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STORAGE 0 LLOSCOPES

To see our full range of high quality wireless test
equipment covering 802.11 / GSM / WCOM /
TETRA and DAB from manufacturers such as
Will'Tek, Litepoint and Tescom, visit www.mcs-
test.com

MCS also provides excellent rental rates and will
consider the purchase / part exchange of any
redundant equipment y ave

O

Rigol DS 5000 Series D50

Priced rAnA
from
Only LIUVIO0

 Outstanding performance
an affordable price

 Range of 200Mhz, 150Mhz,
100Mhz ft 60Mhz models
available

 1GS s/a real time sampling

 2 channels with ultrazoom
for detailed viewing

 Ultrascope PC software via
built in USB device

Automatic voltage frequency
and time measurement plus
user definable cursor
measurements

For further information, Please contact us.

Tel: 01678 520 600

mobile communications solutions

Mobile Communications Solutions Ltd,

Unit 3, Bala Industrial Estate, Bala, Gwynedd, UK. LL23 7NL

Tel +44 (0) 1678 520600 Fax +44 (0) 1678 521602
www.mcs-test.com sales@mcs-cymru.co.uk
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512 CHANNELS IS THE LIMIT

7OMPLETE PACKAGE STARTING AT 440
The Handyscope HS4 (50MHs 12/14/16 bit) is a powerful and
versatile four channel measuring instrument with extension
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41110.P-mei Making virtual instruments (combine

The Handyscope HS4 starts
a new standard for multi
channel measuring.

It offers perfect measure
qualities and through the USB
connection it is easy to
connect to every PC. Because
of the very versatile software it
becomes simple to extend the
instrument to 512 channels.

A four channel, 1 2-1 6 bit
oscilloscope, spectrum
analyzer, transient recorder and
voltmeter created as a most
compact instrument.

maximum of 128 instruments)

mu Extension to maximum of 512 channels,

USB 2.0 connection (USB 1.1 compatible)

Sample speed up to 50 MHz per channel

- 12 to 16 bit resolution (6/JVolt resolution)

25 MHz bandwidth

Input sensitivity from 200 mVolt up to 80 Volt

Large memory up to 131060 samples per channel

Four integrated measuring devices

Spectrum analyzer with a dynamic range of 95 dB

Fast transient recorder up to 100 kHz

- Several trigger features

Auto start/stop triggering

Auto disk function up to 1000 files

.= Auto setup for amplitude axis and time base

Auto trigger level and hysteresis setting

Cursor measurements with setup read-outs

1= Multi window signal display

Multi channel display

m0
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for more information, demo software, software, source code and DLLs visit our Internet page: http://www.tiepie.n1

TiePie engineering (NO
Koperslagersstraat 37
8601 WL SNEEK
The Netherlands

. Tel: +31 515 415 416
Fax: +31 515 418 819

TiePie engineering (UK)
28, Stephenson Road, St. Ives

Cambridgeshire, PE17 3WJ, UK
Tel: 01480 - 300695

Fax: 01480 - 461654

Copyright 2005 TiePie engineering. All rights reserved.
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Rislr--g Star
one area that has been quietly chugging
along in the background - without too
much fuss, as in wireless communica-
tions, and without the glitter of consumer
electronics - is automotive electronics.

Even though the growth curve of new cars pro-
duced is almost flat, the electronics content in them
is exploding. We happily drive our cars, taking things
for granted but rarely do we appreciate how much
engineering goes behind all of that.

Electronics requirements in the automotive sector
are great and varied. From analogue devices and
systems' perspective, there's a need for many sen-
sors, high -voltage components and high -precision
devices. In the digital field, as usual, requests revolve
around microcontrollers, digital logic and non-volatile
memory, among others. The under -bonnet area is a
harsh environment, with high vibration levels and a
wide temperature range. The temperature range for
in -vehicle electronic devices is being extended to
accommodate those variations and such systems
nowadays also come with ESD and EMC protection.

Smart power is being added to many new car sys-
tems. Smart power is the ability to integrate high
power and high voltage at silicon level to devices,
but it is relatively new for this sector.

Electronics is becoming more prevalent but also
more novel in all aspects of the vehicle: for the

engine, driver safety and comfort, in -car infotainment
systems, wiring for all type of ECUs (electronic con-
trol units) and in -vehicle networks, brakes, headlights,
tyres, guidance systems, car entry and security,
transmission and gearbox control, heating and venti-
lation, not to mention ever more strict exhaust emis-
sion regulations to be met and a lot more besides.

All of these require sensors. In 2001, the automotive
sector used some 1.2 billion sensors; in 2008 that
figure is expected to exceed 2 billion units. In the
cockpit area alone, there are a dozen or more applica-
tion areas: from mirror glare and dashboard sensors,
to seat weight and pedal positioning sensors.
Similarly, the need for motor control grows increas-
ingly in cars too. Some luxury models have up to three
motor control units - in the headlamps alone! This
means that they can sense and adjust the lighting
level of the headlights if a car, for example, goes
round a bend or potentially blinds other road users.

Innovation and engineering continue in the automo-
tive field, even though this sector remains relatively
quiet and does not brag about its achievements.

Maybe it's too quiet for such interesting develop-
ments. If electronics and engineering make a differ-
ence in our world, then why not shout about it?

Svetlana Josfovska
Ed tor
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Diagram of the transistors created with SOI BiCMOS by National Semiconductor

National Semiconductor launches
analogue process for precision amps

National Semiconductor
has developed a silicon -

on -insulator (S01) BiCMOS
process for a new generation
of high -precision amplifiers.
Dubbed VIP 50, for Vertical
Integration PNP in 0.5 micron
CMOS feature sizes, the
process is a combination of
Silicon on Insulator (SOI) and
CMOS technology.

SOI is typically used for
high-speed processes but, on
this occasion, National
Semicon-ductor's team used
it for precision as it reduces
the capacitance on the
collector of the bipolar tran-
sistor by a factor of 10. It
lowers parasitics, but also a
lot less energy is wasted on
powering up and powering

down of the device.
The transistors are isolated

by a 1 -micron thick layer of
buried oxide and trenches.
This isolates them from noise
but also prevents a transistor
to go into a latch -up mode
when in saturation caused by
leakage currents.

"This process is latch -up
proof and this is good for
reliability," said Erroll Dietz,
vice president of the ampli-
fiers products group at
National Semiconductor.

The bipolar transistor (NPN,
PNP) could have a supply
voltage of up to 12V, even
though it can be tweaked for
voltages of up to 30V.

Although, typically, a PNP
transistor is a lot slower than

an NPN one, National
improved it to match the
NPN's speed to 4GHz.

"We also matched the
resistance," said Dietz. "We
trimmed it to the low value as
needed." To trim the resis-
tance, National has "whittled
away" the metal links. A
coating die on the transistor
packaging further ensures
that the resistance is not
going to be disturbed after it
has been trimmed at the
wafer fabrication level.

In addition, the firm opti-
mised the process for low
1/f noise (<1Hz), which is
important for precision
analogue signal conditioning
applications.

"We've optimised the MOS

transistor to have noise
significantly lower than that of
other CMOS. Now that
performance is better than
that of JFETs. The corner
frequency is higher than in
[conventional] bipolar transis-
tors but you can deal with
that via the base current,"
said Dietz.

The company has already
used this process to
announce several products -
the LMP7711 and LMP7701
precision amplifiers, LMV651
and LMV791 low -power op -
amps, LPV511 nanoamp and
LPV7215 nanoamp compara-
tor. According to Dietz, there
are over 20 products in the
pipeline to be launched in the
near future.

Look! No hands
Tractor manufacturer
John Deere is using

satellite -guided
steering technolo-
gy in its latest
generation of
tractors.

GreenStar
AutoTrac SF1 offers
13 -inch pass -to -pass
accuracy to help
operators make con-

sistent straight passes
through the field. The
system uses three

common components:

receiver, display and a mobile
processor with a key card.
The StarFire iTC SF1 receiver,
the GreenStar display and the
mobile processor with an
AutoTrac SF1 KeyCard were
developed with Wind River's
software on board.

The GPS-guided tractor
doles out the exact amount of
pesticide with accuracy,
taking moisture measure -

ments as it goes along.
Thomas Evensen, chief tech-
nology officer at Wind River,
said that the tractor cabs are
even fitted with TV sets to
stop the operators getting too
bored by not having to steer.

Customers have the ability
to upgrade to higher steering
accuracy by using additional
software to update to four -
inch pass -to -pass accuracy.
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Acquired simulation 'engine' strengthens
AWR's design suite
A pplied Wave Research

r1(AWR) has strengthened
its Microwave Office RF and
microwave design package
with a highly optimised RF
simulator, faster electromag-
netic (EM) simulator, an open
EM Socket II interface for
third party tools integration
and an optional network filter
synthesis.

"Our Microwave Office
design suite has been very
successful; we have 500 cus-
tomers and 6000 seats. The
key to this success is the

architecture, which delivers
more concurrent data flow
rather than serial. This means
that developers get their
designs faster," said Ted
Miracco, executive VP at AWR.

Microwave Office 6 boasts
a new simulation engine that
has been acquired when
AWR purchased Finnish firm
APLAC Solutions. APLAC
used to work for Nokia and its
simulation technology has
already been approved by
foundries in the US and Asia.
"We integrated their simulator

with our user interface. We
both had simulators but
we've all been using different
tricks. We found that their
[simulator] algorithms were
more optimised."

In addition, AWR entered
into an agreement with
Nuhertz Technologies to use
its filter synthesis software
that covers most of the filters.

AWR demonstrated the
approach for a unified data
model, which is only now
being discussed heavily in the
EDA domain, a few years ago

in its first Microwave Office
suite. It was also one of the
first EDA tool suppliers to
offer open source code, so
that developers can easily
change things around but
also integrate their own algo-
rithms into it.

AWR's customers split into
three groups: the military,
commercial users and
academia.

According to Miracco,
there's a growing number of
design -starts for WiMax and
4G in the US.
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A new study from the University of
Edinburgh and Pennsylvania State
University suggests a solution to
one of the biggest challenges
facing the optics and electromag-
netics sector - how to produce
near -perfect lenses cheaply.
Researchers have devised a very
simple method of producing
materials which bend light the
'wrong' way -a significant
development as lenses with
minimal distortion can be made
from flat slabs of these negatively -
refracting materials. According to
the study, negatively -refracting
materials can be produced by
blending two granular substances
together. Neither of the two
granular substances can refract
negatively by themselves, but a
homogeneous mixture can.

IP video services in Asia Pacific
are ramping up and will grow by
nearly 80% annually through 2010,
reports In-Stat, with revenues
reaching $4.2bn by 2010. China,
Japan, India and South Korea will
account for the majority of
regional growth. In deregulated
markets like Japan and South
Korea telecom companies can
offer IPTV and VOD services freely.
In China, incumbent carriers are
heading toward obtaining IPTV
licenses to provide such value-
added video offerings. Among the
major IP-based video service
providers leading the market in the
region are Yahoo!BB, Korea
Telecom, Chunghwa Telecom,
China Telecom, China Netcom,
SingTel and Atlas Interactive India.

The latest figures released by
UCAS show an increase in the
uptake of science and software
engineering in UK universities.
However, there is still work to be
done if the UK is to avoid a future
skills crisis, transform into a
knowledge -based economy and
compete on a global scale, says
the IEE. Although the figures show
a positive overall rise in sciences,
the engineering and computer
science disciplines, which are so
crucial to the UK industry, are
either declining or not increasing
at the rate that is required.
The uptake of electronic and
electrical engineering is consis-
tently low and specialist areas,
such as power engineering, are
still receiving only a quarter of the
number of applicants needed to
sustain the industry.

With LabView 8 engineers can interface with and synchronise remote intelligent devices and systems

New LabView promises ease of
use for large projects and teams

National Instruments (NI)
has announced a major

upgrade to its popular
LabView series of virtual
instrumentation software.
LabView 8 contains new tools
for distributed intelligence as
well as tools to manage and
deal with large systems and
project teams.

"We are beginning to see
more processes in the sys-
tems (test or control systems)
and on more platforms," said
Ian Bell, technical marketing
manager at National
Instruments. "LabView 8
offers an enhanced ease -of -
use and speed of use."

With LabView 8 engineers
can interface with and syn-

chronise remote intelligent
devices and systems such as
real-time processors and
FPGAs. The platform also has
a "shared variable" on board
that allows simplified commu-
nication between the project
team members. As such, the
engineers can use the same
graphical platform for simple
data transfer, deterministic
real-time communication and
network synchronisation with
integrated alarms, events and
data logging.

"Shared variable is an archi-
tecture that we are going to
build on. It'll be a part of a
more deterministic model,"
added Bell.

In addition, LabView 8 has an

instrument driver finder. Before,
developers had to locate instru-
ment drivers via the web, now
with LabView 8 this is auto-
mated and easier. Users can
automatically recognise con-
nected instruments and search,
download or install the appro-
priate driver from the 4000 plus
that are available on the NI
Instrument Driver Network.

According to Bell, LabView
8 has had more than 100 fea-
tures added to it to deal with
the larger set of developers
that NI wants to reach, such
as in embedded design and
prototyping, industrial moni-
toring and control and auto-
mated test and measurement
among others.

Intel is banking on new video applications
I ntel has launched a range of

video processing systems in
the belief that future telecom
revenues will come video
services. "We believe video will
drive revenues and customer
loyalty for operators," said Tim
Moynihan, director of product
marketing at Intel. "We see
video mail, video messaging,
video portals, video blogging,
infotainment, push to video
and real-time video streaming

as the applications that will
become very important," he
added.

The newly launched Intel
systems, which are aimed at
enterprises for video over IP
applications, include the
NetStructure Host Media
Processing V1.5 for Linux and
Windows. The systems sit in
the space between video pro-
cessing and video servers.
"NetStructure Host Media

Processing is software -based.
As such, it offers higher den-
sity of channels - up to 400 of
them - and a better perfor-
mance," said Moynihan. "You
can use the extra channels to
improve the richness of your
applications, such as [offering]
video for example."

Suntek in China is already
operating video portals and
video messaging, handled by
video servers.
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DSP goes head to head with
processors in digital video

Texas Instruments (TI) is
aiming to replicate the

success it has had in the
GSM mobile phone market in
the video world with its newly
launched Da Vinci "platform".
It combines an ARM core with
the latest digital signal pro-
cessing (DSP) core for a
variety of applications, from
portable video through
surveillance systems to
standard definition TV over
phone lines and even high -
definition TV (HDTV).

This is a similar approach to
the OMAP platform TI
launched several years ago
for mobile phones that now
dominates the market with a
single software and develop-
ment infrastructure, making it
simple for companies such as
Nokia, Symbian and Motorola
to develop operating systems

to a standard set of APIs.
The key to its success, says

Jean Marc Darchy, DSP sys-
tems director for Europe at TI,
will be the software. "The aim
is to provide a lot of the soft-
ware components such as
Linux and WinCE and a series
of others that are targeting the
embedded system world. We
are providing the middleware
and the user interface capabil-
ities so with the first device
will be a [complete] solution."

Other players are also
coming with innovative archi-
tectures. US start-up Telairity
has developed T1 P2000 that
combines five independent
vector/scalar cores, a video
controller and a DRAM con-
troller supporting an I/O
bandwidth up to 5.3Gbit/s in
the SoC.

A US start-up called WlSchip

International, is aiming to take
on Da Vinci, too. Its
DeCypher8100 decoder uses
three MIPS cores with a mix-
ture of programmable ele-
ments and hardwired acceler-
ator blocks for functions such
as CABC, ME and DCT, all
linked via a 32 -bit bus switch.
This can handle one HD
channel up to 1080 progres-
sive and an SD channel for
picture in picture, recording on
a VCR or distribution around
the home.

Another innovative approach
comes from French firm
Neotion. It has patented the
idea of using an MPEG4 AVC
module in a CAM module.
This is the slot in the back of a
TV or payTV set -top box that
can take a PCMCIA card with
hardware for conditional
access.

The mobile phone is prepped to become
the new portal for information

I n the near future, your
phone will be where you go

for information," said Tod
Sizer, director of Wireless
Research at Bell Labs.

"Today, it is only used for
communication (voice and tex-
ting), but in the near future the
information [that it will provide]
will be unique to each person -
tailored for their individual
needs. This will be their per-
sonal virtual network and yet
accessible to any device.
There will be agents in the
phone that will manage that
network," he added.

This is the future envisaged
for the mobile phone by Bell
Labs. Train timetables, theater
and cinema listings, restaurant

directions, your child where-
abouts, the health of your
elderly relatives are just some
of the possibilities that could
be included in that 'customised
information'. According to Bell
Labs's Sizer, the mobile phone
will have a push -to -view option
that will offer an interactive
video channel too.

In order to achieve such a
flexible virtual network for each
mobile phone on the planet,
Bell Labs is turning to fre-
quency and protocol agile
cognitive radio techniques.
"Much of the spectrum is [cur-
rently] underused," said Sizer.
"These [techniques] are an
effort to use up that spectrum.
This will require a new genera-

tion of wireless devices
capable of dynamic spectrum
coordination. Such devices will
be able to select between
which spectrum channels to
use and which to leave alone."

The FCC in the US and
Ofcom in the UK are already
getting involved. In the UK, the
recently revised EN 300 22,
which will be on the statute
books by the beginning of
2006, now incorporates, for
the first time, the use of LBT
(ListenT) and AFA (Adaptive
Frequency Agility) techniques.

System studies and proto-
typing are already taking place
at US defence and aerospace
firms Mitre, General Dynamics
and others.

Technology

A new product is being developed
that will allow thoroughbred horse
breeders and trainers to remotely

analyse a horse's performance
during training. The system

combines a GPS receiver with
biological and environmental

sensors into a single lightweight
package carried by the horse. The

device can simultaneously monitor
the horses performance, physiolo-
gy and environmental conditions.
This can be displayed in real time
to the rider or transmitted live to
anywhere in the world. Bespoke

software delivers highly accurate
analysis of a horse's performance
and fitness, as well as assistance
in managing and quantifying the

effect of training regimes.
The system has been developed by

UK engineering consultancy
Cambridge Design Partnership.

A portable mil -spec 3G network
has been launched by 3Way

Networks. The hand -portable
UMTS system is capable of

supporting up to 100 user devices.
The equipment is based on the
'network on a card' principle. It

packs a complete 3GPP Release 5
compliant system with radio

network, switching and packet
elements into a 30 x 56 x 80cm

ruggedised case. Called DBX-m,
the system supports a range of
applications including disabling

third -party 3G networks, providing
home calling facilities for armed
service personnel or acting as a
basestation with enough band-
width to support a spectrum of

remote sensing applications, from
battlefield sensors to multi -media

UAV communications.

Toshiba has announces a gallium
nitride (GaN) power FET with

power output of 174W at 6GHz.
The device is said to surpass the

operating performance of the
gallium arsenide (GaAs) FET

widely used in basestations for
terrestrial and satellite microwave

communications. Toshiba
achieved this breakthrough

performance enhancement by
optimising the epitaxial layer and

chip structures for 6GHz-band
operation and by adopting a four -

chip combination structure to
minimise heat build-up. Toshiba
plans sample releases next year.
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FPGA designers get a graph -based tool from Synplicity
EDA tools supplier
Synplicity has applied a

brand new approach to
physical design of
programmable logic in its
latest FPGA synthesis tool -
Synplify Premier. This is a
graph -based, push-button
synthesis flow that promises
big benefits.

Pre-existing wires, switches
and placement sites used for
routing an FPGA are repre-
sented as a detailed routing
resource graph. Mapping,

optimisation and global and
detailed placement and
routing have been combined
into one routine to identify
fast routes and assign them
timing estimates. Distance is,
effectively, represented as a
parameter of delay and avail-
ability of wires. This results in
a full -chip placement and
physically optimised netlist,
which is then used with the
vendor's FPGA routing tool.

This process, Synplicity
claims, reduces the number

of design iterations, typically
associated with place and
route. "In FPGAs the shortest
route is not necessarily the
best one and our tool selects
the best route," said Andrew
Haines, marketing director.

Traditional FPGA flow,
where RTL feeds into syn-
thesis, and the resulting netlist
splits into floorplanning and
place and route, is hitting
limits as FPGAs grow in com-
plexity and functionality. The
EDA industry has embarked

on other optimisations but
with limited results. Synlicity
claims its tool will top that with
a performance imrovement of
between five and 20%.

"We have beta tested it [the
new tool] for Xilinx's devices,"
added Haines.

Synplicity customises its
tools for each product line of
each FPGA vendor and
Xilinx's FPGAs will be the first
to gain this tool. Support for
others, like Altera and Actel,
will follow in the near future.

Don't play the part number
lottery. Use distributors that are

changing part numbers. This is the

only way to ensure compliant and

non -compliant parts are identified

and properly segregated.

Distributors that aren't changing part

numbers rely on 'flushing through'

stock - an approach that will leave

engineers unsure of whether they

are using compliant or non-

compliant products in design. It's

absolutely essential to know what

suppliers are shipping.

Traceability is key. Ensure
distributors are providing complete

documentation and, where

appropriate, material testing. A

blanket declaration of compliance

on product lines is not enough.

Distributors should be able to show

a full audit trail at item level for each

RoHS compliant component to

ensure stock is risk -free.

Personalised Certificates of

Compliance for each individual

component will show due diligence

if the authorities come knocking.

Go online to access the latest
RoHS products. Compliant

Ro S co r'v'm arce

product listings are continually

being updated as new stock

becomes available in the

marketplace. Only distributors that

can get RoHS products to market

quickly can truly support engineers

through the changing legislation.

The web is the fastest way to source

the latest RoHS components.

Find out about products that
are coming soon. Build
compliant components into the

design cycle by making design

decisions in advance of stock

availability. Having a clear

timeframe on when products will be

available is essential in order to do

this. To be sure of when

components are in stock look out

for distributors that offer the option

of an email notification service.

1.1nderstand the Impact of

RoHS. Getting to grips with all the

issues doesn't need to be difficult.

Use distributors that have in-house

RoHS experts who can discuss the

legislation and help it make sense.

Distributor user groups and RoHS

seminars are proving popular

events across the country and

provide the opportunity for

engineers to find out about the latest

RoHS developments.

Benefit from a step-by-step
guide. The details of the legislation

regarding lead-free soldering,

maximum concentration values and

homogeneous materials can get

very technical. Find a

comprehensive guide that will

provide clear reference material on

these key issues.

Keep informed. As the legislation

evolves, it's important to keep

abreast of changes. As well as

updates from the DTI, there's a

wealth of material available from

organisations like ERA Technology,

an independent consultancy

providing RoHS compliance and

reliability advice.

Access to technical support.
Readily available advice from a

technical support desk with

engineers specially trained in RoHS

should be a core offering from

distributors. Being able to pick up

the phone or email a query goes a

long way to helping smooth the

transition to RoHS.

oTesting. Find out what safety

checks a distributor has in place to

ensure components have been

tested. Random testing, based on a

stringent risk analysis process, is

recommended as part of due

diligence. The term "know your

supplier" often crops up in the

guidelines that accompany the

RoHS legislation. The use of a

trusted supply source is of vital

importance.

Look for quality assurance -
peace of mind in the transition to

RoHS is key. Distributors can only

provide comprehensive support if

they are embracing all areas of the

legislation. Quality can be assured

through a commitment to changing

part numbers, the provision of a

broad range of support services and

a wide offering of RoHS

components.

This month's Top Ten Tips were
supplied by Gary Nevison of Farnell

InOne. Farnell InOne runs a dedicated

website www.rohs.info, which covers

everything engineers need to know

about RoHS as well as the latest news

on the directive.
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Get Plugged In!

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.

Vv 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 (5A/100V)
Control the speed of
almost any common
DC motor rated up to
100V/5A. Pulse width

for
maximum motor torque

at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm): 60Wx100Lx6OH.
Kit Order Code: 3067KT - £11.95
Assembled Order Code: AS3067 - £19.95

NE. OP PC / Standalone Unipolar
Stepper Motor Driver
Drives any 5, 6 or 8 -lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direc-
tion control. Operates in stand-alone or PC -
controlled mode, Up to six 3179 driver boards
can be connected to a single parallel port.
Supply: 9V DC. PCB: 80x5Omm.
Kit Order Code: 3179KT - £9.95
Assembled Order Code: AS3179 - £16.95
Assembled Order Code: AS3113 - £24.95

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).

