0- Thermal considerations 
The choice of the package is directly linked to the 
evaluation of the junction temperature (Tj) of the 
driver while in communication. Figure 5 shows the 
calculation of the power, which the driver dissipates. 

Table 3 shows the accordance, by package and 
by power supply, of the maximum external temper
ature (Ta), which should be reached when the 
modem is in communication. We consider that 
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Table 3: Package 
specifications 

+12V 

12.5.0 

OV !164OVI>P 2Sfl 
+12V Tl.fI1RetlO ::>2 

12. 5!l 

OV 

+12V 

~ t 5.23V 12 5!l 11/0u r= 
308mA 

OV j154V.~ 2S0 
+12V Cresl Factor-5 J 

tw t5.23V 12.S!l 

ov 

Package 

TS616 (5V) 
S08 e-pad 

T5616 (12V) 

T5615 (5V) TSSOP14 
TS615 (12V) e-pad 

+5V 

2.50 

OV !7.30VP'P sn 
+5V 

2.5!l 

OV 

+5V 

b15V 2.5!l 
l1~ur= 

69mA 

OV j069v.m, 50 
+5V Crest Fador::-5.J 

t2.15V 2.ill 

Figure 5: Power d issipation (+ 12V and +5V power supply) 

Figure 7: 
Implementation of 
the line d river for two
tone intermodulation 
measurements. 
The driver is used in 
non-inverting 
summation 
configuration 

Vin 

20Mr-{z 

Rthja 
(OC/W) 

60 

40 

1kQ 

1kQ 

ADSL 

Static Dynamic Total 
Iccmax Dissipated Dissipated Dissipated Ta max 
(rnA) Power Power Power (OC) 

(mW) (mW) (mW) 

15 150 297 447 123 
17 408 322 730 106 
15 150 297 447 132 
17 408 322 730 120 

5 

i"-.. I TSSOP14 e-pad I 
~ 

§' 
10... 
Q) 

~ 
0 
a.. 
"0 
Q) 

n; 
c. 
'iii 
I/) 

C5 

4 

3 to-

2 

o 
-40 

1"-............ I S08 e-pad I " ~ i'---r-...... 
, 
~ .............. 

.............. I'-. ............ i"oo.. .......... 
I'--... r--...... ........... ...... 

i'--- ............ PCB: 2 layers ............ .... 
FR4 (er=4.6), epoxy=1.6mm 
copper thickness = 35IJm 
heatsink surface = 2cm2 

-20 0 20 40 60 80 

External Temperature (0C) 

Figure 6: Thermal considerations: power d issipation of the packages 
vs temperature 

Caution: The pad must be in thermal contact with the heatsink. If the pad 
and the heatsink are floating, their surface can create parasitic capacitors 
located on the substrate of the dice. To remove these parasitic capacitors, 
the copper layer must be connected to -Vcc (GND in case of single supply) 
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Fin=100kHz & 110kHz 
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Vcc=12V 
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Tj= 150°C and that Power=(Tj-T a)/Rthja, where Rthja 
is the junction/area thermal resistance of the 
product. 

Calculations show that even while in communica
tion, both drivers maintain safe behaviour 
over the entire temperature range 
given by the datasheets 
(-40°C to +85°C). The 
maximum operating tem
perature of +85°C can be 
considered as a guarantee. 
In terms of qualification of 
T8616 and T8615; Ta higher 
than 85°C is not guaranteed 
by8T. 

These measurements have 
been done on a board with the 
following physical characteris-
tics: 2-layer PCB, FR4 (Ir=4.6), epoxy=1.6mm, 
copper thickness = 35!J,m, heatsink surface = 2cm2. 

Please see the evaluation board kit 
"KITH8EVAU8TDL", or its accompanying user 
manual for more information on boards. 

Results over the ADSL spectrum 
Finally, to achieve a very good 8NR, Bilge 

Bayarakci of 8TMicroelectronics, 
Zaventem (Belgium) has set up the 
line interface. He uses the T8616 
in a 12V single supply, with a 
mid-supply described in Figure 
3 and a passive third-order, 
low-pass filter. L 1, L2 and T2 
are used to decrease the gain 
at higher frequencies with 
good common mode rejec
tion . Decreasing the gain 
and applying a low-pass 

filter allow one to decrease the noise in 
the AD8L spectrum. 
Figure11 shows simultations performed on TP1 

considering a differential load of 50. and an open 
circuit. The focus is on the level of the noise in the 
down stream signal. 

Figure 12 shows measurements of AD8L spec
trum on the 8TMicroelectronics solution using the 
analogue front-end 8T20184. 

Easy-PC version 8 is released 
Winning accolades the world over, Easy-PC for Windows va is 
a major milestone in the evolution of this extremely popular -. 
software tool. Try a demonstration copy of Easy-PC and ' 
prepare to be amazed at the power, versatility and remarkable 
value for money. 

ADSL 

New in Version 8 
• Sketch Mode Routing 

Fully integrated Schematics & PCB layout in a single 
application complete with forward and back annotation. 
Design and rules checks at all stages ensure integrity at all 
times. Profesional manufacturing outputs allow you to 

finish the design process with ease. 
• OOB++ Format Export 

• Import Bitmap 
• Single-Sided AutoRoute 

• Customisable T oolbars 
• Auto Smooth & Mitring of tracks 

• Wires & Jumpers 
• Unified Quality Check 
Plus lots more ...... . 

Stop press... Stop press... Stop press... Stop press... Stop press ... 
By customer demand now with Eagle import as well as Tsien Boardmaker 2 import. 

call for a brochure, prices & CD on +44 (0) 1684 773662 
or e-mail sales@numberone.com 

you can also download a demo from 

www.numberone.com 
Number One Systems - Oak Lane - Bredon - Tewkesbury - Glos - United Kingdom - GL20 7LR UK 
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Memory 

The attraction of 
magnetic RAM 

32 

With its characteristics, MRAM is a serious contender for donlinance in certain 
digital applications, leaving flash memory behind, says Dr Faiz Rahman 

Y
oU switch on the TV and it springs to life 
almost instantaneously. Do the same 
with a PC and it will take a few minutes 
to become operationally active. This 
delay is caused by the necessity to load 

a large operating system program from a hard disk 
drive medium (which is slow but offers permanent 
storage capability) to semiconductor memory 
(which is much faster but loses its contents once 
power is switched ott). Thus, the inconvenience of 
long computer boot-up times is a result of the non
availability of an ideal memory technology that 
would be cheap, fast, long-life and non-volatile, all 
at the same time. 

Present day memory technology offers a number 
of different types of memory devices, each with 
some outstanding characteristics but lacking in 
other desirable attributes. The result is that contem
porary digital equipment has to be built from a mul
titude of different memory types, which leads to 
very complex systems that still fall short of perfor
mance goals. Clearly, the availability of an ideal 
memory technology with these desired attributes 
will be a great step forward in the continued devel
opment of all kinds of digital appliances. 

Fortunately, such a memory will soon start 
appearing in consumer electronics systems, after 
years of steady development in some of the best 
industrial R&D labs in the world. This device, called 
Magnetoresistive Random Access Memory or 
MRAM, is a quite different technology when com-
pared with other RAM devices. . 

Shared legacy 
Being a magnetic storage technology, MRAM 
shares certain characteristics with legacy technolo-

gies such as core memory and bubble memory, 
which were prevalent during the initial days of digital 
computer technology. All of these store digital bits 
as one of two polarisation states of magnetic mate
rial. The more modern RAM technologies, in con
trast, use completely electronic means for digital 
information storage that makes them much easier to 
use and has led to the complete obsolence of earlier 
magnetic storage technologies. 

The emerging magnetic random access memory 
technology, however, is based on radically new 
concepts and offers economic and performance 
benefits that will be hard to beat by any other 
memory technology in existence today. 

To begin with, MRAM, like all magnetic storage 
technologies, is inherently non-volatile, while, at the 
same time, offering a truly random access. Other 
present-day non-volatile memories like EEPROM 
and Flash also offer long-term power-free storage 
but at the expense of access speed, especially 
when it comes to write operations. MRAM offers 
access times of 25ns (Freescale's MR2A 16A, 4Mbit 
Asynchronous Magnetoresistive RAM) that are 
comparable to that of leading static RAM (SRAM) 
families (around 10ns). Some devices that are still in 
the development stage have write times of around 
4ns, which is shorter than that for most SRAM 
chips. This means that MRAM could also be used 
as cache memory in computer systems. Non
volatility also leads to reduced power drain of only 
about 495~W in standby mode - a distinct advan
tage for portable and handheld devices. 
Furthermore, MRAM is also the clear winner when it 
comes to read-write endurance, which refers to the 
number of times a memory location could be written 
to or read from, before permanent degradation sets 
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in. This is a well-known issue with current flash 
memories because these require high-voltages for 
programming (write operation). However, extensive 
tests have validated the resilience of magnetic RAM 
technology in this respect. Commercially available 
chips now boast an endurance of greater than 
100,000 read-write cycles and data retention 
periods of more than ten years. These performance 
attributes of MRAM are compared with that of 
generic SRAMs (see Figure 1). 

As if this were not enough, the basic structure of 
MRAM is such that it leads to very dense memories, 
greatly reducing the cost of storage per bit. It is thus 
possible that, as this technology matures, it could 
well pose a challenge to the long entrenched domi
nance of dynamic RAM (DRAM) in mainstream 
computer applications. Magnetoresistive RAM is, 
therefore, almost a dream come true for digital 
system designers and no wonder it has been called 
the ideal memory for tomorrow's digital systems. 

The technology also offers the promise of high 
efficiency multiport architecture for video and multi
processor systems, radically new embedded logic 
products and system-on-a-chip (SoC) devices. 

One mighty technology 'sandwich' 
Magnetoresistive RAM hasn't emerged on the 
scene overnight. Its basic structure has been 
under development for many years. At the heart of 
an MRAM chip is a tiny sandwich of magnetic and 
insulating thin films called a Magnetic Tunnel 
Junction (MT J). Essentially, it acts as a two-value 
resistor whose resistance depends on whichever 
of its two possible magnetic states it is in. This 
bistability lets an MT J store a 0 or 1 bit , much in 
the same as the presence or absence of charge 
lets a DRAM device store information. 

However, because the magnetic polarisation 
states of an MT J don't need any power to survive 
(exactly as any ordinary magnet keeps its mag
netism without any external energy expenditure), 
so unlike DRAMs and SRAMs, memories based 
on MT Js neither require periodic refreshing nor 
application of power to retain contents. 

The basic structure of MT Js was developed way 
back in the 1970s by IBM researchers. Over the 
years, it was recognised that what appeared as a 
mere research curiosity could become the central 
element at the heart of a new type of solid-state 
memory device. Further development of MT J
based memory was undertaken by IBM 
researchers at the company's Almaden labs in 
San Jose, California. That work, as well as work 
by several other companies, resulted in the devel
opment of what is now recognised as the stan
dard architecture of MRAM chips. 

Besides IBM, other companies that have been 
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involved with the development and commercialisa
tion of MRAM devices include Motorola (now 
Freescale Semiconductor), NVE Corporation, 
Hewlett-Packard, Honeywell, Infineon Technologies, 
Cypress Semiconductor, Samsung, Hitachi, Sony 
and NEC. 

The structure of a typical MRAM cell is shown in 
Figure 2. An MT J, as described above, is found at 
the centre of each memory cell, just as a capacitor 
or a flip-flop is found at the centre of every DRAM or 
SRAM cell respectively. The tunnel junction itself is 
made of two layers of magnetic material separated 
by a thin layer of a material that is both, non-mag
netic and non-conducting. One of the magnetic 
layers has a fixed permanent magnetic orientation, 
while the other is capable of switching its polarity 
from one orientation to the opposite one. 

The two magnetic polarisation states of an MT J 
correspond to the two magnetic layers having par
allel and anti-parallel orientations. A current could 
be made to flow through the junction via a quantum 
mechanical tunnelling process and the amount that 
flows under a given bias voltage depends on the 

Memory 

MRAM 

SRAM 

12V 

3.3V 

Programming voltage 

0'BltIl .. 

'off' 

Figure 1 (Top): 
Specification com par -
isons between MRAM 

and SRAM cells 

Figure 2: MRAM cell's 
struc ture 
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Memory 

Figure 3: MRAM 
developed by Freescale 
Semiconductor 

34 

polarisation state of the magnetic junction. This is 
because electrons carry both electric charge and a 
magnetic polarisation and are, therefore, affected by 
the relative orientation of the two ferromagnetic 
layers. The parallel state offers less resistance to 
tunnelling current than the anti-parallel state. This is 
called the magnetoresistive effect. 

The magnetic orientation of an MT J is thus, 
quite simply, sensed by passing a current verti
cally through it and sensing the resis-
tance of the sandwich. 
Detection of one of the two 
possible values then deter
mines whether a 0 or a 1 is 
stored at that location. Setting 
the bit state is also quite straight
forward and involves sending a 
small current in one of two direc
tions, through the top layer of the 
MT J structure, which sets its mag
netic orientation to one way or the 
other, thus storing a 1 or a 0 bit. 

Exhaustive lab tests have shown that 
the magnetic state of MT Js is very 
stable and is unaffected by mechanical, 
thermal and magnetic shocks. The actual 
cell access circuitry involved in accessing 
specific tunnel junctions is exactly the same as for 
other memory architectures and involves a bit-line 
transistor at each memory cell location that is used 
to select an MT J for both, read and write access. 

In addition to all this, the on-chip circuitry used 
for accessing the memory cell blocks on MRAM 
devices is the same as is used with more conven
tional memories so that the external chip interface 
looks no different than that of a commodity SRAM 
device. This essentially means that existing sys
tems could be upgraded to use MRAMs without 
investing large amounts of redesign effort. So, a 
variety of digital devices could be improved with 
relatively little engineering work. 

Close to market 
Commercial development of MRAM technology 
accelerated in the late 1990s. IBM joined forces 
with Infineon in November 2000 to jointly develop 
and sell these products for both in-house and 
OEM customers. The first development of their 
joint venture, called Altis Semiconductor, was a 
128kbit MRAM core fabricated with a 0.18~m 
technology. 

Cypress Semiconductor has also developed its 
own proprietary MRAM cell architecture that, 
although easier to fabricate, is based on a larger 
cell size, with two MT Js and three access transis
tors. They have produced both 64kbit and 256kbit 
devices. 

Freescale Semiconductor has developed 
MRAMs for use as stand-alone memory compo
nents as well as for integration in various 
embedded applications. Their design is based on 
a single MT J and transistor architecture, stacked 
one on top of the other, which takes up little 
space and allows the fabrication of very dense 

memory architectures. The 
copper interconnect based 
technology also enables these 
devices to operate at high 
speeds. They have already 
demonstrated a 1 Mbit chip 
and have a 256k x 16-bit 
device that is commer
cially available. 

Freescale has also 
licensed its MRAM tech
nology to Honeywell, 
where they are 
working on devel
oping this product for 
military and 

aerospace markets that 
demand high-reliability, radiation 

hardened chips. Memories based on MT Js are 
not as susceptible to radiation-induced damage 
as are other mainstream memories. Furthermore, 
when magnetic memories are integrated with radi
ation resistant silicon-on-insulator (SOl) logic cir
cuitry then the combination appears extremely 
attractive for applications in space, where survival 
from radiation exposure is a major challenge for 
electronic systems. 

The outstanding characteristics of magnetore
sistive RAM are likely to assure its dominance in 
many kinds of digital systems. Applications that 
require data to be quickly stored and recovered, 
for instance, will benefit greatly from the use of 
MRAMs, as will products where low power con
sumption and permanent storage are key require
ments. These are certain to replace flash memory 
in digital data storage products. Use of MRAMs in 
all of these applications will mean that accidental 
data loss, due to power outages for instance, will 
become a thing of the past. 

Commercial devices, available from several 
manufacturers, are now being incorporated into 
new product designs. These chips include both 
5V and 3.3V parts, with access times of around 
25ns. Handheld devices containing MRAMs, 
including PDAs and mobile phones, are expected 
to hit the market by the end of 2005. As time goes 
on, magnetic RAMs will gradually take over from 
other kinds of solid-state memory devices and 
one of their applications will ultimately make our 
PCs come to life instantly. 
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TELEVISION TEST PATTERN GENERATORS 
The new GV 998 is a digital r'---iiiiii--~~~~~~--~~~-"fl pattern generator offering 
more advanced features 
at again a realistic price. 
Those features include : 

• MPEG-2 format Transport 
Stream generation & • 

• Video and audio 
included in the TS 

• Video and audio inputs 
• Generation of a variable frequency sound carrier for decoding verification 
• Multistandard and multisystem analogue TV signal generation 
• Possibility to edit different fields of the TS database to present the name of the 

service provider 
• Remote control via a personal computer I ~ PRO M AX I 
• Moving video patterns to check MPEG-2 decoders ~ 

PROMAX GV SERIES 
• Choice of 12 instruments 
• NICAM and Teletext 
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• Full field and VITS 
• Computer Controlled 
• Front panel memories 
• Own Company Logo 
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• Hand Held Models 
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• Attractive Price Levels 
• Full After Sales Service 
• Available from Stock 
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• Not so scary Spl..ce 
Scary Spice is not only a pop star) but also a 
language for mathematically describing circuit 
behaviour to produce working conceptual 
models before committing to hardware. The 
editor of Electrical Times, Electronics World's 
sister publication, reviews Multisim 8. 

I [11 

B
efore the age of computers, engineers waited until a 
design was completely assembled before testing 
their prototype board. For the majority of designs, 
this meant that testing occurred far too late in the 
design flow. 

The first computers were programmed in a low level lan
guage, called assembler, which manipulated individual gates 
and switches, and was quite daunting for engineers. 

Alternatively, they drew up a circuit schematic and gave it to 
a programmer to code up a model, allowing them to validate 
and optimise their circuits at an earlier stage of the design, 
and so circuit simulation modelling was born. 

Then came the first computer language, Fortran, which 
allowed engineers and scientist to speak to a computer in a 
way that was familiar to them. It was not long before suites of 
Fortran circuit models were bundled together as a language 
on top of Fortran called Spice. 

Originally written in Fortran, but latterly translated to C++, 
Spice needs to be fed with statements in a similar way to 
Fortran. Very few people today still code directly to Spice. To 
those who do, I say: we are not worthy. 

Nowadays, you are more likely to enter parameters into neat 
dialogue boxes provided by a front-end GUI. Multisim is a 
front-end GUion top of a Spice engine, which allows users to 
draw schematics and automatically generate Spice code. 
Also known as Electronics Workbench, the company is now 
owned by National Instruments. 

