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QUASAR
electronics

The Electronic Speclallsf! Since 1993

Controllers & Loggers
Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU445 £8 .95
NEW! PC I Standalone Unipolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direction control. Operates in stand-alone or PCcontrolled mode. Up to six 3179 driver boards
can be connected to a single parallel port.
Supply: 9Vdc. PCB : 80x50mm .
Kit Order Code: 3179KT - £11.95
Assembled Order Code: AS3179 - £18.95
NEW! Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper
motor using externally supplied 5V levels for stepping
and direction control. These
usually come from software
running on a computer.
Supply: 8-30Vdc. PCB: 75x85mm.
Kit Order Code: 3158KT - £17.95
Assembled Order Code: AS3158 - £27.95
NEW! Bidirectional DC Motor Controller
Controls the speed of
most common DC
motors (rated up to
16Vdc/5A) in both the
forward and reverse
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 - £16.95
Assembled Order Code: AS3166 - £25.95
DC Motor Speed Controller (100V/7 .5A)
Control the speed of
r~(l
' ~ .,,,. " . ~ ~ ( ." almost any common
DC motor rated up to
I'!
!
)
100V/7.5A. Pulse width
\~
~ "' ')
modulation output for
maximum motor torque
at all speeds . Supply: 5-15Vdc. Box supplied .
Dimensions (mm): 60Wx100Lx60H.
Kit Order Code : 3067KT - £13.95
Assembled Order Code: AS3067 - £21.95
\

~-'

•

~..

( t

Most items are available in kit form (KT suffix)
or assembled and ready for use (AS prefix).

Serial Isolated 110 Relay Module
Computer controlled 8channel relay board .
SA 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 Windows interface, terminal emulator or batch
files) . Includes plastic case 130x100x30mm .
Power Supply : 12Vdc/500mA.
Kit Order Code : 3108KT - £54.95
Assembled Order Code: AS31 08 - £64.95
Computer Temperature Data Logger
4-channel temperature logger for serial port. °C or of .
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range of free software applications for storing/using data. PCB just
38x38mm . Powered by PC . Includes one
DS1820 sensor and four header cables .
Kit Order Code: 3145KT - £18.95
Assembled Order Code: AS3145 - £25.95
Additional DS 1820 Sensors - £3.95 each

9!

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 includes one Tx but more available separately). 4 indicator LED's. Rx: PCB
77x85mm , 12Vdc/6mA (standby). Two and
Ten channel versions also available.
Kit Order Code: 3180KT - £44.95
Assembled Order Code: AS3180 - £51,95
NEW! DTMF Telephone Relay Switcher
Call your phone number
using a DTMF phone from
anywhere in the world and
remotely turn on/off any of ~111811!11t6
the 4 relays as desired.
~
User settable Security Password, AntiTamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastiC case. Not BT approved. 130x110x30mm. Power: 12Vdc.
Kit Order Code: 3140KT - £54.95
Assembled Order Code: AS3140 - £69.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection. Header
cable for ICSP. Free Windows
XP software. Wide range of
supported PICs - see website for
___ complete listing . ZIF Socket/USB
lead not included. Supply : 16-18Vdc.
Kit Order Code: 3149EKT - £37.95
Assembled Order Code : AS3149E - £49.95
NEW! 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. ZI F Socket
and USB lead not included.
Assembled Order Code : AS3128 - £44.95
" PICALL" PIC Programmer
"PICALL" will program virtually all 8 to 40 pin senalmode AND parallel-mode
(PIC16C5x family) programmed PIC micro controllers . Free fully functional software. Blank chip
auto detect for super fast bulk programming .
Parallel port connection . Supply: 16-18Vdc.
Assembled Order Code: AS3117 - £24.95
ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. Program/ Read/
Verify Code Data, Write
\
Fuse/Lock Bits, Erase and _ • . i
Blank Check . 4 LED's display the status . ZIF
sockets not included . Supply: 16-18Vdc.
Kit Order Code : 3123KT - £24.95
Assembled Order Code : AS3123 - £34.95

COMMENT

YOUR CHANCE TO
PARTICIPATE IN ELECTRONICS
WORLD'S WEB CREATION
Dear Readers,

E

lectronics World has changed
shape yet again - as you have

already noticed by its new
format and design. We have done this
to keep Electronics World modern , in
keeping with current times .
We are also developing a
comprehensive website, which will
allow readers to get to their copy of
the magazine faster, search old
material, read the latest technology
developments and design techniques,
but al so communicate with each other
through forums, blogs and specific
virtual communities.
And this is exactly the point where I
want to invite you all to participate.
Since Electronics World readers have
always been very interactive,
communicating their needs, wishes,
praises and, indeed, complaints to us, I
thought that this would be the perfect
opportunity for you to tell us what you
think are the key elements of a website
that will cater for your needs exactly.
Indeed we do have many ideas
ourselves that we can implement
straight away, but to make this website
your first port of call on the Internet, it
will need your input.
To start with, we would like to hear
your ideas of what you'd like to see on
the new website - what do you think

These could be application specific,
discipline specific or technology
specific. Following that, we will keep
you updated by emails (this is optional,
of course) whenever new content
arrives in that virtual space.

WE WOULD LIKE
TO CREATE SOME
FIVE OR SIX MAIN
CATEGORIES OF
TOPICS THAT WE
COULD SPLIT THE
CONTENT IN
Let us know what you'd like these
categories to be, but also every other
idea that you'd like to see on the new
Electronics World website.
So, go on, put your thinking caps on
and email those ideas to me at:
svetlana.josifovska@stjohnpatrick.com
From your editor,
Svetlana Josifovska

will help you at your work, with your
projects or you'd simply like to see

(D John Patrick Publishers

more of .
We are thinking of creating some five
or six main categories of topics that we
could split the content in, and where
you will find your specific virtual
community or space to read about your
chosen subjects .

Electronics World is published monthly by Saint John Patrick Publishers Ltd, 6 Laurence Pountney Hill, London, EC4R OBL.
Disclaimer: We work hard to ensure that the information presented in Electronics World is accurate. However, the publisher will not take responsibility
for any injury or loss of earnings that may result from applying information presented in the magazine. It is your responsibility to familiarise yourself
with the laws relating to dealing with your customers and suppliers, and with safety practices relating to working with electrical/electronic circuitry particularly as regards electric shock, fire hazards and explosions.
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News

IMEC announces
fully reconfigurable
software defined
radio transceiver
A wideband software defined radio
transceiver from IMEC, called Scaldio,
uses a CMOS 130nm IC to cover all
standards over the 174MHz to 6GHz
frequency range. It is widely
programmable for operation with all
current and future cellular WLAN,
WPAN, broadcast and positioning
standards.
The current state of the art multimode terminals have a limited
flexibility of two or three standard
modes and also suffer from increased
power consumption and materials cost
owing to the lack of re-use of building
blocks. IMEC's unique transceiver
architecture enables its multi-mode
receiver to operate with a power
consumption and a CMOS chip area
that are comparable to the best current
single mode radio transceivers, thus
enabling it to satisfy the needs of the
next generation of volume mobile
devices.
The front-end of the transceiver
includes a fully reconfigurable direct
conversion receiver, transmitter and
two synthesisers. Direct conversion is
used to permit reconfiguration from
174M Hz to 6GHz. The performance of
each block can be digitally adjusted for
a wide range of specifications by using
a novel form of analogue network on a

chip. Specific requirements for different
standards can thus be obtained,
including RF carrier frequency, channel
bandwidth, noise figure, linearity, filter
characteristics, etc.
If desired, the power consumption of
the front-end can be significantly
reduced by exploiting real time powerperformance trade off, if this satisfies
the conditions of the environment.
New mixed-signal control, calibration
and compensation techniques are used
to relax the specifications in the
analogue domain and hence reduce
the cost of the analogue circuit design.

The Sca/dio software defined radio
transceiver from IMEC

Fujitsu Chip
Validates
Toric's Jitter
Suppression
Technology
Fujitsu Microelectronics Europe and Toric
Limited, a London-based technology
licensing company, have announced the
results of their collaboration to verify
embedded jitter-suppressing macros based
on Toric's patented AJC (Anti-Jitter Cell)
technology. Fujitsu's test chip, implemented
in 90nm technology, demonstrates jitter
suppression of 6: 1 at SOOMHz.
AJC provides the foundation for Toric's
first product, 'PhaseFliter' a low-power, onchip circuit for the suppression of jitter in
clock signals. The design uses only generic
building blocks and so can readily be
implemented in a wide range of
semiconductor technologies. On a typical
advanced mixed-signal CMOS process, with
an operating frequency in excess of 1GHz,
macros with a 2: 1 tracking range and
-1S0dBdHz plateau noise (far from carrier)
are achievable.
PhaseFilter can enhance the performance
of ICs in a wide range of applications
including RF (LO) synthesis, serial
communications, low-power PLLs and
digital audio. Direct benefits include
reduced system power and silicon area.
Equally important is the potential for lower
bill of materials and shorter development
cycles, both of which enable significant
reduction in total solution cost compared
with conventional jitter suppression
techniques.

TAIWANESE LED INDUSTRY ASSOCIATION FORMED
The Taiwan Optoelectronic
Semiconductor Industry Association
(TOSIA) was formed in Taipei this
spring by the Industrial Technology
Research Institute and 14 Taiwan LED
makers and chipmakers. It aims to
strengthen Taiwan's LED industry by
increasing cooperation and exchanges
amongst companies and researchers
involved in the optoelectronics and
4 I Electronics World

semiconductor industries by
upgrading the R&D of new
technologies. It will push for the
establishment of standards in the
optoelectronics and semiconductor
industries, sponsor conferences that
are conducive to enhancing the
industry's development, promote
technological cooperation on an
international basis and help the

Taiwan administration enact relevant
policies to help the industry's
progress.
A senior technology adviser to the
Ministry of Economic Affairs said the
ministry will continue to help propel
the development of lighting and
optoelectronic display products and
applications. The aim is to eventually
make Taiwan a leader in this sector.

News

PROGRAMME TO
EVALUATE
RADIATION
EFFECTS ON
MILITARY
COMPONENTS
A study to be undertaken by QinetiQ
in the UK will assess the potential
vulnerabilities of advanced
components within military equipment
to naturally occurring radiation. The
results of this study, funded by a f1.9m
5-year contract from the UK Ministry
of Defence (MOD), will enable the
MOD to manage the likely impact of
exposure to naturally occurring
radiation earlier in the equipment
design and development cycle, thus
avoiding subsequent resulting time
and cost problems.
It is becoming increasingly
understood that naturally occurring
radiation can cause reliability issues for
the advanced components used in
various systems operating at high
altitudes, such as aircraft, unmanned
systems and missiles. Even at sea level
the natural radiation can potentially

cause problems for ground based
equipment, possibly causing
component failure and hence system
level problems.
Commercially sourced components,
such as high-density memories, gate
arrays, processors and microelectromechanical systems (MEMS) are
increasingly being used in military
equipment, but unlike many
components designed specifically for
military use, they are seldom hardened
against exposure to radiation. Hence,
it is important to understand how such
equipment will behave in
various environments in order
to evaluate its reliability and
to design out problems early in
the equipment development.
Results of the study will
enable the MOD to accurately
predict the reliability of
electronic equipment at
altitudes from 100,000 feet
down to sea-level. It will
include the effects of solar
particle events on military
systems due to sudden activity
on the surface of the Sun,
which can raise radiation levels
by up to 1000 times their
normal values. The potential

TECHNOLOGY

effect of the ever-present background
radiation, which peaks at 60,000 feet,
will also be assessed.
The military use of advanced
electronics developed commercially is a
reality, but component failure in a fast
jet is potentially far more serious than
in a home Pc. Components need to be
sufficiently robust to perform the
challenging tasks demanded of them
and this study will be an important
contribution towards ensuring future
equipment programmes are not
compromised.

•
Synthetic diamond to be used In
electronic device fabrication
Novel devices based on synthetic diamond

a semiconductor material that can detect

Photonics of the University of Strathclyde

films formed by Chemical Vapour
Deposition (CVD) are to be produced for

many types of radiation from UV and X

in a Micromachined Diamond Device
Initiative (MIDDI), the aim of which is to

customised detector applications. The
detectors will initially be aimed at the four
main markets: high energy physics,

Oliver, Technical Director of Diamond
Detectors Ltd, a spin-out company set up

including work for the Large Hadron
Collider at CERN and the large UK
'Diamond' light source; the detection of
deep UV photons, including
photolithography applications and
cleaning in semiconductor manufacture;
monitoring in the nuclear industry for
alpha, beta and gamma radiation
detection; and dosimetry detectors for use
in medical radiotherapy.
"Diamond has long been recognised as

rays to particle detection," said Kevin

by Element Six at Ascot, UK. "The ability
to make diamond material of the size,
quality and consistency required for
advanced detection applications opens up
significant new potential markets for novel
detectors in a wide range of industries. It
also enables us to overcome the inherent
problems associated with the selection of
appropriate natural diamonds in existing
detector applications."
The parent company, Element 6, is also
collaborating with the Institute of

develop a kit of manufacturing
technologies for high power and high
frequency devices based on single crystal
synthetic diamond. Electronic devices
based on diamond, such as MESFETs, have
a wide range of potential applications in
communications and power switching.
It is expected that recent breakthroughs
in CVD processing for diamond synthesis
will enable the really remarkable properties
of synthetic diamond as an engineering
material to be more fully exploited in a
wide range of future products, instead of
being used mainly as an abrasive material.
Electronics World
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IN BRIEF

Body sensors transmit
data wirelessly to a
central monitor
Dual channel and eight channel
sensor systems can monitor various
vital body signs and transmit the
resulting data wirelessly to a
central monitor. Developed by
IMEC (Inter-University
Microelectronics Centre, Leuven,
Belgium) and its sister company,
IMEC Nederland, the small size and
low power consumption of both
systems permit non-invasive and
ambulatory monitoring of vital
body parameters.
The eight channel wireless EEG system
is integrated into a 1.35cm cube by using
IMEC's 3D system-in-a package
technology. It can be used with a
portable electrocardiogram (ECG) to
monitor the activity of the heart, with an
electromyogram (EMG) to monitor
muscle contraction, with an
electroencephalogram (EEG) to monitor
brain waves and with an electroculogram
(EOG) to monitor eye movement.
The small size and autonomy of the
systems improves the patient's quality of
life and autonomy, while opening new
applications for sports, entertainment,
ECG and EMG monitoring using IMEC's
two-channel bio-potential wireless
sensor node

. ~:I
;

I

6

I Electronics World

-

=--

I

Twochannel biopotential
wireless
sensor node
comfort monitoring and other health
and lifestyle products and services.
Both systems use IMEC's proprietary
extremely low power bio-potential
readout ASICs to extract the data
produced in the measurements, while
consuming only 60~W for a single
channel and 300~W for the eight
channel version. The high common mode
rejection ratio of over 120dB is required
to cope with the common mode
interference in the ~V signals.
The two channel system integrates two
of the single channel bio-potentials,
enabling the simultaneous monitoring of
two signals with a commercial
microprocessor and a 2.4GHz radio link.
It includes a loop antenna adapted to
the human body that offers a range of
up to 10m. Applications include
monitoring of sleep, activity and muscle
fatigue and rehabilitation monitoring.
The eight channel wireless EEG system
requires only 6.6mW of power, 70% of
which is for the radio at a 512Hz
sampling rate, providing 60 hours of
autonomous operation from a 150mA-hr
Li-ion battery.
IMEC intends to further research the
integration of its ultra low power, ultra
wide band radio to further improve the
system autonomy. It aims at complete
energy autonomy by integrating energy
scavengers, such as thermal scavengers
that use body heat to generate the
req u i red power.