No.1

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

Rolling 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 °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range of free software appli-

cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.
Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

DTMF Telephone Relay Switcher
Call 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. 130x110x3Omm. Power: 12VDC.
Kit Order Code: 3140KT - £39.95
Assembled Order Code: AS3140 - £49.95

Serial Isolated I/0 Module
moved.

Computer controlled 8-
' channel relay board.

5A mains rated relay
outputs. 4 isolated
digital inputs. Useful in
a 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 130x100x3Omm.
Power Supply: 12VDC/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

Infrared RC Relay Board
Individually control 12 on-
board relays with included
infrared remote control unit.
Toggle or momentary. 15m+
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95
Assembled Order Code: AS3142 - £51.95

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

Programmer Accessories:
40 -pin Wide ZIF socket (ZIF4OW) £15.00
18V DC Power supply (PSU010) £19.95
Leads: Parallel (LDC136) £4.95 / Serial
(LDC441) £4.95 / USB (LDC644) £2.95

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-
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

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LED's display
the status. ZIF sockets
not included. Supply: 16-18VDC.
Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

USB & Serial Port PIC Programmer
USB/Serial connection. Header
cable for ICSP. Free Windows
software. See website for PICs
supported. ZIF Socket/USB Plug
A -B lead extra. Supply: 18VDC.

Ki Order Code: 3149CKT - £34.95
Assembled Order Code: AS3149C - £49.95

WWW caussers ecton CS CO Trit

Secure Online Ordering Facilities Full Product Listing, Descriptions & Photos Kit Documentation & Software Downloads



Insight

Airk Next generation
storage solutions

for media and entertainment applications
Its time for broadcasters,
network operators and content
providers to start relying on
off -the -shelf type of storage
systems, says Per Sjofors

he business of broadcasters,
network operators, studios or
content providers requires a
considerable amount of high-
speed data storage. In an ideal

world, this data storage needs to be com-
pletely integrated, easy to use and scal-
able, as well as available 24/7 for its
entire staff.

Currently, many broadcasting
and postproduction facilities
suffer from a fragmented storage
infrastructure. Storage decisions
are often tactically made, dictated
by the storage needs of a single
workstation or a group of work-
stations. As workstations and
servers are added over time - many on
different computer platforms and with dif-
ferent operating systems - the storage
infrastructure becomes increasingly frag-
mented. This leads to a storage infrastruc-
ture characterised by "islands of storage"
with each "island" serving a single work-
station or group of workstations. Typically,
this may include some shared storage for
editing or for video servers using SAN
(Storage Area Network) technology, where
the storage is accessed using expensive
Fibre Channel, while direct attached
storage is used in most other cases.
Network Attached Storage (NAS) is some-
times added to the typical infrastructure
as an archival type storage system.

With multiple workstations and servers,
with either direct attached storage or part
of a SAN, it becomes difficult for opera-
tors to locate files. Once they are located,
the transfer of large video and audio files
from a certain workstation to a second

workstation takes a long time, as files
concurrently crisscross the network -
while operators just wait. Even worse, this
file transfer operation may disable the
source workstation from doing actual
paid -for work.

Likewise, routine support and mainte-
nance becomes a nightmare in an envi-
ronment that includes storage subsys-
tems from multiple vendors with multiple
operating systems, using different
storage technologies. Each operating
system and storage technology has its
own management application and
requires the maintenance staff to be fully
trained and experienced for multiple

II In an "island of storage" environment, the
overall storage utilisation factor is

typically low and unbalanced - with
certain storage systems operating at near full
capacity while others are close to empty yy

applications. Not only does this force
maintenance staff to take more time to
learn multiple applications, but it also
increases the risk for potentially dam-
aging mistakes.

In an "island of storage" environment,
the overall storage utilisation factor is typ-
ically low and unbalanced - with certain
storage systems operating at near full
capacity while others are close to empty.
This type of inefficiency is completely
inconsistent with the corporate striving
for high work -effectiveness.

A simple and elegant solution to the
issues identified above is the addition of a
next generation NAS system, a grid
storage system that improves efficiency,
enables better and controlled access to
assets, leverages scaling of storage, load
balancing and backup features, while at
the same time substantially reduces the
overall spending on storage capacity and
storage maintenance.

From a capacity and access bandwidth
point of view, these systems allow users
to add capacity or bandwidth anytime the
need arises - even while the system is in
full operation - eliminating costly down-
time and the need to involve the facility's
technical resources for system reconfigu-
ration and balancing. Similarly, adding
users to a next generation NAS is as
simple as attaching a workstation to the
network, requiring virtually no systems
integration.

With technology giants spending hun-
dreds of million of dollars to develop ever
faster and more efficient computer and
networking technologies, a next genera-
tion NAS system must be designed to
take advantage and leverage this devel-
opment. The solution then, is to create a
system that is totally software -based and
will automatically increase storage
system performance with any new hard-
ware technology. Costs will be further
kept low by the use of off -the -shelf stan-
dard hardware components.

Secure, always -on, access to the data
on the storage system is paramount in
today's environment. Service interrup-
tions, whether in creation or distribution
of content, will be expensive and must be
avoided. The architecture of a next gener-
ation NAS system, therefore, will need to
be fully redundant, with failover capabili-
ties, automated self -healing and include
regular call -out and 24/7monitoring func-
tions - no matter how small or how large
a system might be.

The "right" storage strategy will enable
M&E operators to improve operational
efficiency, maintain a high availability to
assets, whereas a "wrong" strategy is
costly to implement, even costlier to
manage and may severely impact a com-
pany's bottom line.

Per Sjofors is vice-president of business
development of Exanet
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341 Hickory Nut Court * Pasadena * Maryland
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A Complete electronics lab for $450!
Price does not include shipping of $30.

Includes 5 USB Instruments:
Digital Storage Oscilloscope (80 Ms/s, 2ch)
16 Channel Logic Analyzer
Arbitrary Waveform Generator (100 Ms/s)
2 Programmable Power Supplies
2 Programmable Clocks

Plus...
Probes & Cables
PC Software
Easy USB connectivity with Windows

Visit our website to purchase it.
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SIUNied but not
16 -bit MPUs

By Nick Flaherty

16 -bit microprocessor architectures prove their worth in the fight over cost with the 32 -bit
cores and performance with 8 -bit devicesnn El I-1 El
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6 -bit microprocessor architectures are seen as squeezed
between the small size and cost of 8 -bit and the perfor-
mance of 32 -bit cores, but there has been a resurgence
of interest in the technology from several directions, par-
ticularly in motor control and automotive applications. As

a result, 16 -bit controllers are predicted to have the fastest
growth of all three types of processor.

This is being driven by costs and increasing performance
from new process technologies, opening up new areas that
previously were not accessible to 16 -bit controllers.

Traditional low-cost 8 -bit controller designer Microchip is
moving up into the 16 -bit market, while ARM is moving into
the 16 -bit market with its Cortex microcontrollers.

Microchip sees the 16 -bit market growing slightly more than
the 32 -bit market at 21 % in 2004, but from a bigger base of
$4bn, rather than the 20% growth of the $3bn 32 -bit market.
Alongside this is the $2.5bn digital signal processor (DSP)
market, which is growing at 17%, driven by applications in the
medical and industrial fields, instrumentation, as well as
emerging technologies such as biometrics in fingerprinting, iris
scanning and facial scanning, says Will Strauss, founder of
market researchers Forward Concepts.

Similarly, there are significant opportunities for 16 -bit
devices in motor control, particu-
larly when combined with DSPs.
"That has big potential but it is
small right now," said Strauss, as
well as robotics, pattern recogni-
tion, efficient power supplies and
uninterruptible power supplies
(UPS).

To tackle these markets, the
new Microchip 24F and 24H con-

off from Cambridge Consultants).
"The simplest architecture is when the address and the data

space are the same, so there's more of a need for something
that is logically Von Neumann but physically Harvard," said
Alastair Morley, chief designer. "What we see going forward is
people need to be able to run much bigger pieces of software
that could be done on a project basis and re -used [later]."

Software is the driving force behind XAP3 as well as the new
16 -bit parts from Microchip. "We are trying to make it so that
software programmers can be lazy and do big projects on a
processor that is small," he said. "Our goal is small and low
power, and therefore cheap."

For XAP3, Cambridge Consultants takes the step up to a 32 -
bit architecture, but with a twist. The processor core is
designed to handle both 32 -bit instructions and 16 -bit instruc-
tions transparently; there is no "mode" that has to be set as in
the ARM Thumb instruction set. More than that, however, the
architecture is set to make things easier for the project devel-
oper. A relative program counter (PC) with different global
pointer values and each of these with its own stack area, sup-
ports multiple programs in memory different locations at run-
time, rather than all of them having to be linked during the
compilation stage. This means that the different parts of the

project can be updated, uploaded

The simplest architecture is when the address

and the data space are the same, so there's more

of a need for something that is logically Von

Neumann but physically Harvard 'I
Alastair Morfey, chief designer,
Cambridge Consultants

trollers are the same 16 -bit core as is the digital signal con-
troller, without the multiply accumulate unit and the DSP
engine, and giving 16MIPS and 40MIPS respectively at 30Hz.
This allows designers to create a range of products, starting at
the low end and then moving up to multimedia applications
such as speech interlaces and wireless links with the same
instruction set and the same development environment.

These MCUs will start general sampling in January next year
for applications ranging from remote controls, air conditioning
controllers and toys, through factory automation and remote
monitoring and diagnostics, to climate control and ignition
controllers in automotive applications. The same tools can
then be used with the DSC parts that add signal processing
for noise cancellation and voice over IP applications.

The ARM Cortex -M3 processor contains the company's
smallest core (33,000 gates at 50MHz in a 0.18jim process)
and integrates in many close system peripherals through a
closely coupled switch matrix. While it is pitched at 32 -bit
designs, it uses the Thumb2 instruction set that mixes 32 -bit
and 16 -bit instructions to keep code memory size down.

Cambridge Consultants has also developed its third genera-
tion of the XAP processor with this firmly in mind. The previous
generations of 16 -bit engines are used in devices such as the
Bluetooth single -chips from Cambridge Silicon Radio (a spin -

and run independently.
The instruction set has been

optimised to compiler conven-
tions, for example, acknowledging
that registers are not symmetrical
and are used for different tasks
such as stack pointers, link regis-
ters, passing arguments and
returning results. This means that

some instructions can only access certain registers, which
helps to increase the code density. Similarly, frequently used
instructions such as load, store and move are implemented in
16 -bits rather than 32 -bits; a bit at the front of the instruction
determines the length. This cuts the address space from the
4Gbytes of a traditional 32 -bit engine to 2Gbytes, but that is
still a dramatic improvement on 16 -bit systems with a 30%
improvement in code density over 32 -bit systems.

The assembler determines which instructions are 16 -bit and
which are 32 -bits, depending on the complexity and the
address space required.

Moving to 32 -bits also opens up to more operating systems.
"We have done a clean compile of UC Linux and we expect to
port the Nucleus real-time operating system, but not yet," said
Morley.

The team is developing two versions of the core. XAP3a has
a single bus, making it a Von Neumann engine, while 3b has
pipelining for more performance and could be Harvard archi-
tecture, while maintaining the single memory for data and
instructions. The 3a core is just 50,000 gates.

At the same time, configurable processor core developer
ARC International has also increased the performance of its
32 -bit embedded core in the drive to run high-level operating
systems. It has ported the ThreadX operating system to its
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700 series of cores, and boosted their performance to match
that of DDR2 DRAM memories at 533MHz.

The firm is working on a fully configurable approach to
adding operating systems to the core, which will dramatically
increase its popularity.

The performance boost comes from changes to the RTL of
the hardware pipeline, particularly the branch prediction unit
and the memory management. The design team profiled large
amounts of existing code on the core, and changed the design
to eliminate stalls in the seven stage pipeline. This results in
the 750D reaching 533MHz and 813MIPS on a 130nm pro-
cess, taking up just 1.4mm2 and using 0.14mW/MHz.

The port of ThreadX is important in giving system developers
a standard real-time operating system (RTOS) to work with.
While ARC has its own
proprietary RTOS, some
potential users have been
reluctant to move to it.
The combination of the
RTOS and higher perfor-
mance will take ARC into
applications as the main
CPU, not just the com-
panion chip, said Derek
Meyer, vice president of
sales and marketing at
ARC.

However, porting a stan-
dard operating system to
a configurable core is not
simple. As the system -on -
chip developer can add

ARC750 core

JTAG

J
interface

instructions and registers to the core, these may have to be
taken into account by the RTOS. As a result, ARC has defined
a base core functionality that will run the RTOS, and any addi-
tions are handled by the compiler and the API programming
interface.

The next stage is to allow the vast majority of configurable
options to be fully supported by the OS, which means having
the OS compiled alongside the core, says Meyer.

Smaller size and tighter code memory is an increasingly
important trend, and designers are taking several different
routes. Part of the solution depends on what the existing
code base is, but moves to Thumb2, which is not backward -
compatible with the original ARM instruction set or the orig-
inal Thumb, mean that there is more of a level playing field

with these 16/32 -bit
engines. If performance is
important, then adding
customised instructions to
the optimised ARC core
speeds up key applica-
tions and still allows stan-
dard operating systems to
be run.

So even though 16 -bit is
seeing resurgence in dedi-
cated devices, the 32 -bit
cores will be difficult to
shift from their place. This
is challenged from 32 -bit
architectures finding ways
to provide smaller code
size with the high levels of
performance and full oper-
ating systems.

64 - 256 KB
Flash

8- 16 KB
RAM

Memory Bus

16 -bit ALU
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MPY

JTAG & Emul.
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Register File
16 x 16

Address
Generation

Barrel
Shifter

Interrupt
Control

16 -bit Timers

Watchdog

A/D, 12 -bit, 16 ch.

UMW

14 ELECTRONICS WORLD  December 2005



"...1111M1.

C /9=1 Tra IPA

P H PCBs with solder
resist and legend from

just £30.00 lot price.
Deliveries from r

visit www.pcbtrain.com
for full details.

Vt'Atttztttttttit t tttt.ttt J I I
14444

1 .414. 4,401.1.1. 414 e.elooa
ttttittt

44 . o e
.

24Hr

A NEWBURY ELECTRONICS, the home of PCBTrain, the

UK market leader for low-cost prototype PCBs

A Exclusive UK representatives for Circuit Mission Ltd
(China) - manufacturers of low-cost high quality rigid
PCBs

A Exclusive UK representatives for Sunflex Ltd (Taiwan &
China) manufacturers of flexible circuits

EN WBURY ELECTRONICS LTD

Faraday Road Newbury Berkshire RG14 2AD UK



Lightning Still Strikes:
But Some

Challenges Are New
ESD, EMC and other issues continue to affect circuit design but how to go
about protection when performance and speed of operation as well as
standards evolve? Chris White of Raychem Circuit Protection explains

As the drive towards integration and solid-
state technologies continues, designers
focus ever more closely on delivering
higher speed, higher performance and
more features, in ever -shrinking device

and system footprints. For consumers and engineers
alike, this progression is often accompanied by the
implicit assumption that electronics is increasingly
and inherently robust: an impression that is bolstered
by talk of designing for increased reliability, particu-
larly in consumer markets where a reputation for
quality is seen as a distinct competitive edge.

In such an environment it is very easy to forget that
electronics, far from being tough and resistant to
damage, is often delicate and vulnerable. Even in the
21st century, lightning still strikes, power cables still
come loose and circuits remain vulnerable to faults
in the devices and assemblies connected to them.

The bad news is that a whole host of new threats
can be added to this range of traditional perils.
Components based on advanced semiconductor
manufacturing processes are sensitive to ESD
(electro-static discharge). Electronics is increas-
ingly deployed in environments, which would have
been unimaginable 10 or 20 years ago: these
include conditions of high temperature or humidity,
situations involving exposure to dust, water or
solvents and circumstances that involve high levels
of shock and vibration.

This state of affairs is worsened by the changing
feature set of the electronics itself and the different
techniques for realising those features. The trend
towards low -voltage operation means that high cur-
rents are encountered more often. And users'
expectation to be able to "hot swap" and "hot plug"
equipment carries dangers of voltage spikes and
sudden charges and discharges.

As a result, circuit protection techniques have had
to move forward just as quickly as the equipment
that they protect. To the old style one-shot fuse has
been added an array of options including gas dis-
charge tubes (GDTs), multilayer and metal oxide

varistors (MLVs and MOVs), polymeric ESD sup-
pressors and polymeric positive temperature coeffi-
cient (PPTC) devices.

The increased range of options reflects not just
changing electrical needs, but also a change in func-
tion. Whereas the traditional fuse is basically a safety
device designed to protect the user, many of the
new components are equally important in protecting
the equipment itself from damage caused by associ-
ated circuits: or in preventing the equipment from
causing such damage to interconnected assemblies.
This is increasingly important in a world where con-
nectivity is taken for granted. Most equipment today
needs to talk to the outside world via some standard
interface or another. Such non -safety standards
implicitly specify necessary levels of protection, by
defining how system components may interact cor-
rectly and what happens when things go wrong.

Necessary levels of protection
The two main fields of development in circuit pro-
tection today are in ESD suppression and "reset -
table fusing" via PPTCs. ESD is of particular con-
cern at the moment, because new standards such
as USB 2.0, DVI (Digital Video Interface) and HDMI
(High -Definition Multimedia Interface) specify
extremely high-speed signals that can be degraded
by the capacitive loading typical of most existing
protection strategies.

IEC-61000-4-2 is now almost universally accepted
as the most relevant standard for ESD immunity. It
specifies a testing regime that simulates the damage
caused by an ESD event from the human body,
according to a human body model (H61). Common
regulatory requirements, including those in the EU
that lead to the award of a CE mark, specify that
equipment should conform to IEC 61000-4-2 Level
2, with contact and air discharge test voltages of
4kV. In practice, most manufacturers opt for Level 4
testing, in which the contact and air discharge volt-
ages are 8kV and 15kV respectively. The waveform
used for testing rises to its peak voltage (and a max -
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imum current of 30A) in less than 1ns, decaying to
50% amplitude within 6Ons.

Whatever ESD protection mechanism is chosen, it
needs to suppress this waveform sufficiently to pre-
vent damage to the equipment. This is commonly
achieved using a simple, low-cost Zener diode.
Such an arrangement will clamp the voltage to a
few Volts, with a response time which will be
deemed satisfactory at around 1ns. The penalty for
such an implementation is a fair amount of leakage
current and a high capacitive loading (50pF or more)
on the rails which are being protected.

Such a performance penalty is acceptable in
applications such as the audio path of a mobile tele-
phone, RS232 serial port, keyboard or mouse inter-
face. Standard transient voltage suppression (TVS)
diodes provide similar performance but with higher
clamping voltages, for use in automotive applica-
tions, general electronics and white goods. MOVs
and standard MLVs, meanwhile, exhibit higher
capacitance (at least 100pF), but generally have
faster response times (in the sub-1ns range).

Addressing higher -speed applications
Higher -speed applications such as USB 1.1, Ethernet
and LCD drivers require lower capacitive loading of
below 10pF and can, therefore, be served only by
low -capacitance components such as specially -
designed TVS diodes and MLVs. The former provide
low -to -medium clamping voltages, modest current
leakage and response times of 1-5ns. The latter
clamp at over 100V and suffer from higher leakage
current, but can achieve the sub -nanosecond
response times required in some applications.

Protection of the fastest devices on the market
today, however, requires a different class of compo-
nents. Standards such as USB 2.0, IEEE 1394 and
DVI impose severe restrictions on the acceptable
capacitive loading. DVI transmitting equipment, for
instance, can operate at up to 1.65Gbit/s; HDMI
typically operates at a rate of 750Mbit/s. These
specifications put designers in a bind, because
transmission speed is not optional: the usual conse-
quence, then, is to sacrifice a degree of ESD resis-
tance. This risks damage to the sensitive chips that
the protection scheme is intended to safeguard, but
also puts additional stress on the protection compo-
nent itself.

The new USB 2.0 protocol provides a further case
in point. It allows for data transfer rates of up to
480Mbit/s and supports plug -and -play hot swap-
pable installation and operation. These factors make
low -capacitance ESD protection of the bus essential.

Polymeric ESD suppressor devices
Polymeric ESD (PESD) suppressor devices are one
recently developed solution to this problem. The

mode of operation of such a device is relatively
simple: conductive particles are dispersed in a non-
conductive polymer within the body of the compo-
nent. The polymer maintains a separation between
each conductive particle which acts like a "spark
gap". For this reason, PESD devices have both very
low leakage current and very low capacitance.
However, a high -voltage ESD pulse that exceeds a
certain trigger voltage will cause the gaps to spark -
over, creating a path of very low resistance. It is this
mechanism which leads PESD devices to typically
exhibit higher trigger voltages than clamping volt-
ages: the energy needed to start the process is
higher than that required to maintain it.

PESD devices provide exceptionally low capaci-
tance (typically 0.25pF). Advanced devices such as
those recently announced by Raychem can also
offer trigger voltages of around 100V and clamping
to a few tens of Volts. These are improvements on
key specifications which to date have limited such
devices' usefulness. A further important parameter
is their performance in transmission line pulse (TLP)
testing: and IEC 61000-4-2 specifies that devices
must withstand at least 100 ESD "strikes", with a
typical figure of 500. Engineers should be aware of
the performance impact of multiple strikes when
selecting such components.

As with most of the common techniques for ESD
suppression, designing with PESDs requires the
engineer to adhere to certain best -practice guide-
lines. Data signal ground and Vbus transients need
to be suppressed for proper operation, typically via
a separate MLV. Conversely, good design practice
suggests that it is wise to avoid tying the data signal
ground line to the chassis ground line at the board
level, suggesting the use of decoupling capacitors
between Vbus and chassis ground to minimise EMC
issues. Finally, as with all ESD suppression devices,
PESD components should be installed as close as
possible to the source of the potential ESD event.

PPTC circuit protection devices
Polymeric materials are also making an impact in
the most familiar of all circuit protection applica-
tions, fusing. PPTC devices protect assemblies in
the same way as a traditional fuse, effectively
going open -circuit when subjected to an over -
current (or over -temperature) condition. However,
unlike a traditional fuse, when the fault condition is
removed and the power is cycled, the PPTC
returns to its normal conducting state. Each device
is typically specified by a "hold" current, which is
the minimum current that the device will pass
without tripping at 20°C.

Like PESD suppressors, PPTC circuit protection
devices are made from a composite of semi crys-
talline polymer and conductive particles. However,
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Figure 1: Typical USB 2.0 circuit protection design using PESD suppressor devices
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whereas PESD devices are normally non -con-
ducting, PPTCs are normally conducting devices. At
room temperatures, the conductive particles form
low -resistance networks in the polymer (see Figure
2). But if the temperature rises above the device's
switching temperature (Tsw), the crystallites in the
polymer melt and become amorphous. The increase
in volume during melting of the crystalline phase
causes separation of the conductive particles and
results in a large non-linear increase in the resis-
tance of the device.

Because the "fusing" process is temperature -
dependent, it can be triggered either by high current
passing through the part, or by an increase in the
ambient temperature. This means that a PPTC com-
ponent can be used both as over -current and over -
temperature protection. For instance, in a power
supply it can be physically located on the trans-
former windings so that it will trip if input voltage
sag conditions cause an increase in transformer
power dissipation and, hence, heat dissipation -
even if the increase in current is insufficient in itself
to trip the device. Similarly, in a switch -mode power
supply, the device can be mounted in contact with
critical heat -generating parts such as the MOSFETs.

The resistance of a PPTC typically increases by
three or more orders of magnitude (see Figure 3) and
the device will remain in its latched (high resistance)
state until the fault is cleared and power to the circuit
is removed - at which time the conductive composite
cools and re -crystallises, restoring the device to a low
resistance state. This resettability provides more than
just a cut in the need for service calls and mainte-
nance costs: since it is not necessary to provide
access for fuse replacement, it also allows a reduc-
tion in board space. There may also be safety advan-
tages because service personnel do not need to
access areas which contain potentially uninsulated
terminals carrying line voltages (or higher).