In a recent survey, 80% of designers said that they would 
like to simulate before proceeding to PCB layout. In today's 
market there is constant pressure to bring products more 
quickly to market than ever before. 

With Multisim, a circuit you draw is automatically ready for 
simulation, with virtual instruments that look and operate like 
real-world equipment, and which can even be changed while 
simulating to instantly see the impact on signals. 

If you can't find the device you need in Multisim's 16,000 
part library, you can import external models written in Spice 
or VHDL. Alternatively, the built-in Model Makers create Spice 
models from databook values. 

Once your circuit has been proven in Multisim, you can export 
your design to any of a number of popular PCB layout tools, 
including Electronics Workbench's Ultiboard and Ultiroute 
layout and autorouting software. 

Functionality includes: 
.. 'Change-on-the-fly' interactive simulation 
( .. Instant simulation of any schematic 
( .. Virtual Instruments (e.g. logic analyser, scopes, etc.) 
.. Simulated 'real' Agilent instruments 
( .. Automatic Spice model makers 
.. Patented co-simulation with VHDL 
( .. Circuit wizards 
.. Interactive, virtual and animated components 
( .. Simulation advisor 
( .. Comprehensive suite of analyses 
( .. Integration with National Instruments's LabVIEW 

Multisim 8 extends this through the addition of powerful and 
productive features such as: 
( .. A 67% increase in simulation speed 
( .. Simulated 'real' Tektronix instruments 
( .. Robust measurement probes annotate circuit with dynamic 

values 
( .. Support for design variants 
( .. Simulation profiles (save and re-use Spice parameter sets) 
( .. New circuit wizards and model makers 
( .. New worst-case analysis 
( .. Significantly enhanced schematic capture, including bus 

support 
l" Full support for hierarchical designs 
( .. Comprehensive circuit-annotation capabilities 

Test 1 - Frequency domain modelling 
First let us start with a simple circuit taken from a text book 
as shown in Figure 1. This is a single-order active filter, 
based on a three-terminal, virtual op-amp. Although it has 
been redrawn with Multisim, because I'm too lazy to draw one 
by hand, don't panic _I'm going to start with a blank page 
and show you how to place components. 

The circuit equation is given as 'voltage out' over 'voltage in', 
thus: 

R _1_ 
2 

~ 
R+ _ I-

2 
VOU{ = ____ SC-,2=-

vin R 1 1+ -
SCI 

sC2R2 + 1 _ sCIR2 
sC,R, + 1 - (sC

2
R

2 
+ I)(sC,R, + 1) 

SCI 
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R2 

10kQ 

C2 

vout 

Replacing values and ignoring the minus sign: 

V
out 

_ 3.18 ¥ 10-2 S 

~ - ( 3 .18s + 1 )6.18 ¥ 10- 4 S + 1) 

giving the corner frequencies: 

and: 

1 1; = -- = O.05Hz 
2n 3.18 

___ 1 __ = 500Hz 
21t 3. 18 ¥ 1 0 -4 

Figure 1 (Left): Single
order active filter 

Figure 2 (Right): 
Placing 
components on grid 

Figure 3 (Below): 
Completed c ircuit 
ready for simulation 

Now let's see if Multisim gives the same results. First, we start 
with a blank page and drop in the components, in this case by 
picking them from the virtual components shown in blue to the 
right of the third row, along the top of the workspace. 

The first component is a 100Q resistor. The default resistor 
value is 1 kQ, but this can be changed by double clicking on the 
component, whereupon a 
properties box pops up with 
the field values to be 
changed. 

Then a capacitor is 
dropped in and its value is 
changed the same way, 
followed by a virtual op-amp, 
two more resistors and 
another capacitor. The 
orientation of a component 
can be changed by right
clicking on it and selecting 
horizontal or vertical flip, or 
90° rotation. 

: ~ : : : : : : : : : ~ : ~ : : : ~ : : : : : : : . . . : : R2 ~ . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . ---"I'VY- . . . . . . . . . 

: : : : : : : : : : : : : : : : : : : : : : : . : : : : : :191<0: : : : : : : : : : : : : 
. . . . . . . . . . . . . . . . ..... .. . .. C2 · . .. . . . . . .. . 
. . . . . . . .. .... . . .. . .. . . . . .. . ~t...:....: . . . ... . ... . 
: ~ : : : : : : : : : : ~ ~ ~ : : : : ~ : : ~ - : : : : ~~ : ~ . ~ 

. . . . . . . . . . . .. . . . . . . ·3-18uF · . . . . . . . .. . 

: . : . : : ~~ . :: :!l>---' :U1 :::. :::. :' :: ::: : 
: .. . : : : . 100 Q : : : :318uF' : : . : . . . .. : . . : : ::: :: 

· ' . : .' . . . :::': : . . + ... . ... :. : : ' .:: 
. . . . . . . . . . . . 

. OPAMP:...3T:...VIRTUAI:. . 

•••• • •• •••• • • • ~~~o • • •• •••••• •• •• • • • • •• ••• • • 

: : : : : : : : : : : : : :.L . : : : : : : : : : . : : : : : . . : : : : : : : : : . 
· .. . ... . . , .. . . .. . . , . . . . . ... . ... . . . .... . . . . . , 

First, click on the right end of the first resistor (R1) and then 
click on the left end of the first capacitor (C1) to create node 1 
automatically as shown in Figure 2. 

You can change the node colour from red, which I am not mad 
about, to something else. Nodes are numbered consecutively. 
Any nodes that have an earth attached default to node zero - a 
convention of Spice. 

A node that has several components linked together will keep 
the same unique number, as shown with nodes 2 and 3 in 
Figure 3. This shows the completed connections, together with 
a function generator and oscilloscope dropped in from the 
instruments buttons to the right of the schematic. 

Double-clicking on the instruments opens up dialogue boxes. 
The function generator is set to 1 Hz at 10V, and the scope 
timebase is 200ms per division, while both Channel voltages are 
set to 5V per division. 

The grid is handy for 
aligning components to be 
connected. Once all the 
components have been 
dropped in, they can be 
wired together. They can 

. .... .. . . . . ' ., ' . . . ....... . 

also be moved about and the 
wires or circuit tracks will 
reposition themselves 
accordingly. 

. . .. . . .. . . . ... . . . 

-~c-=::--=I~ .... 1IfdoooI~=::;~ r_ l. 1Hz 
IMy Cyoloj I ___ po Iv 
_ 10 Iv 

. 
t: 
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By pressing the button with 
black/white squares, I have reversed 
the background colour from black to 
white. Then I changed the Channel B 
trace colour from red to blue and 
scaled the Channel B axis on the right 
- all from the properties button, the 
one which shows a pencil on a tag . 

As expected, the Channel B shows 
the inverting output of the filter, but we 
are really interested the frequency 
domain behaviour of the circuit. We 
could add a sweep generator and a 
spectrum analyser or bode plotter, but 
now that we have introduced the 
grapher view, I find it easier to pro
duce an AC analysis. This is done by 
reducing the size of the analyses 
window to expose the various buttons 
at the top of the main window, and 
clicking on the drop-down arrow next 
to the graph window button. 

Figure 5 (Below): AC (frequency domain) analysis showing m agnitude and phase Selecting AC analysis from the list of 
available analyses (see shaded box) 
will produce a magnitude and phase 
diagram as shown in Figure 5. 

FIt Edt *'" T ..... 

~: 
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Filter 
AC Analysis 

6 A 
Note how a new AC analysis tab has 
been added at the top left of the 
graph window. 

Selecting the phase section of the 
diagram and using the scissors button 

-41.o~ 

. .5.5.0 +--------,---------,-------.---- -----,------____.1 to cut it, leaves only the magnitude 
section. The left axis can be selected 
from the properties dialogue box as 

10m 100.. 

Frequency (IU) 

200 

100 

10 100 It 

linear, logarithmic, decibel or octave. 
I have chosen decibel as shown in 

Figure 6 because it is easier to find the 
-3dB points from the drop down 

.200~--------~~======~====~--~--------~--------____. 
cursors, activated by clicking on the 
button to the left of the zoom (+) button. 

10m 100m 10 

Frequency (IU) 

Clicking on the button with the lightning symbol below the 
help menu brings down a dialogue box with simulation parame
ters. Ensure that you select the correct node for simulation - in 
this case, node 3, and then start the simulation. Let the simula
tion run for long enough to display one second on the scope. 

As expected, the Channel A trace is clearly visible but the 
Channel B trace is almost flat. In other words, there is significant 
attenuation between the input and the output and, therefore, 
Channel B has to be scaled. The best way to do this is to drop 
down a graph window from the next button along, which can be 
made any size up to full screen. 

In Figure 4, I have sized the window so as to leave the menu 
bar accessible, because from the tools menu, I can select an 
area to copy into the Windows clipboard to produce the JPEGs 
that I have used here. 

The cursors show the -3dB points to 
be at 50mHz (0.05Hz) and 500Hz 

respectively, as borne out by the equations above. Multisim 
passes the first test with flying colours. 

100 II< 

Test 2 - Time domain modelling 
Now let us look at our next circuit, and this time we are going to 
use a real life op amp rather than a virtual one, to build a 0.5Hz 
square wave oscillator taken from page 17 of Texas 
Instruments's application note for the TL071 op-amp and 
reproduced here as Figure 7. 

We need to select this op-amp from the components on the 
left, the fifth button along, called 'place analog' , and then place 
the rest of the components as before. 

Now click on the analyses drop down menu and select tran
sient analysis, and in the dialogue box, enter the simulation time 
as 120 seconds. Do not forget to enter the correct node for 
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fie Edt _ Toais analysis as well. Running the simula
tion yields an output as shown in 
Figure 8. 

[) fllliI • II I , - iii !2 11111 I!I/ IY ~6\ Et El Iii I" ~ • -( I b I_ ~ &'J 
o~JL~~. -Filter 

AC Analysis 
You can see that the circuit starts to 

oscillate after about 96 seconds and 
cycles roughly every two seconds as a 
square wave, as expected. I say 
'roughly' because if you zoom into the 
area of the first few oscillations, the 
cycle time is slightly less than two 
seconds. 

.4),0 

·4205 / ~ 

Perhaps it is not the most precise of 
oscillators, because the cycles are not 
quite square either. It could also be a 
problem in the Spice engine of 
Multisim, but somehow I doubt it. So, 
Multisim sails through the second test. 

I have tried to keep down the 
number of screen grabs for this article, 
and now with eight, I feel as if I have 
barely scratched the surface. 

Latest version 
Multisim 8 includes 'real' Virtual 
Instruments from Tektronix. It also 
includes Dynamic Probes - an unlimit
ed number of probes can be placed 
on the schematic to annotate a circuit 
with real-time, dynamic values such 
as current and voltage. 
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Figure 6 (Above): 
Magnitude-only diagram 

with measurement cursors 

Figure 7 (Centre): 
O.5Hz square wave oscillator 
based on the TL071 op-amp 

Figure 8 (Below): 
Square wave simulation 

output from the oscillator 

Simulation Profiles, another previ
ously unavailable function, allows the 
user to configure, save and re-use 
complete Spice simulation parameter 
setups. Tool-tip Style Notes allow 
notes to be attached to any point in 
the circuit. 

D ~ 1iI . ~ I ~ libJ l\ ;.. 11lI Elll:l ~ Et it ~I ~ ~ ~" I_" ~~ ~1:l 

Design notes, annotations and 
comments from reviewers automati
cally pop-up when rolling the mouse 
over a circuit. The design engineer 
may toggle between all notes, no 
notes or notes made by a specific 
individual. Both Simulation Profiles 
and Tool-tip Style Notes are new 
functions that help Electronics 
Workbench users gain a competitive 
advantage by exceeding their time-to
market goals. 

Other Multisim benefits 
include: 
1. New Model Makers: this functiona
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lity supplements Multisim's extensive component library, facili
tating the rapid creation of even more types of component 
models from data book values (such as transformers, convert
ers, motors and others). 

25 

Square Wave Oscillator 
Transient Analysis 

\ 
j() 75 100 I2.l 

TlIlle (S) 

2. A New Worst-Case Algorithm: this function tests circuits 
under the worst expected conditions, incorporating the statisti
cal variations of real world component values during the upfront 
simulation stage. 

August 2005 • ELECTRONICS WORLD 39 
•• --~--------------------------------------------~VV\--------------------------------------------------•• 



3. New Amplifier Circuit Wizard: this feature automatically creates 
circuitry that matches user-supplied parameters. This ability, like the 
other existing Multisim wizards, stems from the tight integration of 
Multisim's schematic capture and simulation features. 

The capture engine uses the simulation functionality to 'look 
ahead' and create circuitry that behaves as specified by the user. 

When using a wizard you do have to have prior knowledge of 
the kind of parameters that need to be entered, because this is 
not something for just having a go. 

Conclusion 
Throughout history, there have been tussles taking place 
between engineers and scientists. The latter can be described as 
analysts versus the former, the experimentalists. 

The analysts have always insisted on rigorous mathematical 
proof of functional relationships. Oliver Heaviside ran into that 
problem over a century ago. He did not rigorously prove, but 
rather carefully checked, his results. 

He pursued what he called 'experimental mathematics'. He 
instinctively invented a transform method for avoiding laborious 
differential calculus, by reducing the whole process to simple 
algebra. 

He said: "Mathematics is an experimental science and defini
tions do not come first but later on." 

The proof is not disputed today and did not come later, but 
about a century before with Laplace, who had mathematically 
established the theoretical relationship in the requisite analytically 
closed form. This, together with refinements to Heaviside's 
original transform methods, became the Laplace transform. 

The point I'm trying to make is that you cannot sit down and 
think too much about how you are going to use a Spice simula
tor. You do have to try things out and see their effects when you 
change simulation parameters. 

Try out the parameter sweep, for example, when you want to 
view the damping effect of a resistor on a step input function. 
Analysts and scientists would apply an equation for critical 
damping, but by a process of narrowing down the range of 
resistor values in the sweep, you can get a good enough answer 
for many applications. 

Or for multiple component values you may want to try out the 
Monte Carlo method. Go on, have fun! 

Analyses available 

DC Operating Point Analysis 

AC Analysis 

Transient Analysis 

Fourier Analysis 

Noise Analysis 

Distortion Analysis 

DC Sweep Analysis 

DC and AC Sensitivity Analyses 

Parameter Sweep Analysis 

Temperature Sweep Analysis 

Transfer Function Analysis 

Worst Case Analysis 

Pole Zero Analysis 

Monte Carlo Analysis 

Trace Width Analysis 

RF Analyses 

Nested Sweep Analyses 

Batched Analyses 

User Defined Analyses 

RF analyses 

c .. 

PROS AND CONS 

Easy schematics capture 

Mature, tested product 

virtual Instruments and compre
hensive analysis suite 

Simulated 'real' Agilent and 
Tektronix instruments 

Co-simulation with VHDL 

Circuit Wizards 

Integration with National 
Instruments's LabVIEW 

Can't read in older EWB files. I 
tried to import some but the 
wires were broken. 

Fewer proprietary component 
Spice models than earlier ver
sions, although the storage pre
viously taken up by ever-expand
ing model libraries probably 
made this inevitable. 

User guide. Tutorial in the user 
guide is a bit intimidating. New 
users would find a smaller cir
cuit easier to cut their teeth 
on. Also there appears to be a 
section missing on the tools 
menu after Page 5-31 in the PDF 
version. 

Requirement for release code to 
launch product. This was a bit 
error-prone and cumbersome, and 
could be off-putting for first
time users. 

SUGGESTED IMPROVEMENTS 

Instruments. The oscilloscope 
has black background, which I 
couldn't change, nor could I 
change the size of the window. 
Although you can pull down a 
larger graph, after completing 
the simulation and change the 
settings to make it more visi
ble, it would be nice to see a 
larger window during simulation. 

Screen grab. When I referred to 
dialogue boxes, you may wonder 
why I did not show any of them. 
This is because you cannot 
access the screen grab function 
while a dialogue box is open. 
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20th October • National Motorcycle Museum • Birmingham 

The 2005 categories: 
• Electrical Contractor of the Year 
• M&E Contractor of the Year 
• Innovative Product of the Year 
• Building Services Product of the Year 
• Automation Project of the Year 
• On-Site Power Product of the Year 
• Energy Efficiency Project of the Year 
• Wholesaler of the Year 
• Best Marketing Campaign 
• Test & Measurement Product of the Year 
• Power Product of the Year 
• Electrical Software Product of the Year 
• Best Training Programme 
• Lighting Product of the Year 
• Lighting Project of the Year 
• Safety Product of the Year 
• Environmental Awareness Product of the Year 
• Employer of the Year 

The Electrical Industry Awards is a prestigious event that 
recognises the achievements of all who work in the 
diverse electrical industry. Organised by the industry's 
leading magazines Electrical Review, Electrical Times and 
European Power News, the awards are presented to 
companies that have excelled during 2005 and are your 
chance to prove to your enlployees, competitors, suppliers 
and customers that you are the best in your sector. 

ENTRY DEADLINE: 22nd JULY 2005 
To enter simply complete this form (please use a separate entry form for each category entered) and send it with 
support material and a summary of your achievement, running to no more than 700 words, to: 

Sue Colyer • The Electrical Industry Awards • Media House • Swan ley • Kent • BR8 8HU 
e: sue.colyer@nexusmedia.com • t: 01322 611421 • f: 01322 616350 

Full name .............. Job title 

Company name 

Address 

..... Postcode 

Email 

Tel. 

Fax. 

Signature .. .. Date 

Entry authorised by (director name) 

Signature .. 

I WISH TO ENTER THE FOLLOWING CATEGORY (tick one box only*) 

o Electrical Contractor of the Year o Test & Measurement Product of the Year 
o IVI&E Contractor of the Year o Power Product of the Year 
o Innovative Product of the Year o Electrical Software Product of the Year 
o Building Services Product of the Year o Best Training Programme 
o Automation Project of the Year o Lighting Product of the Year 
o On-Site Power Product of the Year o Lighting Project of the Year 
o Energy Efficiency Project of the Year o Safety Product of the Year 
o Wholesaler of the Year o Environmental Awareness Product of the Year 
o Best Marketing Campaign o Employer of the Year 

*If you wish to enter more than one category, please use a separate form (photocopies acceptable). 