TECHNOLOGY

IN BRIEF

Intel unveils details of
45nm processor chip
Intel has revealed some details of its
Penryn microprocessor core to be
produced later this year using 45nm
design technologies. These (PUs will
incorporate integrated memory
controllers and graphics engines,
together with micro-architecture
advances. They will achieve up to 45%
faster operation with higher clock
frequencies of over 3GHz, yet without
increasing power consumption and
thermal targets. The front side bus will
operate at 1.6GHz instead of the
current 1.333GHz. The high-k gate
insulators will use hafnium, which an

Intel director called the biggest change
in chips since the 1960s.
Following the Penryn will be the
Nehalem devices planned for
production next year with
hyperthreading, which is a
simultaneous multithreading feature
that supports up to 16 or more threads
and eight or more cores with scalable
cache sizes. Intel used hyperthreading
in its Pentium 4 processors in 2002, but
it has been largely unused since
multicore chips were introduced. The
Nehalem chips will also include an
optional integrated memory controller
and an integrated graphics core.
Intel revealed that it has a number
of further 45nm products in various
stages of development using high-k
components, with some types
expected to be in production by next
year. The 25% reduction in the die
size achieved by using 45nm features
will help boost margins and yields,
which are so important in this price
competitive market, as AMD plans to
produce 45nm chips next year.
Intel's 300mm wafer with
45nm shuttle test chips

NANO-LED SHINES BRIGHTER
Scientists from the Cranfield
Microsystems and Nanotechnology
Centre in the UK have invented a brighter
and more efficient light emitting diode
(LED) than what's currently available. The
device, called nano-LED, uses particles of
a semiconductor material that are only
3.5 nanometers in size.
The academics initially developed the
technology for use in smart dashboards
for cars but soon realised its advantages
for future manufacturers. These include
the ability to produce multi-coloured
devices using only one process, which
wasn't previously possible; the ability to
produce the device in an ambient
environment without a need for
complicated clean rooms or dry
atmospheres; and being able to produce
pixels that range in size from a few
8 I Electronics World

tenths of a millimetre to many
centimeters.
It may also be possible to use such a
device to produce pure white light,
something that is proving particularly
difficult with the technologies currently
on offer.
The new technology - which has huge
potential for improving the efficiency of
many applications from gigantic
advertising displays to mobile phones, PC
monitors and televisions - has now been
granted a patent.
"The patent represents the culmination
of a lot of hard work, and we are now
actively seeking partners to work with us
to further refine the technology and
maximise its potential," said Dr Steve
Dunn of the Microsystems and
Nanotechnology Centre.

TECHNOLOGY

Effective Co mmuni cati 0 n Duri ng Cri si s
During a crisis, time is of the essence. To deal with any crisis effectively, a company needs to be prepared to move
quickly so as to minimise damage to its reputation as well as the impact on its emplo~s. Vital part of any crisis
planning is ensuring that channels of communication are open and available, even if the unexpected should happen.
As with any emergency, preparation is key in order to minimise damage whilst providing support. The following are key
factors for preparing:

01. Communications plan - the communications plan
should underpin the main crisis plan and enable its successful
execution. The plan should offer on in-depth understanding of
the communication channels available during a crisis and the
corred procedures of how to use them. It is important for the
plan to contain relevant contad details of who to contad and
the process to follow to maximise the speed within which the
crisis is dealt with.
02. Accessibility - the plan needs to be easy to follow and
accessible by all members of the company. Employees need to
be aware of where the plan is kept and have access to their
own copy in both soft and hard copy.
03. uy in - companies need to ensure that employees are
bought into and agree to the plan. Company-wide meetings to
discuss the plan and how on employee should communicate
during the crisis are critical.
04. Testing - Aplan should not undergo its first test during a

crisis. No maHer how carefully crafted it is, the plan will
probably reveal discrepandes during practice. It is vital that
companies test their technology systems and corry out a yearly
practice.
05. Technology - companies should ensure that there is the

ability to communicate effectively when the usual channel such
as mobile networks and the local telephone exchange goes
down. This contingency will help companies maintain control of
the situation by ensuring that people can talk to each other
immediately and execute the crisis plan.
Technology is available to help when communication channels
go down, it should be used to transmit information to the
population concerned on the procedures to follow and the
extent of the incident, to organise conferences and meetings
for those involved and to circulate details on the knock-on
effects of the incident. Freephone lines can be set up providing
information for relevant people.

06. Updatin the plan - organisations change on a doily

basis, keeping the plan up-to-date is crucial for companies.
Employee records and details should be easily accessible and
updated by companies.
07. Execution - It is essential to prepare for a crisis, but
when it does happen, plans can go out of the window.
Companies should adhere to the follOwing points to make sure
that it stays effective and at the forefront of everyone's mind:
08. lickin ) 1he pi n - It is important for companies
to adhere to the plan and follow the gUidelines set rather than
panicking and second-guessing what to do. Employees need to
remain calm and colleded during a crisis. The plan has been
set up to advice employees on what to do during the crisis.
09. E ploye s - They are a company's most valuable asset

and it is the company's responsibility to protect them.
Companies should make sure that all employees are kept safe,
and are able to contad their loved ones during a crisis.
Technology is available to help companies keep track of where
their employees are, arrange meetings to inform them about
what is going on and what to do as well as help employees
relaying messages. For example, automated SMS alerts or
voice messaging can be used as a more mobile channel for
employees to reassure their families that they are safe.

n'

10. In' rm relev
p rties - companies need to
ensure that they are able to control their external
communications and reduce negative perceptions and media
stories. Companies need to ensure that they remain in contad
with customers, media, authorities, shareholders and suppliers.
This can be done by having dear communication channels in
place to protect the reputation of a company.
This month's tips were supplied by Emma Paton,
Account Manager at Premiere Global Services.

If you want to send us your top Ave or ten tips on any engineering and design subject, please write to the Editor:
svetlana·iosifovska@sijohnpatrick.com
Electronics World
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THE '-SOmm ERA
AJIT MANOCHA, CHIEF MANUFACTURING OFFICER AT THE NEWLY CREATED NXP
SEMICONDUCTORS LOOKS INTO WHO WILL BE ABLE TO AFFORD THE 450NM FABS
he market dynamics and manufacturing paradigm that will
drive the 300mm fab era are evident enough for credible
forecasting. The 450mm era, on the other hand, presents
a less predictable forecasting environment.
There are some basic calculations, however, that may at least
elucidate the risks and challenges involved in the transition from
300mm to 450mm fabs. The first is the drastic decrease in the
number of fabs. Today, there are about 200 to 250 200mm fabs in
the world . By the end of this decade, there will be between 50 and
60 300mm fabs.
Based on the extrapolation of the revenue from a 300mm fab,
each 450mm fab that goes online would be likely to generate
$15bn per year in annual revenue if it is run at or near capacity.
This raises the question of how the additional $1 OObn in
semiconductor revenue between 2010 and 2013 will be satisfied in
terms of production capacity. If it is completely provided by 450mm
fabs, only six additional fabs would be required.
In addition, the same basic economics that are determining the
300mm fab landscape are likely to be true at 450mm : first, an
enormous capital expense that even fewer companies could afford
by themselves; and, second, the goal of having the 450mm
megafab full or nearly full in order to make it profitable.
There are other troubling aspects in the transition to 450mm:
the number of high-volume products that require 250 million
transistors may be too limited to provide favourable economics for
450mm fabs.
The availability of production tools is another issue. The transition
from 200mm to 300mm was disastrous for the tools industry,
which lost several companies in the process and has only recently
recovered . With the prospect of just a few customers and an
enormous investment, the tool makers will most likely postpone
the 450 mm development in favour of developing the next
generation of 300mm tools.
Faced with these realities, all but the very largest IDMs are
unlikely to be able to afford a new fab . The number might be as
low as one, or perhaps the top two . Microprocessors and memory
devices are the only obvious products that are produced in volumes
sufficient to keep a 450mm fab busy.
10
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Medium-sized IDMs presumably would have to resort to the joint
venture option or go fabless . But the joint venture option is limited:
by the number of partners that could be involved and still make
sharing the fab's output workable for both the member companies
for the fab's profitability.
The foundry landscape is just as intimidating for the same
reasons. Not many foundries can afford the investment or be
optimistic about having the fab run at nearly full capacity. With
these complexities in mind, Figure 1 illustrates one likely
semiconductor production landscape in 2015.
Given this analysis, the most likely scenario for the introduction
of 450mm production is that it will be delayed well past the time
most forecasters project. •

2015

Figure 1: The 450mm era will bring foundry domination to
manufacturing.
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THE CHIPLET APPROACH
TO NEW CAPABILITIES
By Keith Gurnett & Tom Adams

H

resistivity wafer enables Dr Fusco to

indium phosphide. One obvious beneficiary

Multi-Chip Module? Multi-Chip

minimise crosstalk and other coupling

of chiplet technology would be mobile

Module (MCMs) are very useful,

effects between the system and the

phones, which must currently incorporate

substrate.

separate silicon and gallium arsenide chips.

OW

would you re-invent the

because they interconnect otherwise
incompatible chip species, such as silicon

The goal of his research efforts is to

A mobile phone having Internet capability

and gallium nitride. But their basic design

develop an MCM-like assembly that can be

needs browser software incorporated into

is decades old and, except for the normal
shrinkage in the sizes of the various die,

put together easily and with conventional
tools in a fab environment. Characterising

the control circuitry and this software

they haven't changed much. In many

the etch process so completely that it could

code. In addition, some method of

applications, it would be handy if someone

be controlled to within a few microns was

enlarging the viewing field, such as rollout

could miniaturise the MCM itself.

very difficult, Dr Fusco explains, but once

display techniques, would require more

characterisation was completed he has

sophisticated drivers.

Great amounts to the next incarnation of

needs to handle multiple types of Internet

MCMs are now being developed at

been able to achieve a very high

Queen's University in Belfast, Northern

repeatability in etching pits to precise

chiplets might be inserted into pits on a

Ireland, where Dr Vincent Fusco has

dimensions.

given silicon chip, but the number would

THE GOAL OF HIS
RESEARCH EFFORTS IS
TO DEVELOP AN MCMLIKE ASSEMBLY THAT
CAN BE PUT TOGETHER
EASILY AND WITH
CONVENTIONAL TOOLS
IN A FAB ENVIRONMENT

silicon chip measuring 1cm x 1cm has 100

achieved a breakthrough by very careful
characterisation of a method of etching
ordinary silicon wafers. Dr Fusco and his
colleague and Professor Harold Gamble of
the Northern Ireland Semiconductor
Research Centre have focused on the
etching of pits of very precise dimensions
into the surface of 4-inch silicon wafers. A
given pit might need to measure 1mm x
1mm x 100 microns or, more precisely, a
few microns larger than this in each of the
three dimensions. The tolerances, however,
are very small: the depth of the pit may
acceptably be 99 microns or 100 microns,
not, for example, 108 microns.

probably not be large, Dr Fusco thinks. A

Dr Fusco needs to achieve this degree of
precision because the next step after

times the area of the 1mm x 1mm gallium
arsenide chiplets that Dr Fusco uses, so it is
not hard to envision a 1cm silicon chip
holding eight to ten gallium arsenide chips
and a handful of silicon chips, which
usually measure 2mm x 3mm.
Once a chiplet is inserted into its
prepared pit, two additional essential steps
need to be carried out: stabilising the
chiplet and interconnecting it with other
chiplets. To stabilise the chiplet, Dr Fusco
starts before insertion and etches a circular
hole from the back of the wafer into the
bottom of the pit. This hole is about half

One advantage of using the chiplet

etching is to drop a gallium arsenide chip

approach in product, of course, would be

measuring 1mm x 1mm x 100 microns into
the pit. The silicon wafer is, in this case,

much lower cost. A wafer could be sawn

simply the substrate for the gallium
arsenide chip - much as a printed circuit

It is too early to estimate how many

into hundreds of chips each of which
would contain multiple chiplets. Each of

board is the substrate for a conventional

the chiplet-bearing chips could then be
surface-mounted like any other chip, but

MCM.
The tiny gallium arsenide chips (also

very likely at a much lower cost.
The second major advantage is the

the diameter of the pit. After the chiplet
has been inserted (and temporarily
stabilised with tape), the hole is copperplated, starting from the metallised bottom
surface of the chiplet. When plating is
completed, the result is a copper plug that
holds the chiplet in place and serves as a
very efficient heat sink.
At this point, the chiplet fits within the

known as chiplets) that Dr Fusco drops into

chance to pack different species of chiplets

pit with a small gap. The top surface of the

the pits are made commercial and the

into the same bit of silicon. Dr Fusco has

chiplet is positioned vertically within a

silicon wafers that he uses are off-the-shelf
high-resistivity wafers, four inches in

already inserted both gallium arsenide and
silicon chiplets into this wafers and could

micron or two of the top surface of the
surrounding wafer. What remains is to

diameter and 500 microns thick. The high-

easily add chips of other species, such as

interconnect the chiplet with other chiplets.
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Dr Fusco could have spun a fluid resist
onto the wafer to create a surface
coating and then drilled (probably with a
laser) vias down to the leads on the

chiplets. The vias could then have been
plated and interconnected . But this
method would have added numerous
processing steps and probably increased

costs . Alternately, he could have used
readily available wire-bonding
equipment to interconnect the chiplets,
a method that has been used by other
researchers investigating this concept.
He rejected this approach because the
thermosonic bonding process involved
might damage the chiplets .
What Dr Fusco chose was a sequence
of standard photolithographic
procedures that put down a layer of
metallisation to interconnect the
chiplets . Cheap and reliable, this method
has the advantage that the metallisation
layer will accommodate small variations
in height between a chiplet and the
silicon, and will also easily bridge a gap
between the chiplet and the Silicon. Dr
Fusco points out that photolithography
was a natural choice because it is also
used to create bridge-like structures in
MEMS devices.
In a broader sense, what Dr Fusco is
attempting to accomplish is the creation
of those key production processes that
will make it possible to achieve very high
reliability in the assembly of chiplets .
The ability to insert chiplets of two,
three or even more species into pits on a
single silicon die has profound
consequences for miniaturisation .
It would also enable the introduction
of components requiring totally different
capabilities . Existing well-understood
processes could be used to engineer
diodes and switching elements in chiplet
form. These diodes and switching
elements would serve as protection
devices and, thus, permit high-voltage
operation of the system . Such protection
is especially needed for mobile phones
that are beginning to use more than one
core processors.
Some applications might also benefit
from a design where only a portion of a
silicon die is used for chiplets, while the
rest of the die has conventional silicon
patterning . This is a logical way to
incorporate gallium arsenide or indium
phosphide with silicon . Such a mixed
design might turn out to be a reliable
and inexpensive way to produce some
system-on-a-chip functions . •
Electronics World
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THE TROUBLE WITH RF...

Column

REAllY "lOW POWER" RADIO

T

he term 'low power radio' is
understood to refer to ISM band
wireless links operating at SOOmW

For all these types of applications the
dominant design aim is to keep power
consumption to an absolute minimum .

or less. The purpose of this article is to

While very low power design techniques

examine their use in low power

constitute a huge subject, here are a few

applications, where restrictions imposed by
battery life (or other power availability
issues) require extremely current-frugal
design techniques.
Such applications include battery

useful pointers:
• Keep everything you aren't using turned
completely off. Be prepared to switch the
power supply to sensors, radio modules and
other peripherals. (In 'standby' mode some

powered remote monitoring (automated

of these devices can still draw tens of ~A). If

gas meter reading, for example), fire and

the main processor is too power hungry to

intruder alarm sensors, long range

operate constantly, then design a low

tagging/RFID applications, emergency

current 'master timer' to periodically cycle it

lighting/alarms/ signals, pager applications

'on'. (A single unijunction transistor

and others.

operating as a relaxation oscillator can draw

In the simplest case the application just
requires a low power transmitter which is
very infrequently activated (a temperature

less than 1 ~A at a 1Hz rate.)
• Design around the slowest digital clocks
you can . CMOS logic power consumption is
directly in proportion to the switching

\\WH ILE VERY LOW
POWER DESIGN
TECHNIQUES
CONSTITUTE A
HUGE SUBJECT,
TH ERE ARE A FEW
USEFUL POINTERS"
monitoring system might only need to take
a reading every ten minutes; an agricultural
soil condition monitor might only report
once per day, while some wireless alarms
only transmit when activated or when
indicating low battery).
In more complicated applications the
receiver power consumption is key, in tasks
where it must constantly monitor for a
command transmission which either
initiates an operation (emergency lights,
pagers) or triggers ('polls') a transmit-back
burst of stored data (RFID tags, remotely
read meters).
14
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speed. Modern microcontrollers intended
for low power tasks frequently can be
operated from 32kHz watch crystals and
often have lower power 'sleep' or 'wait'
modes, from which timer interrupts can

• Minimise standing (quiescent) currents :
Use low quiescent current LDO regulators
(78LCxx types draw only 1~A).
• Switch with Mosfets (zero gate current),
not bipolar devices.
• Keep pull-up and bias resistors as large as
possible.
• If indicator lights are needed, use low
current LEDs and flash them, slowly.

periodically wake them .