Simpler design?
From at least one point of view, designing with
PPTCs is simpler than using traditional fuses. The
latter can be blown by momentary transients,
causing nuisance failures: it is, therefore, often nec-
essary to set the fuse rating much higher than the
system operating current to avoid such events.
Under these circumstances, the fuse is more appro-
priately viewed as a safety device than a circuit pro-
tection device, since it will likely be too highly rated
to prevent the level of current that might damage
the more sensitive system components and ICs.
The PPTC, in contrast, can be specified with a trip
point much closer to the actual operating current of
the system, providing better protection of the elec-
tronics and helping to prevent damage when, for
instance, external load components fail.
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Five other parameters are relevant when consid-
ering the use of a PPTC device. The first and most
basic of these is maximum voltage capability, since
the system voltage is fixed. Next are two measures
of current: hold current and trip current. The former
is the highest continuous current that the device is
guaranteed to pass without tripping at standard
operating temperature, and the latter is the min-
imum current that will trip the device. It is important
to consider the derated hold and trip currents
(Figure 4 shows a typical characteristic) at the
product's designed -for operating temperature,
because, as we have already noted, PPTC devices
are thermally activated.

The final two quantities that need to be consid-
ered in specifying a PPTC are time to trip and resis-
tance. The first specification will be dependent upon
the amount of fault current through the device and
the system operating temperature. The higher the
temperature at the time of fault, the faster a PPTC
device will trip (see Figure 4 for a 265VAC rated
PPTC device). Resistance is generally specified at
20°C, in terms of minimum, nominal and maximum
values: not as a tolerance percentage as would be
the case with standard resistors.

Radical changes ahead
Increasing performance and speed of operation -
and changing standards - often mean radical
changes in the technologies required to implement
systems. But sometimes these changes are more
subtle. Just as the advent of USB 2.0, DVI and
HDMI has led designers to rethink their strategies
for ESD protection, the widespread introduction of
broadband communications has brought about
major changes in the requirements of telecommuni-
cations infrastructure, including equipment that is
installed outdoors or on the customer's premises.

In this field, one of the major circuit protection chal-
lenges is to build in resistance to overvoltage faults of
the type caused by lightning on or near line plant and
short-term induction from - or worse, contact with
AC power lines. To emphasise the fact that things
have not stood still, even in this relatively well -estab-
lished application, the ITU has within the last two
years revised its testing requirements for such situa-
tions. Given modern high-speed transmission rates,
the challenges are not dissimilar to those encoun-
tered with ESD protection on high-speed lines: to
devise effective ways of shunting away extremely
large voltage spikes without compromising the
system's ability to transmit and receive at high speed.

In contrast to the case of USB 2.0 and DVI, how-
ever, this is one area where it has proved possible
to evolve established technologies to accommodate
new requirements. The use of GDTs and thyristors
continues to represent the best solution in such
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Figure 5: Time -to -trip curves for a 265VAC-rated PPTC device

applications. GDTs are used in parallel with the
components they are protecting. In the event of a
voltage surge, they switch from their normal high -
impedance state to a very low impedance state.
GDTs have extremely low capacitance and, so, are
suitable for use on high-speed lines such as ADSL
and VDSL. Thyristors are valuable in similar applica-
tions for their very low on -state voltage and
relatively small form -factor when compared to
devices of similar energy -handling capacity.

It seems likely that circuit protection and safety
devices will remain in the "unsung hero" category of
electronics components for the foreseeable future.
However, advancements in the speed and power of
our systems are possible only for so long as these
particular devices can continue to develop and
ensure robustness and safety. All of the semicon-
ductor advances in the world are useless if the com-
ponents are regularly "zapped" by ESD, and the
only conclusion can be that future products look like
needing more protection, not less.
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Moisture Effects On The
Reliability of ACF interconnections

Chunyan Yin, Hua Lu and Chris Bailey from the
University of Grconwich, London, and Yan-Cheong Chan
from City University of Hong Kong present a paper on the
moisture effects on new technologies deployed in flip chip
packaging

he major trend in the electronic products
today is to make them smaller, faster and
cheaper, while at the same time more
friendly, functional and reliable. One of the
key technologies that are helping to make

these goals possible is electronics packaging and
assembly, especially low-cost flip chip technology.
Up until now, eutectic tin -lead solder has been the
main material used in flip chip technology. However,
the use of lead in the electronic devices is becoming
a more and more serious concern for the con-
sumers and the manufacturing industry, due to the
harmful impact of the alloy on the environment.
Therefore, many research activities are now focused
on the alternative interconnection materials to tin -
lead solder in electronic packaging industry.

What is ACF?
Anisotropic conductive films (ACFs), more appropri-
ately referred to as anisotropic conductive adhesive
films (ACAFs) have been introduced as a promising
flip chip interconnection material due to their poten-
tial in achieving high density I/O interconnection,
low processing temperature and relatively mild
impact on the environment. In particular, devices
with flip chip on flexible substrate (FCOF) using
ACFs are now widely used in smart cards, disk
drives and driver chips for LCDs. A typical proto-

Figure 1 (Left):

Prototyped LCD using
ACF flip -chip technology

Figure 2 (Right): Detailed
structure of Ni/Au
coated polymer particle

typed LCD product using ACF flip chip technology
is shown in Figure 1.

ACF consists of adhesive and randomly dis-
tributed conductive particles. There are several
kinds of ACFs available in the industry, according to
the type of particles. The ACF filled with Ni/Au
coated polymer particles are now commonly used
in the fine pitch connections due to the relatively
higher connection reliability and more uniform distri-
bution of conductive particles. The detail structure
of this kind of conductive particle is shown in
Figure 2. The diameter of the tiny particle can be as
small as 3.5µm.

ACF

aInsulation layer

Thinly gold plate

Thinly nickel plate

Polymer particle

Flip chip bonding process using ACF
Compared with soldering, the ACF assembly process
is simplified since there is no need to use flux, stencil
printing and re -flow ovens. It consists of the following
three steps which are illustrated in Figure 3:
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Pre -bonding: The transparent layer on the sur-
face of ACF is removed and the ACF is laminated
onto the surface of the substrate, a 0.2-0.3MPa
pressure is applied over the bonding area for 3-5
seconds at 90-100°C. After that, the separator layer
is removed.

Alignment: The IC chip is then aligned to the
substrate by using the marks on the chip and sub-
strate. Since the ACF is always used for fine pitch
applications, there is a high requirement with the
alignment accuracy.

Final bonding: after the alignment, the heat and
pressure will be applied at the back of the chip.
Subject to the heat and pressure, the adhesive is
permanently cured and attaches the IC to the sub-
strate. Some particles will be trapped between the
metallisation and deformed to get a good contact.
The electronic conduction along the vertical direc-
tion is then achieved.

During the ACF flip chip bonding process, the
control of bonding parameters such as the bonding
pressure, bonding temperature and bonding time,
are very important for achieving reliable ACF joints.
For example, during the bonding process the
bonding pressure is required to be high enough to
displace the excessive adhesive so that single parti-
cles can be captured between the metallisations
and get deformed. However, a very high bonding

pressure is not expected since it may cause the
crash of the conductive particles. In the meantime,
the adhesive gets cured under the heat absorption
during the bonding process. The cured adhesive
can hold the deformation of the particle after the
bonding force is removed. A proper temperature
should be applied in order to make the adhesive
start curing at the right time and proper curing
degree can be achieved at the end of the bonding.
A minimum curing degree is required to provide a
certain level of mechanical and electrical perfor-
mance in the adhesive system. Besides the bonding
pressure and bonding temperature, the bonding
time also needs to be controlled to make sure that
there is enough time for the particle to be deformed
and the adhesive to be cured.

Electrical conduction mechanism
Electrical conduction through ACFs is achieved by
the mechanical deformation of tiny conductive
particles contained within the cured adhesives.
During the bonding process, the insulation in the
vertical direction where the balls are trapped is
pushed away, allowing the Ni/Au layer on the
particle to conduct electricity between the IC and
the substrate, while not shorting in the plane direc-
tions. Once the adhesive gets cured, the particles
are locked in compressed state. The elasticity of the

Figure 3: Flip chip bonding
process using ACF
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Figure 6: SEM photos showing the ACF interconnections with conductive particles
(a) before autoclave test (b) after 48 hours autoclave test

compressed trapped particles causes them to
constantly press outward on both contact points,
helping to maintain good electrical connections.
There are several factors which could affect the
electrical performance of ACF joints, such as the
deformation degree of the conductive particles, the
curing degree of the adhesive and the particle
uniformity, dispersion etc.

The joint resistance is always used as the indi-
cator to evaluate the electrical performance of the
ACF joints. A popular method to measure it is the
four -point probe method. Its typical schematic
circuitry is shown in Figure 4. In the test, 1 mA
constant DC current was applied to the circuit
and the voltage was read from the Hewlett-
Packard multimeter. The joint resistance can be
obtained simply by using Ohm's Law, R =V/I. The
joint resistance measured here is the total of the
resistance of the bonding electrodes, the contact
resistance between the conductive particle and
bonding electrodes, and the resistance of the
conductive particles. Therefore, for the same
bonding electrodes and the same kind of ACF,
the variation of the joint resistance can reflect the
changes in contact resistance between the con-
ductive particles and bonding electrodes, which
is always used to indicate the reliability perfor-
mance of ACF joints.

Reliability issues
In spite of the increasingly important role of ACFs in
the assembly of electronic products, there are still
concerns about the reliability of any device with
ACFs in it. After all, when compared with solder
interconnect material, ACFs are new materials with
many unknown properties. Among the many factors
that affect the reliability of ACF devices, moisture is
one of the most important ones. Previous studies
have revealed that the reliability of ACF is strongly
affected by moisture and it is even thought of as the
dominant factor in ACF flip chip failures.

The autoclave test under 121°C, 100%RH, 2atm
conditions for up to 168 hours was used to eval-
uate the moisture effects on the reliability of ACF
flip chips. The joint resistance was measured
using the four -point probe method at Oh, 24h,
48h, 96h and 168 hours during the test, and the
result is shown in Figure 5.

As shown in Figure 6a, conductive particles
have good contact with the conductive metallisa-
tion surfaces before the autoclave test. But as
shown in Figure 6b, the conduction gap between
the conductive particles and the metallisation was
clearly visible after the 48 hours autoclave test.
The formation of this conduction gap signals a
loss of the contact area and this leads to an ele-
vated joint resistance.

p
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Computational modelling procedure
For a better understanding of the experimental
results, computer modelling methods were also
used to analyse the moisture effects on the reliability
of the ACF interconnections. The simulation of the
ACF flip chip was carried out using a multi -physics
software package Physica.

ACF bonding is a complicated process that
involves heat transfer, fluid flow and solid deforma-
tion. In order to simplify the analysis, the stress cre-
ated in the bonding process is assumed to be negli-
gible. This means that the model is stress free at the
reference temperature. Another simplification that
has been made concerns the vast range of length -
scales in an ACF flip chip. While the thickness of the
particle metallisation is about 50nm, the die is
11mm in length: the ratio of the two is approxi-
mately 1:105! In addition, there are thousands of
conducting particles is in a typical ACF joint. All this
means that an 'exact' model which includes all the
particles and interconnections is simply not achiev-
able with today's computer technology.

Therefore, a 3D macro -micro modelling method
was used to predict the moisture diffusion and
moisture -induced stress inside the package. At
the package level (macro model), a coarse mesh
was used to predict the displacement and mois-
ture concentration through the assembly. At the
ACF joint level (micro model) a finer mesh was
used that captures the detail of an ACF particle.
The macro model is shown in Figure 7. Only one
quarter of the package was simulated due to the
symmetry of the ACF package. The micro model
which includes one ACF joint with one pre -
deformed particle in the centre is shown in Figure
8. The macro model was used to predict the mois-
ture diffusion and the displacement of the whole
package. The displacement extracted from the
macro model was used as the boundary condition
of the micro model and the detailed stress anal-
ysis was performed using the micro model.

During the autoclave test, moisture from the envi-
ronment diffuses into the flip chip. The transient
moisture diffusion process obeys the Fick's Law of
Diffusion (see Equation 1).

ac a'c a2c a'c
at

= D -+-+ax2 ay2 az2 (1)

Where C = the moisture concentration,
D = the moisture diffusivity.

Unlike temperature, which is continuous at mate-
rial interfaces, moisture concentration is discontin-
uous because the saturated concentration varies for
different materials. This problem can be solved by
using the wetness faction approach.

In the process of moisture diffusion and changes
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in temperature, hygroscopic stresses and thermal -
induced stress are generated due to the mis-
matches in coefficient of moisture expansion (CME)
and coefficient of thermal expansion (CTE).
Assuming that the mechanical, thermal and mois-
ture induced strains are independent, the mechan-
ical stain is the total strain less the thermal strain
due to temperature excursions and the hygro strain
due to the moisture absorption.

mechanical Emal eug7nal nwisnity
£

The stresses can then be calculated from
Equation 3.

(2)

Figure 7 (Top): The mesh
of the macro model

Figure 8 (Centre): The
mesh of the micro model

Figure 9 (Bottom): Pattern
of the Von-Mises stress

distribution
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Figure 10: Pattern of the
tensile stress distribution

Figure 11: The interfacial
stresses due to moisture
absorption

o- jk jk +2µEjk
1- 2v

(aAT)6
1- 2v(pc)s, (3)

Where X, 1,, E and 1.1. are the Lame constant,
Poisson's ratio, Young's modulus and Shear mod-
ulus respectively, f3 is the CME, a is the CTE, AT is
the temperature change, and C is the moisture con-
centration.

Modelling results
The Von-Mises stresses distribution in this ACF
joint due to the moisture absorption is shown in
Figure 9. Stress concentration was found at the
interfaces between the adhesive and bump/pad.
The stress level is especially high at the corner
where the pad, the flex substrate and adhesive
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meet. This is the location where micro cracks
were found at the beginning of the autoclave test.
The cracks can propagate along the flex/pad
interface to detach the pad from the substrate or
along the interface between the adhesive and
substrate pad to join the conduction gap. The
existence of these two forms of delamination was
observed in the experiment. The normal stress
distribution around the conductive particle is
shown in Figure 10.

The interfacial stresses along the top surface of
the substrate pad are presented in Figure 11. It
was found that the loading condition around the
conductive particle is mostly tensile. The shear
stress is not significant even though the modelled
ACF joint is located at the corner of the flip chip.
This means that the ACF swelling effect pushes
the die upwards, resulting in higher stresses at the
interface between the conductive particle and
metallisation. The electric connection between
conducting particles and the surrounding metalli-
sation are formed through the contact pressure
caused by the elastic/plastic deformation of the
particles. This contact pressure is maintained by
the residual stress in the adhesive. The loss of the
electrical contact may occur when the adhesive
expands in the vertical direction.

The temperature effect was analysed as well.
The temperature induced stress was not as signif-
icant as the moisture -induced during the auto-
clave test. The moisture -induced swelling effect is
concluded to be one of the major causes of the
ACF joint failures during the autoclave test.
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Multigate Devices

Novel Devices for
Novel Circuits

Figure la (Lett):
Ideal switch vs a good
switch and a leaky
switch

Figure lb (Centre):
The planar Mosfet,
where the gate is only on
the surface
Figure is (Right):
Multigate-FinFET gate
controls many sides

Multigate devices using multiple surfaces are promising to continue the
transistor's scaling down. This opens many opportunities for novel circuits
says Leo Matthew, principal research and development scientist at
Freescale Semiconductor

lanar CMOS technology has revolu- planar CMOS devices enable new circuits previ-
tionised the electronics industry over ously not possible with single gate CMOS
the last few decades. Moore's Law devices.
charted out the rapid and predictable
miniaturisation of devices, which has A better switch

allowed the semiconductor industry to make new The fundamental function of a transistor in a digital
products with added functions in each new system is to be a switch, to conduct as much
generation of technology. Most commercial current as possible when on and to shut down
products are now in the 90nm technology node when off. The limits of planar CMOS technologies
as defined by the ITRS, with work on 65nm and make this fundamental operation impractical as
45nm nodes progressing rapidly. This predictable gate lengths and supply voltages are scaled down.
scaling is now reaching its limit and has forced the The current in the on state is reduced when the
industry to look to novel device architectures device sizes are scaled down, due to reduced
beyond the 45nm technology node. mobility of the electrons and parasitic resistances

Despite all these years of digital CMOS innova- among other effects. The leakage currents
tion and scaling, we have only scratched the increase when the device is turned off. This,
surface of the semiconductor substrate. The substantially higher leakage current can drain
planar CMOS devices - the workhorse of digital batteries quickly making many mobile applications
applications used in modern electronic systems - difficult to engineer (Figure 1 a).
have a channel only on the surface of the silicon. The fundamental limiting factors to scaling a
These devices have a single gate on the surface single gate planar CMOS transistor are the leak -
of the silicon to modulate the channel. Scaling of age through the gate and the effect of the drain
these planar devices has now begun to hit its taking control of the channel, making it difficult to
limits for power, noise, reliability, parasitic capaci- control the switch using the gate (Figure 1b). This
tances and resistance. New device architectures is known as short channel effect.
using multiple sides of the semiconductor and not In a multigate device, the channel of the device is
just the planar surface offer a path to overcome controlled (gated) from multiple sides and the body of
these performance limits. In addition, these non- the device where the channel is formed is made ultra -
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thin so the gate bias controls the channel more
efficiently from those multiple sides (Figure 1c).

These multigate devices, like the planar Mosfet,
still have a single gate electrode. However,
this single gate electrode wraps around many
sides and controls the channel from those multiple
sides. Among these devices are the Mesa Isolated
FET, DeItaFET, FinFET, TriGATE, MigFET and
others.

In all of them, a single gate electrode controls
the channel from multiple sides, yielding better
control of the device. Also, the leakage is lower
when the device is shut down and it conducts
more current when it is turned on. A version of
these devices, where the gates are separated and
are independently controlling the channel, is
called MigFET (multiple independent gate FET).
Some novel circuits that could be feasibly con-
structed with this device are discussed later.

Challenges and solutions
While individual transistor structures have been
demonstrated to behave better as switches than
the existing planar transistors, manufacturing a
complete product using these devices still has
many challenges. Such challenges include pro-
cess technologies, design methodologies and
new compact models to represent these devices.

--- Process technologies
The multigate device architecture requires two

basic technologies that are substantially new
compared to the existing process. One is the
process to make very thin silicon body of the
order of 20nm and the second is the process to
fabricate identical gates on at least two sides of
this very thin silicon. Various process technologies
have been proposed to fabricate such a structure
(Figure 2).

While many processes have been identified to
make a very thin silicon channel, a process that
easily allows gates on both sides of this channel
that are aligned to each other has been provided
only now on a structure called FinFET (Figure 2b).
Currently, most research efforts to make multigate
devices involve such structures.

While devices with sub-20nm silicon body and
gates less than 40nm in length have been demon-
strated, there are still manufacturing challenges to
make a product with millions of such transistors.

For example, the challenge to fabricate very thin
silicon body has been met by process optimisa-
tions such as trimming the silicon and using non -
conventional masking procedures, and dimen-
sions as low as lOnm have already been
demonstrated. The other challenge is to pattern
gates over tall topography. Process changes and

Figure 3a (Left):
A TEM cross-section of

a FinFET with metal gate

Figure 36 (Centre):
A SEM 3D view of the

FinFE I device

Figure 3c (Right):
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(Conversion of planar de it.411 to FinFET)

Figure 4a (Left):
Planar logic gate con-
verted to a FinFET layout.
Tools to convert and
generate these devices
are needed

Figure 4b (Right):
An array of SRAM cells
patterned over 100nm
topography

Figure 5: The compact
models for double -gate
devices need to consid-
er new effects due to the
second gate's very thin
silicon body. UFDG is a
physics -based model
used for prediction and
new designs

optimisations have been successfully used to
demonstrate these gates over very large areas as
in the SRAM cells area shown in Figure 4b.

While these novel devices make progress, new
materials are also researched such as new gate
materials. Incorporating these is crucial to gain the
maximum benefits out of the novel structures. The
use of metal gates instead of conventional poly -
silicon gates will allow less parasitic resistance
and poly depletion effects. Although patterning
these metal gates on FinFETs with traditional
oxides is a challenge, they have been demonstrat-
ed using new process techniques (Figure 3).
-- Design

There is substantial investment to integrate
these novel devices in existing designs. It is of
general view that any new technology should be
able to seamlessly convert or use the existing
design infrastructure. All multigate device tech-
nologies need some level of re -design to optimise
the products and to incorporate new process
conditions. The vertical devices, such as FinFETs,
can be modified using existing design tools by
converting one or more design layers. An inverter
using 90nm silicon -on -insulator (S01) design
converted using an automated tool is shown in
Figure 4a.

Such design conversion methodologies need to
become part of standard EDA (Electronic Design
Automation) tools to make novel devices main-
stream.

Compact models
The multigate devices that control the channel
from multiple sides devices are new to circuit and
system designers. These devices need to be
modelled to understand and predict the physics
and functionality of the circuits. Compact com-
puter models are used in design of circuits with
semiconductor devices. SPICE models that
represent these devices are just beginning to be
developed for use in simulators.

There are new physical characteristics that now
need to be incorporated into these device models.
The University of Florida's Double Gate (UFDG)
model is one of the earliest to address this need.
The model incorporates the physics of quantum -
mechanical effects that are inherent in very thin
body devices.

Other effects, such as the resistance modulation
with bias, parasitic effects and the use of multiple
independent gates are also incorporated in it.
Compact models such as UFDG allow circuit and
system designers to model the systems and study
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the tradeoffs for the new devices in systems but,
also, innovate new circuits that are feasible due to
the new device structures.

This is "IT"
The multigate device architectures are rapidly
evolving. The FinFET with all its advantages still
has one significant drawback - the region
between the fins is not used as part of the switch.
A new family of devices that uses both, the verti-
cal and horizontal regions of the silicon, has been
proposed and demonstrated for the first time. This
device is called ITFET. Its vertical and horizontal
thin body regions are shared like in an "inverted T"
shape (see Figure 6b).

The ITFET offers maximum surface area utilisa-
tion on the wafer for the channel and allows
optimisation of crucial circuit elements such as
the SRAM -based cache that is ubiquitous in all
modern digital CMOS products.

The MigFET
In a MigFET, multiple gate electrodes control a
thin silicon channel using multiple gate electrodes
that are separated from each other (see Figures
8a and 8b). This class of devices allows new
circuits and applications that were usually imprac-

tical or impossible in planar CMOS applications,
where there's only one gate on the surface. Many
new applications have been proposed and
demonstrated using these devices such as
MigFET-based 4T/6TSRAM, MigFET RF mixer,
MigFET FPGA, MigFET 1T dynamic memory and
others.

New logic circuits with a better switch
The excellent I and Ioff characteristics of the
multigate devices allow future scaling of traditional
circuits for a few generations. Even this is not
sufficient for certain low power applications, such
as pacemakers, hearing aids and some self -
powered logic devices. While sub -threshold logic
has been proposed as a low power circuit alterna-
tive, it's not been widely used due in part to the
limitations of the single gate devices. The multigate
devices with their steep turn -on characteristics
and extremely low leakage currents promise to be
the ideal device to make these systems practical.

New analogue circuits
RF applications

While digital CMOS logic leads the process
technology roadmap for computing applications,
the communications applications have a substan-

Figure 6a and 6b:
The ITFET has a channel

that is shaped like an
"inverted T". This struc-

ture provides the advan-
tages of both planar and

vertical thin body
devices

Figure 8a:
The MigFET has

independent gates on
either side of a thin

channel. A schematic,
SEM view and TEM

cross-section through it
are shown
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Figure 8b:

MigFET with two inde-
pendent gates, where
both gates modulate the
device performance
separately. Normal
transistors have one
gate and only one of
these characteristics (in
black) is possible

Figure 9:

Wireless systems use
various analogue
components that can be
enhanced by multigate
devices. The transceiver
shown has a mixer,
which currently use
multiple transistors can
be replaced by MigFE I s
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tial mix of analogue components that are integrat-
ed in the CMOS logic or as standalone products.
The double gate device architecture allows better
scaling of these analogue applications and new
functions that were not possible with single gate
transistors. Just as in CMOS logic, the fundamen-
tal switch is improved by the double gate archi-
tecture for analogue applications. The double gate
architecture offers better gain and can be used as
a better mixer, amplifier or VCO.