O ectrica O ectrica eUROPEAN 
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Tips 'n' tricks 

PICmicro: microcontroller CCP and ECCP 

T
he Capture, Compare and PWM (CCP) modules 
that are found on many of Microchip's micro
controllers are used primarily for the measure
ment and control of time-based pulse signals. 
The Enhanced CCP (ECCP), available on some 

of Microchip's devices, differs from the regular CCP 
module in that it provides enhanced PWM functionality
namely, full-bridge and half-bridge support, programmable 
dead-band delay and enhanced PWM auto-shutdown. 

The ECCP and CCP modules are capable of performing 
a wide variety of tasks. The tips below describe some of 
the basic guidelines to follow when using these modules, 
as well as suggestions for practical applications. Additional 
information can be found at www.microchip.com 

:>TlP 1: Periodic Interrupts 
Generating interrupts at periodic intervals is a useful tech-
nique implemented in many applications. This technique 
allows the main loop code to run continuously and, then, at 
periodic intervals, jump to the interrupt service routine to 
execute specific tasks, such as read the ADC, for example. 

Normally, a timer overflow interrupt is adequate for gen
erating the periodic interrupt. However, sometimes it is 
necessary to interrupt at intervals that cannot be achieved 
with a timer overflow interrupt. The CCP configured in 
Compare mode makes this possible by shortening the full 
16-bit time period. 

Example Problem: 
A PIC16F684 running on its 8MHz internal oscillator needs 
to be configured so that it updates a LCD exactly 5 times 
every second. 
Step #1: Determine a Timer1 prescaler that allows an 
overflow at greater than 0.2s 
a) Timer1 overflows at: Tosc*4*65536* prescaler 
b) For a prescaler of 1:1, Timer1 overflows in 32.8ms 
c) A prescaler of 8 will cause an overflow at a time greater 

than 0.2s 8 x 32.8ms = 0.25s 
Step #2: Calculate CCPR1 (CCPR1 Land CCPR1 H) to 
shorten the time-out to exactly 0.2s 
a) CCPR1 = Interval Time/(Tosc*4*prescaler) = 0.2/(125 
ns*4*8) = 5000 = OxC350 
b) Therefore, CCPR1 L = Ox50 and CCPR1 H = OxC3 
Step #3: Configuring CCP1 CON 
The CCP module should be configured in Trigger Special 
Event mode. This mode generates an interrupt when the 
Timer1 equals the value specified in CCPR1 Land Timer1 
is automatically cleared (1). For this mode, CCP1 CON = 
'b00001 011 '. 
Note1: Trigger Special Event mode also starts an AID 
conversion if the AID module is enabled. If this functionality 
is not desired, the CCP module should be configured in 

"generate software interrupt-on-match only" mode 
(i.e,CCP1 CON = b'00001 01 0'.) Timer 1 must also be 
cleared manually during the CCP interrupt. 

:>TIP 2: modulation formats 
The CCP module, configured in Compare mode, can be 
used to generate a variety of modulation formats. The 
following figures show four commonly used modulation 
formats: 
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Figure 1a (above Ie") Pulse-Width Modulation 

Figure 1 b (above right): Manchester 
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Figure 2a (above Ie"): Pulse
Position M odulatio n 

Figure 2b and 2c (above right 
and opposite):Variable Pulse
W idth Modulation 

Logic 
'0 ' 

Logic 
'1' 

TE TE 
.~ . .....-. . 

f TBP .. 

n 
:~, 

TBP 

TE TE 
. .....-..~. 

u 
,~, 1 TBP : 

TBP :.. ... 

The figures show what a logic '0' or a logic '1 ' looks 
like for each modulation format. A transmission typically 
resembles an asynchronous serial transmission 
consisting of a Start bit, followed by 8 data bits and a 
Stop bit. 

TE is the basic timing element in each modulation 
format and will vary based on the desired baud rate. 
Trigger Special Event mode can be used to generate TE 
(the basic timing element). When the CCPx interrupt is 
generated, the code in the ISR routine would implement 
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the desired modulation format. Additional modulation for
mats are also possible. 

~TIP 3: Generating the Time Tick for an RTOS 
Real Time Operating Systems (RTOS) require a periodic 
interrupt to operate. This periodic interrupt or "tick rate" is 
the basis for the scheduling system that RTOS employ. For 
instance, if a 2ms tick is used, the RTOS will schedule its 
tasks to be executed at multiples of the 2ms. An RTOS 
also assigns a priority to each task, ensuring that the most 
critical tasks are executed first. Table 1 shows an example 
of these tasks, the priority of each task and the time 
interval that the tasks need to be executed. 

Table 1: Tasks 

Task Interval Priority 

Read ADC input 1 20ms 2 

Read ADC input 260ms 1 

Update LCD 24ms 2 

Update LED array 36ms 3 

10ms 

240ms 

The techniques described in llP #1 (Periodic Intet1Upts) can 
be used to generate the 2ms periodic interrupt using the 
CCP module configured in Compare mode. For more infor
mation on RTOSs and their use, see Application Note 
AN777, Muttitasking on the PIC16F877 with the Salvo RTOS. 

~TIP 4: 16-Bit Resolution Pulse Width modulation 
(Pwm) 

CCPx Interrupt: Timer1 Interrupt: 
Clear CCPx pin Set CCPx pin 

~ / 

Figure 4: 16-bit resolution PWM 

1. Configure CCPx to clear output (CCPx pin) on match in 
Compare mode (CCPxCON <CCPSM3: CCPxMO». 

2. Enable the Timer1 interrupt. 
3. Set the period of the waveform via Timer1 prescaler 

(T1 CON <5:4» . 
4. Set the duty cycle of the waveform using CCPRxL and 

CCPRxH. 
5. CCPx pin when servicing the Timer1 overflow 

interrupt(1 ). 
CCPx Interrupt: 
Clear CCPx pin 
Timer1 Interrupt: 
Set CCPx pin 

Note 1: One hundred percent duty cycle is not achievable 
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with this implementation due to the interrupt latency in ser
vicing Tlmer1. The period is not affected because the inter
rupt latency will be the same from period-to-period as long 
as the Timer1 interrupt is serviced first in the ISR. 

Tlmer1 has four configurable prescaler values. These are 
1:1, 1 :2, 1:4 and 1 :8. The frequency possibilities of the 
PWM described above are determined by the equation: 

FPWM = FOSC/(65536*4*prescaler) 
For a microcontroller running on a 20M Hz oscillator 

(FOSC), this equates to frequencies of 76.3Hz, 38.1 Hz, 
19.1 Hz and 9.5Hz for increasing prescaler values. 

~TIP 5: Sequential HOC Reader 

Read AND Read AN1 Read AN2 Read AND 

lime 

Figure 5: Sequential AOC reader 

Trigger Special Event mode (a sub-mode in Compare 
mode) generates a periodic interrupt in addition to auto
matically starting an AID conversion when Timer1 matches 
CCPRxL and CCPRxH. The following example demon
strates how to sequentially read the AID channels at a peri
odic interval. 

E~ample: 
Given the PIC16F684 running on its 8MHz internal oscil-
lator, configure the microcontroller to sequentially read 
analogue pins ANO, AN1 and AN2 at 30ms intervals. 
Step #1: Determine Timer1 prescaler 
a) Timer1 overflows at: TOSC*4*65536* prescaler. 
b) For a prescaler of 1:1, the Timer1 overflow occurs in 

32.8ms. 
c) This is greater than 30ms, so a prescaler of 1 is ade

quate. 
Step #2: Calculate CCPR1 (CCPR1 Land CCPR1 H) 
a) CCPR1 Interval Time/(TOSC*4*prescaler) 

= 0.030/(125ns*4*1) = 6000 = OxEA60 
b) Therefore, CCPR1 L = Ox60, and CCPR1 H = OxEA 
Step #3: Configuring CCP1 CON 
The ECCP module should be configured in Trigger Special 
Event mode. This mode generates an interrupt when 
Timer1 equals the value specified in CCPR1. Timer1 is 
automatically cleared and the GO bit in ADCONO is auto
matically set. For this mode, CCP1 CON = 'b00001 011' . 
Step #4: Add Interrupt Service Routine logic 
When the ECCP interrupt is generated, select the next NO 
pin for reading by altering the ADCONO register. C 

See ouerlef for details of our exclusiue competition to 
win a microchip PICSTHRT plus Programmer 
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Win a microchip PICSTflRT Plus Programmer!! 

Microchip are offering readers of Electronics World the chance to win a PICSTART Plus Programmer! The 
latest version of Microchip's popular microcontroller programmer kit includes the PICC Lite ANSI-C 
Compiler for use with the PIC16F84A Flash microcontroller. The PICSTART Plus supports all existing 

Microchip 8-bit OTP and Flash MCUs including the popular PIC12CXXX, PIC16cXX and PIC17CXX devices. 

Additionally, this kit includes a sample PIC16F84A MCU - an 18-pin 300 milD I P package RISC controller with 
68 bytes of RAM, 13 I/O ports and 1 K x 14 of flash program memory, which can operate at frequencies up to 20M Hz. 

The PICSTART Plus operates on any PC-compatible machine, running under the Windows 3.1 or greater 
operating system, and is CE compliant. It features Microchip's IVIPLAB Integrated Development Environment with 
built-in editor, assembler and Windows-based IVIPLAB-SIM simulator. The MPLAB IDE allows developers to edit 
and compile from a single user interface and provides user-configurable tool and status bars for edit and debug 
information. 

The MPASM macro assembler provides programmable memory data files, listing files and special files required 
for symbolic debug. The MPLAB-SIM software simulator allows the user to isolate code problems and debug 
firmware designs on PICmicro MCUs. It simulates the core functions as well as most of the peripherals of the 
PICmicro MCU families. It is particularly suitable for optimising algorithms where real-time emulation is not 
required. 

For the chance to win a PICSTART Plus, log onto www.microchip-comp.com/ew-picplus 
and enter your details into the online entry form. 
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Circuit Ideas 

Adjustable crossfeed circuit for headphones 

When listening to speak
ers, the right ear can 

hear the left speaker and vice 
versa. The duplication of this 
effect prevents the in-head 
localisation phenomenon 
while listening to 
headphones. The signals that 
are cross fed are passed 
though 'filters that provide 
some low-pass filtering and 
delay in the Signal path from 
one channel to the other. One 
of the earlier circuits was 
suggested by Linkwitz [1] and 
explained in great extent. 
After that, other circuits were 
proposed [2-6] in attempt to 
emulate the same natural 
crossfeed. It turns out that 
they have rather different 
frequency responses. 

The survey, composed from 
twelve different circuits [1-6] 
is shown in Figure 1. The 
low-pass filter is varied from 
200Hz to 1000Hz and low fre
quency attenuation as varied 
from OdB to 12dB. 

It seems interesting to build 
a circuit, which crossfeeds 
the input signals, while the 
low-pass filter and crossfeed 
attenuation are adjustable. 
One of the possible circuits is 
shown in Figure 2. This cir
cuit does not have the direct 
signal high-frequency rise, 
which is inherent to the most 
of realisations. This high fre
quency boost (up to 6dB) can 
be too bright. 

Crossfeed can be adjusted 
by frequency control VR1, 
VR4 and level control VR2, 
VR5. It was found that 
feeding the circuit only from 
one stereo channel during 
adjustment (by input push
button SW1) helps placing the 
position of sound image. Both 
frequency and level controls 
allow changing the spatial 
width of the solo musical 

instrument (e.g. piano) or 
soloist. The crossfeed can be 
disabled by the switches 
SW2, SW3 for true binaural 
recordings or other surround 
sound sources. 

The op-amps can be any 
type, unity-compensated, as 
they work with low-frequency 
spectrum and their load is 
insignificant for generating 
perceptible distortion. Any of 
the existing phone amplifiers 
can be used after volume 
control. 

Dimitri Danyuk, 
Kiev 
Ukraine 
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Figure 1: The frequency responses for twelve various crossfeed 
circuits [1-6] 

Figure 2: Adjustable crossfeed c ircuit 
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Circuit Ideas 

Simple handheld controller for servo applications 

\ A /hen my son 
V V and I are 
working with his 
radio-con-
trolled model 
airplane, I have 
found that there 
are often times 
when it's not possible to set 
up the servo in his plane 
because it would interfere with 
the other flyers who are using 
the same radio frequency. I 
have made a simple handheld 
controller that can be used to 
adjust the position of the servo 
inside the model plane, without 
using the transmitter. This 
device makes it possible to set 
the servo to the 0 point and 
make sure that the plane is 
working correctly, without the 
problem of interfering with 
nearby fliers. (The plane will still 
need to be checked with the 
radio before flying.) The servo 
tester works with any Futaba 
compatible servo, except the 
digital ones. The servo tester is 
also useful for any project 
where servos are used. For 
example, in the building of a 
robot, a servo can be used to 
help set up your linkage without 
using a computer each time. 

Circuit idea 
I began with the servo tester 
diagram available at www.kro
nosrobotics.com web page. I 
used this tester and added a 
small modification - a button 
which can be pressed to make 
the servo go to its 0 point. I 
built the servo tester using the 
Athena Microcontroller by 
Kronos Robotics & Electronics. 

Before using the Athena 
chip, it's necessary to build a 
port adapter. This adapter 

converts the voltage 
of the RS232 port 

on a computer to 
the correct 
levels for the 
microcon
troller chip. I 

was able to 
order an inex

pensive kit from 
Kronos Robotics, 

with a part number 
EZ232. The kit is indeed 

'EaZy' to build with. 
Next, it is necessary to order 

the Athena carrier board. On 
assembling the Athena carrier 
board just follow the assembly 
instructions, except for the 
headers. Instead of the 5-pin 
male, I changed it to a 5-pin 
female header. Now the EZ232 
plugs directly into the Athena 
carrier. And, the spot where the 
12-pin male header gets sol
dered in, I left empty. For the 
Athena's power, I used a 9V 
battery and then a 7805 voltage 
regulator. For the hook up from 
the Athena to the servo, I use a 
servo extension wire and cut 
the plug off the end that does 
not hook up to the servo. 

The servo has three wires, 
usually red, black and white. 
The red is the plus, the black is 
minus (or ground) and the 
white is for the signal that 

comes from the Athena. The 
servo uses 4V8 to 6V. The 
signal is a 1-2ms pulse every 
20ms. By changing the 1 ms to 
2ms, it changes the direction 
that you want the servo to go. 
A 1 ms5 pulse would put the 
servo at 0 degrees. All of this 
timing is done with the Athena 
chip, which has built-in com
mands to talk to the servo. 

Operation 
I have two push-button 
switches and one poten
tiometer. One button is for the 
power. If you press this button 
and hold it, you can use the 
potentiometer to set the angle 
you want or check the move
ment by turning the poten
tiometer back and forth. The 
other button is for making the 
servo go to a 0 point. This can 
be done by pressing both but
tons simultaneously. This 
rotates the servo to the 0 
point. To keep it that way, just 
release the power button first. 

Once you have finished 
building the circuit you are 
ready to program the Athena 
microcontroller. The program
ming language is just like Basic 
and is free from www.kronos
robotics.com. On one of my 
computers it came up instantly, 
but the other one took a 

moment (old computer), so 
loading times may vary. On the 
computer that is using the pro
gramming language to program 
the microcontroller you cannot 
use that RS232 port for any
thing else. 

'Program 
'athena 

dim xpot 
dimx 
dim switch 
output 8 
input 1 ' input for the switch 
loop: 
switch = inp1 

if switch = 0 then ' check to 
see if the switch was pressed 

x=145 
else 
pot 0,2,xpot 

x= xpot +80 
endif 
servo 8, x 
'print x, " ",switch 
pause 22 

goto loop 

Program notes 
The 145 in the program is the 
number I found worked best 
for me to send to the servo to 
move to the 0 point. (The 
Athena has lots of ports open, 
which is useful for adding addi
tional buttons and features, 
such as making the servo 
move to a specific angle.) The 
80 in the program is the adjust
ment for the potentiometer to 
make the number that is being 
sent to the servo that gives the 
best control. The pause in the 
program is to slow down some 
of the commands that are 
being sent to the servo. 
Robert Knoblauch 
Piscataway 
US 
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Circuit Ideas 

Hybrid muting relay 
Most of today's transistor 

power amplifiers suffer 
from transients during turn-on 
and turn-off. A muting relay is 
primarily intended to protect 
loudspeakers against these 
transients. It is also important 
to note that (for loudspeakers 
destructive) DC faults can 
occur. For instance, in DC 
coupled amplifiers, if in dual
supply circuits one supply-rail 
fails. With only a small number 
of additional components, DC 
protection can be incorporated 
as well. 

Muting relay circuit design is 
often based on bipolar transis
tors and diodes. However, 
specification demands for var
ious circuit parts are quite dif
ferent, so, optimal matching of 
the type of semiconductor to 
the specific behavioural 
demand of the circuit part is 
important. 

For capacitor discharge and 
to energise the relays, a 
voltage-controlled switch is 
needed. Field Effect Transistors 
(FETs) are preferable for this 
function, rather then bipolar 
transistors, because the DC 
input current of bipolar transis
tors is disturbing the circuit 
function. Moreover, FETs have 
the advantage that we can 
make a choice between nor
mally 'on' and normally 'off' 
devices, which is very useful in 
muting relay design. 

Circuit description 
This muting relay is based on 
best-choice component con
siderations for each circuit 
part. This optimisation results 
in selecting a JFET for timing 
capacitor discharge, a Mosfet 
to energise the relays and an 
optocoupler for DC protection. 

For two reasons the circuit 
(Figure 1) has its own 
rectifier/capacitor part. Firstly, 
in spite of DC errors on the 

48 

18VAC 

230El 

L 

R 

supply rails the DC protection 
function must act adequately. 
Secondly, the capaci
tance of C1 and C2 can 
be optimised for muting 
relay needs. 

With AC power 
switched off, the circuit 
is well defined, with J1 
being a normally 'on' 
device guaranteeing zero DC 
voltage at the timing capacitor 
C3. Both relays are not ener
gised since M1 is a normally 
'off' device. Applying rectified 
AC power results in a positive 
voltage on C1 and a negative 
voltage on C2 . The positive 
voltage enables C3 to charge, 
forth energising the relays, 
whereas the negative voltage 
causes J1 to switch off. 
Voltage divider R1/R2 is used 
to reduce the negative voltage 
to protect J1 against gate
source breakdown. Besides 
the serial function of resistor, 
R1 is needed for the DC pro
tection part of the design. This 
function will be discussed later. 