• Be aware of wasted charge in large
capacitors (a 1OO~F capacitor at SV contains

• Activate the radio module as infrequently
as possible. It will probably be the largest

SOO~c. Charging this up once per second is
equivalent to an extra O.SmA current drain) .

single power consumer in the design (a UHF

Where possible, switch 'down-stream' of

receiver can consume 20mA at 3V,

such high value decouplers.

compared to below 1OO~A for a modern
microprocessor). Keep transmit bursts short

• Keep within maximum (peak) current
drain - and temperature ratings - of the

(within accepted data rate versus

batteries used . Outside these limits the

performance trade-offs) and where response
time allows it, cycle the receiver on and off
(see l\Jote 2).

performance of the cells can be significantly
impaired (especially in the case of high
energy density lithium cells) ,

Note 1:
Power consumption of typical ISM band radios:
Very low current VHF single channel Rx module
Typical VHF single channel receiver module
Typical UHF single channel receiver module
UHF multichannel receiver
1mW VHF transmitter
10mW UHF single channel transmitter
10mW UHF multichannel transmitter
Class 1 Bluetooth device
Simple WiFi module

1rnA @ 3V (Radiometrix AX1 L)
7mA@3V
12mA@3V
20mA@3V
9mA@2.2V
18mA@3V
34mA@3V
22-35mA @ 3V3
210-340mA @ 3V3

Column

• Use moderate data rates, to reduce
coding and decoding processing effort
(and hence CPU clock speeds). There is no
point in reducing the burst length to under
2mS by using an inconveniently high data
rate, if the transmitter and receiver used
require 20mS of preamble to key-up and
settle.
• Most importantly of all, design for low
power from the very beginning . It is
impossible to create a low power
development of a design that is already
based around bloated high-level code,
running on power hungry processors, or
which is committed to using current hungry
radio devices. Do it right, from the start.

Myk Dormer is Senior RF Design Engineer
at Radiometrix Ltd

www.radiometrix.com
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Note 2:

Example:

Cyclic receiver operation (or "battery
economy cycling") is a technique used to
minimise receiver power consumption,
originally applied to pagers. Simply, a
transmit operation consists of the same
sub-burst of data repeated over and over.
The entire operation must be longer than
the period between two receiver 'on' times,
and the duration of the receiver 'on' time
needs to be over twice the length of a subburst (to ensure that, even if a receiver
wakes in the middle of a sub-burst, it is
then on for long enough to decode the next
one).
The period between receiver 'on' can be as
long as is desired (with commensurate
power reductions), provided it is realised
that the worst case response time of the
system is equal to this period.

A fire alarm system uses radio-activated,
battery-powered emergency lights. The system
requires a response time of 5 seconds or less
between alarm and 'lights on'. A 50 bit burst is
used, at 1kbitls and the receiver needs 25mS to
stabilise at power-on. (So a sub-burst needs
50mS for data, plus 25mS settling 'preamble' =
75mS, and receiver 'on time' must be 2 x subburst duration = 150mS).
For 5 second maximum response time, a
receive cycle of (5-0.15) = 4.85 seconds is
usable. So receiver off/on ratio is 4.7: 0.15, or
about 31 :1.
In this system, a 10mA receiver will have an
effective current consumption of about 320~
(if the lights run from 18 amp-hour 0 cells and
this radio current is the dominant power drain,
then we can expect a 'lights off' battery life of
about six years).

P~
Technology

I GS/s sampling rate
250M Hz bandwidth
128M sample buffer memory
125MS/s 12 bit AWG built in

PicoScope 5203
32M buffer £ 1195
PicoScope 5204
128M buffer £ 1795
Electronics World
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EVALUATING ETHERNET AS

A SYSTEM-LEVEL INTERCONNECT

I

t is doubtful that the originators of
Ethernet could have envisaged how

widespread and prevalent the
technology they were inventing would
become. Available in a wide variety of
"flavours" defined by advanced services
implemented as higher layer protocols,
Ethernet has become the common
language of the Internet, evolving into a
ubiquitous as well as indispensable wide
and local area computer interconnect.
Ethernet continues to cast its net out to
an ever-widening range of applications,
working its way deeper into the system
fabric by extending its reach down into
the backplane and chassis-level
communications infrastructure . Today,
Ethernet is clearly the incumbent
technology in these applications as
developers strive to step away from
proprietary implementations that tie them
down to a particular vendor, with other
interconnect standards such RapidlO
technology quickly gaining market share.
By moving to established industry
standards, engineers are able to capitalise
upon the accelerated innovation, higher
functionality and lower cost that come as
a result of open competition. Migrating to
established communications standards in
the backplane and chassis in particular,
also promises to improve performance and
reduce cost by consolidating interconnect
stages across the system fabric, beginning
by collapsing the data and control plans
onto a single interconnect. High performance networking and communications
applications are also tightly connected
through data pipelines that cross between
the different system domains, from IC to
board to chassis to LAN and finally out to
the wide area network. Each crossover has
its own interconnect protocol to manage
the transfer of data through the different
stages of the data pipeline . Since each
interconnect adds complexity, latency and
cost, reducing the number of interconnect
stages by consolidating several layers
16
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Ethernet and RapidlO Efficiency
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Figure 1: Ethernet achieves its best efficiency with a maximum payload, although this comes
at the cost of increased latency jitter. By balancing large payload jitter against small payload
inefficiency, an alternative interconnect standard like RapidlO technology achieves better
overall efficiency across the payload sizes most common to embedded backplane applications
using a single standard reduces protocol
inefficiencies leading to increased

came to be called Ethernet. The IEEE
eventually recognised the value of these

throughput and overall system
performance.
Ethernet is an extremely flexible standard,
which is one of the reasons it has been
adopted so completely. This flexibility is
perhaps its greatest strength but in this,
also one of its most important weaknesses.
As data rates continue to rise, this flexibility
introduces inefficiency that, especially in
1Gbps and 1OGbps applications, can
seriously limit the applications in which
Ethernet can cost-effectively consolidate
interconnect layers of the system fabric.

standards coexisting together and it
modified the DIX header format in the
802.3 standard to support both standards
over the same network.
These early forms of Ethernet assumed a
network topology based upon point-topoint connections between desktop
computers and Ethernet switches and
routers deployed in a star configuration.
Because the original intention was to
connect computer workstations, these early
designers also assumed that each endpoint
would have a powerful processor available
that could participate in protocol
processing.
Back in the 70s with the limited hardware
capabilities available at the time, this was a
sound business decision, balancing the
trade-off between hardware and software
in favour of software. This choice enabled
manufacturers to keep hardware simple
and inexpensive while maximising flexibility

THE ORIGINS OF ETHERNET
Ethernet's beginnings can be traced to
the labs at Xerox. In later years, Digital
Equipment Corporation (DEC), Intel and
Xerox released the" DIX" or Ethernet I
standard followed by Ethernet II.
Independently, the IEEE organisation
created the 802.3 specification that also

Feature
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IN THE LAST ISSUE WE STARTED A SHORT SERIES ON ETHERNET AND
RAPIDIO INTERCONNECT TECHNOLOGIES: TYPES, TECHNICAL COMPARISONS
AND OVERVIEW, PRACTICALITIES AND DESIGN CONSIDERATIONS. IN THIS
SECOND ARTICLE GREG SHIPPEN, SYSTEM ARCHITECT FOR THE FREESCALE
SEMICONDUCTOR DIGITAL SYSTEMS DIVISION, AND A IVIEMBER OF THE
RAPIDIO TRADE ASSOCIATION'S TECHNICAL WORKING GROUP AND
STEERING COMMITTEE FOCUSES ON ETHERNET
tions, and the introduction of TCP/IP alone

and extensibility of the protocol across

developers willingly take the performance

many applications. As a result, Ethernet

hit of utilising UDP or TCP/IP rather than

adds 40 bytes of overhead to every packet.

was designed to have a relatively large

communicating directly through the more

Additionally, Ethernet's mandate to

protocol stack, especially when higher-layer

efficient lower layers.

services such as TCP/IP and RMDA are
introduced.
In the new millennia, however, the

The second alternative available to
developers is to offload TCP/IP processing
to a specialised hardware engine. However,

maintain backward compatibility, while
ensuring its long-term viability, has led to
undesirable header legacies such as
maintaining preamble and IFG fields

balance between hardware and software

given the many flavours available based on

required for the original half-duplex shared

has shifted significantly. Advances in silicon

the flexible choice of features within

coax PHY but for which more recently

manufacturing technology have enabled

Ethernet, no single, unified specification is

defined PHYs have no need.

Ethernet PHY data rates to increase from

uniformly implemented, resulting in a

1OM bps up to 10Gbps, but the degree of

diversity of actual implementations and

reduce interconnect complexity and cost is

innovation in software processors has not

increased Ethernet stack complexity. As a

to consolidate the data plane and control

kept a similar pace . Given Ethernet's

consequence, even off-the-shelf TCP/IP

plane onto a single fabric. Because of the

extensive protocol stack, formidable

offload engines are effectively proprietary
implementations, each with its own unique

differing nature of the packets they
transport - data plane traffic must support

partitioning of processing between

some degree of OoS with minimum

protocol processing bottlenecks quickly
overwhelm host processors in 1Gbps and

One of the most important ways to

1OGbps embedded applications . Currently

hardware and software and vendor-specific

bandwidth guarantees while control plane

developers have two approaches available

Ethernet stack that ties down developers.

traffic must have guaranteed delivery with

to them to address protocol processing

Clearly there is little advantage to be

low latency - such a fabric must be fairly

bottlenecks in high-speed applications:

gained from using an established standard

advanced in its capabilities .

custom stacks and TCP/IP Offload Engines
(TOEs).

constraining, proprietary fashion.

to 1500 bytes (up to over 9000 with jumbo

OVERCOMING INEFFICIENCIES

packets). Because of its fixed overhead,
efficiency is best with a maximum payload,

if it must be implemented in such a

In order to preserve its flexibility over the
years, many of Ethernet's advanced
features, such as RDMA, are implemented

Even with hardware protocol processing

Ethernet supports a payload size from 64

not at the typically much smaller size of

as optional layer 3+ protocols . These extra

such as TCP/IP offload, Ethernet's simple

control plane transactions . Such large

layers come at the cost of increasing header

header and flexible architecture make it

payloads also come at the cost of increased

size, added protocol complexity and latency,
and reducing overall throughput efficiency,

quite inefficient for many high-speed
embedded applications. For example, basic

latency jitter, which can increase systemlevel costs when transporting jitter sensitive

all of which further aggravate protocol

Ethernet offers only best-effort transport. In

processing bottlenecks. Custom stacks
enable developers to optimise protocol

order to meet the guaranteed packet
delivery and minimum quality of service

data such as voice .
Additionally, a data/control fabric must be

processing through stacks specialised for a
particular application.

(OoS) requirements of backplane

Unfortunately, the cost of supporting
custom stacks across mUltiple vendors or
even multiple generations of the same
vendor hardware quickly becomes

applications, developers must introduce
higher-layer protocols which add extra
header fields that increase parsing
complexity and latency.
Also, since Ethernet must support

significantly over-provisioned in order to
eliminate control packet loss and thus limit
associated latency and jitter. Assuming 2535% usage for many applications,
sustainable effective throughput for Layer 2
traffic takes a substantial hit, dropping to
- 250Mbps for 1GE and 2 .5Gbps for 10GE,

prohibitive. The ready availability of robust

millions of endpoints in the LAN, its MAC

off-the-shelf TCP/IP stacks with proven
reliability is the primary reason many

address is substantially bigger than it needs

depending on average packet size. Even
with over-provisioning, end-to-end latency

to be for backplane and chassis applica-

can still run in milliseconds since traffic
Electronics World
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must traverse multiple layers of software
protocol stacks.
Ethernet's single transaction type also
limits efficiency. Backplane applications, for

,------------ - -----------------Ethernet Endpoint

example, typically move tremendous
amounts of latency-sensitive data . For these
applications, Remote DMA (DMA) is
becoming an increasingly important higherlayer Ethernet protocol that enables direct
placement of data into destination buffers,
thus minimising the number of times data
must be copied as well as number of
associated processing interrupts required .
These efficiencies, however, come only at
the cost of increasing overall protocol stack
complexity.
While TCP/IP and RDMA serve to harden
Ethernet, making it robust enough to use in
embedded applications, in comparison to
protocols such as RapidlO technology that
have been designed specifically to serve as
a backplane transport, Ethernet is extremely
inefficient (see Figure 1). RapidlO
technology, for example, was designed to
minimise latency, limit software impact and
simplify switches while achieving effective
data rates from 667Mbps to 30Gbps for
embedded in-the-box and chassis control
plane applications . Its high efficiency is
made possible through hardware-based

packets have been dropped. Without shortterm, link-level flow control, endpoint
receive buffers must be larger to avoid
overruns .
Further exacerbating latency is how error

QUALITY OF SERVICE

detection and recovery occurs at the system
rather than link level . Time-outs, therefore,
exist only at Layer 3 and above, resulting in
much longer time-outs and significantly
increased latency jitter. Because there are
no hardware-based recovery standards such
as retries or time-outs, packets will have
been dropped for a significant period of

OoS is critical for many backplane
applications. While TCP/IP enables Ethernet
to support millions of individual streams
and differentiate traffic by port number and
protocol fields, no commonly used Class of
Service (CoS) field exists. Additionally,
Ethernet's best-effort service com mon Iy
manages congestion by dropping packets,
leading to latency jitter as a result of the
use of higher-layer protocols to guarantee
packet delivery.
Further degrading Ethernet OoS is the
fact that system fabric flow control
mechanisms belong to upper-layer
protocols such as TC P. This prevents
proactive congestion management since by
the time TCP flow controls are invoked,

time before failure is detected, severely
impacting the reliability of control plane
transactions.
Clearly, for high-speed embedded
applications, Ethernet is limited in its
ability to serve as reliable and efficient
system interconnect. Ethernet was
designed and optimised to connect a
large number of powerful computing
endpoints . With its flexible yet inefficient
header and best-effort approach, the
further Ethernet extends down into the
system fabric, the more its capabilities are
stretched to the point where performance, throughput and reliability
degrade excessively (see Figure 2) . Even
Ethernet's most compelling advantage -

latency jitter has already occurred and

low cost through widespread deployment

protocol processing as well as inherent
support for read/write operations,
messaging, data streaming, OoS, data
plane extensions and protocol
encapsulation, to name a few of its
capabilities .