RF mixers
The mixer is a very crucial analogue component

used for frequency conversion. Wireless systems
typically consist of multiple such mixers. They are
integrated with the CMOS logic when possible,
but with the difficulty encountered in scaling and
matching the analogue devices. These devices are
often forced off -chip, which in turn increases cost
and complexity.

The MigFET has been studied for mixer opera-
tions and promises to be an excellent device to
allow analogue scaling as the digital devices
continue to shrink. It offers the unique feature of
having two independent gates modulating the
channel. These gates allow new modes of opera-

tion such as an RF mixer, for example. In this
operation shown in Figure 9, the RE and LO
signals used in the mixer are fed to the two gates
and the corresponding mixed output is obtained.
This has been demonstrated and simulation of
such new circuits suggest that these devices have
substantial gains up to 100GHz, which will sub-
stantially improve future wireless performance and
reduce power consumption.

Novel implementations of a simple MigFET mixer
have been simulated and its double -balanced
counterpart has been also simulated using the
double gate compact UFDG model. For the former,
a small RF signal and a large LO signal applied to
the two gates of a single MigFET, yield mixing via
the charge coupling between the gates. Getting
good conversion gain and linearity from the
MigFET, while still satisfying small-size/low-volt-
age/low-power requirements for specific applica-
tions, can be achieved with optimal biases of the
two gates and good design of the transistor. The
double -balanced mixer uses four MigFETs and
generally offers better conversion gain, linearity and
superb port isolation, with the compromise of larger
power consumption and area.

RF amplifier
MI -ER

Tuning Oscillato,

IF amplifier
and filter

Baseband
Out

Demodulate.
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New memory circuits
Substantial part of any system now is memory.
High performance logic typically uses SRAM,
where large data files are saved in non-volatile
memory (NVM) or dynamic RAM. All three memory
types can be improved using these devices in
novel configurations that were not practical in
single gate planar technologies.
 SRAM with dynamic feedback

Intrinsic variations and the challenging leakage
control in today's planar silicon Mosfets limit the
scaling of SRAM. The 6T and 4T FinFET-based
SRAM cells designed with built-in feedback
achieve significant improvements in the cell Static
Noise Margin (SNM) without area penalty. Up to
2x improvement in SNM can be achieved in 6T
FinFET-based SRAM cells. A 4T FinFET-based
SRAM cell with built-in feedback can achieve
sub-100pA per cell standby current and offer the
similar improvements in SNM as the 6T cell with
feedback, making them attractive for low -power,
low -voltage applications.

1T ZRAM - high density integrated
dynamic RAM

The DRAM is one of the densest devices in the
semiconductor industry. Current dynamic RAM
processes are so different from planar CMOS
technologies that it is usually not cost-effective to
integrate these DRAMs with CMOS. The MigFET
device has some floating body characteristics that
enable it to be used as a 1T (one transistor) RAM,
called the ZRAM. These 1T ZRAM devices are
made possible because of the unique features in
vertical MigFET devices, such as the additional
independent gate electrode. And since the device is
essentially a transistor, but can be operated as a
RAM, it could be integrated with similar CMOS logic
devices in products that can take advantage of
large on -chip storage.
 Multigate flash memory

Non-volatile memory devices have now become
widely used in automotive, communication and

Multigate Devices
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Figure 10a and 10b: Mixer schematics: (a) mixer using one MIGFET; (b) double -
balanced mixer using four MIGFETs. Note that RF+/RF- and L0+/L0- are
antiphase signals

multimedia products. The non-volatile nature of
these memories makes them very attractive in
such applications.

Multigate devices allow their further shrinking. The

Figure 10c:
The 6T SRAM cell can be

substantially improved
with MigFET feedback
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Figure 11 (Above):
The MigFET device used
as a DRAM The channel
between the two gates
can be held floating to
store data using the first
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second independent gate

Figure 12 (Right):
The MigFET flash device
has storage elements
under both gates and
can store multiple bits in
each device

Figure 13:The multigate devices can be used to improve all device functions -
logic/memory/analogue
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sidewalls of the multigate transistor can have
charge storage layers, such as silicon nitride or sil-
icon nano -crystals. The performance of conven-
tional charge storage layers, such as poly, can also
be enhanced since they can now be formed on
both sides of these vertical devices.

In combination with the multiple gate option,
these devices can store multiple bits in a single
transistor, increasing density and performance.

Looking ahead
With CMOS scaling reaching various limits, multi -
gate devices offer an alternative path to increase
the functions/unit silicon by providing better
transistors for existing circuits and making new
applications feasible.

A hypothetical product that would take advan-
tage of most of the devices discussed here would
include single -gate electrode multigate devices to
reduce leakage and improve switching perfor-
mance. For high performance static memory, the
ITFET can be used with 6T SRAM with feedback,
but would need to include a large on chip 1T ZRAM
and embedded multi -bit multigate flash memory.
The analogue and I/O subsystems will take advan-
tage of the better gain and noise immunity of the
multigate architecture in some circuits, such as a
balanced MigFET mixer, for example.

Summary
Rapid and predictable scaling of planar CMOS

devices is becoming difficult. New device struc-
tures are researched to replace the planar CMOS
devices. Multigate devices using multiple surfaces
are promising to continue scaling and even make
new circuits feasible. These devices can provide
new and better characteristics across all logic,
memory and analogue device functions.

The challenges in making these devices to enter
mainstream products are many but rapid strides
in process, design and modelling in the last few
years have delivered substantial progress.
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Packaging

Advancing Chip Packaging
Technologies
Andy Longford of PandA Europe provides a view of
the expected directions for microelectronic packaging
at chip level that ties in current developments to the
needs envisaged by emerging technology roadmaps

Figure 1: Development of
substrate technologies

The requirements for packaging semicon-
ductor devices have become a new tech-
nology driver for the electronics 'final
manufacturing' industry. Emerging pack-
aging technologies, currently ball grid

arrays (BGA) and chip size packaging (CSP), continue
to develop to meet the needs of electronic systems,
driven by the trend for "smaller, faster, cheaper"
devices. Yet, many of the industry -generated fore-
casts and roadmaps expect a multitude of options to
be developed in order to meet the demand of an
industry that requires ever more complex devices

lower cost.
These new packages inherently utilise printed cir-

cuit board (PCB) technologies rather than the semi-
conductor leadframe technologies and bring to chip
packaging many challenges that are beyond
existing PCB capability. This gap is now creating
the interest for wafer level packaging (WLP) in every
type of device from diodes to DRAMs.

Packaging directions
There are three aspects that are key to the develop-
ment of new packages:

Development of package "substrate" technology
The requirements of MEMS for application spe-

cific packaging
The move to provide all the aspects of intercon-

nection (Level 1 packaging) at the wafer processing
stage.

The chart in Figure 1 indicates the past and future
changes in this industry.

Lot sizes are reducing, as products have a much
shorter life and because there are a number of dif-
ferent packaging options for the same chips,
depending upon application, customer and prices
need. The smartcard was one of the first to use very
advanced (even by today's standards) PCB tech-
nology and this was really the start of the new tech-
nology shift.

As this overlap occurred and also brought with it
the start of the lead (Pb)-free requirement, package
development technology entered a new era. PCB
developments suited the high pin -count options,
offering low 'real-estate' footprints and low-cost
tooling to get new chips to market quickly, in a type
of package that was ready for production, even
though volumes might be quite low. This trend was
also a self-perpetuating driver, as it allowed many
more chips to get to market, providing many more
'new' products, even though they might have lim-
ited life or no significant volume. The mobile phone
'killer' -application pushed hardest, needing much
less package height and smaller footprint packages,
and enabled a wide variety of BGAs. Inevitably, this
led to the CSP packages to come to market. This
trend is now supported by market figures from
SEMI. They estimate that the market for laminate
and flex substrates will be valued at over $4.5bn in
2007, compared to a leadframe market of less than
$3bn. The forecast also shows a 15% growth in the
market for ceramic packages from 2005 to 2007.

It is envisaged, as shown by industry forecasts
later on, that WLP will be similarly self-perpetuating.
The future expectation sees only the need for WLP
chips, driven by the mobile phone and memory
products, and application -specific packaging,
driven by the MEMS sensors and other custom
markets.

One of the key roadmaps, published in 1997 by
NetPack, indicates many of the new package types
that are just now coming out. However, it did not
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foresee the drive to WLP or the introduction of the
new industry standard the QFN (quad flat no -lead)
package.

In 2004, WLP became the most challenging tech-
nology for our industry. The advances in small ball
size and flip chip have enabled the on -chip, on -
wafer capabilities that will drive WLP forward.

The QFN package (Figure 2) has evolved as an
interim solution to CSP, to overcome the problems
associated with solder ball attach, substrate imper-
fections and manufacturability.

It reverts back to metal lead frame technology and

Figure 2: QFN package technologies

overmoulding, which gives additional features of
power management, thermal performance and 'in
situ' test capability. It removes the need for underfill
and X-ray inspection at the board assembly stage,
offering significant cost saving down the line.

The other key advanced technology that has
emerged as a result of the developments in these
packages is wafer scale packaging (WSP), a variant
of WLP. Wafer scale will see development of vari-
ants of CSP, Chip on Chip (CoC) and integration of
a range of different technologies at the wafer pro-
cessing stage.

Technology drivers
The next generation chips will always push for inno-
vative package designs that can handle more com-
plexity and get board real-estate reductions.
Inevitably then, the push for WLP is the ideal match,
but there are many issues affecting yield, manufac-
turability and cost that have to be overcome. The
development of such technologies is, as yet, too
costly for volume applications, so for the next few
years, the existing advanced package technologies
will be pushed to get better performance at lower
cost.

As application potentials develop, so package cost
becomes the driver. In turn, low cost package solu-
tions are becoming the drivers for new technologies
such as 'last -mile' fibre optic telecom systems, 3G
phones, Bluetooth, MEMS and sensors. However,
only the development of standard package formats
will ensure that costs are kept down.

Emerging technologies will need innovative

package design that will perform well in high-speed
and RF type applications, yet provide shielding
against interference. The ability to manufacture high
yielding products is a big driver for large chips, as
yield loss due to package failure is unacceptable.
Whereas opto, RF and power devices will push for
smaller thermally efficient solutions, requiring
package reliability in high stress environments. All of
these will have to be within a 10% margin of the
overall device cost.

The development of RFID tags (Figure 3), which
utilise the tag itself as the package for the chip, is an
example of innovative design and process providing
a low cost (less than one US cent) package.

Figure 3: RFID baggage tags by Siemens

Application specific packages
The roadmaps for package technologies beyond
current high -volume standards are based around
the application needs. MEMS, opto/photonics and
RF devices are expected to ramp up in volume in
the next few years, driven by automotive, medical
and communications markets. Hence, there are
numerous programmes underway to find cost-
effective solutions for manufacturing, packaging
and interfacing such devices.

MEMS devices, typically sensors, are a key
example of how applications are pushing the tech-
nologies to create cost-effective packaging. This
market is expected to grow with a CAGR of around
17% over the period 2005 to 2008. It is being driven
by major applications in automotive markets, where
for example, some 100 sensors are now incorpo-
rated into a Mercedes A Class vehicle. However,
package costs can be up to 80% of the cost of a
MEMS device, so developing novel interposer tech-
nologies in order to achieve cost-effective, standard
type packaging is key.

Innovation is required to adapt devices, if pos-
sible, into existing technologies. Matching applica-
tion to package requires some form of interposer
technology to encompass the function, whilst
allowing standard interface connections. Such an

Packaging
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Figure 6: Advanced
package trends
[Source: TUB & FhG-IZN/I, - ISS
Berlin Feb 2005)

Figure 4: Bosch accelerometer device

example is shown in Figure 4. German firm Bosch
has developed interim wafer level packaging for the
MEMS unit, which is then linked to the control IC in
a "standard" plastic package.

Many other companies are adopting similar tech-
niques for road tyre pressure -sensing devices
(TPMS) and opto control. MEMS gyros and
accelerometers are being used in phones and lap-
tops, as well as in vehicle airbag systems. Mobile
phones use MEMS microphones and will utilise new
RF MEMS security devices. MEMS are used for
inkjet printing, medical blood sensing, micro med-
ical 'on -chip' labs and many more developing appli-
cations. Most are in need of special package
design, based upon standard package type with
innovative interposer technologies, but many will be
incorporated into modular system packages, once
known as hybrids, but today known as
System -in -Package (SiP).

Packaging evolution
BGA/CSP type products, however, are currently the
preferred package options for handheld and other
small form, feature -rich products that require high
complexity and high I/O count. Memory products, in
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particular, are driving these package developments.
The need for memory density is almost exponen-
tially increasing and, as such, the need for stacked
chips packages is evolving. The example shown in
Figure 5 is a 1.4mm thick package, with I/O count
of up to 1024.

All currently produced mobile phone handsets
use memory devices that have at least a two -chip
stack package. The memory device makers are
looking at much higher density needs in much
smaller form -factors, and the likes of AMKOR,
ASAT, CHIPAC and other top subcontract
assembly houses are working closely with device
makers to develop suitable stacked chip pack-
aging technologies.

However, the two key areas of development, now
creating the most interest, are SiP with organic sub-
strates and WSP. The future scenarios see the

Figure 5: Stacked chip BOA package format

move through 2D and 3D system integration, where
the packages have multifunctional layers,
embedded passives, integrated sensors and micro
interconnects as shown in Figure 6. The trend will
push the 3D concepts to very thin, multilayer tech-
nologies, which have aspects approaching that of
wafer fabrication.

Wafer scale packaging itself will continue to
develop as more and more applications move
through CSP into flip chip and then to CoC tech-
nologies. Some forecasters are looking at the future
combination of sensor devices and control IC cir-
cuitry in nanoscale that will eventually produce
intelligent electronic 'dust' or 'smart -dust'. In Figure
6, this is indicated as 'e -grain' technology and con-
ceptual work is well underway for it to become
reality.

Market trends
In a review of reports published by IC industry ana-
lysts, chip packaging will undergo a number of sig-
nificant changes in the next five years. The overall
growth of the market will (of course) be similar to the
chip industry between 13% and 15% CAGR. This
equates to a market unit increase from the 2003
figure of 85 billion units to around 143 billion units in
2008.

The advanced package technology reviewed is
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covered mainly by the applications. The analysts
see that the market for photonics will drive the need
for new technologies, as will MEMS and RF.

MEMS devices will increase from a current 500
million unit market to 4.5 billion in 2008 and pho-
tonics will rise like a Phoenix from the ashes in mid -
2006 to account for some three billion package
units by then. Other significant applications will be
flip chip package technologies, often being direct
chip attach (DCA) and new SiP technologies (see
Figure 7).

The memory market, using FC, DCA and wire -
bond technology, will dominate stacked chip
package growth, which is expected to be close to
two billion units per year by 2008.

Without a doubt, WLP will be the strongest growth
technology to evolve in the second half of this
decade. The expected growth will be from around
one million units globally in 2003 to some one billion
units in 2008. It is the smallest IC package size as it
is a true CSP and offers the lowest cost per I/O
because the interconnections are all done at the
wafer level in one set of parallel steps. It has the
lowest cost of electrical testing and burn -in, as both
these processes are done at the wafer level. The
need for underfilling with organic materials around
the solder joint is eliminated and the short intercon-
nections enhance electrical performance. But the
simple fact that it does require a fab-like processing
facility will initially see only key market take-up and,
hence, a limitation to actual available volumes in the
next few years.

Downstream challenges
The manufacturing processes being developed for
emerging package technologies do need to be
aware of the issues of downstream handling, both
for test and board assembly. For example, the size
of pitch of I/O reducing below 0.3mm (300nm) will
create alignment problems in handlers. Lead-free
finishes on pins and ball array contacts can be
problematic for test probes and Pin 1 markings will
be lost when chips are flipped into DCA or stacked
package applications.

The need to do die level test or system level test
may have to be decided at the design stage,
because when new high -density CSP and BGA
stacked packages are used, and especially the use
of CoC technology, access to device interconnec-
tions will not be possible.

For MEMS, opto and RF devices, static and
dynamic tests will be required. MEMS devices will
require additional media (pressure, gases, liquids
etc) to enable functions to be tested. This means
slow throughput and higher cost. Opto devices
need additional care, hermeticity, clean surfaces
and three-dimensional alignment, in order to accu-

Packaging

rately assess functionalities. Photonic alignments
(fibre and chip detectors) need to be dynamically set
during the test phase, unless package development
can get in-built location features to sub -micron
accuracies.

Wafer level packaging will use full clean -room
processing and testing accordingly, before dicing
and insertion into applications. The marking
issues and Pin 1 detection, will be just some of
the challenges for handling all the stages of this
technology. However, using standard wafer pro-
cessing and test data protocols, WLP will ideally
be adapted to fast automatic assembly applica-
tions, excluding the need for additional packaging.
In fact, this level of packaging will effectively
become the standard "no package" option,
wherein the wafer fab (foundry) will ship tested
wafers directly to the end user.

Package growth CAGR % 2003 - 200

WLP W 190
QFN _wB i85

Stack Pack _pmrrim.. 175RF jiimir 172
MEMS .flial., 165
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50

F/C DCA _gam 50CSP joiri= 42.5
BGA fimminz=3 30

F/C in PKG Amm 20
QFP 13

-10
DIP/ SO -
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Figure 7: Growth of package technologies

Packing it in
It is clear that in the long term, the new and
emerging packaging technologies are in danger of
exploding in options and cost. The industry
drivers need to work closely with all aspects of the
manufacturing, from chip design through package
design and test issues. They must also consider
the system issues, which require an under-
standing of the handling and board system con-
straints of future applications.

The market is continually demanding advanced
packaging technologies to deliver even smaller
devices that will match the need of faster chip -
speed applications but will continue to be a
cheaper option than before. The chip packaging,
also known as tack -end' or 'final manufacturing'
industry, will require the development of signifi-
cant new 'standard' final manufacturing, that is in
packaging, assembly and test processes, in order
to achieve the desired faster time -to -market at
lower cost. It is likely that the WLP ultimate goal of
"fab, test and ship" will be the only viable future
solution.
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A Photographic Enlarger Light Source Using LED

One of Huw Bevis Finney hobbies is photography,
another is electronics. Here, he presents his photographic
project that uses light emitting diodes

To aid my printing I purchased an RH
Designs Analyser. This is used to

measure the light on the enlarger base-
board and calculates the exposure and
grade required. It was used for a while
with multigrade paper and filters (see
`Black and White Multigrade Printing') and
performed well.

Light emitting diodes (LEDs) would
make a good illumination source for an
enlarger. However, until the advent of the
high brightness ones, this was impractical
and still a bit dim, even with a side -by -
side array of LEDs.

LEDs' advantages include low heat
output, long life, constant colour and
small size. When high intensity LEDs
became widely available I decided to
make a light source for my then current
enlarger using four (two green, two blue)
LEDs from Lumileds.

Recently, I started using a much larger
camera and enlarger so it was back to fil-
ters for contrast control until I designed
and built the subject of this article the
`Led Head MG504'.

Enlarger and light source
Simply put, the requirements of an
enlarger and light source are "to project a
sufficiently bright image of the negative
onto the sensitive paper with even illumi-
nation". Traditionally, this has been done
in two ways - condenser and diffuser.

The condenser approach was used in
my first LED enlarger project, but as the
size of the negative increases so does the

size of the condensers, and at 5" x 4"
these would be over 6 1/2" diameter and
cost a small fortune, so for this project a
diffuser is used. The diffuser has one main
drawback, however and that's ineffi-
ciency. Only a small percentage of the
light generated is used to form the image,
this means a lot of LEDs: 12 blue, 18
green and two red LEDs. At £4 a piece,
they work out at about half the cost of a
decent pair of condenser lenses alone.

The reason for using different number of
LEDs revolves around the paper; the
paper is more sensitive to blue light than
green and 12 LEDs is the minimum
needed to give an even illumination. The
two red ones are for a 'safe' illumination
to allow for positioning of the paper,
which does not have to be even, just vis-
ible. To put the brightness of these LEDs
in perspective, the original light source
supplied with the enlarger was a diffused
one using a 250W halogen bulb; the Led
Head has equivalent exposure times.

The electronics
The LEDs used have a maximum current
rating of 350mA and drop about 3.5V.
Having a 24V 2A power supply available
led neatly to three green and two blue
strings of six LEDs in series and the two
red LEDs in another. The worst case cur-
rent is when all the blue and green LEDs
are on at full brightness; the reds can't be
on in this mode (see The switches' right)
and have 50mA for the rest of the elec-
tronics, which is 1.8A.

The current is handled by six linear
sinks, the three green and two blue ones
controlled from PWM outputs on the PIC
via low pass filters, with the red directly
from an output pin. A 7805 is also
included to supply the +5V rail. The output
transistors are mounted on the metal
chassis of the unit with isolating pads for
heatsinking. The 7805 is also mounted on
the chassis without a pad to connect OV
to chassis. All of this is on the rear PCB.

The old saying "if it needs more than
three chips then throw a PIC at it" holds
here: the control of the whole system is
done by a PIC16F877 microcontroller. It is
much more powerful than required but has
enough I/O pins, the latest Microchip
offering of In Circuit Debugging (ICD) built
in and it only costs a few pounds.

On the subject of ICDs, I wholeheartedly
recommend that anybody thinking of
using PIC micros gets the Microchip ICD
system. I have no connection with
Microchip other than being more than
happy with their products.

The micro reads the three front panel
switches, monitors the remote (more of
which later) and foot switch inputs, and
drives the display and the two PWM out-
puts. The display is one of HP's four digit
dot matrix types. To indicate the switch
functions I used some rectangular area
LEDs and, using Letraset, labelled them;
normal front panel lettering is a bit hard to
see in a darkroom. In addition, switching
increases the brightness of the LED associ-
ated with the switch.

The switches
The switches are on -off -on SPCO type
and function as follows:
- Right hand up, auto mode (see lower

down);
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Far left -A shot of the diffuser surface when lit,
this is with the room lights on demonstrating
the enormous light output of the LEDs. The
camera used attempted to expose correcty
for the whole scene leaving the room black

Left - Showing the diffuser surface which
when in use points down towards the
negative to be enlarged

Lower lett - A view of the front of the unit
showing the grade display digits and selector
switches with illuminated legends.
Also includes the IDC socket far left

Bottom - The LedHead on my DeVere 504
enlarger, ready for use

Right hand centre, manual mode, expo-
sure via external foot switch;
Right hand down, manual mode, expose.

Manual mode:
- Middle centre, red off, focus off;
- Middle down, focus light on, overridden

by expose;
- Left up, increase grade;
- Left centre, no action;
- Left down, decrease grade.

Auto mode:
Middle up, red on;

- Middle centre, red off;
- Middle down, left up, left centre and left

down, no function;
- Grade setting, focus and expose light

controlled via serial interface.

A couple of clarifying points are required
here. Focus light, for this I turn on all the
blue and green LEDs at full brightness,
giving a brighter image for focusing.
Expose light, the blue and green LEDs are
set to differing brightnesses depending on
grade.

Remote control
The RH Designs Analyser displays the
grade required and also times the exposure
for a conventional enlarger via a relay. It is
left up to the user to insert the correct filter
for exposure and remove the filter when
measuring the light on the baseboard.

To save time, I designed a small PCB to
fit under the 4Opin DIL of the processor in
the analyser, which decodes the display
(using another PIC), detects the safelight
and expose relay drive signals and sends
this data in a serial stream. The format of
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the data is low=idle then 1 high start bit,
a low sync bit, 4 bits describing the
grade (1 to 13 for 00 to 5 in 0.5 steps)
and two bits indicating focus and
expose. This is sent out at 1.024ms per
bit with a 3:1 idle to data ratio, making
data recovery easy. Getting `into' the
analyser was quite easy. RH Designs fur-
nished me with a circuit diagram of the
unit and helped out whenever I had a
query. I wish they had done a serial out,
there are a couple of pins left on the
micro, after all.