When J1 is switched off, 
capacitor C3 charges through 
R3 and R4 until M1 turns on, 
energising the relays. With M 1 

+25V 

+ 
CI 

T470fJ 

~ 

optocoupler TIL 194 

switched on, clamping diode 
D1 takes over the current 
through R3 and R4, causing the 
voltage on C3 to clamp on a 
relatively low value. The impor
tance of this phenomenon is 
firstly to achieve a short 
dropout time and, secondly, to 
protect M1 against destructive 
gate-source voltages. 

Switching off AC power 
causes to discharge C2 
through R1 and R2 . The drop
ping gate-source voltage 
switches on J 1 , which in turn 
starts to discharge C3. R4 is a 
current limiting resistor. As a 
result M 1 is turned off, de
energising the relays. 

The reverse diode D2 in 
parallel to the relay coils 
prevents M 1 from being 
damaged by inductive spikes 
created when the coil is 

D2 
tN4001 

suddenly de-energised. 
For DC protection, the use 

of a so-called AC input 
optocoupler is benefi
cial. The AC input cir-

cuit provides a sym
metrical threshold 
without the need 
for additional com-

ponents. A symmet
rica� threshold is needed to 
cope with positive as well as 
negative DC voltages. In order 
to prevent false triggering on 
bass signals, so to suppress 
audio signals from the input, a 
RC low-pass filter (R5/R6-
C4/C5) is needed at the input. 
Back-to-back electrolytic 
capacitors are used as a 
bipolar capacitor. 

The electrical isolation 
between input and output of 
optocouplers enables the 
output transistor to adapt DC 
currents from nodes in the cir
cuit on arbitrary DC levels. 

When the optocoupler is acti
vated by a DC offset voltage of 
either polarity, the output tran
sistor of the optocoupler takes 
over the current through R1, 
causing the voltage on C3 to 
drop to approximately zero. As 
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a result, J1 turns on, M1 turns 
off and the relays are de-ener

gised. This condition will remain 
until the DC offset is removed. 

Measurement results 
The hybrid relay prototype cir
cuit has been mounted on a PC 
board (Figure 2). The relays 
used are Amplimo loudspeaker 
relays, especially designed for 
the switching of loudspeakers. 
A standalone mains transformer 
is used for measurements. Note 
that the use of a standalone 
transformer makes the muting 
relay independent from the 
amplifier power supply trans
former's AC voltages. 

The relay pull-in time is 
approximately 2s, long enough 
for a silent start-up. The 
dropout time is about 40ms. 
The voltage drop at the elec
trolytic reservoir capacitors 
from the power amplifier are 
too small to create audible 
transients in that time interval. 
When the muting relay is 
switched 'on' immediately after 
it was switched 'off', the pull-in 
time is still 2s, illustrating the 
benefit of using a JFET for 
capacitor discharge. 

The trigger level DC offset is 
approximately ±2V. Full power 
(18VAC) low frequency limit is 
5Hz. 
Wim de Jager 
Enschede 
The Netherlands 

Acknowledgement: 
The author would like to 
express his thanks to 
Rien van Leeuwen for 
helpful comments, 

Technical support: 
The relays and the printed 
circuit board are obtainable 
from Amplimo Vossenbrinkweg 
1, 7491DA, Deiden, The 
Netherlands. tel.+31-7 4-
376365. fax +31-74-3763132 
www.amplimo.nl. 
e-mail: info@amplimo.nl 

Circuit Ideas 

Lamp check circuit 

+12v 

~ 
620E 

1'16 

Brak;-1 
3,9k light 

switch 

(yellow) 

Brake lamp 
620E 
1% 10k 12v21W 

~ 

During the restoration of a 
classic motorcycle of US 

origin, a unit was required to 
check the brake lamp circuit 
and drive the indicator lamp. 
Unlike most vehicle checking 
circuits that monitor the lamp 
current (and for which dedicat
ed ICs are available), this 
wiring loom is built to monitor 
the larnp voltage or resistance. 

The first two comparators are 
set as a window comparator, 
with the window set to half-rail 
voltage ±1V (10k + 3.9k + 10k). 
Under normal operation the 
brake lamp holds the com
parator input near to ground 
(lamp 'off') or the battery pulls 
the voltage nearly to rail 
voltage (lamp 'on'). In these 
conditions, the output of the 
window comparator is O. 
During the operation or release 
of the brake switch, the voltage 
will pass through the window 

+ 

30k 

+ 12v 
(brown) 

Waming lamp 
12v2.2W 

Each OP amp is 
XofLM2Q01 

area but the transit time will be 
too short for the integrator 
(220kn + 0.471lF) to react. 

If the lamp fails, the window 
comparator input will rise to 
half-rail voltage set by the two 
620E resistors and remain 
there, whilst the comparator 
output will switch to open cir
cuit. The 0.471lF capacitor will 
charge through the 220kn 
resistor, reaching the threshold 
of the third comparator in a 
time approximately equal to 
the time constant (0.1 s). At this 
point, the output will go high, 
allowing the thyristor to switch 
on via the 47kn gate resistor. 

The thyristor, hence the 
warning lamp, will then remain 
on until the power is removed 
from the circuit. 

The circuit components are 
not critical, provided that the 
fail input voltage is well within 
the "window" voltages. The 

(black) 

comparators must be capable 
of having their outputs ORed 
together and the 47kQ 
thyristor gate resistor may 

have to be adjusted for the 
gate sensitivity of the thyristor 
used. During testing, some 
spurious triggering of the 
thyristor was experienced from 
noise on the vehicle's circuits. 
This was cured by adding the 
power line decoupling with 

100E + 100llF and changing to 
a less sensitive thyristor. 

The circuit cannot indicate a 
fail during the period when the 
brakes are applied, but as this is 
a very low proportion of the run
ning time of the vehicle, it is not 

considered a problem. 
The prototype was built very 

easily on to a piece of 
Veroboard 18 x 18 holes. 
Chris Gardiner 
Chelmsford 
UK 

Send new circuit ideas to: 

The Edrtor. Nnexus Media Communications. Media House, Azalea Drive, Swanley, Kent BRS SHU 

or email to:ewclrcuit@highburybiz.com 
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ViaMichelin 's latest GPS Navigation 
software is compatible with PDA platforms 
such as Palm OS and Pocket PC, and will 
turn a handheld device into an in-car 
navigation system with voice guidance. 
It comes equipped with a simple to use 
Plug-and-Drive DS card and, once insert
ed into a PDA, it's ready to go. The soft
ware has many added bonuses, such as an 
electronic version of the Michelin Guide, 
so when on the move you can always find 
a nice restaurant to stop off at! 
Around £200 for the wired version 
and £250 for the Bluetooth version 
www.shop.viamichelin.com 

50 

The AudioDream is the size of small belt buckle 
and is a sleek and stylish MP3 storage 
device. With 1 GB flash memory, it has up 
to 32 hours voice recording time and 
around 10 hours of continuous 
playing time. This makes it a 
great choice for anyone wanting a 
light (it weights only 30 grams) and 
compact MP3 player or dictaphone. 
Around £129.99 for 1GB version, 
and £99.99 for a 512MB version. 
www.packardbell.co.uk 

The ColorVision Spyder 2 is a monitor calibrator. That sounds a bit dull , but what it does it's 
pretty cool. This little gadget sets up a monitor so that the colours are just right. This means 
that when you take photos and set them up on your computer, the colours will be correct and 
this great quality image will also transfer to print. With tools like tllis to help you out, you'll 
be the next David Bailey in no time ... 
Around £129.99 
Available from www.colourconfidence.com 

The DigiMemo digitally captures all doodles on paper, which you can 
then view, edit and organise in Windows. It can save up to 66 full pages 
of A5 hand-handwritten notes digitally via an internal flash memory. This 
number rises to an impressive 999 pages, if a CF card is fitted . There's an 
optional handwriting recognition feature to convert scribbles into Word 
documents. Portable and compact, the DidiMemo is a great idea for 
anyone who needs to take notes and keep them at hand wherever they go. 
Around £80 
www.selwyn.co.uk 
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The Microphone Book 
(Second edition) 
John Eargle 
Focal Press 

Starting with a short 
history, John Eargle 

leads us through basic 
sound transmission, the 
various microphone types 
available, standards and 
specifications, connectivi
ty and then on to acces

sories and studio techniques, including 
microphone care and maintenance, thus 
presenting us with a most comprehensive 
guide to microphone technology, applica
tions and techniques, including wireless 
microphones and microphone arrays. 

Many practical examples are given for 
studio recording, broadcast use and 
sound reinforcement, with help on every
thing from solo voice through to a full 

Analog Electronics 
(Second Edition) 
Ian Hickman 
Elsevier 

I have many books on 
my shelves that claim to 

be "the" ultimate book on 
If;hii~~~1 analogue electronics, but 

all have either proved to 
be too theoretical or too 
practical, so it was with 

great interest that I received Ian 
Hickman's book "Analog Electronics" . 

I found it an absorbing read. Having 
come across lan's articles in Electronics 
World magazine over many years, it was 
pleasing to have his knowledge distilled 
into ten chapters of innovative design 
ideas and clear explanations of the funda
mentals of analogue circuit design and 
calculation. 

In the front of the book is a quote that 
nicely sums up this book: "Digital is easy. 
Analogue ... that's professional". It will 
answer those troublesome questions 
about basic analogue theory and design 
philosophy, as well as offering genuinely 
practical design ideas. 

I showed the book to students who 
were starting at HNCfHI\lD, BTEC Higher 

symphony orchestra. 
Stereophonic and surround-sound 

microphone techniques are discussed 
and many of these have an associated 
CD reference, should you want to hear 
how this works in practice (and manage 
to obtain a copy of the CD referred to). 
The book concludes with a review of 
'classic ' microphones of the last 75 years 
and a short bibliography. 

Whilst not burdening us with a lot of 
mathematics, there are nevertheless suffi
cient mathematical formulae and graphical 
data to explain the various characteristics 
under discussion, which would be of par
ticular interest to any student wanting to 
grasp the physics behind the concepts. 

Written by a highly respected veteran of 
the recording industry, this 377 -page 
tome would be useful to anyone wanting 
information of the 'why' and 'how' behind 
choosing the right microphone for their 
needs. Naturally, given the background of 

National Engineering scheme and 
degrees and they thought, in many 
respects, it was a better source of infor
mation than the books that were on the 
reading list for their current courses. 

The book, being concerned with ana
logue circuitry, does not deal with digital 
signal processing, but with the interfaces 
between the digital and analogue circuits 
such as AID and Of A converters. There 
are devices that are intermediate in form 
and deal with the delay of analogue sig
nals in digital form; these are covered in 
some detail. 

The schematics give circuit values and 
semiconductor types, so it would be easy to 
reproduce should the need arise, although 
some of the circuits date back to the dawn 
of the semiconductor age and the values of 
some passive components are now very 
non-standard. As far as the thermionic 
valves is concerned there are just three 
mentions in the whole book. It is nice see 
design trends so well documented. 

I found the layout of the text and chap
ters excellent, easily leading one topic on 
to the next, without having to resort to the 
index. The only complaint I have is that it 
is difficult to tie the schematic and draw
ing to the figure numbers as they are not 
always close to the text that they refer to. 

Book Review 

the author, the book is biased toward the 
use of professional studio-grade equip
ment and techniques, but this does not 
mean that the principles under discussion 
cannot be related to the rather hurnbler 
equipment available to most amateur 
recording enthusiasts. Far from it, as 
modern electret designs have brought the 
price of 'acceptable quality' microphones 
down to the point where even those 
starting out can obtain a 'mic' worthy of 
the name. 

Given the nationality of the author, it's 
perhaps not surprising that there is an 
American bias in the choice of micro
phones quoted and referenced, but, for all 
that, I found the book a comprehensive 
guide to its subject. 

Even if you never need to record a full 
symphony orchestra, or a loud rock band, if 
you're into recording - you're certain to gain 
something from John Eargle's handy tome. 

Graham Field 

I found a copy of the first edition in my 
local library and compared the two texts. 
The modern revision showed many 
enhancements. In particular, you'll now 
find an updated list of references at the 
end of each chapter and the addition of a 
set of questions that will tax the brain 
cells of many readers. 

One disappointing point, however, is 
that the chapter on the "Tricks of The 
Trade" in the first edition has now fallen 
by the wayside. This is a shame as it con
tained many gems of electronic design. 

To summarise, this second edition will 
complement many libraries devoted to 
analogue electronics, adding to the 
knowledge base. It would also help stu
dents with more practical aspects of 
design in college course work. 

Contents: 
Passive components; Passive circuits; 
Active components; Audio "frequency signals 
and reproduction; Passive signal processing 
and signal transmission, Active signal pro
cessing in the frequency domain; Active 
signal processing in the time domain; Radio 
frequency circuits; Signal sources; Power 
supplies; Appendices; Index. 

Keith Parker 
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Telnet 
Quality second-user test & measurement equipment 
Tel: 02476 650 702 Fax: 02476 650 773 
Web: www.telnet.uk.com Email: sales@telnet.uk.com 
All equipment is used - with 30 days guarantee and 90 days in some cases. Add carriage and VAT to all goods. 
1 Stoney Court, Hotchkiss Way, Binley Industrial Estate Coventry CV3 2RL ENGLAND 

Agilent (HP) 3314A Function Generator 20 MHz £650 
Agilent (HP) 3325A and B function gen. from £550 
Agilent (HP) 435A/B, 436A, 4637B, 438A Power Meters from £100 
Agilent (HP) 3561A Dynamic Signal Analyser £2950 
Agilent (HP) 3562A Dual Ch. Dynamic Sig. Analyser £3000 
Agilent (HP) 3582A Spectrum Analyser Dual Channel £1200 
Agilent (HP) 3585A and B Spec. An. (40MHz) from £2950 
Agilent (HP) 35660A Dynamic Sig. An £2950 
Agilent (HP) 4191A R/F Impedance analyzer (1 GHz) £2995 
Agilent (HP) 4192A LlF Impedance Analyser (13MHz) £4000 
Agilent (HP) 4193A Vector Impedance Meter £2750 
Agilent (HP) 4274A LCR Meter £1750 
Agilent (HP) 4275A LCR Meter £2750 
Agilent (HP) 4276A LCR Meter £1400 
Agilent (HP) 4278A Capacitance Meter (1 KHz / 1 MHz) £2950 
Agilent (HP) 5342A Frequency Counter (18GHz) £850 
Agilent (HP) 5351 B Frequency Counter (26.5GHz) £2750 
Agilent (HP) 5352B Frequency Counter (40GHz) £4950 
Agilent (HP) 53310A Mod. Domain An (opt 1/31) £3450 
Agilent (HP) 54600A / B 100 MHz Scopes from £700 
Agilent (HP) 54810A Infinium Scope 500MHz £2995 
Agilent (HP) 8116A Function Gen. (50MHz) £1750 
Agilent (HP) 8349B (2- 20GHz) Amplifier £1950 
Agilent (HP) 8350B Mainframe sweeper (plug-ins avail) £750 
Agilent (HP) 85024A High Frequency Probe £1000 
Agilent (HP) 8594E Spec. An . (2.9GHz) opt 41 ,101,105,130) £3995 
Agilent (HP) 8596E Spec. An . (12.8 GHz) opt various £8000 
Agilent (HP) 8941 OA Vector Sig. An. Dc to 10MHz £7500 
Agilent (HP) 89440A Vector Signal Analyser 2MHz - 1.8GHz £8950 
Agilent (HP) 33120A Function/Arbitrary Waveform Generator 15MHz £850 
Agilent (HP) 53131A Frequency Counter £750 

Agilent (HP) 53181A Frequency Counter 
Agilent (HP) 4284A Precison LCR Meter 
Agilent (HP) 6031 A Power Supply (20V - 120A) 
Agilent (HP) 6032A Power Supply (60V - 50A) 
Agilent (HP) 6671A Power Supply (8V - 200A) 
Agilent (HP) E4411 A Spectrum Analyser (9kHz - 1.5GHz) 
Agilent (HP) 8924C CDMA Mobile Station Test Set 
Agilent (HP) E8285C CDMA Mobile Station Test Set 
Agilent (HP) 54520A 500MHz 2 Channel Oscilloscope 
Agilent (HP) 54645D 100MHz Mixed Signal Oscilloscope 
Agilent (HP) 8713B 300kHz - 3GHz Network Analyser 
Agilent (HP) 8566B 100Hz - 22GHz High Performance Spec. An. 
Agilent (HP) 8592B 9kHz - 22GHz Spectrum Analyser 
Amplifier Research 1 OW1 OOOB Power Amplifier (1 GHz) 
Anritsu ML 2438A Power Meter 
Rohde & Schwarz SMY01 9kHz - 1040 MHz Signal Generator 
Rohde & Schwarz CMD 57 Digital Radio Comms Test Set 
Rohde & Schwarz XSRM Rubidium Frequency Standard 
Rohde & Schwarz CMD 80 Digital Radio Comms Test Set 
R&S SMIQ-03B Vector Sig. Gen. (3 GHz) 
R&S SMG (0.1 - 1 GHz) Sig. Gen. 
Tektronix THS 720A 1 OOMHz 2 Channel Hand-held Oscilloscope 
W&G PFJ 8 Error & Jitter Test Set 
IFR (Marconi) 2051 10kHz-2.7GHz) Sig. Gen. 
Wayne Kerr AP 6050A Power Supply (60V - 50A) 
Wayne Kerr AP 400-5 Power Supply (400V - SA) 
Wayne Kerr 3260A+3265A Precision Mag. An. with Bias Unit 
Wayne Kerr 3245 Precision Ind. Analyser 
Wayne Kerr 6425 Precison Component Analyser 
Wavetek 9100 Universal Calibrator (Opts 100 / 250) 
Various other calibrators in stock. Call for stock / prices 

£750 
£5750 
£1250 
£2000 
£1350 
£3500 
£6000 
£6000 
£1000 
£3000 
£4500 
£7000 
£7500 
£4700 
£1400 
£1750 
£4250 
£3750 
£3500 
£7000 
£1750 
£1250 
£6500 
£5000 
£1850 
£1300 
£5500 
£1750 
£2000 
£9000 

Forest Electronics - PIC and AVR C Compiler Products 
FED's ANSI C Compiler for PIC or AVR processors 

• Fully integrated editor with syntax highlighting, multiple pages etc. 
• Full project support - include and manage multiple source files, simulator, 

assembler files and notes/comments within one project 
• Fully integrated simulator and waveform analyser step from C line to Cline, 

or examine code in assembler form. View device pins using a logic analyser 
application. 

• Simulator supports LCD modules, keypad, buttons, LED's, displays, 
analogue inputs, serial and asynchronous data and more. 