18
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and high volumes - doesn't apply to most
high-speed embedded applications
because of the need for specialised
implementations of Ethernet supported
by only a limited vendor ecosystem. The
majority of Ethernet's volume is in the
LAN and the reality is that these cost
economies and capabilities simply don't
always carry forward as Ethernet
attempts to serve as a system-level fabric.
Developers designing efficient highspeed embedded backplanes and chassis
need to look beyond Ethernet to other
technologies such as RapidlO for
example, which while originally conceived
as a front-side bus for high-speed
embedded processors was specifically
designed from the ground up to function
as a system-level interconnect. By
considering these more appropriate
alternatives, developers can successfully
consolidate the multiple interconnect
stages, reducing the number of protocols
making up a system fabric and leading to
increased simplicity, throughput,
functionality and reliability. Certainly
Ethernet will continue to dominate the
LAN but without doubt it will be another
protocol that serves as the system-level
fabric that carries embedded developers
into the future . •
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MULTIMEDIA CONVERGENCE
K. FAWZI IBRAHIM,
A SENIOR LECTURER
AT THE COLLEGE OF
NORTH WEST
LONDON AND
DIRECTOR OF KFI
TRAINING AND
CONSULTANCY, HERE
PRESENTS A SERIES OF
ARTICLES BASED ON
THE FORTHCOMING
4TH EDITION OF
NEWNES GUIDE TO
TELEVISION AND
VIDEO TECHNOLOGY.
IN THE SECOND
ARTICLE SEEN HERE,
HE DESCRIBES WHAT
HAPPENS TO THE
DIGITAL 'BIT' IN THE
CONVERGED WORLD
OF MULTIMEDIA

between broadcasting and telecoms have
become increasingly blurred since the
early 1980s; some analogue TV services
have been used to deliver limited
"telecoms-like" services, such as delivery
of encrypted teletext services for
individuals or closed groups of users for
example.
The introduction of digital radio and
TV networks opens up new opportunities
for data services, particularly for delivery
to portable or handheld devices. Demand
for short 30-second video clips (e.g . a
football goal) on mobile phones is
increasing. Large-scale on-demand video
services via UMTS (Universal Mobile
Telecommunication System) proved to be
uneconomic. Instead, attention has
turned to the benefits of one-to-many
services: rather than sending individual
video streams to each consumer, it would
be much more efficient to transmit the
same material simultaneously to all those
interested. Of course, this "new idea" is
actually" broadcasting" I
The over-used concept of convergence
can apply to incorporating Internet
services onto a broadcasting platform,
known as Digital Multimedia
Broadcasting (DMB), or conversely,
incorporating broadcasting services onto
the Internet platform, known as on-line
convergence, or a mixture of the two.

DMB
n the digital world, a "bit" is a
"bit" whether it represents audio,
video, data or software .
Consequently, in principle, there should
be no need for separate networks for
broadcasting and telecommunications.
Of course, the reality is slightly more
complex. In practice, there are some
fundamental distinctions between
broadcasting and telecommunications .
Broadcasting essentially delivers one-way,
one-to-many services, whereas telecoms
operators provide two-way, one-to-one
services. Nevertheless, the boundaries

I
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Arising from the hype surrounding the
Internet, there has been increasing
interest in offering multimedia services to
mobile phones . First, there was the big
bang of selling frequencies for UMTS all
over Europe, but it turned out that UMTS
will not offer the huge bandwidth that
modern streaming Internet applications
such as TV require. This means that,
apart from point-to-point applications,
there is an increasing requirement for
point-to-multipoint, wireless Internet
access technologies . Hence, the
terrestrial broadcast systems come into

focus, as a means of streaming
multimedia content to mobile, portable
and handheld receivers.
There are two different technical
solutions that could meet these
requirements :
t DVB-H (H for handheld), the latest
terrestrial standard from DVB;
t DAB (Digital Audio Broadcasting),
adapted for multimedia delivery;
t A third solution, ISDB-T from Japan is
not to be deployed in Europe .
Although the fact that all three
components - audio, video and data are presented in digital form makes it
possible for them to share the same
transmission medium, it is not sufficient
for practical convergence. What makes
the whole enterprise a practical
possibility is their adherence to a
standard network communication model,
the Open System Interconnect (OSI)
model [see panel].

DVB·H
The terrestrial version of the DVB
system (DVB-T) was developed in the
mid-90s. It was primarily intended for
portable and stationary reception using
roof-top antennas. The design of the
system was strongly influenced by the
cost of the receiver.
To make the receivers cheaper, time
interleaving - which would have
benefited mobile reception - was not
implemented; instead, the same error
correction as the satellite system, DVB-S,
was used .
DVB-T can effectively be used for
mobile and portable reception provided
the multi-antenna diversity receiver is
available to enable high-speed mobile
reception of DVB- T. However, such fast
varying channels are error prone. The
situation is worsened by the fact that
antennas built into handheld devices
have limited dimensions and cannot be
continuously pointed at the transmitter if
the handheld terminal is in motion . This
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Figure 1: DAB TV system architecture
is just one of the problems of using DVBT. The stumbling block for the use of
straight forward DVB-T for mobile
devices is however, the very practical
problem of battery life. Power
consumption of DVB-T front ends is too
high to support handheld receivers that
are expected to last from one to several
days on a single battery charge.
To make DVB-T suitable for mobile
multimedia services, a dedicated
standard for handhelds, based on DVBl was necessary. It is called DVB-H
(DVB-Handhelds). The aim is to provide
an efficient way of carrying multimedia
services over digital terrestrial
broadcasting networks to handheld
terminals.
DVB-H specifications were drawn up
with the following objectives:
• To power off some part of the
reception chain to increase the battery
useful lifetime;
• Easy access to services and seamless

transition from one service to another;
• Sufficient flexibility/scalability to allow
reception of services at various
speeds, while optimising transmitter
coverage;
• To mitigate against the effects of high
levels of man-made noise such as car
ignitions interference;
• To provide a generic way to serve
handheld terminals in various
transmission bands and channel
bandwidths in various part of the
world;
• To receive multimedia services using a
single antenna in the portable, mobile
and indoor environments;
• To maintain maximum compatibility
with existing DVB-T networks and
systems.
These requirements were drawn up after
much debate and with an eye on the
emerging convergence devices providing
video services and other broadcast data
services to 3G handheld devices.

DVB-H SYSTEM PROPERTIES
The main properties of DVB-H are:
time-slicing, IP interfacing, enhanced
signalling and in-depth interleaving. In
order to save power, a power-saving
algorithm based on time division has
been introduced. The technique, called
time slicing, results in a large battery
power-saving. In order to provide a
common platform with Internet services,
and for reliable transmission in poor
signal reception conditions, IP interfacing
with an enhanced error-protection
scheme was developed. This scheme is
called MPE-FEC (Multi-Protocol
Encapsulation - Forward Error
Correction). It employs powerful channel
coding on top of the channel coding
included in the DVB-T specification and
offers a degree of time interleaving.
Furthermore, the DVB-H standard
features an extra network mode, the 4K
mode, offering additional flexibility in
designing Single-Frequency Networks
Electronics World
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(SFNs) which still are well suited for
mobile reception, and also provides an
enhanced signalling channel for
improving access to the various services.
Convergence with Internet services is
accomplished by IP (Internet Protocol)
encapsulation of Internet services prior to
the transport multiplexing stage .
DVB-H is fully compatible with DVB-T.
It can be used in 6MHz, 7MHz and 8MHz
channel environments. However, a 5MHz
option is also specified for use in nonbroadcast environments . A key initial
requirement, and an amazing feature of
DVB-H, is that it can co-exist with DVB-T
in the same mUltiplex. Thus, an operator
can choose to have two DVB-T services
and one DVB-H service in the same
overall DVB-T multiplex.

TIME-SLICINCi

of on-time/power-save time, the resulting
power saving may be more than 90%.
Time slicing offers another benefit for
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A special problem for DVB-H terminals
is the limited battery capacity caused by
the relatively high power consumption of
a DVB-T front end, typically in the region
of 600-1 OOOmW. Before anyone of the
multiplexed elementary streams of the
selected programmes can be accessed,
the whole data stream has to be
decoded first. A large part of the power
consumed by the front end is therefore
unnecessary. The power saving made
possible by DVB-H is derived from the
fact that essentially only those parts of
the transport stream which carry the
data of the service currently selected
have to be processed.
In order to do this, the data stream
needs to be reorganised in a suitable
way for that purpose . With DVB-H,
several services are multiplexed using
pure time-division. The data of one
particular service is therefore not
transmitted continuously but in compact
periodical bursts with interruptions in
between. At the transmitting end,
several services with different bit rates
are multiplexed and a continuous,
uninterrupted transport stream at a
22
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Figure 2: The 051 process
constant bit rate is maintained .
To indicate to the receiver when to
expect the next burst, the time to the
beginning of the next burst is indicated
within the burst. Between the bursts,
data of the elementary stream is not
transmitted, allowing other elementary
streams to be transmitted using the
remaining bandwidth . Time-slicing
enables a receiver to stay active only a
fraction of the time, while receiving
bursts of a requested service.
Bursts entering the receiver have to be
buffered and read out of the buffer at
the service bit rate. Practically, the
duration of one burst is in the range of
several hundred milliseconds, whereas
the power-save time may amount to
several seconds. Depending on the ratio

comparatively long power-save periods
may be used to search for channels in
neighbouring network cells offering the
same service but that offers better
reception. This is important as the
handheld receiver movement may take
him from one network cell to another. In
this way a channel handover can be
performed at the border between two
cells which remains imperceptible for the
user.

DAB TV
DAB easily lends itself to portable and
handheld receivers as it was designed
with mobile reception and single
frequency networks in mind. It was not
surprising therefore that it became a
favourite in the delivery of digital
multimedia broadcasting. Unlike DVB
which had to be modified to incorporate
the requirements for portable and
handheld reception, DAB from its
inception was designed for mobile
reception with one antenna. With DAB,
data is sent in bursts that are part of a
frame, which lasts 24ms followed by a
null frame using time interleaving, to
overcome the problem of fading.
Another advantage of DAB is the use of
UEP (Unequal Error Protection) technique
in which bits are protected according to
their importance in the decoding
process. This is very important for mobile
and portable reception where hostile
reception conditions cannot be avoided.
The DAB system is capable of carrying
IP packets (datagrams) using IP/UDP
connectionless protocol. As these packets
travel unidirectionally from a service
provider to many users simultaneously, it
is not necessary to establish a connection
between the transmitter and the user
prior to the transmission of data.
A DAB-TV system, also known as DAB-
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IP is illustrated in Figure 1. Live TV is

In the UK alone there are over 30

MULTIMEDIA

OSI model in which the data load

encoded and encapsulated into an IP
frame to be multiplexed with the normal

million twisted-pair phone lines in

(payload) is encapsulated into a packet

operation between BT exchanges and

with an IP header containing various

digital radio broadcasts. The resulting

individual subscribers' premises.

information and control bits including

transport stream is then fed into the DAB

Originally the telephone lines were

the destination and source addresses.

broadcast network and transmitted as a

designed to carry simple command

Since IP networks are bi-directional,

Mode 1 OFDM VHF signal. The IP

(dialling) pulses and frequency-restricted

IPTV can deliver not only live television

interface provides an independent

(300-3500Hz) baseband voice signals.

but also interactive and on-demand TV

platform which supports a wide range of

The remaining bandwidth of a copper

Telecom operators who have been

services and applications.

wire was left unused. With the

traditionally interested in providing

TV encoding employs Enhanced Packet
Mode (WorldDMB, formally known as

introduction of electronic exchanges,

communication services between clients

touch-tone dialling and routing

find their role is being expanded to

the World DAB Forum standard) which

functions became possible.

enables video and other services such as

The next step was to use a full digital

provide what is known as Triple Play:
communkation services (including Voice

an Electronic Program Guide (EPG) that

system where the copper wires from

are more sensitive to errors than the

each subscriber terminated in an

connection and IP-based television and

native audio services, to be carried.

interface or 'line card' containing ADCs

video-on-demand services.

At the receiving end, the handset
decoder extracts the required TV
channel from the multiplex, decodes it

and DACs. This made a wide band of
frequencies available to be divided into
4kHz 'telephone channels'. The

over IP, or VoIP); a high-speed Internet

At the receiving end, playback
requires only an Internet connection and
an Internet enabled device such as a

and feeds it into the small screen
display. The handset also receives and

sampling rate of 8kHz and 8-bit

personal computer, iPod, set-top box

quantisation retained the traditional

connected to a TV receiver or even a 3G
cell/mobile phone to watch the IPTV

decodes the normal interactive services

analogue bandwidth resulting in a

through the third generation (3G)

64kbps per telephone channel. First,

broadcasts. Apple's iPhone uses mobile

platform.

time-division multiplexing was used in

phone GSM (Global System for Mobile

what is known as ISDN (Integrated

Communications) quad-band (900MHz,

multiplex capacity with DAB digital

As can be seen, DAB-TV shares

Services Digital Network) and by

1800MHz for Europe and 850 and

audio services. This enables operators to

combining a number of 64kbps

1900MHz for the Americas) to provide

use spare capacity on DAB networks to

channels, high bit rates were reached.

images and television shows and films,

start offering mobile TV without waiting

One of the problems of ISDI\] is that the

Internet, email and text messages as

for a new spectrum to become

bit rate is limited and a new cabling

well as mobile phone facility . •

available. This is the main reason for

from the subscriber to the exchange

DAB-TV gaining ground over its rival

was needed. ADSL (Asymmetrical Digital

DVB-H system.

Subscriber Line) solved that problem by
using frequency-division techniques and

ON-LINE CONVERGENCE

OPEN SYSTEM
INTERCONNECT (051)

dynamic control of the bit rate.

On-line convergence involves sending
video broadcast services on traditional
twisted-pair telephone lines. There is
nothing new about video streaming,
sending video clips down the line to be
downloaded on a PC. However, sending
live TV broadcasts down the line, usually

IPTV
Internet Protocol Television (IPTV), also
known as Broadband Television (BTV)
involves accessing multimedia content
via a broadband connection and viewing
it on a normal TV IPTV is not the same

known as IPTV, is of a qualitatively

as Internet TV which accesses TV via a

different scale. These services are often

Pc. IPTV is sometimes called ADSL TV or

called Broadband TV, ADSL TV, DSL TV

DSL TV

or IPTV First let's look at the telephone
system and at the technique known as

The Internet Protocol as mentioned
above is a packet delivery system
operating at the Network Layer 3 of the

ADSL.

The model describes how
information or data makes its
way from an application by a
user such as a spreadsheet or a
video clip, through a network
medium such a pair of wires, a
radio or a satellite link to
another user located on a
remote network.
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RF MEASUREMENT BASICS
FOR THE DC TEST ENGINEER
TEST ENGI NEE RS
WHO NOW HAVE
THE ADDE D
RE SPON SIBILITY FOR
CHARACTERISING
WIR ELESS
PRO DUCTS NEED TO
UND ERSTA ND THE
BASICS OF M AKING
RF MEASURE M ENTS.
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APPLICATIONS TO
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RF TECHN OLOGIES
AN D TE ST
IN STRUM ENTATION.
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M ANAG ER AT
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he number of wireless
communication products based on
radio frequency (RF) technology is
growing at an astonishing rate. For
example, the number of mobile phones
manufactured each year is approaching one
billion units. in addition to the growing
popularity of other consumer products like
wireless-internet-accessible PDAs, WiFienabled laptops and Bluetooth headsets,
there is rapid growth in the production of
RF devices like RFID tags for inventory
control and supply chain management (and
many other applications), wireless medical
devices and Zig Bee sensors.
To ensure the products their
organisations design and manufacture are
tested thoroughly and efficiently, test
engineers need to understand the basics of
RF technology - what to test for and which
instruments are best suited for a particular
application. Test engineers who have
historically worked with low frequency
applications (products operating at
frequencies of less than 1 MHz) need to reacquaint themselves with the RF
technology they learned but have not used
for a long time.