In use
I have been using the Led Head for
some time now and I can't see myself
going back to filters. Surprisingly, even
though this is a 5x4 head, it copes with
35mm film (36x24mm) without exces-
sive exposure times. Some of the lower
light available when enlarging 35mm is
offset by the larger aperture of lenses
used here.

0009100100009909
Black and White Multigrade Printing

To fit the density range (peak to peak signal) of different black and white negatives
on to the printing paper, the contrast range (gain) of the paper must be chosen. The
choice of paper contrast range is called the 'grade', there are two main methods of
getting the grade required.

Paper is obtainable in different grades, usually 1 to 5 in whole grade steps, and as
variable contrast paper. Obviously, stocking all the grades, surface finishes and all
the sizes in fixed grade paper is at best a compromise and, given Murphy's Law, the
one you want won't be in stock. Variable contrast paper, however, only has to be
stocked in sizes and finishes. The variable contrast is achieved by controlling the
colour of the light reaching the paper.

One system (Ilford 1950's) used two sensitive layers on the paper, a high contrast
(high gain) layer sensitive to green light and a low contrast (low gain) one sensitive
to blue light. This had the problem that black at the extremes of the contrast range
was made of one layer only, so the blacks where less intense compared to the
middle contrast black.

The current system from Ilford uses a mixture of three emulsions, all with full blue
and varying green sensitivities, blue light affects all at once giving high contrast and
green light affects them one by one leading to a low contrast image. Filters are
obtainable which, when placed in the light path of the enlarger, give the contrast
required.

011011111SIOOMOSO

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

FT
Agilent (HP) 3314A Function Generator 20 MHz £650 Agilent (HP) 54520A 500MHz 2 Channel Oscilloscope £1000
Agilent (HP) 3325A and B function gen. from £550 Agilent (HP) 54645D 100MHz Mixed Signal Oscilloscope £3000
Agilent (HP) 435A/B, 436A, 437B, 438A Power Meters from £100 Agilent (HP) 8713B 300kHz - 3GHz Network Analyser £4500
Agilent (HP) 3561A Dynamic Signal Analyser £2950 Agilent (HP) 8566B 100Hz - 22GHz High Performance Spec. An. £7000
Agilent (HP) 3562A Dual Ch. Dynamic Sig. Analyser £3000 Agilent (HP) 8592B 9kHz - 22GHz Spectrum Analyser £7500
Agilent (HP) 3582A Spectrum Analyser Dual Channel £1200 Agilent (HP) E4418B EPM series Power Meter -single channel £1500
Agilent (HP) 3585A and B Spec. An. (40MHz) from £2950 Agilent (HP) E9300A EPM series sensor for above(18GHz- 100mW) £750
Agilent (HP) 35660A Dynamic Sig. An £2950 Agilent (HP) 8648C Signal generator (100kHz-3.2GHz) £4000
Agilent (HP) 4191A R/F Impedance analyzer (1 GHz) £2995 Agilent (HP) 8347A R/F Amplifier (100kHz-3GHz) £2000
Agilent (HP) 4192A LJF Impedance Analyser (13MHz) £4000 Agilent (HP) 33250A Arbitrary Function Generator (80MHz) £2150
Agilent (HP) 4193A Vector Impedance Meter £2750 Agilent (HP) E4406A (opt BAH) Vector Signal Generator (7MHz-4GHz) £11000

Agilent (HP) 4274A LCR Meter £1750 Agilent (HP) E4404B (opts 1D5,1DN,A4H) Spectrum An. (9kHz-6.7GHz) £10000
Agilent (HP) 4275A LCR Meter £2750 Agilent (HP)34401A 6.5 Digit Bench DMM £550

Agilent (HP) 4276A LCR Meter £1400 Agilent (HP) 4194A (50 ohm) Impedance/Gain Phase Analyser £10750

Agilent (HP) 4278A Capacitance Meter (1KHz / 1MHz) £2950 Agilent (HP)5350B Microwave Frequency Counter (20 GHz) £1200

Agilent (HP) 5342A Frequency Counter (18GHz) £850 Agilent (HP) 5343A Frequency Counter ( 26.5 GHz) £1400

Agilent (HP) 5351B Frequency Counter (26.5GHz) £2750 Amplifier Research 10W1000B Power Amplifier (1 GHz) £4700

Agilent (HP) 5352B Frequency Counter (40GHz) £4950 ENI 320L Power Amplifier (250kHz 110MHz) 20 Watts 50dB £1200

Agilent (HP) 53310A Mod. Domain An (opt 1/31)
Agilent (HP) 54610A Infinium Scope 500MHz
Agilent (HP) 8116A Function Gen. (50MHz)
Agilent (HP) 83498 (2- 20GHz) Amplifier
Agilent (HP) 83508 Mainframe sweeper (plug -ins avail)

£3450
£2995
£1750
£1950

£750

IFR (Marconi) 2051 10kHz-2.7GHz) Sig. Gen.
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 SMIO-03B Vector Sig. Gen. (3 GHz)

£5000
£1750
£4250
£3750
£3500
£7000Agilent (HP) 85024A High Frequency Probe £1000 R&S SMG (0.1 - 1 GHz) Sig. Gen. £1750

Agilent (HP) 8594E Spec. An. (2.9GHz) opt 41,101,105,130) £3995 Seaward PAT 1000S Computerised PAT Tester(New in Box) normally £845 now £550
Agilent (HP) 8596E Spec. An. (12.8 GHz) opt various £8000 Tektronix THS 720A 100MHz 2 Channel Hand-held Oscilloscope £1250
Agilent (HP) 89410A Vector Sig. An. Dc to 10MHz £7500 Tektronix TDS 220 100MHz -2 Channel Real - Time Scope £650
Agilent (HP) 89440A Vector Signal Analyser 2MHz - 1.8GHz £8950 Tektronix TDS 524A 500 MHz - 500Ms/s 2 Channel Scope £3000
Agilent (HP) 33120A Function/Arbitrary Waveform Generator 15MHz £850 Tektronix TDS 724A 500 MHz - 1 Gs/s 2+2 Channels £3250
Agilent (HP) 53131A Frequency Counter £750 Tektronix 24658 400 MHz 4 Channel Scope £1000
Agilent (HP) 53181A Frequency Counter £750 Tektronix 11402 (Digitizing Mainframe) + 11A33 + 11A34 plug -ins £1650
Agilent (HP) 4284A Precison LCR Meter £5750 Tektronix 571Curve Tracer £1250
Agilent (HP) 6031A Power Supply (20V - 120A) £1250 Wayne Kerr 3260A+3265A Precision Mag. An. with Bias Unit £5500
Agilent (HP) 6032A Power Supply (60V - 50A) £2000 Wayne Kerr 3245 Precision Ind. Analyser £1750
Agilent (HP) 6671A Power Supply (8V - 200A) £1350 Wayne Kerr 6425 Precison Component Analyser £2000
Agilent (HP) E4411A Spectrum Analyser (9kHz - 1.5GHz) £3500 Wavetek 9100 Universal Calibrator (Opts 100 / 250) £9000
Agilent (HP) 8924C CDMA Mobile Station Test Set £6000 W&G PFJ 8 Error & Jitter Test Set £6500
Agilent (HP) E8285C CDMA Mobile Station Test Set £6000 Various other calibrators In stock. Call for stock / prices
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By Mike Brookes

December being the
month for reflection
and celebration is
also a good time
to review develop-

ments in the Short Range
Device (SRD) world.

The most far-reaching
change in the world of radio
standards and regulations for
SRDs has been the practical
completion of the overhaul of
the creaking generic standard
EN 300 220. This has been as
excellent workhorse for
several years but was in need
of upgrading to stimulate a
new breed of devices.

EN 300 220, now in two
parts (not three as earlier), has
completed its public enquiry
and resolution stages and
should be on the statute
books by the beginning of
2006. It incorporates, for the
first time, the use of LBT
(ListenT) and AFA (Adaptive
Frequency Agility) techniques.
These move SRDs away from
the old concept of fixed
spectrum, defined channel use
to that of greater spectrum
efficiency - but less certainty.

SRDs using LBT will be
applied initially in an extended
band 863-870MHz. No
detailed channel plans will be

Great oppor
for

incorporated and equipment
will be permitted to act in
narrow band (to 25kHz) or
wideband (to 200kHz), in roles
using the LBT facility to detect
interference on an initially
selected channel and the AFA
facility to hop to another
unused channel. The channel
width used will depend on the
required data rate.

Simultaneously, the overall
European 'controller' of radio

re SRD
being able to interpret both
optimum spectrum use and
'channel width' to meet data
transmission rate demands.

Chipsets are already
available on the market
incorporating LBT/AFA and
are in advanced development
to incorporate SDR. More
importantly, from the user or
integrator viewpoint, they are
extremely low cost - less
than $5.

1
The increasing use of digital techniques in audio
systems is blurring the division between data and
audio yl

regulation (ECC - European
Communications Committee)
frequency management sub-
group has agreed the neces-
sary changes to accommodate
the revised standard incorpo-
rated in a revision, shortly to be
published, of the CEPT/ERC
Recommendation 70-03 - the
"essential manual" for all SRD
users and producers.

Following hot on the heels
of these changes will be the
revolutionary facility of SDR
(Software Defined Radio) also
known as Cognitive Radio.
SRDs incorporating SDR will
be enormously versatile,

Their advent gives some
headaches - with LBT/AFA
the duty cycle concept
becomes moribund, as does
the, until now, untouchable
concept of protected chan-
nels, since the new units can
hop to avoid interference.
Added to this, the increasing
use of digital techniques in
audio systems is blurring the
division between data and
audio. Combined systems
using the flexibility of auto -
adjustable data rates and
optimised data compression
algorithm/protocols to make
audio intelligible in non -100%

re ess Co mn

aread
stry

channel usage scenarios are
inevitable.

A further development
calculated to cause the rapid
evolution of new SRDs is the
advent of super lightweight
long -life batteries, again at
low cost and high reliability.
The availability of very low
cost SRDs coupled with such
power gives the 'fit and
forget' sectors of the SRD
industry just the conditions
needed for explosive product
development and growth.

Whereas until now, except
for radio car keys, volume
SRD products have been
rare. However, these will now
be progressively the norm
with RFID, auto -metering and
medical device systems not
far behind.

Undoubtedly, problems will
arise from high population
density of SRDs in the future
- but what great opportunities
for entrepreneurs to make
this industry the success of
the next few years.

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

Mike Brookes is LPRA's chairman.

Wireless Software Solutions
Firmware revision 2.1
Jan 05
Designed and manufactured
in the UK by LPRS Limited,
Witney, 0X28 4BH
Tel: 01993 709418
Email: info@lprs.co.uk

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.

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-radio.comiewl
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Tips 'n' Tricks

Various PIC microcontrollers
TIP 1: Switching off external circuits/duty cycle

All of the low power modes in the world will not help your
application if you are unable to control the power used by
circuits external to the microprocessor. Lighting an LED is
equivalent to running most PIC microcontrollers at
5V - 20MHz. When you are designing your circuitry, decide
what physical modes or states are present and partition
the electronics to shutdown the part of the circuitry that is
not needed.
EXAMPLE:
The application is a long duration data recorder. It has a
sensor, an EEPROM, a battery and a microprocessor.
Every two seconds, it must take a sensor reading and
scale the sensor data.
Solution 1 and 2 (see schematics on this and
adjacent page)
The system shown in Figure 1 is very simple and, clearly,
has all of the parts identified in the requirements.
Unfortunately, it has a few problems in that the sensor - its
bias circuit and EEPROM are powered all the time. To get
the minimum current draw for this design, it would be
advantageous to shut down these circuits when they are
not required (see Solution 2). Here, I/O pins are used to
power the EEPROM and the sensor. Because the I/O pins
can source 20mA, there is no need to provide additional
components to switch the power.

TIP 2: WDT alternative wake -ups
Most applications control the power of the microprocessor
by periodically going to SLEEP. There are two ways to
wake up a sleeping PIC microcontroller:
1: Receive an interrupt
2: Wait for the watchdog -timer
The nanoWatt PIC16F/18F devices have a low current
watchdog timer (WDT) that draws 2-3pA. Additionall, the
PIC18F devices can also dynamically turn on/off the WDT
for even more current savings.

TIP 3: Stretched dog
The WDT is commonly used for waking up a sleeping
PlCmicro MCU. The longer the PlCmicro MCU stays
asleep, the less power most applications will take.
Therefore, it is appropriate to have a watchdog time-out
duration that is long enough for your application. If the
application requires data samples once per minute, then
the WDT should wake-up the PlCmicro MCU once per
minute. Newer PlCmicro microcontroller devices, such as
the PIC18F1320, have an extended WDT that allows the
watchdog period to be stretched up to two minutes.

TIP 4: Power budgeting
Power budgeting is a technique that is critical to predicting
current consumption and battery life. See Table 1 opposite.

The following example shows the power budget for
Solution 2 in Tip 1.

Computing battery life
Typical coin battery Capacity mAH Live (H) Life (Years)

CR1212 18 3446808.511 393.47

CR1620 75 14361702.13 1639.46

CR2032 220 42127659.57 4809.09

After completing a power budget, it is very easy to deter-
mine the battery size needed to meet the application require-
ments. If too much power is consumed, it is easy to deter-
mine where additional effort needs to be placed to reduce
the power consumption.

TIP 5: Undirectional brushed DC motor control
using CCP

Figure 1 shows a unidirectional speed controller circuit for
a brushed DC motor. Motor speed is proportional to the
duty cycle of the Pulse Width Modulation (PWM) output on
the CCP1 pin. The following steps show how to configure
the PIC16F628 to generate a 20kHz PWM with 50% duty

Solution 1
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Table 1

Operation Modes Time in Mode (mS) Current in Mode (pA) pAmS in Mode Description

Sleeping

CPU

Sensor

EEPROM

Sensor Warm-up

1989

1

1

1

0

0

166

1989

166

Waiting to read the data

Stabilising the sensor

CPU 1

Sensor 165

EEPROM 0

Sensing 1 213 213 Reading the sensor

CPU 48

Sensor 165

EEPROM 0

Scaling 1 48 48 Scaling the sensor data

CPU 48

Sensor 0

EEPROM 0

Storing 8 2048 16384 Writing 2 bytes (4mS per byte)

CPU 48

Sensor 0

EEPROM 2000

""pAmS 18880

converting to mAH 5 2pA

cycle. The microcontroller is running on a 20MHz crystal.
Step 1: Choose Timer2 prescaler

a) FPWM = FOSCA(PR2+1)*4-prescaler) = 19531Hz for
PR2 = 255 and prescaler of 1

b) This frequency is lower than 20kHz, therefore a prescaler

of 1 is adequate.
Step #2: Calculate PR2

PR2 = FOSCAFPWM*4-prescaler) - 1 = 249
Step #3: Determine CCPR1L and CCP1CON<5:4>

a) CCPR1L:CCP1CON<5:4> = DutyCycle*Ox3FF = Ox1FF
b) CCPR1L = Ox1FF » 2 = Ox7F, CCP1CON<5:4> = 3

Step #4: Configure CCP1CON
The CCP module is configured in PWM mode with the

least significant bits of the duty cycle set, therefore,

CCP1CON = `b001111000'

Figure 1
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Tips 'n' Tricks

Win a PICItit2 Flash Starter kit

Electronics World is offering its readers the chance to win a new Microchip PICkit 2 Flash Starter
Kit. The new PICkit 2 Flash Starter Kit enables engineers, students and anyone with an interest, to easily
begin development and experimentation with PIC microcontrollers. The PICkit 2 follows the very suc-
cessful PICkit 1 offering improved ease of use, faster programming and greater flexibility.

The PICkit 2 Starter Kit connects to any personal computer via full -speed USB 2.0, which allows firmware
upgradeability, and requires no additional power supply for the programmer or target application board.
The PICkit 2 comes with a set of easy -to -understand tutorials that allow users to learn at their own pace.
In addition, the PICkit 2 can easily plug into development boards via In Circuit Serial Programming (ICSP)
technology.

The kit includes the programmer, USB cable, CDs and an 8/14/20 -pin evaluation board. Initially, the pro-
grammer supports 33 different low pin count, Flash PIC microcontrollers. For additional information visit
the Microchip Web site at www.microchip.com/tools

For the chance to win a PICkit 2, log onto www.microchip-comp.com/elecworldpickit2
and enter your details into the online entry form
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Introduction to Linear
Circuit Analysis and
Modelling - From DC to RF
Luis Moura, Izzat Darwazeh

Elsevier (Newnes)

Linear: Occult.
Analysis and

`Modelling
-

This is a good
textbook for

students of electric
or electronic engi-
neering. It can also
be read by anyone
interested in learning
the theoretical
basics of circuit

analysis, from DC to RF.
The authors start with the very founda-

tions of electric circuits and move on to
advanced topics such as Radio Frequency
(RF) concepts and techniques, statistical
concepts, noise in electric circuits etc.
Their goal is to explain how electrical net-
works are modelled inside a simulation
tool, to get the best results from it.

Each chapter comprises examples, for a
better understanding of each presented
argument, and exercises.

The mathematics is very clear, and
there is just enough of it to develop the
subject. A companion website provides
all the solutions for final problems, exam-
ples with SPICE and MATLAB to practi-
cally show what has been explained in the
text, additional teaching material, a list of
errata and further developments on many
arguments.
Chapter One introduces voltage and
current, passive components, sources.
Then it shows first circuits, Kirchhoff's

laws and networks main theorems.
Chapter Two is a nice trip around com-
plex numbers and their exponential and
trigonometric forms.
No surprise in discovering that Chapter
Three is about the frequency analysis.
Phasors, transfer function, Fourier series
and transforms, Bode diagrams: they all
are explained in sequence.
Chapter Four deals with analysis in the
time domain and introduces the Laplace
transform.

The so-called two -ports are treated in
Chapter Five, along with their representa-
tions. The authors show Z, Y, Chain sets of
electrical parameters, introducing the auto-
matic matricial analysis, which stays at the
foundation of any circuital simulator. During
the talk about two -port network analysis,
Miller theorem shows all its usefulness.
Chapter Slx is about amplifiers. In about
fifty pages, one can find almost all the
important things: what are band and gain
for an amplifier, what is the low -frequency,
high -frequency and middle band response.
Then, there are the four small -signal
models for amplifiers in mid -band: current -
amp, voltage -amp, transimpedance-amp
and tranconductance-amp.

Later in the chapter, one will encounter
the op -amp and its main arrangements,
and the concepts of reaction.

The next argument involves devices for
the linear electronics: the P -N Diode, the
BJT, along with its non-linear Ebers-Moll
model and its linear hybrid model, the
Greek Pi model and others.

Then, the Mosfet holds the scene, with
its large -signal model and its low-fre-

Book Review

quency, small -signal model.
Carrying on, a high -frequency model for

an active device is also explained. The
common -emitter amplifier is introduced;
the approximate method of time con-
stants is used to determine its band.

At the end of this chapter, there are the
differential pair and the current mirror.
Chapter Seven treats RF. The transmis-
sion line is described and modelled. You
can read about standing wave, lossy
lines, microstrip lines and others. At this
point, the S -parameters are introduced
and associated with power on the line.
The Smith chart is showed and its usage
explained in detail.
The last chapter is Eight. It focuses on
noise in electric circuits. It goes incredibly
deep in the subject. It's interesting to read
not only for students, but also for many
engineers already working in this field.

Before introducing the argument of
noise, the authors intend to teach the
basics of random variables and stochastic
processes. This is the part of the book in
which the maths becomes heavy.
However, all the functions and parame-
ters used in the book are in the
Appendices, for an easy consultation.

This text can be very useful. It is easy to
read, despite its richness and compre-
hensiveness. In this one book you will find
what you'd normally find in three:
 Linear circuit analysis
 Two -ports and amplifiers, and a

description of active devices
 Good treatment of RF and noise.

Maria Flora Torretta

Op -Amp Applications
Handbook - Analog Devices
Edited by Walt Jung

Elsevier (Newnes)

Op Amp Applications
Handbook

If I had to get rid of
all my technical

books except one,
which would I keep?
This book would
have to be very high
on the list. So why
would anyone need
a reference book on

op -amps? Well, despite all the media
hype about the digital age, when it comes
to interfacing, we still live in a fundamen-
tally analogue world. It is hard to find a

digital product that doesn't feature an op -
amp somewhere, but with so much
emphasis on digital technology, the
theory of op -amps is often overlooked by
modern students. This book will help to fill
the knowledge gap.

The book is not merely a vehicle for
pushing Analog Devices Inc's products,
and although these obviously feature, it is
much more broadly based than that and
reference is made to major contributions
from other manufacturers, especially in the
historical context. Each chapter is followed
by a short and useful bibliography.
Although the book features contributions
from a number of sources over many
years, it does not fall into the discontinuity
trap like so many compilations. It is very

structured and readable, and the informa-
tion flows smoothly from one chapter to
the next -a tribute to the editor, Walt Jung.

The first section covers op -amp basics,
including a comprehensive discussion of
all those irritating imperfections that the
less experienced among us might choose
to ignore. Circuit diagrams are clear and
usually accompanied by the relevant
equations so it is easy to see critical infor-
mation at a glance without having to read
through the text. The discussion on noise
is as good as I have seen anywhere. A
host of test circuits are included for deter-
mining various parameters such as input
bias current, bandwidth and slew rate.
These all help to keep things in context
and focused. I particularly liked the treat-
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Book Review

ment of single supply and rail -to -rail
amplifiers, and the constraints these
impose on the designer, not all of which
are obvious at first sight. The section con-
cludes with a section on high-speed op -
amps, and if you are old enough to think
that op -amps can't be used at RF then
think again!

The book moves on to discuss 'spe-
ciality' amplifiers. Included in this section
are instrumentation amplifiers, pro-
grammable gain amplifiers and isolation
amplifiers, all of which should be familiar
to these involved with data acquisition.
Two op -amp and single supply instru-
mentation amplifiers are covered in detail
as well as the more traditional three op -
amp configuration.

From speciality amplifiers we progress
neatly to probably the most important
section for digitally motivated engineers -
using op -amps with data converters. This
is the section where we consider the
problems of interfacing between analogue
and digital technology; both input (ADC)
and output (DAC) conversion are covered.

The all-important error -budget analyses
are here, and quantifying data converter
dynamic performance with SINAD
(Signal -to Noise -And -Distortion ratio),

SNR (Signal to Noise Ratio) and ENOB
(Effective Number of Bits) is covered with
delightful clarity.

The rest of the book looks into the some
traditional op -amp applications such as
sensor interfacing for a variety of different
sensors, signal conditioning and analogue
filtering with useful practical examples. The
more recent op -amp applications in video
signal processing are also covered in
detail. The section on active filters includes
a number of worked examples and very
useful summary of all the main filter types
with circuits and design equations.

A study of op -amps would not be com-
plete without some mention of passive
components as bad choices here can be
ruinous to an otherwise excellent circuit
design. For those new to the game there
is a very helpful - and perhaps enlight-
ening - capacitor comparison chart, and
some good tips on assembly techniques.

The book concludes with an enter-
taining history of op -amp development by
Walt Jung. This is the part of the book
where I guess the thermionic enthusiasts
will find most of their stimulation, although
thermionic circuits do crop up throughout
the book. I'm old enough to have used
some of the solid-state hybrid devices
mentioned here back in the late 70s, and
the part numbers were disturbingly
familiar. I did use a hybrid parametric (var-
actor) amplifier once, and this was excel-
lent and probably as good as the ME1400
(thermionic) electrometer valve it
replaced, but I hasten to add that I don't
quite recall thermionic op -amps. The
technology has thankfully moved on.

This book is a thorough study of opera-
tional amplifiers and covers in depth just
about every application you can think of.
It replaces half a shelf of my hitherto
favourite texts and it is destined to
become a standard work. I can heartily
recommend it.

John W. Wood

PicoScope 3000 Series
PC Oscilloscopes

The PicoScope 3000 series oscilloscopes are the latest
offerings from the market leader in PC oscilloscopes
combining high bandwidths with large record memories.
Using the latest advances in low power electronics, the
oscilloscopes draw their power from the USB port of any
modern PC, eliminating the need for mains power.