• Designed to ANSI C standards 
• PIC - Supports 18xxx, 16xxx, 12xxx series 14 and 16 bit core processors 
• AVR - Supports standard and MEGA core processors 
• Generates MPLAB/AVR Studio projects and source files and completely 

standard hex output files . 

WIZ-C I AVIDICY 
Drag and Drop rapid appllcaHon development 

usln ANSI C for PIC and AVR 
• Rapid Application Development for the PIC or A VR microcontroller using the 

C language (WIZ- C for the PIC, AVIDICY for the AVR) 
• Drag and drop your software component selections on to your design 
• Included components support timers, serial interfaces, 12C, LCD, 7 Seg 

displays, keypads, switches, port controls, many bus interfaces including IIC 
and Dallas iButton, AVR/PIC Hardware, and more. 

• Connect software components to MCU pins by point & click 
• Parameters set from drop down list boxes, check boxes, or text entry 
• Links your code automatically into library events (e.g. Button Pressed, Byte 

Received etc .) 

Forest Electronic Developments 
01590-681511 (Voice/Fax) 

... ~._ 1"11 

- lo..-l ...... Ir-.... 1 ....-_ .... 0. ___ 1 
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• Automatically generates your base application including full 
initialisation, interrupt handling and main program loop 

• The complete C Compiler and AVR Simulator programs are 
integrated into AVIDICY - total editing / compilation / 
assembly / simulation support in one program 

• Also includes the Element Editor to enable you to create 
your own components with ease. 

• Demonstration available from our web site 

Prices from £45.00 - details & demo from 
www.fored.co.uk 

email: info@fored.co.uk 

www.fored.co.uk Also programmers, ICE, & development systems 
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By Mike Brookes 

n the last issue we reviewed 
the problems faced by the 
RFID industry conforming to 
the newly accepted Standard 
EN 302 208. 
In the following weeks, 

progress towards pan
European acceptance of a 
pan-European standard pro
duced by pan-European com
mittees has been nil. So far, 
just two member states have 
put the necessary national leg
islation in place to permit man
ufacturers to make or sell UHF 
RFID - despite over four years 
of negotiations and a Europe
wide decision in favour. 

Here, we discuss the subject 
of the 'Newly Harmonised 
Frequency Bands'. The Radio 
Telecommunications Terminal 
Equipment Directive (R&TfE) 
was a bold move by particu
larly enlightened members of 
the European Commission to 
remove Type Approval regula
tions, often used by member 
states as home market protec
tion devices. A 'New Deal' was 
devised by which equipment 
manufacturers producing radio 
- including Short Range 
Devices (SRDs) in 'Harmonised 
Frequency Bands' could take 
responsibility for self-declara
tion of conformity and launch 

Wireless column 

Harmony 
who needs it? (Part 2) 

new products anywhere in the 
EU without National Type 
Approval or complicated 
equipment marking. This 
freedom was given, provided 
that the manufacturer designed 
equipment conforms to a 
European Standard of which 
Part 1 is voluntary (but contains 
all the really useful guidance 

These are available via the 
'Europa' website, which is 
impenetrable to all but the most 
determined website gurus. 

The best summary docu
ment to provide enlightenment 
to industry is the European 
Radio Office (ERO) website, 
www.ero.dk , which holds a 
document entitled CEPT IERC 

" MeanwhIle, the USA continues to recognise the rapid 
developments in radio technology and modify its regulations at 
a rate to guarantee a competitive edge J J 

notes) and Part 2 is mandatory, 
complying with the essential 
requirements of Section 3 of 
the R&TTE Directive. 

If you are confused at this 
point, you will understand why 
this field is so well populated 
by consultants who are con
versant with the mystic arts of 
EU regulation. 

It is so confusing, in fact, that 
a special committee called 
TCAM (Telecommunication 
Conformity Assessment and 
Market Surveillance 
Committee), consisting of 
CEPT Radio Administrations 
and a few industrial represen
tatives, was set up to interpret 
the R&TTE Directive and pass 
on "clarifications" to all. 

Recommendation 70-03, 
relating to the use of Short 
Range Devices. 

Around 10% of its text gives 
useful instructions on EU regu
lations and 90% on detailing 
the reasons that each member 
state has for not complying 
with tl1e agreed regulations for 
a "common market". 

Moving on to the' Nearly 
Harmonised Bands', within 
TCAM a sub-committee has 
been reviewing, for around 
five years at three meetings 
per year in Brussels, 'candi
date bands for harmonisa
tion'. These are intended to 
further support European 
industry in allowing "Class 1 
Operation" the self-declare, 

minimum regulation for 
frequency bands that some -
but not all - EU states can or 
will free up. 

In five years, no actual deci
sions have been made but a 
major step has been consid
ered where the principle of the 
'Lowest Common Power' is 
applied. In this, to overcome 
the continued obduracy of 
some states, the ERP (effec
tive radiated power) is deter
mined at such a low level that 
objections of unwarranted 
interference to other services 
will be avoided. 

Needless to say, the levels 
chosen are so low as to be 
wholly useless for the duties 
intended. 

Meanwhile, the USA 
continues to recognise the 
rapid developments in radio 
technology and modify its 
regulations at a rate to 
guarantee a competitive edge, 
matched by Asian indifference 
to European regulations. 

The LPRA (Low Power Radio 
Association) is a European 
trade body that represents 
manufacturers and users of 
short range devices (SRDs). 

It is octive in the p-c:x::Lcticn of SA) 
Radio standards ard regulations. 

~e Brcx:Kes is ~'schaiTn:n 

Wireless Software Solutions 
Firmware revision 2.1 

If Bluetooth, 802.11 , Zigbee, UWB etc don't 
suit your wireless application - "easy-Radio" will. 

ER modules are embedded with all the wireless software 
you will need to achieve a short range wireless link over 

several hundred metres at speeds up to 19.2K over air. Jan 05 
Designed and manufactured 
in the UK by LPRS limi ted. 
Witney. OX28 4BH 
Tel: 01993 709418 
Email: 11110" Iprs.co.uk 

New robust software ensures stability of user selected frequency, 
data rates and output power, configurable via Windows based software. 

Go to our website to order an evaluation/programming kit and use 
our online calculator to see how time is saved and revenue returned faster 

with "easy-Radio" software solutions. www.easy-radlo.com/ew1 
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Noise and 
moving-magnet 
cartridges 
Mcarc:oM -..un ... o.v.t 11'I ... . lrigotoJ ,,044 optimlMJrion in RIM 
_",,»fie" fo.. mooring magMI f'Qr1I'ld,., cmd pN""~ Q 

hiah-I"~·d.li,"""""', 

A puzzling model 
The results in Mr. Burkhard 
Vogel's article (Electronics 
World, May 2005, p28) are 
most paradoxical. First, he 
proves that the thermal noise 
of a moving-magnet cartridge 
cannot be properly modelled 
with a simple LR series net
work with constant resis
tance. In the following sec
tions, he shows that the cal
culated noise for the combi
nation of a cartridge and an 
RIM amplifier is accurate to 
within a fraction of a dB, 
when the cartridge is improp
erly modelled as an LR series 
network. I must say that this 
had me puzzled for a while. 

The frequency-dependent 
effective series resistance 
can be roughly modelled by 
adding a parallel resistor 
across the inductance. This 
is, basically, a simplified ver
sion of the model B.I. 
Hallgren used in the Journal 
of the Audio Engineering 
Society, September 1975. 
I've done a couple of simula
tions with such a cartridge 
model and with a simple LR 
series network. 

To be precise, I modelled a 
Shure V15-111 cartridge as the 
series connection of a 
1 .3388kQ resistor and a 
460mH inductance, with or 
without a 75kQ resistor in 
parallel with the inductance. 

With 75kQ, this matches 
Richard Visee's impedance 
measurements (EW, October 
2003) to within +/-2 degrees 
of phase error for frequencies 
up to 20kHz. The magnitude 
is within +4%/-2% for fre
quencies up to 14kHz, within 
+4%/-7% up to 20kHz. 

The cartridge model was 
loaded with 275pF in parallel 
with 47kQ. The three resistors 
(1.3388kQ, 47kQ and 75kQ) 
were the only noise sources 
that were taken into account. 
The simulations show that 
adding the 75kQ parallel 
resistor influences the total 
noise in two ways. The 
resistor adds noise current, of 
course, but it also increases 
the damping of the resonance 
of the cartridge inductance 
and cable capacitance. These 
two effects apparently almost 
cancel each other. 

The results for the A- and 
RIM-weighted noise inte
grated from 20Hz to 20kHz 
are summarised below. The 
noise is listed as an RMS 
value and in dB with respect 
to the case where all three 
resistors are in the circuit and 
generate noise. 

A. With 75kQ, all resistors 
noisy: 487nV (OdB) 

B. Without 75kQ, all resis
tors noisy: 470.9nV (-0.293dB) 

C. With noiseless 75kQ, all 
other resistors noisy: 417nV 
(-1.348dB) 

O. With noisy 75kQ, 47kQ 
noiseless: 361.4nV (-2.59dB) 

E. Without 75kQ, 47kQ 
noiseless: 268.2nV (-5.181 dB) 

F. With noiseless 75kQ and 
noiseless 47kQ: 259.5nV 
(-5.469dB). 

The differences between 
case A and case C indicate 
that the 75kQ resistor gener
ates a significant part of the 
total noise. Comparing case 
B with cases A and C shows 
that the difference in 
response with 75kQ (extra 

damping) almost completely 
cancels the effect of the 
noise of the 75kQ. 

Cases 0, E and F are the 
same as A, Band C, but with 
a noiseless 47kQ input 
resistor in the RIM amplifier 
(as can be approximated with 
combinations of series and 
parallel feedback). In this 
case, neglecting the 75kQ 
causes much larger errors: 
2.591 dB rather than 0.293dB. 

I also checked the accuracy 
of the 3852Hz-rule derived in 
my article in EW October 
2003. This rule says that an 
RIM amplifier should be 
noise-optimised at 3852Hz, 
because the A- and RIM
weighted effective cartridge 
impedance approximately 
equals the impedance at 
3852Hz. My calculations were 
much less accurate than Mr. 
Vogel's, because I only 
wanted to get a reasonable 
estimate of the relative impor
tance of current and voltage 
noise. In particular, I neglected 
all loading effects and mod
elled the magnitude of the car
tridge impedance with a 
simple LR series network. 

The 3852Hz-rule gives an 
effective impedance about 
15.6% higher than simulated 
for the combination of the 
cartridge and its 275pF and 
47kQ load. In the case of a 
bipolar input stage, opti
mising the noise for a source 
impedance that is 15.6% too 
high causes less than 0.05dB 
of increase in the noise con
tribution of the input tran
sistor. As the input transistor 
is usually far from dominant, 
the deterioration in the total 
signal to noise ratio is even 
smaller. In the case of a FET 
input stage, there is little to 
optimise: you simply take a 
large device and bias it at a 
high current. 
Marcel van de Gevel 
The Netherlands 

Nature's 'first cycle distortion' 
Having read Mr. Maynard's 
series of articles, I am con
vinced that there is no such 
thing as "First Cycle THO". 

Examining Figure 2 of the 
July 2004 issue, where the 
phenomenon is introduced, 
the "distorted" signal only lasts 
for 50jJs into the first cycle and 
does not repeat on subse
quent cycles of the input 
signal. The signal shown in 
Figure 2 is aperiodic, it is just a 
ramp of 6V /ms - it could be 
the start of a 1 kHz sinewave, 
just as easily as it could be the 
start of many other waveforms. 
The error voltage has returned 
to zero a long time before the 
next zero-crossing, which 
would define the signal's fre
quency. To claim that the error 
signal consists of harmonics 
(i.e. integer multiples) of the 
frequency of the input signal 
does not make sense. 

What Mr. Maynard has actu
ally observed is no more that 
the effects of a band pass 
filter. If a signal is passed 
through a filter that removes 
either the high- or lOW-fre
quency components of the 
input signal, then it stands to 
reason that the output signal 
and the input signal will look 
different, but in no way is the 
output signal "distorted". If 
this was the case, then one 
would have to say that any fil
tered Signal is "distorted", like 
the individual outputs of an 
electronic crossover, or the 
output of an equaliser. 

The input signal, a "sine
burst" is the product of a 
sinewave, V=Vo sin(ffit) and the 
Heaviside (step) function 
V=H(t), so Vinput = H(t).Vo 
sin(ffit). A Fourier transform will 
give its spectrum. 

The Fourier transform of the 
product of two signals is the 
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convolution of the spectra of 
the two individual signals, so 
the spectrum of the combined 
signal can be established from 
known results, as the integral 
Joe oeiwt: is somewhat tricky to 
evaluate. 

The spectrum of the 
sinewave is simply 8(~ and the 
spectrum of the step function 
is 8(~+ 1 fjco, giving a spectrum 
for the combined signal as 
shown below. Although this is 
the spectrum of the entire 
sine-burst, lasting from time 
t=O until time t=oo is already 
clear that the signal contains 
components of every fre
quency from zero to infinity. 
See Figure 1. 

As only the first cycle of the 
sine-burst is being considered, 
it makes more sense to con
sider a sine-burst that is only 
one cycle long. This is again 
the product of two signals, the 
first being the sinewave and 
the second being a rectan
gular pulse of length equal to 
one period of the sinewave. 

The spectrum of the com
bined signal is again the con
volution of the two individual 
spectra, the spectrum of the 
rectangular pulse being: 

G(j) = sill{jt) 
/1 

The combined spectrum 
looks like Figure 2. 

Its frequency response is 
only at -40dB at 1 MHz, and 
extends all the way from DC to 
infinity. Any amplifier will, there
fore, remove high- and low-fre
quency components from the 
test signal, resulting in an 
output signal that differs from 
the input signal; thus, we have 
a perfect explanation as to why 
the output signal doesn't look 
like the input signal, with no 
need to invent such spurious 
terms as "first cycle distortion". 

The impulse response of the 
amplifier is simply the Fourier 
transform of its frequency 

·40dB 

-50dB 

-60dS 

-70dB 

-BOdS 

·9OdS 

-100dB 
10 100 

response, and the time-domain 
response of the output signal is 
the convolution of the input 
signal with the impulse 
response of the amplifier; and it 
would be a whole lot easier to 
analyse if one were to use a 
rather simpler input signal than 
a sine-burst, such as a step
function. In fact, one could use 
a series of step-functions, other
wise known as a square-wave, 
which makes me wonder why 
Mr. Maynard has such strong 
objections to the use of square
waves for amplifier testing. 

Mr. Maynard keeps 
asserting that we don 't listen 
to sinewaves, although I'm 
sure that Baron Joseph 
Fourier would disagree if he 
was alive today; but one thing 
is for certain, we listen to 
music with our ears, we don't 
look at a Spice simulation of it 
on our computer screens. 
Over-reliance on Spice and a 

A 
Figure 1 

\ 
'~ 

1k 10k 1' . 1M 
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tendency to believe it rather 
than performing real measure
ments leads to faux pas like 
Figure 4 of the July issue, 
which shows a group delay of 
minus 800ns at 40Hz. So, the 
signal reaches the speaker 
before it leaves the amplifier? 
How does it do that, then? 

The infinite bandwidth of the 
test signal also suggests that 
this is a signal that is highly 
unlikely to occur in nature. If 
one considers the nearest 
thing to a sine-burst that is 
likely to occur - the effect of a 
resonant metal bar being 
struck, the resonance will not 
start until the effect of the 
impact has travelled from the 
point of impact to the extremi
ties of the bar and back again. 
The speed of sound in a solid 
is given by: 

° lSvC=r=~ II U:;:===C~II U;=U =r::;l;:;:1 u!M=W ::::::::=~1~0r,OOO~\~~1IE;5 - -r:11 ::equenc
y 

-10 \ 

-20 

Figure 2 

Letters 

where E is its Young's mod
ulus and p is its density 

For brass, E=1.05 x 1011 Pa, 
and p=8100kgfm3, giving 
c = 3600mfs and for a bar of 
200mm in length this will take 
approximately 10lJs, almost 
identical to the time constant 
at the front of the amplifier that 
Mr. Maynard was so strongly 
objecting to - so nature has its 
own "first cycle distortion"! 

Mr. Maynard implies that a 
filter similar to that described 
in Figure 2 [July] , with a time 
constant of 10IJs is fitted to 
the input of many power 
amplifiers. However, with a 
time constant of 1 = 1 OIJS it 
has a -3dB frequency of 
1 f(21U) which is 16kHz, so no 
self-respecting amplifier man
ufacturer would fit such a filter. 

One final thought, if the 
transit response of the audio 
system is Mr. Maynard's main 
concern, then to blame the 
amplifier is missing the point. 

Few manufacturers publish 
sine-burst test results, but this 
one is from Dynaudio who are 
one of the well respected and it 
can be seen that the response 
takes two whole cycles at 4kHz 
(500lJs) to return, being identical 
to the input signal. 
Ian Benton 
UK 

Please send your 
letters to: 
"Electronics Wand" 
Nexus Media Communications, 
Media House, 
AzaJea Drive, Swanley, Kent 
BR88HU 

e-mail: 
ewletterS@highburybiz.com 
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Products 

Capacitative 
touchscreen 
sensor 
Zytronic has introduced Zypos, 
a highly durable, drift-free and 

internationally award-winning 
Zytouch projected capacitative 

technology (PCT) touch sen
sors. Zypos is aimed at high 
volume, cost-critical touch

screen applications such as in 

retail and gaming, for example. 
Traditionally, touchscreen 

sensing technologies, such as 
capacitative, resistive and sur

face acoustic wave (SAW) are 
surface-active and, as such, 

more susceptible to surface 

variance effects during the 
screen's lifetime. 

Capacitative sensor arrays 
are often subject to drift, which 

means that regular recalibration 
is required, which leads to more 
expensive maintenance. 

Resistive touch technology is 
more prone to damage caused 

by sharp pointing devices such 
as a pen or the corner of a 
credit card. PCT does not suffer 
from such problems and so it is 
more durable and robust for 
various applications. 