TALKING T HE T ALK:
LEARNING THE CORRECT RF
TERMINOLOGY
• RF engineers talk about power, not
voltage
RF signal strength can vary dramatically.
As the signal propagates through space,
the power per unit area decreases
proportionally to the distance squared, so
changes in power are measured in
decibels (dB).
Using decibels for power measurements
greatly simplifies calculations. Unlike DC
calculations that involve multiplication or
division (such as i x R = V), power gains or
losses are calculated by adding or
subtracting in dB. The formal definition of
dB is:
dB = 10 log (Pout/Pin)

A dB value is a relative quantity; in
other words, it's only meaningful in
relation to some reference value. A
related unit is dBm, which is the absolute
power measured relative to 1mW. Figure
1 lists dBm values and their corresponding
values in Watts. The power transmission
range of a mobile phone is shown as
reference, as well as how Iowa signal
that a sensitive receiver can detect.
Figure 2 shows an equation defining
the theoretical noise floor for RF signals at
room temperature. The signal level that
reaches the receiver can be quite low for
a number of reasons, including
attenuation due to the signal's
propagation through air, atmospheric
electromagnetic interference and
interference from other RF signals. it is
not unusual for a receiver to be capable
of detecting signal levels less than 0.1 pW,
which is equivalent to less than 1 ~V of
signal level.
• Impedance mismatches lead to
power losses
In circuits operating at low frequencies,
the goal is to transfer voltages through
circuits with minimal voltage drop. The
most effective circuits have high input
impedance and low output impedance.

dBm

-140
-130
-100
-70
- 60
-50
-40
-30
-20
-10
0
+10
+20
+30
+40
+50

Watts

0.01
0.1
100
100
1
10
100

fW
fW
fW
pW

}

Receiver
Sensitivity
Range

nW

nW
nW

1~W

10 ~W
100 ~W
1mW
10mW
100mW
1 W
10 W
100 W

Cellular
Phone
Transmitter
Range

Figure 1: dBm values and their
corresponding values in Watts
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The Noise Floor The smallest signal
that can be resolved
Noise Power =
(Noise Floor)

P

ex:

-174dBm + 10 log 10 (Bandwidth)

impedance difference, there will be waves
travelling in both directions on the
transmission line .
At some point where the waves are in
phase, a maximum voltage (Vmax) will

1Hz

kTB

With RF applications, where the cable

per unit distance), such as in cable

occur; the point where the waves are 180
degrees out of phase, the minimum
voltage (Vmin) will occur. The ratio of
Vmax to Vmin is the voltage standing
wave ratio or VSWR. This is one indication
of how close the impedance of a
connector or a cable is to 50Q . Figure 3
lists the formulas for determining the
other measures of mismatch from 50Q or

might be as long as one-quarter of a
wavelength, signals must be treated as
waves . Any time a wave hits an
impedance mismatch, some of the wave is
reflected.
The goal with RF signals is to transfer all
the power to the load without loss . Any

television systems. Most RF wireless
transmission systems are optimised for
power transfer and are 50Q characteristic
impedance systems.
To minimise reflections, RF cables and
components for test and measurement
systems for wireless devices are designed
for 50Q . Conversely, the optimal power

from some other characteristic impedance .
The reflection coefficient (p) is a direct
indication of the percentage of the signal
that is reflected at a discontinuity or a
change in impedance (cable-to-instrument
connector or antenna-to-Iow noise
amplifier, as examples) .
The return loss is a measure of the

transfer takes place when impedances are
matched .
A wave passing from one characteristic

attenuation to a reflected signal . A high
return loss is desirable. Figure 4 shows
the relationship between the three values

impedance to a different characteristic
impedance causes reflection and
transmission . If the impedances are the
same, there is no reflection . In cases
where there is a reflected wave due to an

for the ideal case, a perfect match (no
reflection), the ideal open circuit or short
circuit (100% reflection) and for three
values in between these extremes . Test
instrumentation typically has input or

• Noise Power in 200kHz bandwidth = -121dBm
• Noise Power in 1.23MHz bandwidth = -113dBm

Figure 2: The equation that defines the theoretical noise floor for RF signals at
room temperature

reflection of power means that some of
the power is not getting to the load, so
mismatch is a critical parameter. Any
difference in impedance between circuit
elements and the transmission line causes
reflections and loss of power.
In RF applications, transmission lines are
generally coa xial cables external to circuit
boards and microstrips within circuit
boards. These components have
characteristic impedance. The expression
for the characteristic impedance of a
transmission line depends on the
geometry of the conductors, the
properties of the conductors and the
insulator holding or separating the
conductors .
For RF applications, the characteristic
impedance of the transmission lines and
the input and output impedances of
components are designed to be 50 or
75Q . A 50Q impedance is used to
optimise power transfer in a system
because that value is close to 30Q, the
maximum power handling capacity for
coaxial transmission lines, while 75Q
systems are designed to minimise
attenuation (i.e . reduction in signal level

Reflection
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Voltage
Standing
Wave
Ratio
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p=--=--
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P
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+
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VSWR-I
VSWR+l
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Figure 3: Formulae determining the other measures of mismatch from 50Q or
from some other characteristic Impedance
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p

VSWR

Return
Loss

Reflected
Power

oodB

0.0%

1.10:1

26.4 dB

0.2%

0.099

1.22:1

20.1 dB

0.224

1.58:1

13.0 dB

0

1.0:1

0.047

- --

1

-

00

o dB

No reflection
ZL= Zo

1.0%

---

5.0%
100 %

Full reflection
ZL = open,short

Figure 4: The relationship between the three values for the ideal case, a perfect match
(no reflection), the ideal open circuit or short circuit (700% reflection) and for three
values in between these extremes

reports absolute power, usually expressed
in Watts, dBm, or possibly, dB microvolts.
In most power meters, the broadband
detector (or sensor) is an RF Schottky
diode or diode network that performs an
RF-to-DC conversion .
Power meters provide the best accuracy
of any RF instrument for measuring
power. High-end power meters (which
often require an external power sensor)
can measure with 0.1 dB accuracy or
better. Power meters can operate down
to near -70dBm (1 OOpW) . Sensors range
from high power models to high
frequency (40GHz) models; high
bandwidth models are available for peak
power measurement.
Power meters may have either one or

output VSWRs in the 1.2 :1 to 1.6:1 range .

between the connectors .

• Get up to speed on RF connectors,
cables and components

• Maintaining the 50g line
throughout a test system

The frequency response of cables with
BNC connectors typically begins to
degrade at frequencies greater than
500MHz. In the RF world, cables are
often equipped with N-connectors and
SMA connectors . N-connectors are

Avoiding parallel connections or
multiple signal paths in RF circuits is not
as simple as in low frequency circuits.
Maintaining a matched circuit path to
minimise discontinuities and signal
reflections is critical. RF switches are

commonly used on test instrumentation,

precision-machined and designed to
maintain 50Q impedance through the
switch .
To effect a parallel path in RF, devices
known as splitters or dividers separate an

Some power meters can take up to 200
to 1,500 power readings/sec. Some can
measure peak power characteristics of
many types of signals, including
modulated signals and pulsed RF signals
used in communications and other
applications. Two-channel meters can also
make accurate relative power

input signal path into two or more
output paths, each with 50Q impedance.
Combiners perform the opposite function
by converting multiple input paths into a

measurements. Power meters can be
packaged into small enclosures designed
for portability, making them suitable for
use in the field .

single output path. These are just of a
few of the specialised components
needed for RF test systems . If you are
new to RF test, be prepared for sticker
shock because RF components cost much
more than their equivalent DC
components .

A power meter's main drawback is its
limited amplitude measurement range,
which represents a trade-off for the wide
frequency range it covers. In addition , a
power meter will provide an accurate
measurement of a signal's power but will
give no information on the frequency
composition of the signal.

because they are rugged, can handle
high power and perform well up to
about 18GHz. The SMA-connector is
much smaller than the N-connector and
is rated for lower power than the Nconnector, but it can be used well
beyond 18GHz.
All RF cables are coaxial. Coaxial RF
cables can be inflexible (rigid), flexible
for a limited number of bends (semirigid), or flexible. Care of the cable is
much more important for RF cables than
for low frequency cables . Excessive
bending of the cable and sharp, 90 0
bends can cause damage to the cable,
severely degrading performance.
At low frequencies, a good connection
means that the conductors are in
contact with each other (simply
continuity) . At RF frequencies, the
importance of mismatch means that a
good connection not only has the
conductors in contact but also that the
connectors are properly torqued
together. Manufacturers recommend
about 90 Newton-centimeters of torque
to ensure good contact and minimal
resistance (insertion loss in RF terms)
26
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• What kinds of RF instrumentation
do your tests demand?
There's a growing array of RF test
instruments that are commercially
available, including signal sources, power
meters, spectrum analysers and network
analysers .

POWER M ETERS
Power is the most frequently measured
RF parameter. The easiest way to measure
power is with a power meter, which
employs a broadband detector and

two channels, but each channel requires
a separate sensor. Meters with two
channels allow measuring both input and
output power on a device, circuit, or
system, which is useful for computing a
gain or loss.

SPECTRUM AND VECTOR
ANALYSERS
A spectrum or vector signal analyser
measures RF signals in the frequency
domain using narrowband detection
techniques . The primary output display is
a spectrum of power vs frequency (both
absolute and relative power). The output
can also be a demodulated signal.
Spectrum analysers and vector signal
analysers lack the high accuracy of power

Feature

meters; however, the narrowband
detection techniques they employ allow
them to make measurements at levels as
low as -1S0dBm . RF analysers typically
have accuracies of ±O . SdB or better.
Spectrum and vector signal analysers
can measure signal frequencies ranging
from kilohertz to 40GHz and beyond .
However, the wider the analyser's
frequency range, the higher its cost. The
most common analysers can measure
frequencies up to 3GHz . New
communication standards, which operate
in the S.8GHz region, require analysers
with 6GHz bandwidths and higher.
Vector signal analysers are spectrum
analysers with added signal processing
capabilities, which not only measure a
signal's amplitude but also can
decompose the signal into its in-phase
and quadrature components. Vector signal
analysers can demodulate modulated
signals, such as those generated by
mobile phones, wireless LAN devices and
devices operating on other emerging
standards. Vector signal analysers can
display constellation diagrams and code
domain plots, and compute measures of
modulation quality such as error vector
magnitude .
Traditional spectrum analysers are
known as swept-tuned devices because a
local oscillator is swept across a frequency
span so that a narrowband filter can
acquire the power content at the
individual frequencies within the
frequency span. Vector signal analysers
also sweep over a portion of the
spectrum, but they capture wide
frequency segments of data . This allows
vector signal analysers to capture a
spectrum much faster than spectrum
analysers can .
One key measure of a vector signal
analyser's performance is its measurement
bandwidth. The new high-bandwidth
communication standards, such as WLAN
and WiMax, generate 20MHz bandwidth
signals. To acquire and analyse these
signals, the analyser must have a
bandwidth wide enough to acquire the
whole signal. If you are testing high
bandwidth, digitally modulated signals, be
sure to specify an analyser that has the
measurement bandwidth to capture the
signal adequately.

A spectrum analyser will verify that a
transmitter is generating the appropriate

test requirements call for a stimulus

power spectrum . If design engineering
has requested testing of distortion
components such as harmonics or
spurious signals, then a spectrum or
vector signal analyser is needed . Similarly,
if a device's noise power is of concern, an
RF analyser is required. Other tests that
require a spectrum analyser or vector

signal . Key specifications for RF sources
include the frequency and amplitude
ranges, amplitude accuracy and
modulation quality (for sources that
generate modulated signals). Frequency
tuning speeds and amplitude settling
times are also critical for minimising test
time .
Vector signal generators are high

signal analyser include testing for
intermodulation distortion, third order
intercept, the 1dB gain compression on a
power amplifier or power transistor, and a
device's frequency response.
Testing a transmitter or amplifier that
must process digitally modulated signals
requires a vector signal analyser to
demodulate the signal. The vector signal
analyser can measure how much
modulation distortion a device is creating .

performance sources that often
incorporate arbitrary waveform generators
for digital signal generation . The arbitrary
waveform generator enables the vector
signal generator to produce any kind of
digitally modulated signal. Many
waveforms can be generated internally. In

The demodulation process is a complex,
computation-intensive process. Therefore,
vector signal analysers that can perform
the demodulation and measurement
computations quickly can reduce test
times significantly, which can help cut
testing costs.

be tested with the modulation that the
device-under-test (DUT) will process in its

some cases, a waveform can be created
externally and downloaded to the
instrument. If the test specifications
require a component, device, or system to

RF SIGNAL SOURCE

end use, a vector signal generator is often
needed.
RF sourcing is needed if test
specifications call for receiver sensitivity
tests, bit error rate tests, adjacent channel
rejection, two-tone intermodulation
rejection, or two-tone intermodulation

All RF signal sources generate
continuous wave (CW) RF sine wave

distortion . The two-tone intermodulation
tests and the adjacent channel rejection

signals. Some signal generators can also
modulate an RF signal (i.e . AM signals or a
pulsed RF signal), while vector signal

test require two sources. The receiver
sensitivity test and/or the bit error rate

generators use IQ modulators to generate
digitally modulated signals.
Types of sources
can be further
distinguished as
fixed CW
sinusoidal wave

~

test require a single RF source .
If the DUT is used in the mobile phone
industry, it will most likely require a test
KEITHLEY

RF DATA DISP
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outputs, sweepers
that sweep over a
range of
frequencies,
analogue signal
generators, and
vector signal
generators that
add analogue and
digital modulation
capabilities,
respectively.
An RF source is
needed whenever
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with the type of modulated signal
required by the mobile phone standard .
A mobile phone power amplifier will
require testing with a modulated source,
such as a vector signal generator. To
ensure a specific vector signal generator
will provide the fastest possible test
times, evaluate the speed at which it can
switch between different modu lated
signals.

NETWORK ANALYSERS
Network analysers combine an internal
RF source and either a broadband or
narrowband detector to test RF devices.
The output displays the device
characteristics in either x-y rectangular
coordinates, polar display, or a Smith chart
(Figure 5).
Essentially, a network analyser measures
the S-parameters of a device . A vector
network analyser can provide both
magnitude and phase information and can
determine transmission losses and gains of
these devices over a wide frequency range
with good accuracy. It can also measure
return loss (reflection coefficient),
impedance match and, when used in
conjunction with a vector network
analyser, phase measurements and group
delay together.
Network analysers are used mostly for
analysing components such as filters and
amplifiers. It's important to be aware that
these instruments work with continuous
wave unmodulated signals and that period
calibration is extremely important.
Network analysers are expensive because
they combine sourcing and measu rement
in a single instrument that offers a wide
frequency range.