High performance: 10GS/s sampling

& 200MHz bandwidth
 1MB buffer memory
 Advanced display & trigger modes

 Compact & portable
Supplied with PicoScope (oscilloscope/spectrum

analyser) & PicoLog (data acquisition) software.

Tel: 01480 396395
www.picotech.com/scope315
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Gadgets

The Sony Cyber-Shot M2 is a stylish still and movie camera which features 5.1

effective mega pixel resolution, a 2.5 -inch Hybrid LCD screen, Carl Zeiss Vario-

Tessar folded -path 3x optical zoom lens and high -quality MPEG-4 recording, As

well as excellent images, it also allows 'casual' movie -shooting capabilities, with a

capture of up to 50 minutes of good quality footage on a Memory Stick PRO Duo.The

charge is supplied by InfoLithium battery. Unique to Sony, the camera features the Pocket Album and Slide

Show plus Movie functions for playback on the Hybrid LCD screen. It also features PictBridge, the stan-

dard for printing directly to photo printers. The camera comes with its docking station, which makes

charging and connecting to a PC, printer or TV a lot simpler.

Around £399

www.sony.co.uk

If you're looking for a small, inexpensive handheld console, then check out the new Game Boy Micro;
the smallest Game Boy ever created. Thinner than a mobile phone, the Micro is only four inches wide,
two inches tall and 0.7 inches deep. Not only extra slim, it also weighs an astonishing 2.8 ounces, or
about the weight of 80 paper clips, making it Nintendo's lightest console ever. Even so, it has the same
processing power and plays the same games as the Game Boy Advance SP.
The most notable feature, apart from the vastly reduced size, is its 2 -inch backlit screen, which is
brighter and sharper than any previous Game Boy screen. Plus, for the first time ever, users will he able
to adjust the brightness of the screen to adapt to indoor lights or outdoor sunshine.

www.nintendo.co.uk

For people always on the move, the travel mouse might be

quite a useful addition to the 'out of office'

kit, Allowing you to stay productive on the

move, it is a compact, easy to use mouse

with a two foot retractable

cord. Simple to get started, it

has a plug and play set up

and is fast and easy to use.

Easy enough to just drop in

your pocket, the mouse

weighs only 0.08kg and is

4cm wide, making it the

perfect solution for the

mobile businessman.

Around £11.99

www.apc.com/gb

The Memorex Mini TravelDrive is a flash -based portable storage device

just 2.25 inches long, 0.85 inches wide and 0.33 inches thick. Available in

256MB, 512MB, 1GB or 2GB capacities,

it can be used for taking photos, music,

video or important work files with the user

wherever he or she may go, and it is

compatible with the Windows, Mac and Linux

operating systems. This product stands out

because it comes complete with SecureTD software

that allows the setting of a password to prevent

unauthorised access to files. This works by creating a

partitioned area on the Mini that does not appear until

access to it is unlocked by entering a preset password.

Around: £29.99 for 256MB, £49.99 for 512MB, £89.99
for 1GB and £179.99 for 2GB

Available from the high street
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Rechargeable batteries with solder tags.
NIMH NICAD
AA 2000mah £2.82 AA 650mah £1.41
C4Ah £4.70 C 2.5A £3.60
D9Ah £7.60 D 4Ah £4.95
PP3 150mah £4.95

Instrument case with edge connector and
screw terminals
Size 112mm x 52mm x 105mm tall.
This box consists of a cream base with a PCB slot, a cover plate to
protect your circuit, a black lid with a 12 way edge connector and 12
screw terminals built in (8mm pitch) and 2 screws to hold the lid on.
The cream bases have minor marks from dust and handling.
Price £2.00 + VAT (= £2.35) for a sample or £44.00 + VAT (= £51.70)
for a box.

866 battery pack originally intended to be used
with an orbitel mobile telephone it contains 10
1.6Ah sub C batteries (42x22dia the size usually
used in cordless screwdrivers etc.) the pack is
new and unused and can be broken open quite
easily £6.46 + VAT = £8.77

Please add £1.66 + VAT = £1.95 postage and packing per order.

JPG ELECTRONICS
Shaws Row, Old Road, Chesterfield S40 2RB

Tel: 01246 211202 Fax: 01246 550959
www.jpgelectronics.com

MastercardNisa/Switch
Callers welcome 9.30am to 5.30pm Monday to Saturday

Lei



Piezoceramic transformer
If there is a need to feed very
low power devices you may

resort to infrared optocouplers,
solar cells, batteries or low
power transformers, although
the latter might be rather
oversized for the intended
purpose. Eventually, with the
exception of solar cells and
batteries, all of them draw
power from the mains so it
might be convenient to use a
piezoelectric transformer if the
power required is in the range
0.1 to 0.3mW. Figure 1 shows
an easy implementation of
such a transformer.

Two piezoceramic sounders
are glued back-to-back so that
the mechanical movement of
the first, the primary, is trans-
ferred to the second, the sec-
ondary. The AC output voltage
can be used as it is or rectified
in order to feed micropower
electronic equipment or trickle
charge small back-up batteries.

The actual implementation
requires two ceramic sounders
with high intrinsic capacitance:
sounders with 80 to 1 10nF are
readily available and usually
come as 50mm discs. Two of
these discs are cut down to
35mm in order to have a more
compact unit and a lower stray
capacitance between primary
and secondary. A layer of
double -sided adhesive tape is
laid on the larger plate of each
sounder in order to assure
proper electrical insulation
between primary and sec-
ondary. The sides of the
sounders are then pressed
against each other and the
transformer is ready to operate.

Table 1 shows the measured
output under several loading
conditions: the AC output was
measured with the load directly
across the output terminals as
shown in Figure 2 while the DC
output was measured with a
full wave rectifier in place.

The measured DC voltage

Circuit Ideas

Piezoceramic sounders

100K
2W

230VAC
Mains

R
Load

Double layer
adhesive; tape

Piezoceramic transformer
- exploded view -

Table 1

R Load VAC VDC

1 MQ 5.48 7

1001(Q 5.1 4,67

47 IcQ 4.22 3.29

22 lin 2.77 2.06

101(Q 1.41 1.1

4.7 kt2 0.68 0.56

refers to a Schottky bridge recti-
fier but the use of standard
1N4004 diodes will only show a
modest 6-8% voltage decrease.

Measurements were taken
with the transformer operating
in free air, without any holder,
but a proper mechanical layout

would require the transformer
to be firmly held by the edge of
the disc. This improves the
transfer of mechanical energy
to the secondary thus obtaining
the additional benefit of a 15-
20% voltage increase.

Care must be exercised
during testing as the unit is
directly connected to the
mains and in some countries it
might be convenient to split
the primary resistor in two
halves, one on each leg of the
supply line in order to min-
imise feed -through of high
voltage spikes across the
stray capacitance - around
180pF - between primary and
secondary.

Figure 1 (Left):

Circuit diagram

Figure 2 (Below)

The unit was stress tested by
decreasing the primary resistor
down to 561..Q: the output
voltage increased by 55% but
the transformer did get slightly
warmer after a few hours.
Behaviour of ceramic sounders
at mains frequency is not doc-
umented and it could be risky
to run the transformer with a
resistor lower than 100kil

Useful link:
Piezoelectric transformers:
www.linear.com/pdf/an81f.pdf

D. Di Mario
Milan
Italy
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Circuit Ideas

Simple amplitude modulator

V simo t

R
SI-vvv

600

Rs2

9Vdc -

RI <
47K e

Cc2

R3

75K

CCl

10p.F
R2

43K

10µF
R4

18K

Rc
2.7K

Co

lOpF'

INAQ
2N3904

C

50nF

1.7Q2
2N3904

RE
. 1

1.2K
C42tF

L
2.7K

Figure 1: Simple AM circuit with a minimum number of elements

e simplest method of
amplitude modulation (AM)

is by using a four -quadrant
analogue multiplier. The
design of these multipliers is
based on the structure of
Gilbert cell; however, some of
their characteristics limit their
practical use. Among them are
typical supply voltages and
currents. Table 1 shows the
typical supply voltages and
typical supply currents for
some of the well-known four -
quadrant analogue multipliers.
Sometimes, the required
power supplies of these ICs
do not correspond with and
are greater than the designed
supply for other parts of the
circuit. Also, the supply
current of these ICs is high
and this limits their use in

battery -powered systems.
Thus, we need a simple and
flexible amplitude modulating
circuit with simply modifiable
characteristics that may easily
be designed for any specific
application. Figure 1 shows a
simple AM circuit with mini-
mum number of elements. R1
R2 and are the biasing resis-
tors of 01. The carrier signal is
applied through Cc2 to the
base of 01. The carrier fre-
quency is set equal to 1MHz.
Rsi is the internal resistance
of the carrier signal source.
This source "sees" 01 as a
common -emitter amplifier,
because the impedance of CE1
is negligible at the carrier
frequency. Therefore, the
amplitude of the output
voltage will be proportional to

the product of Vc and gmi. If
gmi changes proportionally to
Vm, then amplitude modulation
will result.

The biasing of 02 is provided
by R3 and R4. The modulating
signal with a frequency of
1 kHz is applied through Cci to
the base of 02. Rs2 is the
internal resistance of the mes-
sage signal source. Since at
the frequency of modulating
the signal CE2 bypasses RE2,
Q2 is a common -emitter ampli-
fier for the message signal.
Thus the collector current of
Q2 is proportional to the ampli-
tude of Vm. The value of CE1 is
selected such that its
impedance at the frequency of
fm is much higher than the
impedance seen from the
emitter of 01. Therefore, CE1 iS

nearly a short circuit for the
carrier signal and nearly an
open circuit for the message
signal. This makes the emitter
current of 01 proportional to
the amplitude of the modu-
lating input. As gm1 is propor-
tional to the emitter current of
01, the amplitude of Vo will
have a changing behaviour like
the message signal.

Figure 2 shows the result of
simulating this AM circuit with
PSPICE 9.2. This circuit uses
only a single battery and its
supply current is about lmA.
Thus, it has superior perfor-
mance in comparison with the
four quadrant analogue multi-
plier ICs mentioned in Table
1. The amplitude modulated
signal resulted from the prac-
tical implementation of the
circuit of Figure 1 is shown in
Figure 3.

The most important param-
eter of an AM circuit is the
modulation index, denoted by
m. The changing behaviour of
m with R2, R4, IRc, RE, CE1,

0E2, and Rs (Rs = Rsi = Rs2) is
shown in Figures 4, 5, 6, 7, 8,
9 and 10 on pages 51 and 52.

Therefore, the modulation
index may be tuned by a wide
variety of circuit elements.
The carrier frequency of com-
mercial AM broadcasting is in
the range of 535kHz to
1605kHz. Table 2 shows the
necessary changes in the
value of CE1 for proper opera-
tion of the circuit at these fre-
quencies. Necessary changes
in the value of for other fre-
quencies of the message
signal are given in Table 3.

Reza Golparvar Roozbahani
Faculty of Electrical
Engineering
K. N. Toosi University of
Technology
Tehran

Iran
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4.0ns 4.5ms 5.0ms

values of
of f,

CE2, pF

TABLE 1: Typical supply
voltages and currents

Device IC Supply Supply

TABLE 2: 11-
CFI for differed

fc (MHz) m

y values of
of fc

CD, nF

TABLE 3: N ,-;-:ay:-
CE2 for different

fm ( kHz) m

0.26 14 0.26 6Voltage Current
0.5 0.3 22 0.3 10

MC1495 ±15V 6mA 0.33 43 0.33 25

0.26

0.3

7.5

12

0.26

0.3

1.45

2.3
AD633 ±15V 4mA

0.33 22 0.33 4.8
CA3091 ±15V 6mA

0.26 4.8 0.26 0.8
AD534 ±15V 4mA 1.5 0.3 7 0.3 1.2

0.33 20 0.33 2.4
IC18031 ±15V 6mA

Figure 4: The changing behaviour of m with R2

Circuit Ideas

Figure 2 (Left): The output
voltage of the AM circuit in
Figure 1 resulted from
simulating it with PSPICE

Figure 3 (Above): The output
voltage of the circuit of Figure 1
that resulted from the practical
implementation

Figure 5: The changing behaviour of m with R4

December 2005  ELECTRONICS WORLD 51-



Circuit Ideas

Figure 6: The changing behaviour of m with Rc

Figure 8: The changing behaviour of m with 0E1

Figure 7: The changing behaviour of m with RE

Figure 9: The changing behaviour of m with CE2

Figure 10: The changing behaviour of m with Rs

52
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World Educational Services

341 Hickory Nut Court * Pasadena * Maryland
Phone:410-437-7080, Fax:410-437-7081

Email:masc1@usa.net, Website:www.wesedu.com

LEARN TO PROGRAM FPGAs THE EASY WAY!

The days of TTL chips are over! Programmable logic devices,
CPLDs and FPGAs, are the way of the future. After all, you can
include an entire complex design on a single chip! With the boards
we offer you, you can learn how to design in the den of your own
home. You have a choice of manufacturers, XILINX (board on the
right) or ALTERA (board on the left). Both boards come with soft-
ware, and you will be able to program in VHDL, Verilog, or just
build your own schematic. Both boards come with a manual full of
exercises.

XILINX Board: $90, ALTERA Board:$70. Prices do not include shipping of $20.

Visit our website to purchase.
If you have any questions, please email us.



Circuit Ideas

Using a power transistor as a high power zener diode
-re purpose of this circuit is

to use a power transistor
as a high power zener diode. A
high power zener diode is not
only expensive but also hard to
find. Anything above 10W in
power is very difficult to obtain.

Figurel shows the circuit
enables a power transistor to

be used as a zener diode.
To obtain the specific refer-

ence voltage, a power tran-
sistor is tested using the circuit
shown as Figure 2. As a
guideline the DC power supply
is set at 15V or higher.

should be around 1K.
M1 is a DC voltmeter set to the

voltage range required.
As a benchmark, a Motorola

TIP31C was found to obtain a
reference voltage of 9.0. This
may vary due to different man-
ufacturer and production
batch. A Motorola 2N3055 was
found to have a reference
voltage of 11.60.

The zener diode in this case
for a TIP31C is 40W and a
2N3055 is 115W with ade-
quate heatsink applied as nor-
mally required for the power
transistor.
Michael Ong
City Beach
Australia

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

OSCILLOSCOPES
TEKTRONIX 2247A 4 Channel 100MHz
Counter/Timer/ Voltmeter £275
TEKTRONIX 2335 Dual Trace 100MHz Delay Sweep E125
TEKTRONIX 485 Dual Trace 350MHz Delay Sweep £300
IWATSU SS5711 4 Channel 100MHz Delay Sweep E150

PHILIPS 3065 2.1 Charnel 100MHz Dual TWDelay -Autoset £200
PHIUPS 3055 2+1 Channel 60MHz Dud TB/Delay - AutosM £150
PHILIPS PM3217 Dual Trace 50MHz Delay Sweep £125
KIKUSUI COS6100 5 Trace 100MHz Delay £150
TEKTRONIX 475A Dual Trace 250MHz Delay Sweep 1175
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep ... 1150
TEKTRONIX 4658 Dual Trace 100MHz Delay Sweep £125
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep £95
PHILIPS PM3209 Dual Trace 40MHz Delay £125
PHILIPS PM3215 Dual Trace 50MHz £75
KENWOOD CS4035 Dual Trace 40MHz £50
PANASONIC VP5564A Dual Trace 40MHz £50
HITACHI V525 Dual Trace 50MHz Cusors £95
HITACHI V523 Dual Trace 50MHz Delay C80
HITACHI V425 Dual Trace 40MHz Cursors £75
HITACHI V422 Dual Trace 40MHz £60
HITACHI V223 Dual Trace 20MHz Delay
HITACHI V222 Dual Trace 20MHz £50
HITACHI V212 Dual Trace 20MHz £50
FARNELL OTV12-14 Dual Trace 12MHz £40

STORAGE
PHILIPS PM3320 Dual Trace 200MHz 250Ms/S £300
LECROY 9400 Dual Trace 125MHz £325
TEKTRONIX 468 Dual Trace 100MHz Delay Sweep Drgrtal
Storage £200
VELLEMAN HPS5 1MHz 5MHz Sampling. Handheld Unused £60

ANALYSERS
ADVANTEST R3265A 100Hz-EIGHz £4500
TEKTRONIX 492P 50kHz.21GHz £2250

£3250
F2950

HP 8569A IOMHz-22GHz £950
HP 8565A 10MHz-22GHz £750
HP 853A with 8559A 1001d-1z-216Hz £1100
HP 162T with 0559A 1001cHz-216Hz £750
HP1827 with 8558B 100k142-1500MHz £600

HP8560A 50Hz-2 9GHz Burl In Tracking Gen
HP 8560A 50Hz 2 96Hz

SPECIAL OFFERS
HP 1827 with 8557A 10kHz-350MHz £300-£400
HP 1407 with 8555A 10MHz-186Hz £500
ADVANTEST TR4131 10kHz-3.56Hz £950
WAYNE KERR SSA10006 1501d-lz.IGHz £950
MARCONI 2382 200Hz-400MHz High R05061106 £1250
MARCONI 2370 30Hz.110MHz £500
HP 8754A Network Analyser 4.1300MHz £500
MARCONI 6500A Amplitude Analyser with head £750
HP 334A Distortion Analyser 51-1z-600kHz E100

SIGNAL GENERATORS
HP 83509 Sweeper with 835928 10MHz.20GHz
HP 8350A Sweeper with 83592A 10MHz-206Hz
HP 8350B Man Frame Only
HP 835259 RF Plug-in for 8350 0.01-8.4612
HP 83590A RF Plug-in for 8350 2-206Hz
HP 8660C Sig Gen 1.36Hz
HP 86600 Sig Gen 2.86Hz
HP 86603A RF Plug-in for 86600 1-2600MH2
HP8663113 Arallary Section for 8660C
HP86632B Modulation Section br 8660C
MARCONI 2017 0.01-124MHz Low Phase Noise
MARCONI 2019 Synthesised AM/FM 80kHz-1040MHz
FLUKE 6060B AM/FM Syn Sig Gen 10kHz-1050MMHz
LEADER LSG221B Sig Gen 25-950MHz
HP 86568 Synthesised 0.1.990MHz
HP 8656A Synthesised a I-990MHz
HP 8640A AM/FM 560kHz-512MHz
HP 86200 Sweep Osc with 562908 2-18.66Hz
HP8620C Sweep Os* with 8622210.01-2.4GHz
HP8620C/13/A with any of the following plug -ins

HP 86220A Plug in 10-130DMHz
HP 662306 Plug in 1.5-4GHz
HP 86235A Plug in 1.74.36Hz
HP 86240A Plug in 2-8.5GHz
HP 862400 Plug in 3-6-8.66Hz
HP 86245A Plug in 5.9-12.401.1z
HP8625013 Plug in 8-12.46Hz
HP 862500 Plug in 8-12.4GHz
HP 86260A Plug in 12.4-186Hz

MARCONI TF2015 AM/FM 10-520MHz £95
MARCONI 72016 AM/FM 10kHz.120MHz £95
PHILIPS PM5328 100kHz.1B0MH2 with
200MHz Freq Counter IEEE £225
PANASONIC VP8117A AM/FM 100kHz-110MHz
FM 0-100kHz Digital Display etc. Unused

11500
£1250
£125
200
1800
£450
£750
C
C

£500
.0325
.0300

£500

£400
£150
£500
£400

£150-1200

£225

STEWART of READING
17A King Street, Mortimer, Near Reading RG7 3RS

ViSATelephone: (0118) 933 1111. Fax (0118) 933 2375
www.stewart-of-reading.co.uk

Open 9am-5.00pm Monday to Friday (other times by arrangement)

HP 8165A Programmable Signal Source
1MHz-50MHz (Pulse/ Function) £325
HP 3325A Synthesised Function Gen 21MHz £380
HP 3312A Function Gen 0.1Hz.13MHz AM/FM
Sleep/Tn/Burst etc. 200
WAVETEK 21 Stabilised Function Gen 11MHz £225
WAVETEK 23 Synthesised Function Gen 12MHz £275
EXACT 529 AM/FM Function Gen 20MHz 050
ANALOGUE 2030 Synthesised Multi Function Windom £250
THANDER TG503 Pulse/Function Gen 5MHz £195
THANDER TG502 Sweep/Function Gen 5MHz £195
KRON-HITE 5200A Sweep Func Gen 0.00003Hz-3MHz 0150
HP 33106 Info as 3310A etc. £120
HP 3310A Func Gen 0.005Hz-5MHz Sine5q7nRernp/Pulse 180
PHILIPS PM5132 Function Gen 0 1Hz.2MHz 195
PHILIPS PM5131 Function Gen 0.1Hz-2MHz 175
FEEDBACK F0601 Func Gen 0.0011-tz-1MHz
HP 8112A Pulse Gen 50MHz 1750
HP 8111A Pulse Generator 20MHz 1400
LYONS PG73N Pulse Gen 21361Hz £50
LEADER LAG1208 Sine/Sq Audio Generator 1042-1MHz 150
FARNELL LFM4 Sne/Sq Osc. 10Hz-154142 Low DIelelkin,
Trt Output. Arnpolutde Meter
GOULD J3B SineiSq Osc 101-tz-1001Hz Low DIstreon .150.175
FARNELL LF1 Sne/Sq Oscillator 10Hz-1MHz 550
MARCONI SANDERS 6055C Signal Source EG02400MHz £125
MARCONI SANDERS 6055B Signal Source 850.2150M4z £125
MARCONI SANDERS 60566 Signal Source 2-4614z £125
MARCONI SANDERS 605713 Signal Source 45-8.56Hz 1125
MARCONI SANDERS 6059A Signal Source 12.186Hz 1125
MARCONI SANDERS 6070A Signal Source 400-120CMiz 1125
FLUKE 6011A Synthesised 11MHz 1125
PHILIPS 5514V Colour Bar Generator Video 1195
BLACK STAR ORION Colour Bar Gen 150
BLACK STAR ORION Later Version Metal Case £75

FREQUENCY COUNTERS/TIMERS

EIP 371 Source Locking Microwave Counter 10Hz-186Hz .£325
EIP 331 Autonet Microwave Counter 825MHz-186Hz .£195
HP 5386A Counter 10trz-3GH, 5350
FEEDBACK SC230 Counter 1 33Hz 175
RACAL 9916 Counter 10Hz-520MHz 25
RACAL 9906 Universal Counter 200MHz 195
RACAL 9904 Counter Timer 50MHz 150
RACAL 1991 Counter/Timer 160MHz 9cis 1195
MARCONI 2431A Frequency Meter 200heiz 193
MARCONI 2437 Canter/ nor 100MHz 175
HP 5340A Autemet Microwave Counter 10H,1861.tz £250

HP 5316A Unnersal Counter 0100MHz ORB £95
THANDARTF810 Frequency Counter 5FM-200MHz Ban £20
THANDAR 7200 Frequency Meter 16tz.2001Hz 8 *it 140
BLACK STAR Meteor 100 Counter 5Hz-100MHz
BLACK STAR 1325 Counter Timer 13013MHz £150
BECIOAAN UC1OA Universal Counter 120MFtz

LEADER LDC9043 Digital Counter 100MHz £125

DIGITAL MULTIMETERS ETC

SOLARTRON 7150 Fr digit True RMS IEEE £75
SOLARTRON 7150Flus As Above Temp Measurement £100
DATRON 1065 51, digit Anwar AC/DC Resistance IEEE £95
FLUKE 77 31/2 digit Handheld £35
FLUKE 77 Series 2 31/2 digit Handheld £45
FLUKE 8060A Olt digit True RMS Handheld £75
BECKMAN HD110 31, digA Handheld in Carry Case £30
TTI 1905A 5,2 cligA Bench
SOLARTRON 7045 41/4 digit Bench £30
AVO DA116 3,, digit web Batteries 8 Leads £20
AVO 8 Mk6 in Ever Ready Case with Leads etc £75
/NO 8 Mk5 with Leads etc £50
RACAL 9301A True RMS RF Millivoltrneter C125

RACAL 9300 True RMS Milliyoleneter 5112-208912
usable to 60MHz
RACAL 93009 as 9300 £45
GOODWILL 557427 Dual Chan AC Millivelbreler 10nV
12 ranges 10Hz.1MHz Unused £75
KENWOOD VT176 Dual Chan Millivoitmeter £40

POWER SUPPLIES

FARNELL XA35.27 0-350 0-2A Twice 95

FARNELL LT30-2 0.300 0-2A Twice £110
FARNELL 930/20 305 20A Venable No Meters £110
FARNELL 030/10 300 10A Venable No Meters £55
FARNELL LT30-1 0-300 0-1A Twice £75
FARNELL 1.30.2 0300 0.24 £55
FARNELL L30.1 0-300 0.1A £40
FARNELL E350 0-3500 0-200mA £125
FARNELL D30 -2T 0-300 02A Twice £95
THURLBY PL330 0-32V 03A Digital £75
THURLBY TS30215 0-30002A LCD £65
THURLBY PL320 0-30V 0-24 Digital £55
TAKASAGO GM0354 035V 0-3A 2 Meters £45
TAKASAGO 91035-2 0-35V 02A 2 Meters £35
ISOLATING TRANSFORMER - Yellow - 500VA all
13Arnp Socket £35

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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PRONAAX

COMPLETE
AFTER SALES

SERVICE
IN THE UK
TO FULL
FACTORY

STANDARDS
WITH

SAME DAY
CALIBRATION
TRACEABLE
TO NATIONAL
STANDARDS

PROMAX

THERE IS
NOTHING
ON THE
MARKET

TO MATCH
THE

EXPLORER
FOR

FEATURES,
SIMPLICITY

& ACCURACY

PRONAAX

ORDER NOW,

FOR
SEPTEMBER
DELIVERY ...