PCT is based on the principle 
of embedding an array of micro
fine sensing wires within a multi
layer laminated screen behind a 
protective front surface, ensuring 
that the sensing medium is well
protected from accidental and 
malicious damage. The sensor's 
thickness is 3mm; the response 
time it offers is less than 20ms. 
www.zytronic.co.uk 

New member joins the 
thermal team 
DED Limited's Axiohm selec
tion of thermal printers - the 
A600 series - has just 

received a new addition in 
the A632 system. Being 

made with vehicle space 

constraints in mind and a 
power supply of 12VDC, this 
device has already been 

awarded the 'e' approval for 
in-vehicle use. The device is only 1 08x14 7x72mm in size, has a 

12VDC battery, 9-12VDC converter, supports the Windows 
drivers for 98/2000IXP and Pocket PC, and it can be used with 

a PDAaswel1. 
The system's printing time is 55mm/s, supporting paper width of 
58mm and offering battery life of up to 170 hours. The system 

weighs some 330 grams and it offers an RS232 interface and a 
choice of 24 or 40 column print width. 

www.ded.co.uk 

High-current PCB corlnectors 

Camden Electronics has 
launched a new range of PCB 
connectors that can handle 
currents of up to 57 A - the 

CTB77 family. They could be 
used in energy management 
and heavy duty industrial 
heating and ventilating applica
tions among others. 

The new connectors are 
moulded from UL94VO flame 
retardant grey polyamide PA66 
and are available in two and 
three pole interlocking types, 
with four or twelve poles. 

The two and three pole types 
feature a double interlocking 

mechanism for added strength. 
Specifications include 

voltage rating of up to 750V (UL 
40N300V) with insulation resis
tance greater than 50MQ and 
10mm2 (6AWG) cable entry. 

The connectors feature a 
zinc-plated steel clamp mech
anism and guided pin align
ment to ensure reliable con
nection. Solder contacts are 
5mm tin-plated nickel, while 
the captive M4 screws are 
hlm Zinc-plated steel. 

Operating temperature 
range is -20°C to + 125°C. 
www.camdenelec.com 

Ultimate in wiring 
accessories 
GET's Ultimate range of flat 
plate wiring accessories now 
offers interior decor versatility. 
Although renowned as the first 
screwless accessories to be 
generally available on the 
market in the UK, this range 
now comes with the option of 
a transparent or textured front 
plate that can suit any domes
tic or commercial interior. 

The textured front plate 
design has a rubberised 
textured effect that comple
ments to design trends. 

The new designs retain 
Ultimate's signature ultra-slim, 
flat plate styling and smooth 
curves and incorporate all of 
the range's easy-fit features 
such as backed-out combina
tion terminal screws for faster 
fixing and dual terminal colour 
marking for easier cable 
insertion. This is enhanced by 
Ultimate's tactile switch 
action, which incorporates a 
positive-drive switch mecha
nism that ensures a long and 
trouble-free working life. Both 
long and short screws are 
provided for maximum of 
installation flexibility. 

A comprehensive range of 
Ultimate accessories is now 
available in both the transpar
ent and textured options, 
including rocker and dimmer 
switches, socket outlets, 
coaxial and telephone 
sockets and fused connection 
units. On both models, the 
tamper -proof front plate clips 
securely to the mounting 
frame. The transparent plate 
is made from hardwearing 
and durable polycarbonate. 
www.getplc.com 
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Varistors for 
PCB assembly 
The V J series of varistors 
from A VX incorporates a 

glass-passivated surface to 
protect the device from the 

reactants present during 
PCB assembly. As a result, 
the device has far more 
stable properties. 

Zinc oxide is used in the 
construction of SMD varis
tors. The conductive proper
ties of this material can be 
altered by chemical interac
tion with the resins, varnishes 
and flux residues present 
during PCB assembly. With 
its newly developed glass
passivated surface, the AVX 
VJ series can now overcome 
this problem by avoiding any 
such interaction. 

The series is available in 
case sizes from 1206 to 
2220. The varistors are 
IS07637 compatible and 

provide over-voltage protec
tion, specified with a high

energy rating. They operate 
over the temperature rang 
-55°C to + 125°C. 

The VJ series is suitable for 
a range of applications, 
including automotive, 
security, measurement and 
medical equipment. Low 
leakage-current devices are 
available on request. 
www.avxcorp.com 

CalTier board for the 
Compact Flash Computer 
C Data Solutions Ltd has 
released a new low-cost carrier 
board for its Compact Flash 

Computer. The Compact Flash 
Computer is a Freescale 
Coldfire MCF5272 processor, 
32MB SDRAM, 8MB flash, 
packaged in a Type II 

Compact Flash Card, 
42x37x5mm and is pre
loaded with 
uClinux. The 
Compact Flash 

Computer is 
available for 
$200 in small 
volume, $100 in OEM 
quantities. The low-cost 
development kit cost $400. 

The carrier board has four 
Compact Flash connectors, 
two on top and two on the 
bottom. One is specifically 

used for the Compact Flash 
Computer, allowing the other 

three connectors for 3rd party 
CF+ I/O cards. The carrier 
board also has the bus expan
sion unit integrated onto it, 

which enables the Compact 
Flash Computer to directly 

address the CF+ I/O cards. The 
carrier board can be powered 
from 5-1 OV via a switching reg

ulator or a 3.3V supply. 
The 3-slot carrier board pro

vides the basis for a lower cost 
develop
ment 

system 
and aug
ments the 
existing 8-
slot 
mother 
board 

develop-
ment system. The 

carrier board is an ideal 
vehicle for developing portable, 
wearable and desktop units. 
Applications range from NAS, 
bridges, routers, wireless 
access points, data acquisition 
systems, etc. The 8-slot 

mother board system targets 

embedded computing in areas 
where PC1 04 is too big and 

the application volume does 
not warrant custom hardware 

design. 
www.cdataszzzzz.com 

Products 

Compact low-cost 
stepper driver 

Astrosyn International 
Technology has launched a low
cost driver for two- and four
phase hybrid stepper motors. 
The P300 is a compact bipolar 
microstepping unit and is new to 
the European market. It pro

vides maximum resolution of 
12,800 steps/revolution. 

In addition to full- and half
stepping, five microstepping 
modes can be selected. Output 
current is up to 1.0A per phase, 
with input voltages in the range 
of 18-36Vdc. The unit measures 
22x55x88mm and weighs 150g. 

Its advanced design also min
imises noise and vibration. 

The P300 is suitable for appli

cations where space and high 
performance are of critical 
importance, such as in medical 
OEM equipment and office 
automation products. 
www.astrosyn.com 

Enhancements for the Yokogawa WT3000 analyser 

A number of new features have 
been added to the Yokogawa 
WT3000 precision power anal
yser. These include a 30MB of 
internal memory, auto-print 
function, and USB and Ethernet 
options, which provide 
enhanced communications with 
external devices and networks. 

A USB port for connection to 
PC (Option /C12) uses a type B 

connector on the rear panel. 
Instruments with this option 
installed can be used in con
junction with the communication 
functions of Yokogawa's 
WNiewer software for data 
acquisition via the USB. 

A USB port for peripherals 
with type A connectors can also 
be added (Option /C5). This 
allows data stored in the main 
unit to be saved in binary or 
ASCII format on a peripheral 
such as a USB storage device. 
It also allows a keyboard to be 
connected for easy input of 
user-defined mathematical 
expressions. 

The Ethernet communications 
function (Option /C7) conforms 
to 1 OOBASE-TX and 1 OBASE-T, 

and provides for data exchange 
with PCs or networks. The 

option supports file transfers via 
an FTP server, as well as FTP 
client (network drives), LPR 
client (network printers) and e
mail (SMTP client) functions. 

The WT3000 does not have a 
built-in hard disk, and the FTP 
server function is available when 
a PC card or USB storage 
device is inserted or connected 
to the PC. 

www.yokogawa.comJtmt' 
tm-download.htm 
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Products 

Harling switches 
its connectors to 
lead-free 

Harting has introduced lead-free 
(Pb-free) versions of all its elec
tronics connector families, incor
porating optimised surface fin
ishes for solder, crimp, 
wire-wrap, IDC and press-fit 
products. Many Harting prod
ucts have been lead-free for 
some time, but connectors 
involving solder termination have 
traditionally relied on tin-lead 
coating, which is prohibited 
under the RoHS Directive. The 
company plans to deliver 90% 
of its electronics connectors in 
lead-free form by August 2005, 
with the remaining 10% being 
completed by the 1 st January 
2006: well ahead of the Euro
pean RoHS Directive coming 
into force on the 1 st July 2006. 

Harting carried out exhaustive 
tests - both in its own laborato
ries and in conjunction with 
independent test houses - on 
alternative materials, before 
selecting pure tin with a matt 
surface as the optimum finish. 

The use of matt tin virtually 
eliminates the possible forma
tion of tin whiskers - a sus
pected cause of short circuits 
and equipment failures, which 
can occur with bright finishes. 
The material qualified and 
coated by Harting has shown no 
evidence of any visible whisker 
formation. 

Connectors based on this 
matt tin finish are suitable for 
use in modern high-temperature 
lead-free reflow soldering pro
cesses, where temperatures 
between 240°C and 270°C can 
be encountered. 
'WW.harting.com 

To reserve your web site space phone Reut 

CHYGWYN 
www.chygwyn.com 

ChyGwyn Limited offers electronic 
design and embedded software 
development for remote monitoring, 
embedded appliances, set-top boxes 
and similar devices. We are experts 
in customisation of Linux and write 
device drivers for custom hardware. 

08 TECHNOLOGY 
www.dbtechnology.co.uk/ 

J!\ dB Tec hno.Logy 
{dID ---Taking the pain out of EMC 

Anechoic chamber and open area 
test site. 

• Compliance Tests 

• Fixes included. FCC Listed. 

• Flexible hourly booking available. 

• Rapid, accurate pre-compliance 
tests. 

COMPONENT TECKNOLOGY 
shop. component
tecknology.co.uk 

a 
-~ 

• ~T-
~-. - -,.u- ~-~-..... 

• Electronic Components and 
Development Tools 

• PIC microcontroller kits and 
modules. 

• FPGAs, PCBs, and 
18F45X,16F87X 
Proto-Boards for fast develop
ment of 
project ideas. 

• Computers: Hardware, Software. 

• Consultancy 

• Tel: 07005800386 • Fax: 0700 
5801181 

DESIGNER SYSTEMS CO 
www.designersystems.co.uk 

-----_ ......... ---
~ II e ~ 
-:::=- I~- -.----

Electronic product design company 
with over a decade of experience 
promoting it's own product range 
and designing and manufacturing 
innovative products for client com
panies/individ uals. 

lineage only will cost £150 + vat for a full year. 

IPEVA 
www.ipeva.com 

tpeva 
Intellectual Property 
Evolution + Evaluation + Value 

IPEVA sell FPGA platforms and 
provide Design Services for Embedded 
Systems, OpenCores IP, Analogue, 
Digital, FPGA, ASIC, HDL Translations 
(e.g. Schematics/C/C++ to VHDL) 
and Migrations. Altium Nexar and 
Protei Bureaux. 
Tel 08700802340 

REDRAT LTD 
www.redrat.co.uk 

Hom. I cn."I S.n4t:e' I ProcfucU I Softw.rtl l l\I~ I '\I't' I "bout 

infrared remote control for your computer 

Infrared remote control input and 
output for computers - USB and 
TCP/IP. 

Applications areas include: 

• Home automation 

• PC based multimedia installa
tions 

• Consumer electronics test 
systems 

• Broadcast monitoring 

• Show and theatre contro 
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) [JO 0 ~~~® crO ~ 0 ~® 0 DO Us 
~n Gurunlian 01322 611261 r. gurunlian@highburybiz.com 

MCES LTD 
www.mces.co.uk 

,· .,.(' I~ l l)n 1'.I "("lrvn h ' F " Jthl fO .. , ..... 

_\ooo.-.l ____ ._!..._..::.=.,I010' ...... ___ '-' __ _ 

-
MCES are a specialist electronics company 
providing a high quality repair, rework and re
manufacturing service to electronic modules and 
sub assemblies, including handling both large and 
small volume production and rework for major 
manufacturers. Established in 1972 we have 
continued to make large investments in specialised 
test equipment, surface mount technology and 
tooling enabling us to diagnose repair and verify a 
wide range of electronic modules to a very high 
standard. We also operate a 'fitting service for 
surface mount multi pin IC's and 8GA's 

TEST EQUIPMENT SOLUTIONS 
www.testequipmenthq.com 

~ TEST EQUIPMENT 
SOLUTIONS, 

Quality Used Test Equipment 
& 

Test Equipment Rental 

Tel: +44 (0)1153 sweeo 
Fax: +44 (0)1753 SlI68e1 
Email: info8T~eom 
Website: www TeslEquipmenlHQ com 

With over 100 years of combined experience in 
the electronics marketplace, all our team are 
established test and measurement engineers and 
provide unsurpassed levels of service. 
Specialising in quality second user Test 
Equipment sales and rental, all equipment is fully 
refurbished and tested. We supply manuals and 
accessories with full certification and a 12 month 
warranty. Savings greater than 70% can be 
realised over new prices. 
Compare our rental rates with any other UK 
supplier and make substantial savings on your 
rental equipment. Equity rentals, daily rates and 
discounts for long term rentals are also available. 

r -- -- -- -- - - --------------------------------~ 
... and you thought 

advertising was expensive! 
Call Reuben Gurunlian on 01322 611261 and find 
out how you could reach 15,000 electronics engineers from just 
£2.89 per day! 

Fax back this form on 01322 616339 

Name ..................... . ................................................... . 

Company name ........................................ . .................... . 

Web address ................................................................. . 

Address ....................................................................... . 

Postcode ......................................................... . ............ . 

Telephone number .......................................................... . 

Fax number .......................................................... . ....... . 

Entry - no more than 100 words. 

I ncl ude screenshot? Yes 0 NoD 

Lineage with colour screen shot will cost £350 + vat for a full year 
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www.boffinbooks.com ~b1TL'b°NICS 

The Electronics World Book Service offers you access to our team 
of specialist publishing experts. Through us you can order any 
book currently in print from War and Peace to Reference Data 
for Engineers. Simply use the form opposite to place an order, 
all books are delivered free of charge* within the UK. 

MECHATRONICS FOR THE EVIL GENIUS: 25 BUILD.IT·YOURSELF PROJEaS 
By Newton Braga 
The popular evil genius forroot provides hobbyists with a fun and inexpensive way 10 leoln 
MechalronKs (Ihe merger of eledronics and mechanics) vio 25 complele plOjeds. Projecls include: 
mechanical race car, combal lobol, ionic molor, eieclfomagnel, IObolic OIm, lighl beom lemole 
control, and more Includes 'paris I isis" and '1001 bin' fOi each projecl Covels all Ihe pleparalion 
needed to begin builuing, st)ch as 'how to solder,' "how 10 recognize componenls and diagrams, 
' how 10 leod a schemotic,' ele. 

Avail. Ju~ 'OS, Papelback 

RADAR SIGNAL PROCESSING 
By Mark Richards 

£14.99 

Advances in DSP (digilal signal processing) have radical~ alteted the design and usoge of IOdor 
systems -- making it essential for both working engineers as well as studenls 10 maslel OSP 
lechniques. This teXl, which evolved from Ihe oulhOl's own teaching, o~ers a rigorous, in-deplh 
inlrodudion 10 todoy's complex radOf OSP lechnologies. Contents: Inlroduclion to Rador SYSlems 
• S~nal Models' Sampling and Quonlization of Pulsed Radar S~nols • Rador Waveforms 
• Pulse Complession WOlllfolms • I))ppler Processing' Oeledian Fundamentals 
• Conslanl Folse A 101m Rate ((fAR) Oeledion • Inlroductian 10 Synlhelic Aperlure Imaging 

Avail. Ju~ 'OS, HOldback 

PHOTOMASK FABRICAJlON TECHNOLOGY 
By Benjamin Eynon and Banqiu Wu 

£55.00 

Phalomask.$, the prinling maslels for the fabrication of inleglOted cilruils, have become a necessify 
of lrodeln semiconduclol manufaduring. This bookdelails Ihe science and lechnology ofinduslfial 
photo mask produdion, including fundamenlal pnnciples, indusllial production Hows, and 
technologicol evolulion. Features: Fablicalion processing methods, Qualify control porameters, 
Resolution enhancelllenltechniques, Oefecl leduction and conlrol, Palleln formation 

Avail Ju~ 'OS, HOldback 

£70.00 

DIGITAL SIGNAL PROCESSING: SIGNALS, SYSTEMS AND FILTERS 
By Andreas Antoniou 

D~ital SigllOl Processing is a lapid~ glowing acodemic discipline Ihe warld Olll!. This new lext 
utilizes ,!MTlAB and the CO-based DSP lob 10 provide reoders with a ful~ inlelOctilll approach to 
moslering the fundamentals of OSP and ~Iter design. OSP Lab allows readels 10 work problems 
withoul purchasing MATlAB 

Avail. June 'OS, Hmuback wilh CO-ROM 

£68.99 

123 PIC MICROCONTROLLER EXPERIMENTS FOR THE EVIL GENIUS 
By Myke Predko 

The populOl Evil Genius formol plOvides hobbyisls wilh a fun and inexpensive way to leOln aboul 
Ihe Microchip PIC microconholler. 123 experimenls, eoch one building on the knowledge gained in 
the previous one, leoch Ihe reodel about proglOmming ond how to integrale hardware and sollwole 
~om Ihe PIC mostel. Extends the reoders' skill to include C and ossemb~ longuage progmmming for 
mid-lOnge PIC microcanlfollers. Compolible wilh floo saltwme dellliopment sites 10 subslanliolly 
reduce Ihe cos! of experimenls. Includes direclions for purchasing a PCB thul can be used as a 
power supp~ ond elechonic conlrol syslem 

Avail. June 'OS, Paperbock 

SEMICONDuaOR MANUFAaURING HANDBOOK 
By Hwaiyu Geng 

£14.99 

fhis comprehensive refelenre plovioos Ihe dolo, opplicalions, ond solutions needed 10 design and 
mOllOge semimnduclOl manufacturing operations. Consolidoling the many camplex subdisciplines of 
somicondudor fundomenlob and monufocluring into one valume, it ollows Ihe quick look-up of 
specific refelence dolo. 