POWER AMPLIFIER TESTING
Power amplifier (PA) testing is one
common application that requires four
major RF test instruments.
A source can provide the input signal
and either a power meter or a spectrum
analyser can measure output power. If
accuracy is critical, such as in a maximum
power mea surement, then a power meter
is needed for the output measurement.
A power amplifier's input match is a key
parameter of interest for a designer
developing an RF transmitter. It is
important to amplify all the power
supplied to the PA and avoid losing a
28
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substantial amount due to reflection. For
this reason, PA manufacturers will specify
and measure return loss (or S11) of a PA,
which a network analyser can measure .
Alternatively, if only the scalar magnitude
is required, then a source and a spectrum
analyser or power meter can be combined
with a coupler to measure the magnitude
of the reflected power. The only drawback
is that the setup is more complicated than
the use of a network analyser because
additional passive RF components are
required . The power meter will provide the
more accurate power measurement for the
return loss scalar measurement.
The ability of a PA to deliver power to a
load that has an input impedance that's
not matched to the output impedance
(typically SOQ) is a key measure of the
amplifier's ability to perform under realworld conditions, where loads such as
antennas may not have exactly SOQ
characteristic input impedance. In such
cases, a non-SOQ resistive load is switched
to the output of the PA. The load can
force the PA to output into a VSWR of up
to 20 : 1 (a SOQ load would result in a
VSWR near 1: 1, the ideal perfect match
VSWR) . The PA must be able to function
properly and deliver some power to the
load in the presence of a large amount of
reflected power.
Some output measurements require
spectrum analysis. RF PAs used in
broadcast or mobile phone applications
require that excess power not be
generated in frequency channels adjacent
to the channel at which the PA is
operating . Adjacent channel power,
intermodulation distortion and harmonic
distortion are mea sures of the power that
a PA generates outside the intended
tran smi ss ion channel. For these
measurements, dynamic range, the ability
to mea sure a small signal in the presence
of a large signal such as a carrier signal, is
an important spectrum analyser
specification.
For example, if a PA has a specification
that its adjacent channel power (for a
certain type of modulation scheme or for a
specific mobile phone standard) is 60dBc
(decibel s below the carrier), then the
dynamic range of the spectrum analyser
(under the required test conditions) must
be at lea st 6dB greater than the minimum
allowed power level for the harmonic, the

adjacent channel power level, or the
intermodulation product.
The adjacent channel power
measurement must be performed with a
modulated signal, which means the
source's adjacent channel performance
must also be considered. The source's
adjacent channel power output must be at
least 6dB less than the maximum
allowable adjacent channel power that the
power amplifier can generate.
For harmonic measurements, the
analyser must have a frequency range
three times greater than the maximum
operating frequency (3dB bandwidth
frequency) of the PA to adequately capture
the power in the third harmonic of the
maximum operating frequency. Again,
dynamic range and noise floor of the
spectrum analyser must be at least 6dB
better than the DUT to make a good
measurement on the third harmonic
component and have a reasonable signalto-noise ratio for an accurate and
repeatable measurement. The harmonic
measurements indicate the amount of
distortion the PA creates. Excessive
distortion can negatively affect modulation
performance.
Intermodulation distortion determines
how much distortion the PA generates
when signals at different frequencies or
components of a signal at different
frequencies are at the PA's input. Two
separate sources are required to generate
the test signals . One dual-output source
would have insufficient isolation between
the two outputs, which would cause the
source to create its own intermodulation
distortion, leading to higher and incorrect
amplifier distortion measurements.
Modulation quality measurements are
also often made on PAs designed for the
mobile phone market and other market
segments such as WLAN applications,
where complex modulation schemes are
used. This often involves measuring the
error vector magnitude.

MULTIPLE SOURCES NEEDED
This overview of key RF concepts and RF
test instrumentation attempts to give
some overall guidance on what types of
test instrumentation are needed to meet
test requirements. In many test
applications, multiple sources and
instruments will be needed . •
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FACING THE CHALLENGES
MURRAY COLEMAN, BUSINESS DEVELOPMENT MANAGER OF IP PRODUCTS
AT COMMUNICATIONS TEST EQUIPMENT MANUFACTURER ANRITSU, LOOKS
AT THE CHALLENGES AHEAD FOR ROLLING OUT THE NEW GENERATION OF
TELECOMS NETWORKS BASED ENTIRELY ON IP
II over the telecoms industry,
networks are moving to using the
Internet Protocol (IP). The growth
of the Internet and packet-based IP
technology has driven economies of scale
and new types of network architecture and
protocols that reduce costs ensure quality
of service and provide scalability. This is
attracting all types of network providers,
from the traditional telephone provider
adding video streaming to data and voice
services, through the cable operator adding
voice to data and video, to the mobile
phone operator routing all three over
wireless links and needing cost-effective
bandwidth back into the fixed network .
But the real cost savings come when the
network is entirely Internet Protocol (IP),
rather than a mix of different legacy
technologies such as ATM, frame relay,
SDH and even old PDH networks. Because
IP packets can run on any physical link,
most of today's data, video and voice-overIP (VoIP) traffic is still carried over these
older networks, creating significant
problems with running, expanding and
testing the network.

A

resilient. By providing higher bandwidth
that operates more reliably, all-IP networks
promise the ultimate justification for a
technology investment: better performance
for less cost.
Not only this, the equipment and services
supporting all-IP networks are essentially
the same, even though they can serve
many different markets and applications.
This creates tremendous potential
economies of scale, further reducing the
cost of investment.
The enterprise market, in particular, pulls
huge volumes of equipment from the
switch and router vendors. There is also a
large and evolving ecosystem of software
applications, both at the customer end and

BENEFITS OF ALL-IP
NETWORKS
The benefits of an all-IP network are, in
theory, huge. Unlike traditional telecoms
traffic, IP packets do not need to be
translated when they are switched from,
for instance an optical to an electrical
network; nor do they need to be repackaged when moving from one type of
carrier to another, a process that introduces
an error-handling overhead. This means
that an IP network can be faster and more
30
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Figure 1: Anritsu's MD7230

throughout the network. As software is an
increasingly important part of any network,
this allows the operators' software
engineers to focus on the areas where they
make a real difference, providing more
differentiation to the network offering,
rather than having to develop new
software for each new network technology
that comes along.
Again, when the carrier and the
enterprise are both on IP, they can enjoy
seamless links between their networks,
allowing corporate users higher
performance across wider areas. For
instance, the move to IP networks allows
the addition of new capabilities such as
Network-Attached Storage (NAS) and

Feature

OF ALL IP NETWORI(S
Storage-Attached Networks (SANs), where
arrays of hard disk drives can be added
easily to the network to prevent storage
acting as a bottleneck .
Finally, the architecture of an IP network
makes it resilient. Since packets take
different routes around the network and
are reconstructed at the end point, traffic
can be distributed more evenly around the
network . And if there is a failure at one
point, packets will still get to the
destination by other means.

THE DIFFICULTIES OF
IMPLEMENTING AN ALL·IP
NETWORK
These benefits of an all-IP network are all
available in theory and some have been
derived in practice. But carrying all types of
traffic on an all-IP network as described is
far from straightforward, whether in the
existing IPv4 or the newer iPv6 networks.
Perhaps the biggest challenge that
traditional telecoms network operators
face in adopting an all-IP network is that IP

Figure 2: Anritsu's MP1590

programmes. So 'channel-zapping', which
most - if not all - viewers do on broadcast
TV, will not be possible . User control will

There is a second big category of

probably be driven through indexes and

problem for the network operator seeking
to implement an all-IP network . Some old
network equipment is not suitable for

was not designed for streaming
technologies such as voice and data.
Quality of Service (QoS) algorithms are

menus even more than is currently the case
with satellite TV.
There are also different integrity priorities

handling millions of packets a second.
While routers can be regularly upgraded
over the network, they eventually hit the

applied on top of the original IP protocols
to give certain packets - typically, those
carrying voice or video - priority over data
that does not have to arrive within a

for different types of traffic. For instance,
to drop one packet in a video stream might
not be too important, but in a low-

limit of the performance of their hardware
and can cause bottlenecks in the system .
Because the IP packets tend to route
through the most direct path, this can put

specific time . Latency, and particularly
latency variation, also needs to be tackled
- especially in voice links, to prevent the
echo and delays that currently plague VolP
systems.
Multicast, primarily IGMP (Internet Group
Management Protocol), was not originally
designed to be a video delivery protocol, so
there are several issues when it is used to
control IPTV applications. First, many
network devices do not have the required
performance (i.e . forwarding rates) and will
need replacing or upgrading. Second, the
protocol itself includes an inherent join and
leave delay when changing multicast
groups, and for a TV service this will mean
that there is a lag when changing

bandwidth voice call it is critical, because a
much greater proportion of the data is lost.
With high definition video this is even
more important, as dropped packets affect
perceived picture quality and data rates are
10 times higher, providing 10 times more
load on the network and 10 times more
opportunities to drop packets .
Not only this, but IP is also inherently a
'best effort' technology: in other words, if a
packet does not get through, a new one is
sent to replace it. Not only does this cause
a delay, it also generates two additional
packets : one to notify the loss and one
replacement. This overhead can swamp the
network's bandwidth if it is not carefully
managed. Running the network under too

a problem router in the critical path and
slow down the entire network.
Test equipment can help the operator
manage this problem . By emulating a
router in the network and simulating its
performance with different types of
packets, the operator can, at any single
point in time, discover how to engineer
traffic to optimise data flows.
But networks are constantly evolving,
with IP running across many other network
technologies such as SDH and ATM. Test
routines and test equipment set-ups have
to accommodate this variety. In addition,
there is a limit to how far an operator can
scale up SDH or ATM traffic to handle ever-

much stress is just not a viable option .

greater loads.
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Figure 3: The network architecture for effective delivery of voice, data and video is extremely complex - migrating every element
of this structure to IP is far from a trivial task
Unfortunately, operators do not benefit
from a robust standards environment to
guide investment decisions and to deliver

challenges when it comes to the quality of
user experience. In short, dropped packets
are experienced by the user as dropped

rate. At 1ms, the same network could be
showing bursts of traffic that peak at

economies of scale. While the International
Telecommunications Union defines clear
standards for telecoms networks, there are

calls, poor quality voice and video, and slow
services.

These bursts of traffic hit network latency,
as packets get buffered at the routers and

The key problem is measurement. When
packets can travel through any number of
different routes, how can you measure

create bottlenecks that slow down the
entire network.

network latency and guarantee that the
network is supporting the QoS priorities
throughout?
The reason this is such a challenge is
because of the way in which test equipment
is set up to sample network traffic.
Operators typically sample network traffic at
1s intervals. This approach to network
monitoring has worked well for many years
on existing network technologies.
With a native IP network, however,
network traffic can fluctuate dramatically
depending on the type of packets being
carried and in ways that are not detectable
by the analysis of 1s samples. For example,
when sampled at 1s, a network might show
an average of a 4-5Mbitls data rate .
Sampled at 20ms, the same network might
show an average of a 20-30Mbitls data

YESTERDAY'S EQUIPMENT
FOR TOMORROW'S TRAFFIC

many different organisations - some
standards-based and others private providing specifications for IP technologies.
These include the Internet Engineering Task
Force (lETF), 3GPP (the 3rd Generation
Partnership Project) governing the mobile
telephony arena, and the Metro Ethernet
Forum.
The specifications from these
organisations can be interpreted in many
different ways. Further, there is a vacuum
where standards for network equipment
and test equipment should be, for instance
in the area of content security, which is
important for operators seeking to derive
revenue from the delivery of high-value
data streams such as video.

DELIVERING QUALITY OF
SERVICE OVER IP
An all-IP network poses very particular
32
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100Mbitls.

One of the challenges of the all-IP
network comes as a result of its very
flexibility. The global IP infrastructure
expands all the time, with new equipment
being added regularly to boost capacity. But
there is older equipment scattered around
the network and this can cause bottlenecks.
And because the packets can take many
different routes, the network operator does
not necessarily have control over the path
the packets take and, therefore, over which
equipment is used.
While much of the equipment is regularly
upgraded with new software and protocols,
some of the older routers cannot handle the
new protocols and the increasing bandwidth
requirements of video.

Feature

This is also driven by the business models
of the operators. During the dotcom boom
of the late 1990s, operators that installed
large amounts of equipment and waited
for the services to grow to fill the capacity
went bust. Now operators are offering
services - and installing equipment piecemeal to support the services as they
grow, leading to a mix of equipment
throughout the network .

IP traffic, which can be complex and time
consuming and can cause latency issues .

IMPACT OF PROTOCOLS
ON BANDWIDTH
The protocols running on the network

popular content in drives close to the
users . Also, copying large amounts of
content ta kes bandwidth . But this is the
lowest priority application, and can be
handled in the background.
But with this comes a huge challenge in

have as much impact on the quality of the
user experience as the physical network .
Using Point-To-Point protocols (PPP) in a

making the packets secure . The
provisioning of the services to make sure
that the streams, particularly video, go

As we shall see, this gives rise to a
requirement on the network operator to
do effective 'traffic shaping' - using
sophisticated monitoring and management
tools to route traffic effectively and
optimise bandwidth utilisation.

router can provide a dedicated link to a
user but dedicate large amounts of
bandwidth that might otherwise be used,

only to the people who have paid for
them, is vital for operators to see a return
on their investment. Specifications such as

making it an expensive and inefficient
approach .
Newer protocols such as MultiProtocol
Label Switching (MPLS) move many of the

IPsec operate at the network Layer 3 to
encrypt packets (rather than the higher
layer SSL security seen in websites), but

INCREASING BANDWIDTH
AT THE PLAYER LAYER

packet-handling algorithms from the Layer
3 down to Layer 2. Thus, MPLS enables
simple traffic engineering on IP networks

The bandwidth issue is inherent in the
fabric of the network . As more and more
data is carried, different network
operators are taking different approaches
to meeting the ever higher demands for
bandwidth and this has dramatic

and provides the ability to transport Layer
3 Virtual Private Network (VPN) channels
with overlapping address spaces.
Generalised MPLS (GrvlPLS) extends the
protocol for optical networks, but users
then face the issue of the move to the

challenges for testing and monitoring the
network . Ideally, Gigabit Ethernet would
form the backbone of the access
network, but these links have to be
aggregated into faster pipes . Currently

This uses the G.709 protocol as a digital
wrapper around the packets, with forward
error correction to provide a 6dB coding
gain . It gives enough headroom for the

these infrastructure pipes are running on
10Gbitls links, but the demand for video
has been driving the upgrade of these
links to 40Gb itls over the past 18
months.
Operators such as f\ITT in Japan are
testing 40Gbitls networks and there are
now proposals for 100Gbitls Ethernet.
But these have to interface to other
systems, such as 160Gbitls SDH test labs
in Germany, which can carry four
40Gbitls channels but could only carry
one 100G Ethernet channel without
complex conversion equipment.
And there are still issues in the access
network, as the old E1 links running on
PDH are still very popular and are carrying
IP traffic. These have to be aggregated
together and then converted into native

switched Optical Transport Network (OTN).

optical network to switch the packets
directly without having to de-multiplex the
packets to switch them and then remUltiplexing. This saves tremendous
amounts of time and gives a huge boost to
the latency of the services .

SECURITY: PROTECTING
REVENUE
Having everything as an IP packet allows
new architectures to be used, particularly
in storage . Arrays of SAN and NAS disks
from the enterprise world can be added at
any point in the network, avoiding the
creation of bottlenecks for accessing
content, which gives the operator more
flexibility and lower costs.
There are other issues to be considered
with distributed storage, such as caching

IMPLEMENTING TEST IN
THE ALL-IP ENVIRONMENT
Anritsu provides two families of
test, monitoring and emulation
solutions. The M01230 is aimed
at IP datacoms, providing traffic
simulation and protocol
emulation. This means a router
can be plugged into the test
equipment which emulates the
network elements and creates
simulated traffic flows. For
example, it can feed 26,000
varying VPN circuits into a
router to check that it is
operating effectively under
different traffic loads.
The MP1590 family adds
support for optical SOH and
OTN networks, which are
increasingly important as the
performance and bandwidth of
networks increases. This
product helps the user tackle
the mix of networks in the core.
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need more performance in the network
equipment. Emulation and monitoring
equipment has to also handle the IPsec
protocols to give a realistic model of the
network and evaluate its true
performance.