FIRST
ORDERED ...

... FIRST
DELIVERED !

PRO MAX
Orders Accepted by

Telephone :

01727 832266
Facsimile :

01727 810546
Email :

info@albanelectronics.co.uk

PROMAX

jusi press one key an

1
2 2 1 5

:
.."'-

w-Igc
'rpm -Ter

-

PROOIG-5
UNIVERSAL TV EXPLORER

explore all channels in the band

identify signals automatically

THE TV EXPLORER
A METER FOR ALL OCCASIONS

I One key and go I
Press one single key and explorer edt swoop
the hand for channels.

ram: 51.1014.
OW9111:

SIGNAL IDDITIFICAT1011 MATT

TESTING ANILOG IV: MID
TESTING DIGITALIS OK

I In the palm of your hands
Cable. satellite arid terrestrial both analog and
digital plus MPEG and weights fess than 2 kg!
The size won't deceive you!

I All measurements at once!
The -alliin-one-screen- display makes the
measurements easier and faster

WON DVB-T COFDM
MER: 25.1dB

PROMAX

I New spectrum analyser
The advanced fiancees of PROMAXS
Spectrum Analyser now come with a new
"nientefree" system for inodifying Span and
Reference Level

www.promax.es/theexplorer

PRONAAX

SELECTED ITEMS
FROM THE PROMAX

RANGE OF TEST
EQUIPMENT

MS 250
Analogue and Digital
Satellite Detector.

PRONAAX

PRODIG 1+
Satellite Dish

Installer's Meter.
Does more than just

Eutelsat & BSkyB

PRONAAX

PRODIG 2
Analogue & Digital

Aerial Meter
Measures digital

channel power & C/N

PROMAX

MC 577
Analogue & Digital,

Satellite & Terrestrial
Measures channel

power and C/N

ik.. PRONAAX

(Alban)
ALBAN ELECTRONICS LIMITED

THE PROMAX SERVICE CENTRE
6 Caxton Centre, Porters Wood, St. Albans, Herts, AL3 6XT.

TEL : 01727 832266 FAX : 01727 810546
www.albanelectronics.co.uk info@albanelectronics.co.uk

SALES + SERVICE + CALIBRATION
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Nol Number One Systems Easy -PC for
Windows

The world beating PCB design software

New in Version 8 - kT

 Sketch Mode Routing
 ODB++ Format Export
 Import Bitmap
 Single -Sided AutoRoute
 Customisable Toolbars
MI Auto Smooth & Mitring of tracks
II Wires & Jumpers
 Unified Quality Check
Plus lots more

Easy -PC version 8 is released
Winning accolades the world over, Easy -PC for Windows V8 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.

it

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.

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

Des.8re0 for

Moose,
Wincknvs'IP,
2C00. ME. 98.
Winclorn

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 C line,

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.

...111111,12-C / AVIDICY
Drag and Drop rapid application development

using ANSI C for P/C and AVR
 Rapid Application Development for the PIC or AVR 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, I2C, 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.)

Includes free
book -

Learn to Program
in C with FED

 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

Forest Electronic Developments
01590-681511 (Voice/Fax)

email : info@fored.co.uk MasterCard

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

S(0



Products

DSP-based
stethoscope
reference design
AMI Semiconductor (AMIS)
announced the availability of a
reference design and support
material for a complete DSP-
based electronics stethoscope.
The design incorporates AMIS's

BelaSigna 250 DSP-based
audio processing device. This
allows for digital recording or
cardiac and pulmonary sounds
into non-volatile memory, as
well as it offers enhanced user
interface and minimal CPU
usage.

Among its features are ampli-
fication and equalisation - low
delay, frequency -specific ampli-
fication for improved and faster
diagnosis in noisy environ-
ments; recording a playback,
easy -to -use controls, including

half -speed playback mode for
detailed review of pathologies
that may be otherwise difficult
for physicians to diagnose; low
power, wireless capability and
others. There's a button selec-
tion for bell, diaphragm and
extended modes, with volume
control, battery monitoring and
low -power indication.

According to AMIS, the refer-
ence design allows for
improved accuracy in assessing
and classifying cardio-respira-
tory pathologies for medical
professionals.
www.amis.com

High frame -rate smart
camera models
Sony Europe's Image Sensing
Solutions Division has lauched a

smart camera range, with the
XCI-SX1 being the first in the

series. It integrates an image
sensor and frame grabber with a
powerful on -board processor
running the industry -standard

open -source Linux operating
system.

The XCI-SX1 smart camera
has been introduced to meet
the increasing demands in
smart cameras, especially in
the machine vision market.
Unlike conventional machine
vision cameras, images cap-
tured by the XCI-SX1 are pro-
cessed within the camera and
the processed data is directly
transmitted to a PC over a net-
work. It provides a flexible
hardware platform for OEMs,
systems integrators and end
users who require systems to
follow the ever-changing
industry trends by quickly and
cost-effectively developing and
implementing a range of
machine vision applications,
without changing specific
hardware infrastructure.

A Windows -compatible ver-
sion is also part of this range.

0 reer- \TB for Syste
Discovery Pioneer-NTB is a
new System Verilog testbench
automation tool from
Synopsys. It promises to
increase verification productivi-
ty and improve the quality of
complex system -on -chip and
IP designs.

The tool allows easy -to -use
connections to third -party
VHDL, Verilog and mixed -
language simulators, allowing
engineers to adopt a single,
standards -based, advanced
verification infrastructure in
mixed -simulation environments.

Pioneer-NTB compilers and
engines are built on Synopsys
Native Testbench environment
with support for the IEEE P1800
System Verilog and OpenVera
hardware verification language.

According to Synopsys,
Pioneer-NTB's architecture

simultaneously optimises
testbench, functional coverage,
assertions and verification IP
from the recently announced
Synopsys VCS Verification
Library into a single exe-
cutable.

The assertion IP library
includes a variety of interfaces
and protocol standards includ-
ing PCI, AMBA 2 AHB and

VeH og
APB, 802.11a/b/g, AGP and
SMIA. Additional standards
such as PCI X2.0, PCI Express,
USB 2.0, DDR2, OCP 2.0, LPC
and CoreConnect will be
added with later releases.

The assertions can be
debugged with the Pioneer-
NTB graphical debug and
analysis environment.
www.synopsys.com

SysternVerilog Verification Environment ElOPENVERA

Constraint
Solvers

Native Code
Generation

Functional
Coverage

VHDL/Verilog Design

Third -Party Simulators
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www.boffinbooks.com ELECTRONICS
WORLD

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 PROJECTS

By Newton Braga

The popular evil genius format provides hobbyists with a fun and inexpensive way to learn

Mechatronks (the merger of electronics and mechanics) via 25 complete projects. Projects include

mechanical race car, combat robot, ionic motor, electromagnet, robotic arm, light beam remote

control, and more Includes "parts lists" and "tool bin' for each project Covers all the preparation

needed to begin building, such as "how to solder," "how to recognize components and diagrams

"how to read a schematic,' etc.

Avail. July '05, Paperback

£14.99 Code MCG 0071457593

RADAR SIGNAL PROCESSING

By Mark Richards

Advances in DSP (digital signal processing) have radically altered the design and usage of radar

systems -- making it essential for both working engineers as well os students to master DSP

techniques This text, which evolved from the author's own teaching, offers a rigorous, in-depth

introduction to today's complex radar DSP technologies. Contents: Introduction to Radar Systems

 Signal Models  Sampling and Quantization of Pulsed Radar Signals * Radar Waveforms

Pulse Compression Waveforms  Doppler Processing ' Detection fundamentals

 Constant false Alarm Rate ((EAR) Detection  Introduction to Synthetic Aperture Imaging

Avail. July '05, Hardback

£55.00

PHOTOMASK FABRICATION TECHNOLOGY

By Benjamin Eynon and Banqiu Wu

Photomasks, the printing masters for the fabrication of integrated circuits, have become a necessity

of modern semiconductor manufacturing. This book details the science and technology of industrial

photo mask production, including fundamental principles, industrial production flows, and

technological evolution. Features: fabrication processing methods, Quality control parameters,

Resolution enhancement techniques, Defect reduction and control, Pattern formation

Avail. July '05, Hardback

£70.00

DIGITAL SIGNAL PROCESSING: SIGNALS, SYSTEMS AND FILTERS

By Andreas Antoniou

Digital Signal Processing is a rapidly growing academic discipline the world over. This new not

utilizes MATlArB and the CD -based DSP Lab to rrovide readers with a fully interactive approach to

mastering the fundamentals of DSP and filter cosign. DSP lab allows readers to work problems

without purchasing MATTAB

Avail. June '05, Hardback with CD-ROM

£68.99

Code MCG 0071444742

Code MCG 0071445633

Code MCG 0071454241

123 PIC MICROCONTROLLER EXPERIMENTS FOR THE EVIL GENIUS

By Myke Predko

The popular Evil Genius formal provides hobbyists with a km and inexpensive way to learn about

the Microchip PIC mickkonholler. 123 experiments, each one building on the knowledge gained in

the previous one, teach the reader about programming and how to integrate hardware and software

from the PIC master. Intends the readers' skill to include C and assembly language programming for

mid -range PIC micrownhollers. Compatible with free software development sites to substantially

reduce the cost of experiments. Includes directions for purchasing a PCB that can be used as a

power supply and elechonk control system

Avail. June '05, Paperback

£14.99

SEMICONDUCTOR MANUFACTURING HANDBOOK

By Hwaiyu Geng

This comprehensive reference provides the data, applications, and solutions needed to design and

manage semiconductor monuladu ring operations Consolidating the many complex subdisciplines of

semiconductor fundamentals and manufacturing into one volume, it allows the quick look -up of
specific reference data.

Avail. May 'OS, Hardback

£80.00

Code MCG 0071451420

Code MCG 0071445595

FORMAL VERIFICATION: FOR DIGITAL CIRCUIT DESIGN

By Douglas Perry and Harry Foster

Formal verification is a powerful new digital design method. In this cutting -edge tutorial, Iwo of the

field's best known authors team up to show designers how to efficiently apply Formal Verification,

along with hardware description languages like Verilog and VHDL, to more efficiently solve real -

world design problems. Contents Simulation -Based Verification  Introduction to Formal Techniques

 Contrasting Simulation vs. formal Techniques  Developing a Formal Test Plan  Writing High-

level Requirements  Proving High-level Requirements  System level Simulation

 Design Example  formal lest Plan  final System Simulation

Avail. May '05, Hardback

Code MCG 007144372X
SR £38.99

For Credit Card orders or any queries, call 01737 81 27 27 or fax 01737 81 35 26. These

order/helplines are 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 boffinbooks@tiscali.co.uk. When placing

an order please quote your Name, Address (Home and Delivery), Contact Telephone Number,

Debit/Credit Card Number, Expiry Date/Issue Number, Details of your order.

Please note: Printed prices may change but are correct at time of going to press.

NATIONAL ELECTRICAL CODE HANDBOOK

By Brian McPartland, and Joseph McPartland

The Best Code Reference in Print! Edition after popular edition, McGraw-Hill's National Electrical

Code(R) Handbook has delivered unmatched put-the-Code(R)-into-practice guidon. No wonder it's

been the leading reference on the NEC(R) for more than 70 years! Completelyupdated to reflect the

2005 Notional Electrical Code(R) this is the most frequently consulted NEC(R guidebook in the

world an indispensable, authoritative same of Code(R) how -la's, interpretation, and advice.

25th Edition, May '05

£44.99 Code MCG 0071443401

LABVIEW DIGITAL SIGNAL PROCESSING AND DIGITAL COMMUNICATIONS

By Cory Clark

National Instrument's LabVIEW graphical programming language allows engineers to create

instruments in software -- at tremendous cost savings compared to purchasing the actual hardware.

LobVIEW virtual instruments can make DSP (digital signal processing) work faster and less

expensively -- making it particularly valuable to engineers working on cutting -edge communications

systems. This resource provides engineers with step-by-step tutorial to using LabVIEW to create

virtual instruments to handle the most sophisticated DSP applications. CD-ROM contains

sample LabVIEW virtual instruments and colour images from the book.

May '05, Hardback

£45.00 Code MCG 0071444920

PHASE -LOCKED LOOP SYNTHESIZER SIMULATION

By Giovanni Bianchi

Phase Locked Loop frequency synthesis is a key component of all wireless systems This is a complete

hall& for m synthesizer design, with MathCAD, SIMetrO files included on CD, allowing readers

to perform sophisticated calculation and simulation exercises. Describes how to calculate PR

performance by using standard mathematical or circuit analysis programs

April '05, Hardback with CD-ROM

£55.00
DIGITAL ELECTRONICS DEMYSTIFIED

By Myke Predko

Written by renowned digital guru Myke Predko, the primary focus of this self -teaching guide is

on digital electronics and logic, demonstrating how functions are designed and interfaced to

other devices. Readers con perform experiments with the technologies discussed in the book

for under 15! The author includes two circuit design problems per chapter.

Feb '05, Paperback

£12.99

Code MCG 0071453717

Code MCG 0071441417

ELECTRONIC CIRCUITS FOR THE EVIL GENIUS: 57 LESSONS WITH PROJECTS

By Dave Cutcher

57 lessons and five complete projects leach everything a hobbyist needs to know about circuits and

circuit design. Inexpensive hardware components for each project can be purchased from an online

vendor. Project include:

 An automatic night light  A professional quality burglar alarm  Building o digital toy using

logic gates  Designing and building an application using digital counting circuits

 Applying translators and op amps to build an intercom system

lan '05, Paperback

£14.99 Code MCG 0071448810

BUILD YOUR OWN ELECTRONICS WORKSHOP: EVERYTHING YOU NEED
TO DESIGN A WORKSPACE, USE TEST EQUIPMENT, BUILD AND
TROUBLESHOOT CIRCUITS

By Thomas Petrinzellis

Whether electronics is a hobby or an avocation, this resource covers everything you need to know to

create a personal electronic workbench. The author includes essential yet difficult to find information

such as whether to buy or build test equipment, how to solder, how to make circuit boards, how to

troubleshoot, how to test components and systems, and how to build your own test equipment.

 Buikling on a budget  Sources for equipment

Jan '05, Paperback

£17.99

ELECTRONICS DEMYSTIFIED

By Stan Gibilisco

Best-selling Demystified author and electronics expert Sion Gibilisco has penned the perfect

introductory book for consumers, hobbyists, and students ahke. Coverage includes essential

topics such as current and power supplies, wireless, digital principles, measurement and

monitoring, transducers and sensors, location and navigation, and more

Oct '04, Paperback

£12.99

Code MCG 0071447245

Code MCG 0071434933

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



ELECTRONICS
WORLD www.boffinbooks.com TFITITVI
ELECTRICAL MACHINES, DRIVES AND POWER

By Theodore Wildi

This best-selling text employs a theoretical, practical, multidisciplinary approach to provide

introductory students with a broad understanding of modern elechic power. The scope of

the book reflects the rapid changes that have occurred in power technology aver the past

few years -allowing the entrance of power electronics into every facet of industrial drives,

and expanding the field to open more career opportunities.

6th Edition Feb '05, 960 pages Hardback

£48.99 Code PEA 0131969188

CONTEMPORARY ELECTRIC CIRCUITS: INSIGHT AND ANALYSIS

By Robert Strangeway, Owe Petersen, Richard Lokken and John Gassert

This succinct yet thorough treatment of DC and A( circuits analysis effectively communicates the

concepts and techniques of circuit analysis with a focused practical style that keeps students

motivated. Starting at a level that students can grasp, the led continues with clear, focused

explanations that advance students to the desired level of proficiency.

April '05, 480 pages Hardback

INTRODUCTION TO ROBOTICS

By John J. Craig

£58.99 Code PEA 0131115286

for senior -year of first -year graduate level robotics courses generally taught from the mechanical

engineering, electrical engineering, or computer science departments. Since its original publication

in 1986, Craig's Introduction to Robotics: Mechanics and Control has been the market's leading

textbook used for teaching robotics al the university level. With perhaps one-half of the material

horn traditional mechanical engineering material, one-fourth control theoretical material, and

one-fourth computer science, it covers rigid -body transformations, forward and inverse positional

kinematics, velocities and lacobians of linkoge dynamics, linear control, non-linear control,

force coital methodologies, mechanical design aspects, and programming of robots.

3rd Edition Sep '04, 408 pages Holdback

£39.99 Code PEA 0131236296

COOL CIRCUITS

By Marc E. Herniter

For courses in Inhoduction Circuits, Circuit Analysis, Electronic Circuit Design and Analysis,and

Electronics. This book attempts to answer the questions, 'Why are we doing this?' and "What is this

used for?' when applied to analog electronics. Since most students do not see where or how analog

electronics fit into their lives, this book discusses several demonstrations and design examples with

the express purpose of showing students some of the cool things that can be done with analog

electronics.

Avail. May '05, 128 pages

£9.99 Code PEA 0131193430

SIMPLY C++: AN APPLICATION -DRIVEN TUTORIAL APPROACH

By Paul Deitel, Harvey Deitel and Johnny Lott

For courses in C++ - Introduction to Programming. The Simply series combines the DEITET

signature RIVE -CODE Approach with a new APPLICATION -DRIVEN methodology, in which readers

build practical, real -world applications that incorporate C+ + programming fundamentals.

Readers build and execute complete applications from start to finish while learning the basics

of programming from the ground up. The abundant self- assessment exercises take the

same approach -like having a text and lab manual in one.

Sept '04, 704 pages Paperback

£34.99 Code PEA 0131277685

ESSENTIAL ELECTRONIC DESIGN AUTOMATION (FDA)

By Mark Birnbaum

Essential Electonic Design Automation (FDA) demystifies this highly technical industry for

anyone with a "need -lo -know" about EDO. A friendly, informal introduction to EDA business and

technology, clear enough for laypeople yet detailed enough for technical readers. The book also

makes an excellent complementary text for cross -disciplinary engineering, business and

marketing courses on VLSI Design.

Dec '03, 258 pages Paperback

CODE DESCRIPTION

£27.99 Code PEA 0131828290

BEGINNERS HANDBOOK OF AMATEUR RADIO

(lay Laster

This text provides the reader with the necessary electronics background to begin 'hamming" and to

help with preparations for the FCC novice or "no -code" technician class license examinations. It covers

the basics of wave propagation, power supplies and electronic circuits.

4th edition  2000  550 pages  PB

PHOTODETECTION AND MEASUREMENT

Mark Johnson

£25.99 Code 0-0713-6187-1

Using basic theory, fully -worked cakulation, cicuit snippets and lutes -of -thumb, this book conveys

the know-how of good opto-electronic design, hom low -noise receivers to synchronous detection.

"TRY IT' topics provide light-hearted demonstrations of key points. The grad student starting in

photonics and the engineer optimising an opto-electronic product will benefit particularly!

2003  298 pages  HB

Special Offer - Only £40.00 - normally £45.00

INTRODUCTION TO ULTRA WIDEBAND COMMUNICATION SYSTEMS

By Jeffrey Reed

The definitive, end -to -end guide to high-performance UWB system design With the FCC's approval

of new ultra wideband standards, UWB is poised to drive lueoldthoughs in both commercial and

military communications. However, UWB system design is radically different from conventional

communications system design, and traditional design guides are insufficient-or even misleading.

Now, for the first lime, there's an authoritative and comprehensive guide to the latest best practices

in UWB system design.

April '05, 672 pages Hardback

£70.99 Code PEA 0131481037

ACTIVE -HDL 6.3 STUDENT EDITION

For laboratory courses in Digital Design and courses in Advanced Digital logic, offered in Electrical

Engineering departments. This entry-level Electronic Design Automation (EDA) software tool is breed

on the some award -winning EDA tool used by professional logic ircuit designers every day. Using

the identical menus, icons and design flows that have become EDA industry standards, students

can become familiar with digital logic design methodologies that use Hardware Description

languages (VHDI. and Verilog) or a Block Diagram Editor or a Finite State Machine Edith'

to creole and compile designs.

April '05, Hardback

£32.99 Code PEA 0131866974

VHDL: A STARTER'S GUIDE

By Sudhakar Yalamanchili

If you wish to introduce VHD1. into undergraduate computer engineering sequences, then this tides is

what you need! VHDI. is a complex language that is worthy of a dedicated course; yet this is not a

practical option in most institutions. This companion text enables instructors to integrate the basic

concepts of VHDl into existing courses. It is designed to develop an intuition and a structured way

of thinking about VHDI. models without spending a great deal of lime on advanced language

features. Yalamanchili gives students a thorough Funding in the basic concepts and language

of VHDL, and encourages them to apply what they have learned using realistic examples

2nd Edition March '05, 256 pages Paperback

£23.99 Code PEA 0131457357

ELECTRICAL & ELECTRONIC SYSTEMS

By Neil Storey

Electrical and Electonic Systems is written in a way that makes it accessible for all its potential

readers. Students specialising in electronic or electrical engineering will find material that is

presented in a way that is easy to absorb, providing an excellent pounding for further study. for

those intending to specialise in other areas of engineering or science, the book provides a good

grounding in the basics, and progresses into detail only as far as it is appropriate for their needs.

Feb '04, 600 pages Paperback

£34.99 Code PEA 0130930466

QTY PRICE

its
F

(POSTAGE AND PACKING FREE TO UK ADDRESSES") TOTAL

NAME DAYTIME TEL

ADDRESS

POSTCODE

EMAIL ADDRESS

I ENCLOSE A CHEQUE / POSTAL ORDER FOR C

CARD NUMBER

POST TO BOFFIN BOOK SERVICES LTD, 24 WALTON

PAYABLE TO 'BOFFIN BOOK SERVICES LTD' OR PLEASE DEBIT MY ACCESS / VISA/ SWITCH / DELTA CARD ISSUE NUMBER EXPIRY DATE

SIGNED

STREET, WALTON-ON-THE-HILL, TADWORTH, SURREY KT20 7RT, UK ' for postage charges to addresses outside the UK, please contact our sales team

59
MI 00

Tel 01737 812727  Fax 01737 813526  E-mail boffinbooks@tiscali.co.uk
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WWW COW

To reserve your web site space phone Reuben Gurunlian 01322 611261

reuben.gurunlian@nexusmedia.com

CHYGWYN

www.chygwyn.com

[2112, Gwyn . 111 o

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.

COMPONENT TECKNOLOGY

www.component-tecknology.co.uk
Component 7.404a,

 PIC microcontroller kits and modules

for students and hobbyist.

 18F45X,16F87X Proto-Boards for
ease and fast development of project

ideas.

 Infrared Illuminators for CCTVs in low
ambient light security areas.

 Analogue 8 -channel high voltage isola-

tor. Data logging.