Avail. May 'OS, HOldback 

FORMAL VERIFICATION: FOR DIGITAL CIRCUIT DESIGN 
By Douglas Perry and Harry Foster 

£80.00 

formol veliflcation is a powerful new digital design method. In this wlting-edge IUtOliol. two of the 
~eld's besl known outhOls teom up 10 show designers how to efficienlly opply FOImol Velificalion, 
along wilh hordwore descliplion languoges like Venlag ond VHOL, 10 male elilcienl~ solve reol
world design problems. Contenls: Simulotion-Bosed Veriflcalion • InlfOduclion /0 Formol Techniques 
• Contrasting Simulalion vs. Formol Techniques ' Developing a fOlmal Tesl Plan' Wliling High
Lellli Requiremenls • PlOving High-level Requiremenls • System Level Simulolion 
• Design Example' fOlmol Tes! Pion' Final System Simulotion 

Avail. May 'OS, HOldback 

£38.99 

Code MCG 0071457593 

Code MCG 0071444742 

Code MCG 0071445633 

Code MCG 007145424 1 

Code MCG 0071 45 1420 

Code MCG 0071445595 

Code MCG 007144372X 

For Credit Cord orders or any queries, call 01737 B 1 27 27 or fax 01737 B1 35 26. These 

orderlhelplines ore open from 9am to 5pm Monday to Friday. For out-of-hours orders you can leave 

a message on the above line or, alternatively, e-mail us at bofflnbooks@tiscali.co.uk. When pladng 

on order please quote your Nome, Address (Home and Delivery), Contact Telephone Number, 

Debit/Credit Cord Number, Expiry Dote/Issue Number, Details of your order. 

Please note: Printed prices may change but ore correct at time af going to press. 

NATIONAL ELEaRICAL CODE HANDBOOK 
By Brian McPartland, and Joseph McPartland 
The Besl Code Reference in Plint r [dilion aftel populm edilion, McGraw-Hill's Nalionol Elechiml 
Code(R) Handbook has deliveled unma. lched pul-the-Code(R)-into-proctice ~idance. No wonder ii's 
been Ihe leoding leference on the NfC(R) fOl more than 70 yeOfS! Complele updated to reflecl the 
2005 Nalionol Eledliml Code(R) th is IS the mosl flequent~ collstJlted NEC(R guidebook in the 
wOlld --on indispensoble, aulholilalive source of Code(R) how-to 's, interpretation, and odvice. 

25th Edilion, Muy '05 

£44.99 Code MCG 0071443401 

LABVIEW DIGITAL SIGNAL PROCESSING AND DIGITAL COMMUNICATIONS 
By Cory Clark 
NotionollnsllUmoors LobVIEW glaphicol progromming language allaws engineers /0 creale 
inshumenls in sortwOle -- ollfemendous cosl savings compOfed 10 purchosing Ihe ac/Ual hardware. 
LobVIEW villual inslfUmenls con IOOko DSP (digitol signal processing) wOlk laslel ond less 
expensive~ -- making it pOltiwlOl~ valuoble to engineers working on wiling-edge communicolions 
syslems. This resource pfOvides engineers with step-by-step luloriallo using LabVIEW 10 Cleote 
villuol inslrumenls 10 handle Ihe mosl sophisticaled DSP opplicalions. CO-ROM contoins 
sample LubVIEW virlual insllUmenls and colour images from Ihe book. 

May 'O S, Hordbock 

PHASE·LOCKED LOOP SYNTHESIZER SIMULATION 
By Giovanni Bianchi 

£45 .00 

Phase locked Loop hequerHY synlhesis is a key component of all wireless systems. Th is is a complete 
toolkil for PLL synlhesizel design, wilh MalhCAD, SIMelrix files included on CD, allowing reoders 
to penolm sophisticaled calculation ond simulation exelcises. Desclibes how 10 colculole PLL 
perfOlmance by u~ng slandOld malhemalicol or cilcuit ona~sis programs 

April 'OS, Hordback with CD-ROM 

DIGITAL ELEaRONICS DEMYSTIFIED 
By Myke Predko 

£55 .00 

Wlillen by lenowned digilal guru Myke Predko, the primary locus of this self-leaching guide is 
on digi/ol elec/ronics ond logic, demonshaling how functions Ole designed and interfaced /0 
olher devices. Readels can p6lfOlm expeliments wilh the lechnologies discussed in Ihe book 
for under £51 The aUlhor includes two circuit design pfOblems per chaptel. 

feb 'OS, Poperbock 

£12 .99 

ELEaRONIC CIRCUITS FOR THE EVlL GENIUS: 57 LESSONS WITH PROJECTS 
By Dave Cutcher 

57 lessons and frve complete pro jects leach everything a hobbyisl needs 10 know about cirwils ond 
cilruil design. Inexpensive hordwOle components for each project mn be purchased lrom an online 
vendol. PfOjecl include: 
• An outomotic nightlighl • A professional quality bUfglol olarm • Building a digilal toy using 
logic gotes • Oesigning and building un application using digitol counling citwils 
• App~ing translotors and op amps 10 build on intercom syslem 

Jon 'OS, Paperbock 
£14.99 

BUILD YOUR OWN ELEaRONICS WORKSHOP: EVERYTHING YOU NEED 
TO DESIGN A WORKSPACE, LISE TEST EQUIPMENT, BUILD AND 
TROUBLESHOOT CIRCUITS 
By Thomas Petrunellis 
Whelhel electlOnics is a hobby 01 on avoca lion, this lesource covels everylhing you need to know 10 
aeale a personol eleclfonic workbench. The aulhol includes essentiol yel dilficuillo find infOlmalion 
such as whethel to buy ar build tesl equipmenl, how 10 soldel, how 10 moke cilwil bOOlds, how 10 
tfOubleshool, how to lesl componenls and syslems, ond how la build your own test equipment. 
• Building 011 a budget· Soulces far equipmenl 

Jan 'OS, Paperbock 

ELEaRONICS DEMYSTIFIED 
By Stan Gibilisco 

£17.99 

Besl-selling Demyslified oUlhor ond eleclronics ex~elt Stun Gibiliscu has pennell the pertect 
inllodudory book fOi consumelS, hobbyists, ond students olike. Coveroge includes essential 
topics such os runent ond powel su~plies, wileless, digilol plinciples, meosuremenl ond 
monitoring, tronsducels and sensors, location ond novigotion, and mOle 

Ocl '04, Popelbock 

£12 .99 

Code MCG 0071444920 

Code MCG 0071453717 
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Code MCG 0071448810 

Code MCG 0071447245 
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ELECTRICAL MACHINES, DRIVES AND POWER 
By Theodore Wildi 

This best-selling text employs a IheOielical. practical, mullidiS(iplioary approoch 10 provide 
inlroductory sludenls with a broad underslonding of modern eleclric power. The S(ope of 
Ine book renecls Ihe rapid chonges Ihol hove occurred in power lechnology overlhe pasl 
few years-{]lIowing Ihe enhonce of power electronics inlo every focel of industrial drives, 
ond expanding Ihe field 10 open more coreer oppartunilies 

61h Edilion Feb 'OS, 960 poges Hordbock 
£48.99 

CONTEMPORARY ELECTRIC CIRCUITS: INSIGHT AND ANALYSIS 
By Robert Strangeway, Owe Petersen, Richard Lokken and John Gassert 

This succincl yellhorough Ireolmenl of DC and AC circuils ona~sis effective~ communicales Ihe 
concepls and lechniques of circuil ono~s is wilh 0 focused proclicol Slyle Ihol keeps sludenls 
molilUled. Siorling 01 a levellhal sludenls con grasp, Ihe lexl conlrnues wrlh clear, focused 
explanalions Ihol adlUnce sludenls 10 Ihe de~led level of proficiency. 

April 'OS, 480 pages HardbaCK 

INTRODUCTION TO ROBOTICS 
By John J. (ra ig 

£58.99 

For seniol-yeOl 01 flrsl-yeal groduole level robotics courses general~( laughl hom lhe mechonical 
engineering, electrical engineering, orcompuler S(ience deparlment>. Since ils origina,1 publimhon 
in 1986, Claig's InlrodlJ{hon 10 Robollcs: MechonlCs and Conlrol has been Ihe mOliwl s leodmg 
lex1000k used forleoching rooolics ollhe univer~ 1y level. Wilh perhaps onlt-half of Ihe male rial 
hom Irodilionol mechanical engineering moleliol, one-fourlh conlroilheorelical male rial, and 
one-fourlh compuler S(ience, il covers rigid - bo~ lransformalions, forwOld and inverse posilional 
!cinemalics.velocilies and jacobians of linKages, ~nomics, lineal conliol, non-lineOl conlrol, 
force conliol melhodologies, mechonical design ospecls, and piOgramming of robals. 

3rd Edilion Sep '04, 408 poges HardbocK 

COOL CIRCUITS 
By More E. Herniter 

£39 .99 

for courses in Inlroduclion Circuils, Circuil Ano~~, Electronic Circuit Design ond Ana~sis, and 
ElecllOnics. This bOOK ollempls 10 answer Ihe queslions, 'Why ore we doing Ihis? ' ond "Whol is Ihis 
used for? " when applied 10 analog eleclronics. Since mosl sludenls do nol see where or how ana~ 
electronics iii inlo Iheil lives, Ihis bOOK discusses sevelol demonSlrolions ond design exomples wilh 
Ihe express purpose of showing studenls sonJe of Ihe coollhings thai can be done wilh analog 
electlonics 

Avoil. May 'OS, 128 poges 

£9.99 

SIMPLY C+ +: AN APPLICATION. DRIVEN TUTORIAL APPROACH 
By Paul Deitel, Harvey Deitel and Johnny Loll 

For courses in C+ + - Inlroduclion 10 Programming. The Simply series combines Ihe DEITEl 
signature LIVE-CODE Approach wilh a new APPLICATION-DRIVEN melhodalogy, in which rooders 
build praclicol, leal-world applicalions Ihol incorporole C+ + programming fundomenlols. 
Readers build and execule complele applrcallons hom 51arllo frnrsh whde leornrng Ihe baSICS 
of piOgramming from Ihe ground up. The obundanl se lf-os>essmenl exercises loke Ihe 
some approodl-like hoving 0 lexl and lob manuol in one. 

Sepl '04, 704 pages PapelbacK 

ESSENTIAL ELECTRONIC DESIGN AUTOMATION (EDA) 
By Mark Birnbaum 

£34.99 

Essential Electronic Design Automa~on (EDA) demyslifres Ihis high~ lechniml induslry for 
anyone wilh a 'need-Io-know" aboul EDA . A hiendr" infoflml inlroduclion 10 EDA business and 
lechnology, clem enough for loypeople yel delailed enough fOI lechnical readels. fhe bOOK also 
makes an excel/enl complemenlary lexllor cross-d isciplinary engineering, business and 
mOlKeling courses on VlSI Design. 

Code PEA 0131969188 

Code PEA 0131115286 

Code PEA 0131236296 

Code PEA 0131193430 

Code PEA 0131277685 

BEGINNERS HANDBOOK OF AMATEUR RADIO 
(loy Laster 

This lexl provides Ihe reader wilh Ihe neces>ary elettronics baCKground 10 begin 'hamming" and 10 
help wilh preporalions for Ihe FCC novice or 'no-code" lechnician class license examinalions. " covers 
Ihe ba~cs of wave propagalion, powel supplies and eletlronic circuils. 

41h edilion • 2000 • 550 pages· PB 

PHOTO DETECTION AND MEASUREMENT 
Mark Johnson 

£25.99 

Using bosic Iheary, rul~-worKed calculalion, cicuit snippels ond rules-of-Ihumb, Ihis bOOK conveys 
Ihe know-how of good oplo-elecllonic design, from ICNI-noise receivels 10 synchronous deleclion. 
"TRY II" lopics provide lighl-hearted demonslralions of key poinls. The grad sludenl slorling in 
pholonics and Ihe engineer oplimising an oplo-electronic producl wil/ benefll porhcular~1 

2003 • 298 pages· HB 
Special Offer. Only £40.00 - normally £45.00 

INTRODUCTION TO ULTRA WIDEBAND COMMUNICATION SYSTEMS 
By Reed 
The definilive, end-Io-end guide 10 high-perfolrmnce UWB system des~n Wilh lhe FCC's approval 
of new ullra widebond slandards, UWB IS pOised 10 dflve breakthrooghs m bOlh commerCiol and 
mililory comrrunications. Howevel, UWB system design is radical~ diffelenl from conventional 
communicalions syslem design, alld Iradilionol design guides ore insufficienl-or even mislooding. 
Now, for Ihe flrsllime, Ihele's an aulhorilalive and comprehen~ve guide to Ihe lolest besl practices 
in UWB ,»,slem design. 

Aplil '05,672 pages HardbaCK 
£70.99 

ACTIVE -fiDL 6.3 STUDENT EDITION 
For laboralory COUlses in Digilal Oe~gn ond courses in Advanced Digilollogic, offered in Elechical 
Engineering deparlmenls. lhis enlry-Ievel Elecbonic Des~n Aulomotian (fOA) software 1001 is bosed 
on the sorne oward-winning EDA 1001 used by profe~onollogic circuit designers every doy. Using 
Ihe idenlical menus, icons and design IIC1NS thaI hove becol1l6 EOA induslry stondards, sludenls 
con become ramiliar wilh digital logic design melhadologies Ihol use Hardware Dest:riplion 
longuages (VHDl and Verilog) or 0 Block Diagrom Edilol or 0 finile Slale Machine Edilar 
10 creole ond compile designs. 

Aplil 'OS, HnrdbocK 

VHDL: A STARTER'S GUIDE 
By Sudhakar Yalamanchili 

£32.99 

If you wish 10 inlloduce VHDl inlo undergraduole compuler engineering sequences, Ihen Ihis ti~es is 
whol you need! VHDl is a complex language Ihal is worthy of a dedicaled course; yellhis is nolo 
practical 0rlion in mosl instiluliOlls. This componion lex! enables instructors 10 inlegrale Ihe basic 
concepls 0 VHDl into existing courses. II is designed 10 develop on intuilion ond a slructured way 
of IhinKing oboul VHDl models withoul spending 0 grool deal of lime on odvonced longuage 
fealures. Yolamanchili gives sludenls a Iharough grounding in Ihe bosic concepls ond longuoge 
of VHDl ond encouroges Ihem 10 opp~ whallhey hove learned using roolistic exomples. 

2nd Edilion March 'OS, 256 poges PoperbacK 

ELECTRICAL & ELECTRONIC SYSTEMS 
By Neil Storey 

£23.99 

Eledricol and Eledronic Systems is wliMen in a woy Ihol makes il acces>ible for all ils polenliol 
readers. Sludenls specialising in elect Ionic or eletlrical enginearing will find maleriallhal is 
plesenled in a woy Ihal is easy 10 absolb, providing an P.'(cellenl grounding fOI furlher slu~. For 
Ihase inlending 10 sp.eciolise in olher areas of engineering or S(ience, Ihe bOOK provides a good 
grooltdrng rn Ihe basICS, ond progresses mlo delall on~ os for os IllS opprapflale fOllherr needs. 

Code 0-0713-6187-1 

Code 0-0714-0944-0 

Code PEA 0131481037 

.... \~~ .. 

~--'j 
M:! "' ,. . 

--...._ .. 
Code PEA 0131866974 

Code PEA 0131457357 

Dec '03 258 pages PapelbacK Feb '04, 600 pages PaperbacK ~ 

, £27.99 £34.99 'Il'IltllU'Unp "G~~ 
----------------------------- ---------------------------------------------------------------------------------------------------------------- -

CODE DESCRIPTION QTY PRICE 

NAME .... 

ADDRESS 

EMAil ADDRESS . . 

I ENCLOSE A CHEQUE / POSTAL ORDER FOR £. 

(POSTAGE AN D PACKING FREE TO UK ADDRESSES*) TOTAl ... ... .... .. . . 

DAYTIME TEl . 

POSTCODE. 

PAYABLE TO 'BOFFIN BOOK SERVICES lTD' OR PLEASE DEBIT MY ACCESS / VISA / SWITCH / DELTA CARD ISSU E NUMBER . EXPI RY DATE . .. 

CARD NUMBER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . .. , SIGNED . . . . . . . . . . . . . . . . . . . . . . . . . .... . . .. . . 

POST TO BOFFIN BOOK SERVICES LTD, 24 WAlTON STREET, WAlTON·ON.THE.HILL, TADWORTH, SURREY KT20 7RT, UK • for postage charges to addresses outside the UK, please contact our soles team 

Tel 01737 812727 • Fax 01737 813526 • E-mail boffinbooks@fiscali.co.uk 

EW100 



ELECTRONICS WORLD 
CD-ROM 1999 - 2004 £30 eachinCP&PIUKOn,y) 

Add £1 postage for Europe or £5 rest of the world 

• easy to use • easy to browse • full text and diagrams of all articles, circuit ideas, letters etc • 

Please send the following 
CD-ROMs: 

01999 

02000 

02001 

02002 

02003 

02004 
o CDs @ £30 each = £ 

add postage £ ......... .. .... .. 

Total £ .... 

o I enclose a cheque payable to Electronics World 

Charge my: 0 Visa 0 Mastercard 0 Amex 0 Switch 0 Delta Issue No. (Switch/Delta) DO 

I I I I I I I I I I I I I I I I I I I I Expiry dale: .. ........... .. ............ . 

Name: ...... ..... .. ... ..... .. ..... ... .. ............. .. ............................................................ ... ............. .. ........... .... .. ........ . 

Company name: .... ........ ....... ... .... ............... .... .. ....... .. ............... ..... ........... ....... .... ... ....... ... .................... . 

Address: .. ............ .................... ....... ................. ............ ..... .. ....... ............................... ... .... .. .............. .... . 

... ........... ....... .. ........... .... ....... .... ... ... ........ ... ... .. ....... ..... ................... Postcode: ............. ........ ...... .... ....... . 

Telephone Number: ................................................... .Fax Number .... ......... ... ...... ... ........ .............. ... .... . 

Email: ... .............. ...... .. ... ...... .. .. ..... ........... ....... ........ ... ... ... ........ ................... .. ... ......... .. .... .......... .. ......... . 

Post to: Katie Butler, Electronics World, Nexus Media Communications, Media House, Swanley, Kent BRS SBR 
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· WFM70 0 
TektrOn~xMonitor 
waveform _,_--

g~ . .-.-
May 2005 

What have you 
been missing? 

Back issues of Electronics World 
£4 including p+p (U K only) 

overseas readers please call for details 

Please send correct payment to: 
Electronics World, 

Nexus Media Communications, 
Media House, Azalea Drive, 

Swanley, Kent BR8 8HU 

There are a limited number of back issues from 2002, 2003 and 2004 

Call Katie Bulter on 01322611472 for details of availability 

WEB SITE WWW.JOHNSRADIO-UK.COM WWW.JOH .. ",."..,.v ..... v .... . 

JOHNSRADIO ELEaRONICS TEST AND COMMUN 

MARCONI TF2019A Synthesized Signal Generators - 80Khz to 1040McJs 
AM - FM - High Class with many functions - £285 each. 