HOW WOULD STANDARDS
HELP?
All this highlights the need for standards
throughout the IP network . While the lack
of strict standards drives innovation in
equipment design, spurs the creation of
new features and drives down costs, at
the same time it creates significant
challenges . For instance, network
equipment providers have to demonstrate
interoperability between their equipment
through 'plug fests', and operators spend
millions of dollars every year on test labs
to ensure that the equipment works
together.
These challenges are even more
important for testing and monitoring the
network, as the test equipment has to
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handle a wide range of equipment from
many different providers and emulate the
effects of that equipment on the many
different types of packets in network
traffic at the full wire rate .
Unfortunately, the specifications from the
IETF are not sufficient at the performance
levels needed in the optical network. It is
vital to sample down to 1ms to find out
what is happening in the network so that
it can be controlled. Longer sampling rates
run the risk of missing latency issues, and
there is currently no guarantee that the
latency in the test equipment is actually the
latency that is measured in the network.
This needs standards from a test house
such as the UK's National Physical
Laboratory to determine the specifications
of test equipment such as OTDRs meet the
requirements of network testing .
There are also different implementations
of alarms and error handing in different
equipment, and the test and monitoring
equipment has to be aware of these,
otherwise problems are ignored until they

POTENTIAL
The move to a native IP network has the
potential to provide operators with
tremendous advantages, but there are
significant challenges to overcome.
Tackling the latency, bandwidth and
security issues needs an extensive test and
monitoring capability that can show what
is really happening in large, real world
networks so that traffic can be shaped and
managed to provide the best quality of
experience to the user.
More standards are needed for this,
both in the network and in the test
equipment, to make things easier. In the
meantime, networks continue to evolve as
combinations of IP, SDH and legacy
technologies. This creates even more of a
challenge for test equipment. An all-IP
network is the Chelsea of the Premiership;
most networks are still playing in the
lower divisions . •
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8712C Network Analyser (300kHz-l .3GHz)
87148 Network Analyser (300kHz-3GHz)
8662A Synthesised Sig , Generator (10Hz-1280MHz)
8663A Synthesised Sig, Generator (10Hz-2560MHz)
8647A Synthesised Sig, Generator (250kHz - l OOOMHz)
8648C Synthesised Sig. Generator (9kHz-3200MHz)
8595E Spectrum Analyser (9kHz-6.5GHz) with Tracking Gen.
8902A Measuring Receiver (150kHz-1300MHz)
4396A Combined R/F Network/Spec. Analyser (1 .8GHz)
4195A Combined Network/Spec . Analyser (500MHz)
8753A, 8 and C
Network Analysers from
85046A 'S' Parameter Test Set (3GHz)
3577A Network Analyser (5Hz- 200 MHz)
3458A Multimeter (8.5 digit)
8673D Synth . Signal Generator (50MHz-26.5 GHZ)
85108 Network Analyser (45MHz-40GHz)
8511A R/F Microwave Freq. Converter 45MHz-26 .5GHz)
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Noise Figure Meter
3245A Universal Source
85688 Spectrum Analyser (1 00Hz-l.5GHz)
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3561 A Dynamic Signal Analyser
3562A Dual Ch. Dynamic Sig. Analyser
3582A Spectrum Analyser Dual Channel
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35660A Dynamic Sig . An
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become all too obvious - and by then it is
too late.
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Agilent (HP) 8941 OA Vector Sig . An . Dc to 10MHz
Agilent (HP) 89440A Vector Signal Analyser 2M Hz - 1.8GHz
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Agilent (HP) 6032A Power Supply (60V - 50A)
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£3100
£2500
£2000
£4150
£1450
£5000
£2950
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TOOLS OF THE TRADE
A CRAFTSMAN IS
ONLY AS GOOD AS
HIS TOOLS, SAYS
SCOTT BLACK,

EXTECH INSTRUMENTS PRODUCT
SPECIALIST, WHO IN
THIS ARTICLE
OUTLINES THE
MOST IMPORTANT
T&M EQUIPMENT
TO HAVE TO HAND
n the fight against downtime and
non-compliance, plant
maintenance professionals face an
ever increasing array of responsibilities.
First and foremost, they need to keep
many varying types of equipment
running and at peak performance rate
at that. If a system is running at less
than 100% optimum performance, then
people are wasting time and, as the
saying goes, "Time is money" .
If a piece of machinery is running at
less than 100% of manufacturer
specifications, then it will probably
wear down prematurely. That too
wastes money and drains resources. The
equipment has to be running safely so
as to minimise the risk of injury on the
job. Injuries result in lost productivity
and cost a lot of money. The equipment
needs to be running efficiently so as to
not waste energy. Wasted energy is
wasted money and is harming the
environment.
Now here's the kicker . . As if being
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held accountable for all the
aforementioned is not enough, the
plant maintenance professional has to
do it all while minimising the disruption
of others. If the line has to be brought
down, it has to be planned well in
advance so contingencies can be put in
place to keep the workforce productive .
Repairing devices as they break down is
no longer an acceptable business
practice. Maintenance has become
preventive and scheduled maintenance.
More than ever, plant maintenance
professionals must rely on their test
equipment to assist them in getting the
job done quickly, safely and with
minimum disruption.
A craftsman is only as good as his
tools . When the costs of down-time are
measured in the tens of thousands of
dollars, it certainly makes financial
sense for the plant maintenance
professional to be ready for any
contingency by being armed to the
teeth.

THE LI

E UP

Proximity Voltage Detectors
This is a basic safety tool used to simply
detect whether or not voltage is present. Before
performing any electrical work, establishing
whether a circuit is live is a basic practice. The
"Test Before Touch" principal is taught to future
electricians on day one of their training.
The typical voltage detector will flash and
emit an audible warning if voltage is present.
Proximity voltage detectors do have limitations.
They detect AC voltage only. They will not
indicate voltage inside grounded enclosures,
shielded cables and cables that are wet
internally. They may also be incapable of
indicating the presence of voltage if a cable is
partially buried or if the operator is isolated
from ground. Manufacturers have added
features such as a current detector or a
flashlight to make the detector a more versatile
tool.

Feature

Multimeter and Clamp Meter

A required tool anywhere, three phase power is
used to feed power to motors and drives. The

The venerable solenoid type tester, known as a
"Wiggy", is a staple in every electrician's tool
box. The Wiggy is the perfect tool for day to day
'go/no-go' line voltage testing. The operation of
the meter is very simple since there are no
switches to inadvertently set incorrectly. And
since the presence of power creates a
perceptible vibration and an audible alert, there
is no need to read a gauge or scale.
Solenoid voltmeters are extremely rugged and
are not very susceptible to damage.

rotation tester is used to determine phase
rotation direction and to identify the correct
connections before wiring in a new motor.

Thermal Imaging Cameras

An electrician using a True RMS 3-Phase
Clamp-on Power Analyser to measure,
compute and display 3-phase power on
balance or unbalanced loads

Clamp-On Ground Resistance Meter
Whether called" earth" or "ground", a critical
element of any power system is grounding. A failed
ground becomes a safety hazard and since it no
longer provides a reference, testing becomes all
but impossible. Any preventive maintenance
schedule should include a periodic ground check.
The clamp-on ground resistance testing technique
gives the user the ability to measure the resistance
of ground conductors without having to disconnect
parallel ground rods. Furthermore, this method also
eliminates the need to drive auxiliary ground
stakes, something that is difficult to do inside
buildings. This type of measurement also offers the
advantage of including the bonding to ground and
the overall ground connection resistances. The
clamp-on ground resistance meter is a must in the
tool box of the plant maintenance professional.

Phase Rotation Detector

maintenance tool box.

The use of thermal imaging cameras as
preventative maintenance and inspection
tools has grown rapidly in the past five years.
This technology is no longer limited to use by
the military and security services. Applicable
industries now include but are not limited to
facilities maintenance, fire fighting, water
damage restoration, mold assessment and
carpet cleaning and restoration.
The thermography technology is based on
the fact that all objects emit infrared
radiation and the amount of radiation is
related to the object's temperature. As
temperature increases, the amount of
radiation emitted increases. Thermal imaging
cameras allow the operator to see variations
in temperature. Warmer objects stand out
well compared to their cooler background or
surroundings.
The use of thermography as part of a
preventative maintenance and repair program
is a proven way to identify potential areas of
equipment failure and costly downtime.
Thermal imagers can be used to inspect
electrical panels for loose and corroded
connections, scan motor control centers,
pumps, compressors and transformers for hot
spots; this all adds up to the ability to identify
faulty wiring, poor insulation or electrical
imbalance.
Thermal imagers not only identify problem
areas, they also have the ability to provide a
permanent record with the thermal image and
digital photograph. This information can be
made a part of the preventative maintenance
process by comparing images and
photographs for temperature changes over
time. The number of thermal imaging camera
suppliers seems to increase each year bringing
down the prices to reasonable levels. They
should be seriously considered as an addition
to the maintenance engineer's tool box.

An electrician using a handheld T&M device
Electronics World
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Three Phase Power Meter
The three phase power meter is a must have
for any person who maintains or troubleshoots
three phase power. Three-phase power quality
meters help prevent and troubleshoot problems
in power distribution systems. A powerful
predictive maintenance tool, the three phase
power meter will help detect and prevent power
quality issues before they can cause downtime
and lost production time. The three phase
power meter also assists in load studies and
verifies system capacity prior to the addition of
new loads. Of equal importance, the power
meter facilitates energy assessments. If your
company is Investing in energy saving devices,
the three phase power analyser is the tool that
will give you the before and after picture you'll
need to support or disapprove the investment.
II

II

Handheld Oscilloscopes

Infrared Thermometers

With the ever increasing use of computerbased systems in plant automation, the
handheld oscilloscope has become a must-have
for the maintenance professional. Events
happen so quickly that they are impossible to
see without the ability of a scope to trigger on
an event. Once the waveform is captured, a
mUlti-input (mUlti-channel) scope will let you
easily compare waveforms. These channels can
be displayed separately, simultaneously,
simultaneously with one inverted, added, or
subtracted. The latest digital storage
oscilloscopes now offer advanced features that
have traditionally been available only in more
expensive models. Bandwidth options of up to
200MHz are now available, providing the ability
to work in a broad range of applications.
Displays are getting larger, thereby increasing
the waveform viewing area. Also,
manufacturers are now including
advanced menu driven measurement
features to make the job easier.

Infrared thermometers have been referred to as
the poor man's thermal imaging camera. They
too can be used in a preventative maintenance
program to identify hot spots in electrical
systems and components by measuring surface
temperature. The thermometers use a lens to
focus the infrared radiation emitted from the
target surface onto a detector. The detector
converts the radiated energy to an electrical
signal which can be displayed as a temperature.
This technology allows for temperature
measurements from a distance without
contacting the surface being measured.
There are several other beneficial features
offered by infrared thermometers: Measurement
of high temperatures (> 1300°C) are easily
achieved; it is a very fast process which saves
time when many measurements must be taken.
Moving targets and hazardous or physically
inaccessible areas can also be measured. They
are also an extremely affordable tool. In the last
few years the costs of infrared thermometers
has dropped dramatically.
Accurate thermometers that
measure up to 1000°F are
readily available for £75 or less
making them an absolute must
for any tool box.

Far left: Continuity Tester
Left: An autoranging digital
'--________ megohmmeter in use
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NEW LFSR BASED CIRCUIT FOR
GENERATING COMPLEX CODE SEQUENCES
G. MOHIUDDIN
BHAY AND FAROZE
AHMAD, BHAT AND
FAROZE AHMAD
FROM THE SCIENCE
INSTRUMENTATION
CENTRE AT THE
UNIVERSITY OF
KASHMIR IN INDIA IN
THIS ARTICLE
PRESENT A SIMPLE
TECHNIQUE FOR
GENERATING
COMPLEX CODE
SEQUENCES, SUITABLE
FOR CRYPTOGRAPHIC
APPLICATIONS, USING
SMALLER LENGTHLFSRs

C
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4

Shift Register

Clock
Figure 1: Conventional m-sequence generator

-0'
-

D
;--

Clock

r>

Q

•

FFI

•

r--

D

Q

D

[> FF2

-

r>

Q

r--

FF3

..

Figure 2: Stage conventional m-sequence generator

ode sequences generated using

as high as that demanded by military and

(PN) sequences are used by the transmitting

Linear Feedback Shift Registers

other applications. Thus, several simple and

and the receiving parties to enable secure

(LFSRs) are useful for stream

low-cost systems for secure and reliable

message communication. The term

enciphering/deciphering. However, they

communication, using spread-spectrum

"pseudorandom" or "pseudo-noise" is used

involve lengthy LFSRs and, generally, the

modulation methods and cryptographic

specially to mean random in appearance but

codes generated are not sufficiently complex

techniques, suitable for commercial

reproducible by deterministic means. It

to avoid eavesdropping.

applications in non-military sector have been

appears to an unauthorised listener to be a

reported in literature. The funding agencies

truly random signal.

In this article a very simple technique is
presented for generating lengthy and

appreciate this demand and are actively

complex code sequences, suitable for

promoting research and development in low-

cryptographic applications, using smaller

cost secure message communication.

length-LFSRs.

SECURE COMMUNICATION
Nowadays secure communication is not

A random or noise-like code is necessary

A PN sequence is represented as a
sequence of 1s and Os with certain
properties, and are generally categorised into
two classes: (1) Periodic sequences and (2)

for both cryptographic as well as spread-

Aperiodic sequences. The class of sequences

spectrum techniques at the transmitter as

used in spread-spectrum communication is

well as at the authorised receiver. However,

usually periodic.
There are many types of periodic

only a need of military systems but it has

because of the practical constraints and the

penetrated the commercial market as well.

necessity for perfect replica of the random

sequences. Among the popular ones are:

However, the level of security needed for

code (with perfect synchronism) at the

(i)

certain commercial applications may not be

receiver, pseudo-random or pseudo-noise
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Maximal-Length Linear Shift Register
Sequences (m-sequences);

Eeature

(ii) Quadratic Residue Sequences (q-r
sequences);
(iii) Hall Sequences; and
(iv) Twin Primes.
Among all these sequences, the most
commonly used ones are the m-sequences.
These sequences have been widely used in
military applications and other single-user
spread-spectrum systems; although in some
personal communication CDMA systems,
some other PN sequences such as Kasamisequences, Walsh sequences or Gold
sequences are desirable because of the
cross-correlation demands.
Maximal sequences are easily generated
by Linear Feedback Shift Registers (LFSRs)
with a relatively smaller number of stages as
shown in Figure 1.

An LFSR consists of a shift register and a
feedback network (or a parity generator)
consisting of only modulo-2 adders (XOR
gates). The output of the feedback network
is applied to the input of the shift register.
The feedback network provides output logic
o when an even number of inputs are logic
o and generates logic 1 when an odd
number of inputs are in the logic 1 state.
The number of flip-flops and the selection of
flip-flop outputs connected to the feedback
network determine the length and the
characteristics of the generated PN
sequence. Further, all the flip flops of the
shift register are driven by the same clock.
Besides hardware complexity, these
sequences perform better while attaining the
code synchronisation (between the

SECURITY

transmitter and receiver).
The length (N) of an m-sequence is given
by:
I\J = 2m - 1
(1)
where m is the number of stages in the shift
register (also known as register length).
For m = 1, 2, 3, ...
we have N = 7,15,31, ... respectively
Figure 2 illustrates the operation of msequences with three stages i.e. m = 3.
Representing the states of the three flip-flops
by Q1, Q2 and Q3, we see that the feedback
sum is equal to the modulo-2 sum of Q1 and
Q3. The output of each flip-flop is connected
to the input of the next flip-flop. At each
pulse of the clock, the state of each flip-flop
is shifted to the next one down the line.
Stream ciphers based on LFSRs give good
data security, provided that the length of the

Clock

I

I

I

Shift Register
I

I

I
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6

{8,6,3,2}--A
{8,5,3 ,2}--B

2
3
8
5
6

{8,4,3,2} --c
{8,6,5 ,4}--D
{8,6,5,31--E
{8,6,5,2}--F

{8,6,5, I }--G
Figure 4: Feedback network

shift register is large . Although their software
implementation is inefficient, these prove to
be easy and simple for hardware
implementation . Hence, these circuits are
quite attractive for the development of lowcost secure communication systems. Various
schemes are reported for stream ciphers
using LFSRs with their own advantages and
disadvantages. In all such cases, generation
of a PI'J-sequence, synchronised with the
plain text, is important. The generated PNsequence (used as the KEY) is XORed with
the plain text to produce cipher text at the
transmitter. At the receiver, the same PNsequence or Key is XORed with the cipher
text to reproduce the original plain text.
Maximal-sequence codes, generated by
using LFSRs, are not adequately secure for
smaller lengths of LFSRs. If an n-bit shift
register with certain feedback tapings is used
to generate an m-sequence code of length
(2 n-1) bits, it can be shown that the
feedback tapings can be found if 2n bits of
the code word are known. The
eavesdropping in such situations becomes
easy. Several novel techniques have been
developed by researchers around the world
to improve the security of PN-sequences,
with few patents issued by US Patent Office.
However, in most of these techniques, the
feedback schemes of LFSRs are fixed and
therefore can again be, sometimes, easy for
a cryptanalyst or jammer to discover. In this
article we present a more secure m-sequence
generator wherein the feedback tapings are
kept on changing in a pseudo-random
manner, which makes the generated codes
quite complex . Simplicity of the circuit along
with the complexity of the generated codes
makes the circuit attractive for low cost,
secure message, communication
applications.