 5% discount code 'elwwdir2004' for
Electronics World readers.

 Consultancy

 TIG control systems - REIS interface.

 Real-time X-ray Imaging.

CONFORD ELECTRONICS

www.confordelec.co.uk

Vt[tconte to our root, of prote..1.1soilio
eel stereo control prod..

qp.q,

ler Ralsocc no.

Lightweight portable battery/mains

audio units offering the highest technical

performance. Microphone, Phantom

Power and Headphone Amplifiers.

Balanced/unbalanced signal lines with
extensive RFI protection.

DB TECHNOLOGY

www.dbtechnology.co.uk/

as TeclInology
EI

Taking the pain out of EMC

Experts in EMC Testing and Consultancy

Tel: .44 (0) 1964 261974
E -Mail mail@dbtechnology.co.uk

Anechoic chamber and open area

test site.

 Compliance Tests

 Fixes included. FCC Listed.

 Flexible hourly booking available.

*Rapid, accurate pre -compliance tests.

DESIGNER SYSTEMS CO

www.designersystems.co.uk

E-77.17.

Electronic product design company
with over a decade of experience pro-

moting it's own product range and
designing and manufacturing innovative

products for client companies/individuals.

IPEVA

www.ipeva.com

eva
Intellectual Property
1-..01.t.m lin Siltation o 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 Protel
Bureaux. Tel 0870 080 2340

MCES LTD

Web: www.mces.co.uk

M.C.E.S.
Prectnion Electronic Ellett...1,

1.1,..tattoot.
Soo fq,

II&

MCES are a specialist electronics com-

pany 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 fit-

ting service for surface mount multi pin

IC's and BGA's

REDRAT LTD

www.redrat.co.uk

Inerand rarnaeconinal far your compoter

emiime000ix oeoi

Infrared remote control input and

output for computers - USB and

TCP/IP.

Applications areas include:

 Home automation

 PC based multimedia installations

 Consumer electronics test systems

 Broadcast monitoring

 Show and theatre control

TEST EQUIPMENT SOLUTIONS

www.testequipmenthq.com

TEST EQUIPMENT

Quality Used Test Equipment

Test Equipment Rental

Tel .44 (0)1753 596000
Fax .44 (0)1753 596001
Email Info667aatEquipment14C4com
Websete wvox TestEquipmentHQ.com

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.

Lineage only will cost £150 + vat for a full year. Lineage with colour screen shot will cost £350 + vat for a full year
et
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L LSON

411111drialia.

4/1firecepo Rave
FOR HORIZONTAL 19" RACK MOUNTING

WITH DIGITAL METER

New for 2005 is the Olson Electronics range with
20A rated digital ammeters in a 19" 1.5U high panel

allowing you to monitor how many amps you are using

._ .,. , ....

* * *

6.92

10

.ro .fo .1 .11 .ro 41
0)0)0.0)000,00g).

CALL OUR SALES HOTLINE

020 811001
24 HOUR DELIVERY SERVICE

OLSON ELECTRONICS LIMITED
OLSON HOUSE, 490 HONEYPOT LANE, STANMORE, MIDDX HA7 1JX

TEL: 020 8905 7273 FAX: 020 8952 1232

e-mail: sales@olson.co.uk web site: http://www.olson.co.uk



ELECTRONICS WORLD
CD-ROM 1999 - 2004 £30 each inc p&p (UK only)

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

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

Please send the following
CD-ROMs:  I enclose a cheque payable to Electronics World

 1999

LI 2000

CI 2001

CI 2002

2003

2004

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

Expiry date:

Name:

Company name -

Address:

Postcode:

 CDs @ £30 each = £ Telephone Number: Fax Number
add postage £

Total Email:

Post to: Katie Butler, Electronics World, Nexus Media Communications, Media House, Swanley, Kent BR8 8BR
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59 50145 Bucket x 4

P52 Connector x 2

-k.;

D9 Covei x 2

the best
OMpO E sTM

Fast Components Limited, Winchester House
Winchester Road, Walton -on -Thames, Surrey KT12 2RH
Tel: 0870 750 4468 Email: sales@fastcomponents.co.uk

Our new computer
interfacing development

set has arrived!

Key connectors for
computer interface

projects -

Check online for this and
other new component sets

015 Solder Bucket x4

U51 1 (MdF) x 4

D25 Cover x 2

USB-minia Mak x 5
Mall order P&P: £2.50 (Free UK P&P for over 020)

Quote promotional code 'MARCONI' and save a further 10%

WEB SITE VVWW.JOHNSRADI( 'K.COM VVVVVV.JOHNRADIO.COM
JOHNSRADIO ELECTRONICS TEST AND COMMUNICATION EQPT

LARGE QUANTITY SALE EX M.O.D.
MARCONI TF2019A Synthesized Signal Generators - 80Khz to 1040Mc/s

AM - FM - High Class with many functions - £285 each.

TEKTRONIX 2445 A OSCILLOSCOPE 150Mc/s Four Channel f300.
HP COMMUNICATION TEST SET 8922M - 10 - 1000Mc/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, BD11 2ER.
Tel: 01274 684007 Fax: 01274 651160

WEB SITE WWW.JOHNSRADIO-UK.COM WVIAN.JOHNRADIO.COIVI

PTFE insulated
wires deliver high performance for
electronic and electrical applications.
Their compact design and resistance to
extreme temperatures, acids, alkalis and
solvents make them the product of
choice for OEMs and contract
electronic manufacturers.

PTFE Insulated Wir

Stocked from 28AWG to 12AWG
to BS3G210 specification.

Voltage ratings A, B and C in a wide
selection of colours.

Temperature ranges:
Silver - from -75°C to 200°C.
Nickel - from -75°C to 260°C.

Multi -core and screened versions
made to order.

 Coax cables and composites with
mixed conductor sizes.

FS Cables customer services:

Next working day delivery

Contract replenishment service

Carriage paid on orders over £100

Bulk drums or handy reels

Free 100+ page cables catalogue
plus full FS Cables range online at
www.fscables.com

BLIE
itow

Tel: 111727 828 8k.
Fax: 01727 824 82
E-mail - sales@fscables.co

www.fscables.com
FS Cables . Abbey House . Wellington Rd . London Colney . Herts AL2 1EY

AMERICAN
EXPREss



Service Link
FOR SALE

PRINTED CIRCUIT BOARDS
DESIGNED MANUFACTURED inin agar
 Prototype or production quantities
 Fast turnround available !!!!! Circuits
 PCBs designed from circuit diagrams
 Almost all computer files accepted
 PCB assembly - mechanical assembly
 Full product design -manufacture -test -repair

Unit 5, East Belfast Enterprise Park
308 Albertbridge Rd, Belfast BT5 4GX

TEL 028 9073 8897 FAX 028 9073 1802

info@agarcircuits.com

SERVICES

POWER SUPPLY DESIGN

Switched Mode PSU

Power Factor Correction

designed to your specification

Tel/Fax: 01243 842520

email: eugen_kus@cix,co,uk

Lomond Electronic Services

WANTED

BEST CASH
PRICES PAID

FOR VALVES KT88,
PX4 AND MOST
AUDIO/OTHER

TYPES.

Tel: 01403 784961
Billington Export Ltd

Sussex RH1 4 9EZ
Fax 01403 783519

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

ARTICLES WANTED

TOP PRICES PAID
For all your valves,

tubes, semi conductors
and ICs.

Langrex Supplies Limited
1 Mayo Road, Croydon, Surrey CR0 20P

TEL: 020 8684 1166 FAX: 020 8684 3056

For a

FREE
consultation on how
best to market your

products/services to a
professional audience

ring Reuben on

01322 611261

SERVICES

 Prototypes at a fraction of the cost

 Tooling and setup included

 Industry standard quality

 Any contour

is*

Follow up Services Runs 

CAM/CAD Consulting 

ONLINE Quotations 

ISO -Approved 

44,i)
with first order (Freephone Cjt1

(while stocks last) ' Tel 353 (0)61 701170

Fur +353 (0)61 701164

WWW.PC13-POOL.COM sales@beto-layout.com

Service Link



SERIAL COMMUNICATIONS SPECIALISTS
lest and Measuremeii, Solutions EasySYNC

eatured products

£81.50

CAN-USB & CAN -232

£61.00

affordable CAN Bus to USB and RS232
interface solutions

--- Bronze Prize Winner ---
NASA Tech Briefs 2004
Products of the Year

£125.00

DS1M12 USB Scope / Logger
2 x 1MS/s Input Channels + waveform
generator output. EasyScope & EasyLogger s/w
included.

USB-2COM-M
2 Port Industrial USB RS232 Serial with wall
mount bracket and DC auxiliary output

Low Profile Version

also available

£65.00

£10.00
UPCI-400HS
4 Port UPCI RS232 Serial Card with Spider
Cable or COMBOX 10 ( extra )

Affordable CAN Bus Solutions
CANUSB is a very small dongle that plugs into any PC USB Port
and gives an instant CAN connectivity. This means it can be treated
by software as a standard COM Port (serial RS232 port) which
eliminates the need for any extra drivers or by installing a direct
driver DLL for faster communications and higher CAN bus loads.
CAN232 is a very small dongle that plugs into any PC COM Port, or
any other RS232 port in an embedded system and gives an instant
CAN connectivity. This means it can be treated by software as a
standard COM Port (serial RS232 port) which eliminates the need
for any extra drivers. Sending and receiving can be done in standard
ASCII format

priced from £61.00 ( CAN -232 )

USB Instruments - PC Oscilloscopes & Logic Analyzers
Our range of PC Instruments may be budget priced but have
a wealth of features normally only found in more expensive
instrumentation. Our DS1M12 and PS40M10 oscilloscopes have
sophisticated digital triggering including delayed timebase and come
with our EasyScope oscilloscope / spectrum analyzer / voltage
and frequency display application software and our EasyLogger
data logging software. We also provide Windows DLLs and code
examples for 3rd party software interfacing to our scopes.
Our ANT8 and ANTI 6 Logic Analyzers feature 8/16 capture channels
of data at a blazing 500MS/S sample rate in a compact enclosure

priced from £125.00 ( DS1M12 & ANT8 )

1 to 16 port USB to Serial Adapters
With over 16 different models available, we probably stock the
widest range of USB Serial Adapters available anywhere. We offer
converter cables multi -port enclosure style models in metal and
plastic, also rack mount units with integral PSU such as the USB-
16COM-RM. Serial interfaces supported include RS232, RS422 and
RS485. We also supply opto-isolated RS422 and RS485 versions for
relaible long distance communications. All our USB Serial products
are based on the premium chipsets and drivers from FTDI Chip for
superior compatibility, performance and technical support across
Windows, MAC -OS, CE and Linux platforms

priced from £20.00 ( US232B/LC )

UPCI Serial Cards
Discover our great value for money range of multi -port UPCI serial
cards. Supporting from two to eight ports, the range includes RS232,
RS422, RS485 and opto-isolated versions. Our 4 port and 8 port
models can connect through external cables or the innovative wall
mounting COMBOX.

EasySync Ltd
373 Scotland Street

Glasgow G5 8QB U.K.
Tel +44 (141) 418-0181 Fax +44 (141) 418-0110

Web http //www easysync co uk
E -Mail: sales@easysync co uk

* Prices shown exclude carriage and VAT where applicable



TEST EQUIPMENT Quality Second User
Test Equipment

AMPLIFIERS

AT/HP 8447E 1.3GHz Power Amplifier

AT/HP 8447F 1.3GHz Pre/Power Dual Amplifier

Amplifier Research IW1000 IGHz IW RF Amplifier

Amplifier Research 25A250 2SKHz-2S0MHz 25W Power Amp

ENI 601L 800KHz-IGHz 1.2W RF Amplifier

ENI 6011 SOOKHz- IGHz 7W RE Amplifier

Marconi TF2177 3W IGHz Broadband Amplifier

Wessex RC113-2 15Hz-100MHz 2 Watt RF Amplifier

ELECTRICAL POWER

Fluke 41B Power Harmonics Analyser

HT Italia SPEEDIEST RCD Test Set

Meeger PDAI Single Phase Mains Disturbance Analyser

Megger PAT 2 Pat Tester

Seaward PA11000 Portable Appliance Tester

Seaward PAT10005 Portable Appliance Tester

Seaward PAT2000 Portable Appliance Tester

FREQUENCY COUNTERS

AT/HP 531310 225MHz 10 Digit Universal Counter

AT/HP 53160 100MHz Frequency Counter

AT/HP 5334A/030 1.3GHz Frequency Counter

AT/HP 5342A I 8GHz Frequency Counter

AT/HP 5370A 100MHz Universal Time Interval Counter

AT/HP 53110 500MHz Frequency/Time Interval Analyser

AT/HP 53120 500MHz Frequency/Time Interval Analyser

Marconi 2440 20GHz Microwave Counter

Philips PM 6666/036 160MHz frequency Counter

Philips PM6610/01 120MHz Frequency Counter Timer

Racal 1991/040 160MHz Frequency Counter

Racal 1992 1.3GHz Frequency Counter

Racal 1998 I .3GHz Frequency Counter

Racal 9921/040 10Hz-3GHz Frequency Counter

Thandar TF830 1.3GHz Frequency Counter

FUNCTION GENERATORS

AT/HP 33120 13MHz Function Generator

AT/HP 33 I 4A 20MHz Function Generator

AT/HP 3325A 2IMHz Function Generator

AT/HP 3325B 21 MHz Function Generator

AT/HP 3335A 81 MHz Function Generator

AT/HP 3336C/04 21 MHz Function Generator

AT/HP 8111A 20MHz Function Generator

AT/HP 81 I 6A SOMHz Function Generator

AT/HP 89041/04 600KHz Function Generator

Black Star Jupiter 2000 2MHz Function Generator

Black Star Jupiter 500 500kHz Function Generator

Fluke PM5139/04 20MHz function Generator

Level' TG303 2MHz Function Generator

Philips PM5138/04 10MHz Function Generator

R&S AFG 0.01Hz-20MHz Function Gnerator

Thandar TG 1304 13MHz Function Generator

Thandar TG230 2MHz Function Generator

NETWORK ANALYSERS

AT/HP 11500F APC Cable 3.5mm

AT/HP 35671A 200MHz 50 Ohm S Parameter Test Set

AT/HP 35689A 150MHz 50 Ohm S -parameter Test Set

AT/HP 35710 SHz-200MHz Vector Network Analyser

AT/HP 41951A Impedance Test Kit For 41950

AT/HP 419520 500MHz Transmission/Reflection Test Set

AT/HP 4I95A 500MHz Vector Network/Spectrum Analyser

AT/HP 85032B Type N Calibration Kit

Sale Rent
(GBP) (GBP)

950

1150

950

I S50

850

1150

950

850

650

400

450

225

450

450,

675

950,

2951

495:3

1250

1250)

165fr

2575)

17501

55k
49

39F,.

55k,'

55x4

550

7S

925

11

9511

1395';

1125:i

995

14 951

9501

30M

225

1250)

190

950]

12504

495/

ISO.

395

1895

1500

3950

1700

1950

6950

1300

48

50

40

SO

36

40

40

35

33

24

AT/HP 8S032B/K0S Type N (I) Calibration Kit

AT/HP 85046A 3GHz SO Ohm S Parameter Test Set

AT/HP 85041A 6GHz S Param Test Set / Solid State Switch

AT/HP 85054D I 8GHz N Type Economy Calibration Kit

AAT/HP 8/14( 300kHz-3GHz Vector Network Analyser

AT/HP 8114E1/1E1 3GHz Vector Network Analyser c/w TR

AT/HP 815120 SO Ohm Transmission / Reflection Test Set

AT/HP 87S3D/002/0 10 3G/lz VNA c/w S Parameter

AT/HP 8153D/006 6GHz Vector Network Ana c/w S Param

Anritsu MS340 I B /01 10Hz-30MHz Network Analyser

Check out our latest
Product Guide !!

I> Call Us Now for Your Copy

Sale
(GBP)

150

2450

4950

3100

6950

8950

1250

11500

13150

2500

The Industry's
Most Competitive

Test Equipment Rental Rates
Rent

(GBP)

28

14

213

99

230

269

42

345

413

15

OSCILLOSCOPES

AT/HP 54502A 2 Channel 400MHz 400MS/s Digitising Scope 1100 31

AT/HP 545030 4 Channel 500MHz 10MS/s Digitising Scope 1695 52

AT/HP 54510A 2 Channel 250MHz Digitising Scope 1100 35

AT/HP 54600A 2 Channel 100MHz 20MS/S Digitising Scope 850 32

AT/HP 546038 2 Channel 60MHz 20MS/s Digitising Scope 850 32

AT/HP S464SD 2 Channel 100MHz 200MS/s + 16 Ch LA 2450 74

AT/HP S482SA 4 Channel 500MHz 2GS/s Digitising Scope 5850 177

Fluke 199 2 Channel 200MHz 2.5GS/s Digitising Scope 1695 68t,

lecroy 9420 2 Channel 350MHz Digitising Scope 1250 41!)-.)

lecroy 9424E 4 Channel 350MHz Digitising Oscilloscope 1615

Tek 2225 2 Channel 60MHz Analogue Scope 350 21;T,

Tek 2230 2 Channel 100MHz Digitising Scope 650 30'

Tek 2430A 2 Channel I SOMHz Digitising Scope 950 48/

Tek 011503S/03/A2 Current Probe System (incA6302 Probe) 1350 49)

Tek TDS340 2 Channel 100MHz 50095/s Digitising Scope 1050 32=

Tek TD564413/24/4D 4 Ch SOOMHz 2GS/s Digitising Scope 5450

POWER METERS

AT/HP 436A RE Power Meter 125

AT/HP 437/3 RE Power Meter 79S 287

AT/HP 438A Dual Channel RF Power Meter 1350 45k.

Various HP/Anritsu/Gigatronic/Marconi power sensors ....from S25

Gigatronics 8451C Universal Power Meter I S SO 64

Gigatronics 8541C Single Channel RE Power Meter 1350 4I

Marconi 6960B RF Power Meter 995 50r

Marconi 893B AF Power Meter 450 21'

PULSE GENERATORS

AT/HP 8012B 50MHz Pulse Generator 69S 28

AT/HP 8112A 50MHz Pulse Generator 1450 44

AT/HP 8160A SOMHz Pulse Generator 1350 41

Philips P115715/11 I Hz-50MHz Pulse Generator 765 32

32 SIGNAL & SPECTRUM ANALYSERS

76 Advantest R3261 A 2.6GHz Spectrum Analyser 3450 104

45 Advantest 114135/06 3.6GHz Spectrum Analyser 2950 89

158 Advantest U3641 3GHz RE Spectrum Analyser 3950 120

59 AT/HP 35610 100kHz Dynamic Signal Analyser 22S0 68

78 AT/HP 3S62A 100kHz Dual Channel Dynamic Signal Analyser 2450 14

278 AT/HP 3588A ISOMHz Spectrum Analyser 4450 135

41 AT/HP 85024A 3GHz Active Probe 1350 45

(GBP)
Sale R.nt

(GBP)

Al/HP 8560E/002 50Hz-2.90 Hz Synth Spectrum Analyser 9750 295

AT/HP 8561E 6.501z Spectrum Analyser 9950 398

AT/HP 8563E/006/007/008 300z-26.5GHz Spectrum Analyser 16950 510

AT/HP 8566B 22GHz Spectrum Analyser 6950 210

AT/HP 8568B 100Hz- I .SGHz Spectrum Analyser 2950 89

AT/HP 8591A/010/021 I .8GHz Spectrum Analyser With TG 3950 119

AT/HP 8593E/004/041/130 22GHz Spectrum Analyser 11150 353

AT/HP 8594E/041 2.9G Hz Spectrum Analyser 4500 135

AT/HP 8903B/001/010/051 20Hz-100kHz Audio Analyser 1800 54

AAnritsu MH680A1 100kHz-2GHz Tracking Gen for MS260IB 850 43

Anritsu MS260IB 2.2GHz Spectrum Analyser 2950 90

Anritsu MS2651B 3GHz Spectrum Analyser 3950 120

Anritsu MS2/110 3GHz Handheld Spectrum Analyser 2950 89

Anritsu MS610B 10kHz-2GHz Spectrum Analyser 1950 59

R&S 11-1 0.1-2100MHz Demodulator 450 21

Racal 9008M Modulation Meter 350 28

SRS SR/60 Spectrum/FFT Analyser 1950 71

SIGNAL GENERATORS

AT/HP 83111A/1E1 1-20GHz Synthesised CW Signal Gen 1650 230

AT/HP 831318/1E5 1-20GHz Synthesised Signal Generator 12500 315

AT/HP 86486/1E5 2GHz Signal Generator 4250 128

AT/HP 8648C 3.2GHz Synthesised Signal Generator SISO 155

AT/HP 8657A IGHz Synthesised Signal Generator 1600 48

AT/HP 8657D/001 IGHz DQPSK Synthesised Signal Generator 1350 41

Anritsu 6169B 10MHz-400Hz Synthesised Signal Generator 9250 310

Anritsu 68047C/2A/16 10MHz-20GHz CW Generator 11250 451

Anritsu MG3601A/02 IGHz Signal Generator 1600 48

Marconi 2018/GPIB 520MHz Synthesised Signal Generator 750 38

Marconi 2019A IGHz Synthesised Signal Generator 900 45

Marconi 2022/GPIB IGHz Signal Generator 9S0 48

Marconi 2024 9kHz-2.4GHz Synthesised Signal Generator 3950 160

Marconi 2031/001/002 2.1GHz Signal Generator 4950 149

Marconi 2032 10kHz-5.4GHz Signal Generator 8450 254

Marconi 2041/001 2.7GHz low Noise Signal Generator 6950 210

Marconi 205I/001 10kHz-2.7GHz Digital & Actor Sig Gen 5950 119

Philips PM5330 180MHz Signal Generator 550 33

VOLTMETERS

AT/HP 3400B 20MHz True VMS Voltmeter 450 27.

Marconi 2610 True RMS Voltmeter 695 35

Racal 9300 5Hz-20MHz True RMS Voltmeter 450 21

Racal 9300B 5Hz-20MHz True RMS Voltmeter 515 31

Racal 9301A True RMS Voltmeter 495 30

Racal 9302 I.3SGHz True RMS Voltmeter 550 28

WIRELESS

AT/HP 118350/001 Data Buffer With GSM Reference 750 38

AT/HP 83201A Dual Mode Cellular Adapter For 8920 Series 2S0 20

AT/HP 83220E/010 GSM/PCS/DCSI800 (1110-1900) Test Set 1950 59

AT/HP 8902A 1.3GHz Measuring Receiver 7950 240

AT/HP 8920/V103 IGHz Radio Comms Test Set 3250 98

AT/HP 8922M/001/006/010 IGHz GSM MS Test Set 2950 89

Anritsu ME4510B Digital Microwave System Analyser 4150 145

IFR 2935 GSM Test Set [VI Band] 3650 110

IFR 2967/12/16/21 Radio Comms Test Set With GSM & TACS 4950 149

IFR 2961/16/11/21 Radio Commis Test Set with GSM 4950 149

IFR 54421-003J RF Directional Power Head 250 20

Marconi 2966A/12 IGHz Radio Comms Test Set with GSM 4150 143

Racal 6103/001/002/014/420/430/041 Digital Mobile RTS 4250 128

Racal 6104/001/002/003/006/014/041 Digital Mobile RTS 7250 211

W&G 4106 GSM/DCS1800/PCNI900 Mobile Phone Tester 2250 10

The only ompany Atli the confidence to 4d44er 12 mon* vfmett
as standard, with 24 month available!

FREE
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Prices shown are for guidance in fUK GBP, exclusive of VAT and Ex -Works. All

items subject to prior sale. Rental prices are per week for a rental period of 4
weeks. Free carriage to UK mainland addresses on sale items. Rental or non UK

deliveries will be char?ed 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
fully tested and refurbished. All manuals and accessories required for normal

operation included. Certificate of Conformance supplied as standard. Certificate of

Calibration available at additional cost. Test Equipment Solutions Ltd Terms and

Conditions apply. All E&OE.

01753 596000
Fax: 01753 59 6001
www.TestEquipmentHQ.com
email: info@TestEquipmentHacom
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