TEKTRONIX 2445 A OSCILLOSCOPE 150McJs Four Channel £300. 
HP COMMUNICATION TEST SET 8922M - 10- 1 OOOMc/s + GMS 83220E 

Converter 1710 - 1900Mc/s - DCS - PCS - MS £500 
HP COMMUNICATION TEST SET 8922M OPT 010(Dual) etc, £750. 

ALL UNITS AND PRICED EX WORKS WITH INSTRUCTIONS - TESTED BASIC 
WORKING. CARR + PACKING IF REQUIRED EXTRA. 

Phone for appointment or to request item lists, photos, site map. 
All welcome, Private or Trade, sales, workshop repairs or calibration 

PLEASE CONTACT PATRICIA AT WHITEHALL WORKS, 84 WHITEHAll ROAD 
EAST, BIRKENSHAW, BRADFORD, WEST YORKSHIRE, BDll 2ER. 

Tel: 01274684007 Fax: 01274 651160 

WEB SITE WWW.JOHNSRADIO-UK.COM WWW.JOHNRADIO.CO 
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ARTICLES WANTED 
TOP PRICES PAID 

For all your valves, 
tubes, semi conductors 

and ICs. 
Langrex Supplies Limited 
1 Mayo Road, Croydon, Surrey CRO 2QP 

~EL: 020 86841166 FAX: 020 8684 3056 

FOR SALE 
PRINTED CIRCUIT BOARDS 

DESfGNED& MANUFACTURED ~=:::agar 

: ~~~;Ott~~:::;~ct.:a~~~7e quantities ;m; Circuits 
• PCBs designed from circuit diagrams 
• Almost all computer filBS accepted 
• PCB assembly. mechanical assembly 
• Full product design·manufac!ure·test·repair 

Unit 5, East Belfast Enterprise Park 
308 Albertbridge Rd, Belfast BT5 4GX 
TEL 02890738897 FAX 0289073 1802 

info@agarcircuils.com 

SERVICES 

- Prototypes at a fraction of the cost 

- Tooling and setup included 

- Industry standard quality 

- Any contour 

wnh first order 
(while stocks last) 

00 Frc»wrl 

Pro 

Follow up Services Runs -

CAM/CAD Consulting -

ONUNE Quotations -

ISO-Approved -

.¥ 
::::J 
o 
(.) 

en 
@i .. -
'.i~ 

• Embecld.d monitoring & control oj f! 
• ~~"dtnt ~CD 
• DaIac:om interfacing, line driving ~ & 

J!IfIIIIId Circuit Board design I';;; 
• Inm.triIII control and Safety sysltms <: CD 
• Robotic products (wireless, GPS. control) 0 "0 

• LCD serial backM' produc:ts 1 I-
• Technical documentation, schematic • Small, med & large scale __ ~ 

layout & language translation manufac:ha1nd _ 

Email: sales@designersystems.co.uk (iii ~ ~ 
Tel/Fax: +44 (0) 1872 223306 ~ ~E 

,~. Designe~ 
~~ t Systernsli 

_ ...... -- ~ . , DooIgD&_,.., .. _lI< · 

SERVICES 
ELECTRONIC DESIGN 

Control, Instrumentation 
& Prototype services 

TEL/FAX: 01981-550528 
email: p.loughery@wgrlectronics.co.uk 

WGR'LECTRONICS 

POWER SUPPLY DESIGN 
Switched Mode PSU 

Power Factor Correction 
designed to your specification 

Tel/Fax: 01243 842520 
e-mail: eugenjus@cix.co.uk 

Lomond Electronic Services 

WANTED 
BEST CASH 

PRICES PAID 

FOR VALVES KT88, 
PX4AND MOST 
AUDIO/OTHER 

TYPES. 

Tel: 01403 784961 
Billington Export Ltd 

Sussex RH14 9EZ 
Fax 01403 783519 

Email: sales@bel-tubes.co.uk 
Visitors by appointment 

Service 
Link 

For a 

FREE 
consultation on how best 

to market your 
products/services to a 
professional audience 

ring Reuben on 
01322 611261 

Service Link 
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Please supply the following: 

Probes 

Total ___ _ 

Name 

Address 

Postcode Telephone 

Method of payment (please circle) 

Cheques should be made payable to Electronics World 

Access/Mastercard/Visa/Cheque/PO 

Credit card no ________________ _ 

Card expiry date Signed 

Please allow up to 28 days for delivery 

Seen on sale for £20 each, these high

quality oscilloscope probe sets comprise: 

• two xl, xl 0 switchable probe bodies 

• two insulating tips 

• two IC tips and two sprung hooks 

• trimming tools 

There's also two BNC adaptors for using the 

cables as 1 .5m-long BNC-to-BNC links. 

Each probe has its own storage wallet. 

To order your pair of probes, send the 
coupon together with £21.74 UK/Europe to 
Probe Offer, Electronics World, 
Nexus Media Communications, 
Media House, Azalea Drive, 
Swan/ey, Kent BRB BHU 
Readers outside Europe, please add £2.50 

to your order. 

Switch position 1 
Bandwidth 
Input resistance 
Input capacitance 
Working voltage 

Switch position 2 
Bandwidth 
Rise time 
Input resistance 
lMn 
Input capacitance 
Compensation range 
Working voltage 

Switch position 'Ref' 

DC to 10MHz 
1 Mn - i.e. oscilloscope i/p 
40pF+oscilloscope capacitance 
600V DC or pk-pk AC 

DC to 150MHz 
2.4ns 
1 OMn ± 1 % if oscilloscope i/p is 

12pF if oscilloscope i/p is 20pF 
10-60pF 
600V DC or pk-pk AC 

Probe tip grounded via 9Mn, scope i/p grounded 



TEST EQUIPMENT Quality Second User 
Test Equipment 

.. Ie 

AMPLIFIERS (Gap) 

AT/HP 8349B 2-20GHz + 15dB > 50mW Amplifier 2700 
AT/HP 8447E UGHz Power Am~ifier 1100 
AT/HP 8449B 26.5GHz 26dB + 7dBm Pre -am~ifier 4500 
Am~ifi er Research lOW 1000117 IGHz lOW 40dB Am~ifier 2950 
Am~ifier Research IWIOOO IGHz IW RF Am~ifier 950 
SRS SR510 Single Phase lock In Amplifier 1750 
SRS smo Dual Phase lock In Amplifier 1995 
COMPONENT ANALYSERS 
ATlHP 4155B Semiconductor Parameter Analyser 21950 
AT/HP 4192A I3MHz Impedance Analyser 5100 
AT/HP 4193A 1I0MHz Impedance Analyser 5250 
AT/HP 4194A 40MHz Impedance Analyser 12950 
AT/HP 4263A 100KHz lCR Meter 2250 
AT/HP 4274A 100KHz lCR Meter 1995 
AT/HP 4278A I KHzll MHz Capacitance Meter 2695 
AT/HP 4285A 30MHz Precision lCR Meter 8150 
AT/HP 4286A IMHz·IGHz lCR Meter 6975 
AT/HP 4B9A High Resistance Meter 3255 
DATACOMMS 
Fluke DSP4000 Cat 5e/6 LAN Cable Tester 2950 
Tek 1501C/03/04 High Resolution Metallic TDR 2950 
Tek 1503C103/04 Metallic TOR 2450 
Wavetek LT8600 Cat 5e/6 LAN Cable Tester 2250 
ELECTRICAL NOISE 
AT/HP 346A 18GHz APC-3.5(m) Noise Source 1100 
AT/HP 3468 18GHz APC-3.5(m) Noise Source 1100 
AT/HP 8970A I.SGHz Noise Figure Meter 1950 
AT/HP N8mA IOMHz·1.5GHz Noise figure Analyser 9650 
AT/HP N8mA 3GHz Noise Meter 12250 
FREQUENCY COUNTERS 
AT/HP 5316A 100MHz Frequency Counter 595 
AT/HP 5342A 18GHz Frequency Counter 895 
AT/HP mOA 500MHz-20GHz Frequency Counter 1250 
AT/HP m08 20GHz Frequency Counter 1190 
AT/HP 5351 B 26.5GHz Frequency Counter 2150 
AT/HP mOA 100MHz Universal Time Interval Counter 1250 
AT/HP mOB 100MHz Universal Time Interval Counter 1350 
AT/HP SmA SOOMHz FrequencylTime Interval Analyser 1650 
AT/HP SmA SOOMHz frequencylTime Interval Analyser 2875 
AT/HP SJ8SA IGHz Frequency Counter 895 
Marconi 2440 20GHz Microwave Counter 1750 
Racal 1991 160MHz Frequency Counter 450 
Racal 1992 UGHz Frequency Counter 950 
Racal 1992/55 UGHz Frequency Counter IISO 
Racal 1998 UGHz frequency Counter 695 
FUNCTION GENERATORS 
AT/HP 3245A DC-I MHz Function Generator 2950 
AT/HP H 12A IlMHz Function Generator 850 
AT/HP H24A 21 MHz Function Generator 1150 
AT/HP H2SA 21MHz Function Generator 950 
AT/HP H25B 21 MHz Function Generator 1250 
AT/HP mSA 81MHz Function Generator 1395 
AT/HP m6B 21MHz Fu nction Generator 1250 
AT/HP 8116A 50MHz Function Generator 1595 
AT/HP 816SA 50MHz Function Generator 1350 
AT/HP 8904A100 1/0021003/004 600kHz Function Generator 2250 
Philips PMSI38 1011Hz Function Generator 1250 
Philips PI1S1J9 2011Hz Function Ge nerator 1125 
Philips PI15193 5011Hz Function Generator 1450 

OSCILLOSCOPES 
AT/HP 541000 2 Channel IGHz 40MS/s Digitising Scope 
AT/H P 5450lA 4 Channel 100MHz 20l1S/s Digitising Scope 
AT/HP 54502A 2 Channel 400l1Hz 400M S/s Digitising Scope 
AT/HP 54503A 4 Channel 500MHz 20l1S/s Digitising Scope 
AT/HP 54600B 2 Channel IOOMHz 20MS/s Digitising Scope 
AT/HP 5460lA 4 Channel 100MHz 20MS/sDigitising Scope 
AT/HP 54602B 4 Channel 150MHz 20MS/s Digital Scope 
AT/HP 54603B 2 Channel 60MHz 20MS/s Digitising Scope 
AT/HP 54616B 2 Channel 500MHz 2GS/s Digitising Scope 
AT/HP 546220 2 + 16 Ch 100MHz 200MS/s Digital Scope 

Check out our latest 

Product Guide II 

AT/HP 546450 2 Channel 100MHz 200MS/s + 16 Ch LA 
AT/HP 54825A 4 Channel 500MHz 2GS/s Digitising Scope 
AT/HP 54845A 4 Channel 1.5GHz 8GS/s Infrnium Scope 
Fluke 199 2 Channel 200MHz 2.5GS/s Oigitising Scope 
Fluke 99 2 Channel 50M Hz Handheld Scope 
Fluke 99B 2 Channel 100MHz Scopemeter 
Philips PM3055 2 Channel 60MHz Analogue Scope 
Philips PM306S 2 Channel 100MHz Analogue Scope 
Philips PM3070 2 Channel 100MHz Analogue Scope 
Tek 2225 2 Channel 60MHz Analogue Scope 
Tek ms 2 Channel 100MHz Analogue Scope 
Tek 244SB 4 Channel I SOMHz Analogue Scope 
Tek A6302 SOMHz 20A CURRENT CLAMP 
Tek TD5340 2 Channel 100MHz SOOMSls Digitising Scope 
Tek TD5360 2 Channel 200M Hz IGS/s Digit ising Scope 
Tek TDSJ80 2 Channel 400M Hz 2GS/s Digitising Scope 
Tek TDS420Allf 4 Chan 200M Hz 100MS/s Digitis ing Scope 
POWER METERS 
AT/HP 437B RF Power Meter 
AT/HP 437B/002 RF Power Meter 
AT/HP 438A Dual Channel RF Power Meter 
Many 84xx series Power sensors BB .. from 
AT/HP E4412A IOMHz·18GHz 100mW Power Sensor 
AT/HP E4418B/002 Single Channel Power Meter 
Gigatronics 8030lA IOMHz-18GHz Power Sensor 
Gigatronics 8541C 18GHz RF Power Meter 
Gigatronics 8542C Dual Channel Power Meter 
Marconi 6910 20GHz 100mW Power Sensor 
Marconi 6932 4.1GHz + J5dBm Power Sensor 
Marconi 6960B RF Power Meter 
Marconi 6970/00 I RF Power Meter 
POWER SUPPLIES 
Wide Range of AT/HP Program mable DC Sup~ies B..from 
FarneR AP60/50 60V 50A POller Supply 
Farnelll2-IOC 12V lOA DC Power Supply 
Isotech IPSl03D 30V/3A DC Power Supply 
Keithley 2IJ Quad Voltage Source 
lacal 9232 30Vl2A Dual Channel PSU 

2450 
5850 
9950 
1695 
1250 
1460 
350 
400 
500 
350 
400 
750 
700 

1050 
1350 
1800 
2695 

795 
895 

1550 
m 
725 

1700 
750 

1350 
2480 
475 
650 
99S 
895 

550 
1750 
450 
250 

1IS5 
195 

The Industry's 
Most Competitive 

Test Equipment Rental Rates 

SIGNAL & SPECTRUM ANALlSERS 
Advantest Mil I D 3.5GHz Spedrum Analyser 
AT/HP 356IA 100kHz Dynamic Signal Analyser 
AT/HP 3562A 100kHz Dual Channel Dynamic Signal Analyser 
AT/HP 35660A 102.5kHz Dual Ch Dynamic Signal Analyser 
AT/HP 3585A 40MHz Spectrum Analyser 
AT/HP m8A 150MHz Spectrum Analyser 
AT/HP 85024A 3GHz Active Probe 
AT/HP 8560Al002 2.9GHz Spectrum Analyser 
AgilentlHP 8566B 22GHz Spectrum Analyser 
AT/HP 8591A10 10/021 1.8GHz Spectrum Analyser With TG 
AT/HP 8591E 1.8GHz Spectrum Analyser 
AT/HP 8594E/004/04111011l05 2.9GHz Spectrum Analyser 
AT/HP 8594E/041 2.9GHz Spectrum Analyser 
AT/HP 8595E/004/04111011l05 6.5GHz Spectrum Analyser 
AT/HP 8596E/04 1I05J1I40115 11160 12.8GHz Spec Analyser 
AT/HP 890lB UGHz Modulation Analyser 
AT/HP 8903B/001I0l3/051 20Hz-100kHz Audio Analyser 
Anritsu MS260 I B 2.2GHz Spectrum Analyser 
Anritsu MS2602AI01/02 100hz-8.5ghz Spectrum Analyser 
Anritsu MS2651 B 3GHz Spectrum Analyser 
Anritsu MS1661A111 3GHz Spectrum Analyser 
Anritsu MS27IIB/05 3GHz Handheld Spectrum Analyser 
Anritsu MS61 DB IOkHz-2GHz Spectrum Analyser 
Marconi B 92 9kHz-2.9GHz Spectrum Analyser 
R&S FSP7 9kHz-7GHz Spectrum Analyser 
Stanford Research SR760 SpectrumiFFT Analyser 
SIGNAL GENERATORS 

.... 
(Gap) 

3450 
2250 
2450 
1650 
1500 
5450 
1350 
4500 
5950 
1950 
1500 
4950 
4500 
6750 
9950 
1750 
1850 
2950 
5950 
1950 
4950 
3450 
2150 
2750 

14250 
2800 

AT/HP 8J711A11 E I 1-20GHz Synthesised CW Signal Gen 7950 
AT/HP 8642A1002 IGHz High Performance Synth Signal Gen 1650 
AT/HP 8642B 2.IGHz Synthesised Signal Generator 4650 
AT/HP 8648A1IE5I1EP Synthesised Signal Generator 2750 
AT/HP 8648BllES 2GHz Signal Generator 4250 
AT/HP 86S7A IGHz Synthesised Signal Generator 1600 
AT/HP 86570/001 IGHz DQPSK Synthesised Signal Gen 1350 
ATIHP E4432A11ES/UN3 3GHz Synthesised Signal Generator 6150 
AT/HP E4432BII ES/UN4 3GHz Signal Generator 6950 
AT/HP E44BAlIES/UN3 4GHz Signal Generator 7250 
Marconi 2026101 IOkHz-2.4GHz Multisource Generator 6250 
Marconi 2030 U5GHz Signal Generator 2950 
Marconi 203 I 2.7GHz Synthesised Signal Generator 1950 
Marconi 2032 IOkHz-S.4GHz Signal Generator 8450 
National VP-720IA 500kHz RC Oscillator 485 
R&S SMEOJ/B II SkHz·3GHz Signal Generator 5650 
R&S SME06 6GHz Signal Generator 9150 
WIRELESS 
AgilentlHP 8mB DECT Test Set 4250 
AT/HP 8920BII/4/7113114 IGHz ladio Comms Test Set 1950 
Anritsu ME4S lOB Digital Microwave System Analyser 4750 
IIFR 2967116117121 Radio Comms Test Set with GSM 5950 
Marconi 1935 GSM Test Set [Tri Band] 4950 
Marconi 1945/05 Radio Comms Test Set 5950 
Marconi 2955B IGHz Radio Comms Test Set 3500 
R&S (MU200/B 12IB2IIB411B52IK21/K22/KlJ RCTS 20950 
Racal 6103/001/002l014/420/430/04T Dig~al Mobile RTS 
Racal 6104/001/002loo3/006/014/04T Digital Mobile US 
W&G 4106 GSM/DCSI800/PCNI900 Mobile Phone Tester 
Wavetek 4107 Mobile Phone Test set - liband 
Wavetek 4107S Mobile Phone Test Set - iiband 
WaveTek 4101S Digital l10bile Radio ist Set - Triband 

wttta confidence to on. t21101dh warranty 
.ndard, with 24 month avallablel 

Prices shown are for guidance in £UK GBp, ecclusive of 'AT and Ex-Works. All 
items sub~ct to prior sale. Rental prices are per week for a rental period of 4 
weeks. Iree carriage to UK mainland addresses on sale items. Rental or non UK 
deliveries will be charJed at cost This is just a selection of equipment we have 
available - if you don t see what you want, please call. All items are supplied 
ful~ tested and refurbished. All manuals and accessories required for normal 
operation induded. Certificate of Conformance supplied as standard. Certificate of 
Calibration available at additional cost. Test Equipment Solutions ltd Terms and 
Conditions app~. All E&OE. 

01753 596000 
Fax: 01753 59 6001 
www.TestEquipmentH Q.com 
email: info@TestEquipmentHQ.com ... ... .,. 