CIRCUIT DESCRIPTION
Figure 3 shows the proposed circuit. It
uses an 8-bit LFSR which can generate 16
different sets of 255-bit code sequences,
depending on 16 valid sets of feedback
tapings as: {8,4,3,2}, {8,6,5,4}, {8,6,5,3},
{8,5,3,2}, {8,6,5,2}, {8,6,3,2}, {8,5,3,1},
{8,7,4,3}, {8,6,5,1}, {8,7,3,2}, {8,7,6,1},
{8,7,2,1}, {8,7,6,5,2,1}, {8,7,6,3,2,1},
{8,6,4,3,2, 1} or {8,7,6,5,3,2}.
Anyone of these sets of feedback tapings
can be used at a time so that a particular
combination of the outputs of the LFSR is
connected back to its input, through a
42
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modulo-2 adder. Thus, anyone of the above
sets of feedback connections can be selected
at a time to generate the corresponding
code-sequence, in part or in full, depending
on the time for which the selected feedback
remains connected .
If these feedback connections are changed
synchronously in a random manner, the
output sequence (Y in Figure 3) also changes
correspondingly. This can be implemented as
shown in Figure 3. For simplicity of
demonstration of the scheme, only seven
sets of feedback connections viz. {8,4,3,2},
{8,6,5,4}, {8,6,5,3}, {8,5,3,2}, {8,6,5,2},
{8,6,3,2} and {8,6,5,1} are chosen here.
These sets of feedback connections are
obtained by XORing various outputs of the
LFSR as shown in Figure 4 . One set of these
connections can be selected at a time, with
the help of an 8-to-1 line multiplexer (MUX)
controlled by a 3-bit word generated by
another PN-sequence, as shown in Figure 3.
Since 000 is to be avoided as the control
word of the MUX (as may be the case in the
PN-sequence, generating the required

control word), only seven inputs of the MUX
(one at a time) will be chosen depending
upon the control word . As such, feedback
tapings are changed randomly, selected one
at a time out of the set of seven different
sets. Hence, depending on the value of N
(the divide-by factor in the circuit), the initial
state of the code generator and the initial
state of the MUX, a complex code sequence
can be generated and obtained at the
output Y, in Figure 3.

EXPERIMENTAL RESULTS
The proposed circuit has been assembled
using IC74151 as a multiplexer, IC 7486 as
X-OR gates for implementing feedback
networks, IC74LS76 (J-K flip flop) in
combination with IC7400 (NAND gate) as
shift registers and divide-by-N counters.
The input clock signal required by the
circuits was taken from the function
generator. The proposed circuit has been
tested experimentally with the PN-code
signals obtained from different stages of the
feedback shift registers as shown in Figure

SECURITY

5. It can be shown that a complex code
sequences are generated by the proposed
circuit as per theoretical expectations.

CONCLUSION
A modified scheme for PN-sequence
generation employing an LFSR with
randomly changing feedback connections
has been presented which seems to be very
interesting for stream ciphering/deciphering.
The divide-by-count, N, decides the length of
a particular PN-sequence at the output of
the LFSR, corresponding to a particular
selected set of feedback tapings . The results
of experimental investigation are also
presented in this article.
The maximum value of N in this case is
255. A 4-bit PN-sequence (instead of 3-bit
PN-sequence) can also be used for providing
the control word for the MUX, which will
enhance the complexity and, hence, the
security of the code words generated . In
such a case, a 16-to-1 line MUX will be used
with all the 16 possible sets of feedback
combinations at its input. •
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RoHS

The first year in force

Who is enforcing the RoHS directive?
RoHS is being enforced by an increasing number of EU
RoHS organisations. The UK's enforcement body is the
National Weights and Measure Laboratory (NWML). They
started work a year in advance of most others, so were
ready on day one, whereas the enforcement bodies of
other EU member states only started work more recently.

How is RoHS being enforced?
Two approaches to enforcement are being used: audit of
documentation and selective analysis of equipment "put
on the market" on or after July 1st 2006. In addition, the
Customs authorities of some member states are also
checking imports.

To what eHtent is the industry complying?
There are conflicting reports on this. On the one hand
figures show that 95% of products sold in the EU are 95%
compliant, which means that the RoHS directive has
already met its main aim. On the other, the experience of
NWML in the UK shows that currently over 90% of
products are not fully compliant, even though most have
just one or two components that contain a RoHS
substance.

What are the most common causes of noncompliance?
Re-work of lead-free soldered products is a particularly
common problem. Another is the use of obsolete
components that have tin or lead termination coatings
and screws with hexavalent chromium passivation
coatings.
Where a non-compliant product is identified, the
approach taken by NWML is to work with the producer
towards full compliance. Many producers have already
been contacted for documentation to show that all
reasonable steps have been taken to ensure compliance.
Some have been slow to respond but no one has yet been
prosecuted. According to NWML, 15% of those contacted
claimed, incorrectly in the opinion of the authorities, that
their products are out of scope of RoHS and another 15%
had inadequate documentation.

Is the scope of RoHS consistent across the EU?
As RoHS is a single market directive, the scope is supposed
to be the same in all member states, but unfortunately
there are variations. Holland for example regards car
radios sold in a shop to users as being in scope, contrary
to the EC's published guidance. Equipment such as electric
heaters and air conditioning that is bolted to walls is
44
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regarded as being in scope by some states but outside
scope in others. The status of large industrial machines is
also unclear, regarded by some as large-scale stationary
industrial tools (out of scope) and by others simply as tools
and, so, in scope.
Many other questions still remain unanswered. For
example, scope is still being discussed by the European
Commission and the Technical Adaptation Committee, with
the status of "fixed installations", cables and luminaires
remaining unclear.

Whars the situation with eHemptions?
The question of exemptions is a major problem. There are
now 29 exemptions in place, from over 100 reviewed with
a further 23 currently under evaluation. The exemption
request procedure is very lengthy, some having taken
several years from the date of application to be granted,
which is a difficult problem for manufacturers.
Many manufacturers cannot yet produce compliant
products because they believe that there are no
alternatives to specific applications that they use and they
are waiting for a final decision on an exemption request.
Some have stopped making products, with consequential
loss of profits, whereas others are continuing and hoping
that the authorities will allow this while the exemption
request is under review.
NWML suggests that manufacturers in this position
should not stop production. NWML would closely follow
the exemption request process and take action only when
clear that the request is not going to be accepted . Other
enforcement bodies may not be so helpful.
One of the agreed exemptions is "Decabromodiphenyl
ether in polymeric applications" . Although it seems to be
reasonable to grant an exemption for the use of this
substance, which has no known harmful effects on health
or the environment, it is causing great controversy.
Denmark and the European Parliament are taking the
Commission to the European Court over this issue as they
say that there are alternatives. This is true, but for certain
types of polymer all of these are either harmful substances
or have not been as extensively tested as
Decabromodiphenyl ether and so potentially, they could
be more hazardous.
To make this issue even more complicated, it is unclear
whether this exemption is intended to cover commercial
grades of Decabromodiphenyl ether or only a high purity
material that was not available in commercial quantities
until very recently.
The Commission is continuing to receive requests for
exemptions, as there is no time limit for these.

HANDYSCOPE HS4
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By Chris Williams, UKDL

am writing this article sat in my hotel
room in Taiwan, overlooking the centre
of Taipei. Hustle and bustle all around,
but here on the 12th floor overlooking a

I

application in LED displays and lighting
products.
Firstly, I have to comment on the
explosion of the use of LED video walls

park, all is restful and relaxing - except for
all the paperwork I have to catch up on!
I am here in Taiwan seeing companies on
behalf of UK Pic after a short trip to Korea ,
where I was invited to deliver a talk at the
Korean International Seminar on LEDs,

around the city centre of Seoul. They are
everywhere - there is simply no escape from
the continual bombardment of advertising .
Good job it was all in Korean, or I might

Displays and Lighting 2007. It was a great
opportunity to hear the latest research and

have been tempted to spend my money on
a thousand different things as soon as I
walked a hundred yards from the hotel .
Clearly many of the fixed advertising
billboards and the old neon tube advertising

production plans from some of the largest
electronics companies on the planet. plus it
gave me the chance to walk around the LED
exhibition and see how this technology has
advanced over recent years.
The exhibition revealed some fascinating

that they retain good visibility in direct sunlight
and they have the ability to be formed in to
curved housings, allowing them to meet

developments in LED technology and its

architectural demands for shaped surfaces.

have been supplanted by these LED signs.
The daytime views of the LED signs show

Having seen the LED screens in action, I
was then fascinated to walk around the
ISDL exh ibition to look at them in closer
detail. One development was quite stunning
- I am accustomed to conventional
assemblies, with LEDs mounted onto printed
circuit boards to create "tiles" of LEDs
which are then clustered together to make a
larger assembly. What I had not seen before
was the new technique of mounting LEDs
onto flexible tape and then mounting these
tapes vertically to create the columns of an
LED video display.
This assembly is shown in Figure 3, where
multiple RBG white LEDs are mounted, with
their packaged control electronics, as subassemblies on the tape assembly. Multiple
tape assemblies are then mounted adjacent
to each other and, when driven, the picture
is formed.
The image quality is poor when looking
at the display close up, but is quite
acceptable when seen from a distance .
Two things are very noticeable here:
Firstly, the aperture ratio of each LED pixel is
quite small. The aperture ratio for a display
of this type is the ratio of the light emitting
area compared to the total phys ical area
that is defined as each pixel.
Now, your guess is as good as mine, but I
would estimate from the picture that the
aperture ratio for these LED tapes is about
15% . This is very low for a display, but it
works and shows that new approaches to
implementation can certainly reduce costs.
This new approach also cleverly addresses
the other main problem of LED video walls heat management. By having the LEDs
mounted in free space on tapes, fresh air (or
forced air if the tapes are box-mounted) can
easily circulate around the LED tapes to
move the heat away from the devices
themselves . Simple, yet very effective .
There were also many different LED
lighting products on show. What caught my
eye was the integration of LEDs into tubes
to act as multi-colour lighting columns as
shown in Figures 5 and 6 (variants of the
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Column

UKDL

TAIWAN AND KOREA
ARE CERTAINLY THE
POWERHOUSE OF HIGH
TECHNOLOGY MANUFACTURING AND NOONE WHO VISITS HERE
CAN FAIL TO BE
IMPRESSED BY THE
PROGRESS THAT
THESE COUNTRIES
HAVE MADE
old Lava lamp?) and the use of mUltiple
LEOs to make lighting tiles designed to
replace banks of fluorescent tubes.
Where there may be problems in t heir
widespread consumer adoption is in the
absolute brightness they can achieve and
the long-term reliability of the systems.
Figure 7 shows different colour
temperatures of white light in the standard
tiles.
This clearly shows that different tiles have
been set to different colour temperatures by
using different LEO types.
There is an interesting conundrum - the
design and components you need for good
quality and excellent lifetime costs money,
but the objective of the lighting
manufacturers I spoke to, without
exception, is to get the cheapest price
possible.
Research done in the UK by Cambridge
University has shown that the lifetime of
white LEOs can be extended to more than
100,000 hours by changing the
encapsulating material from epoxy to a
silicone based material. I discussed this with
"household name" manufacturers and yet
nobody was interested because it would
cost money.
So, when I see lighting panels on show
that are "new", I can be confident that all
the LEOs are working to specification; but
after 1OOs of hours, who knows . Cambridge

research showed LEOs would fail and,
therefore, perhaps we would see many
individual LEOs faili ng, leaving the light
output from the panel looking decidedly
blotchy. Not good!
In similar manner, the cheapest way to
get white light is to use a dichroic
approach: blue LEO + yellow phosphor
overlay = white light. If either component
ages disproportionately compared with
adjacent devices, the perceived colour
temperature of the white will change and
the colour will become blotchy white.
Again, not good!
The only way to control the colour
temperature is to control the emissions
from the devices themselves, i.e. to use
RGB chips and have colour and luminance
monitoring circuitry to try and maintain a
balanced luminance output and a balanced
colour temperature over the reasonable
operating lifetime of the device. This
circuitry certainly costs money and I wonder
just how many of the Korean, Taiwanese
and Chinese manufacturers whose products
I saw will bother to even consider this
design requirement.

This has been a fascinating trip, and I
have made many new contacts and friends
who I shall be working with over the next
months and years .
Taiwan and Korea are certainly the
powerhouse of high technology
manufacturing and no-one who visits here
can fail to be impressed by the progress that
these countries have made. However, their
technology is focused on conventional
semiconductors, displays on glass, and lowcost very high volume manufacturing of
other components and devices.
That leaves plenty of opportunity for the
rest of us who are looking at new
production methods - printing on paper
and plastic, organic semiconductors, printed
sensors, batteries and PV cells - the next
platform for manufacturing electronic
devices will be shared with companies on all
continents and will not be dominated by
our friends here in the Far East.
With best regards from Taiwan,
Chris Williams
Chris Williams is Network Director at
UK Displays & Lighting KTN
(Knowledge Transfer Network)
Electronics World
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PIC DIGITHL POWER SUPPLY
linear power supply has a heat
problem on the output
transistor.
For example in a 0 to 15V variable power
supply, there is 10V drop on the output
transistor for a given 5V 1A output. It generates
heat of lOW.
A switching power supply does not have the
heat dissipation problem but it does have a
noise problem.
You can combine both to get all the
advantages.
Here, I propose the PIC digital power supply,
which has three parts:
1. Digital control by PIC with keys and an LCD
display;
2 Variable switching regulator control;
3. Variable linear regulator control.

A

dissi~ation

DlGrrAL CONTROL BY PIC WITH
KEYS AN LCD DISPLAY
PIC program is written in C, and the software
tools use MPLAB IDE v7.10 (2K free). However,
there is a problem with this version. In order to
use "Bank 1" on writing C in this chip
PIC 16F690, I downloaded the unzipped
"cglpic" file and placed it in C:\Program Files\HITECH Software\PICC-Lite\9.50\din.
For the LCD display format, do not use the
"String .h" header file.
For a Char = 255, break it down to 2 5 5, then
2 Add 30 = 32 Ascii code.
5 Add 30 = 35 Ascii code.
5 Add 30 = 35 AscII code.
Send one by one ASC" code to a 4-bit mode
LCD. Disconned the JPl jumper when USB
PICKIT 2 is conneded to PIC 16F690 and Install
JP1 jumper when USB PICKIT 2 is disconneded
to PIC 16F690.
For further reading and details, I recommend
the reference book called "The book of 123 PIC
MCU experiments from the Evil Genius"
published by McGraw Hill, written by Myke
Predko.
For the DAC parts, the ideas came from
Electronics World magazine, November 2004
issue (Ian Benton).
So, initially I wrote the C program. However, I
don't believe it's prefed and that it might not
have a bug. Please dired your questions to the
editor and I will try my best to answer them .
I include all the source file and code,
schematic and diagram.
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VARIABLE SWITCHING
REGULATOR CONTROL
The switching step-down regulator
circuit consists of an LT1076, to maintain a
constant output Voltage. The FB pins need
2.5V The feedback resistor network R1, R3
and U4-D form a feedback voltage circuit
and the switching output voltage is
controlled by the U4-A voltage output.
C 1 and C2 should use Lo-SER type
capacitors.

VARIABLE LINEAR
REGULATOR CONTROL
The linear regulator consists of 01, 02,
and 03. The feedback resistor network
R19, R20 and U4-C form a feedback
voltage circuit and the linear output
voltage is controlled by the U4-A voltage
output.
U4-A and resistors like R5, R6, (R35+R7),
R8, (R36+R9) form a DAC .
04, 05 and U4-B from the current sense
and range circuit.

Email your circuit ideas to:

svetlana.josifovska@stjohnpatrick.com
For testing the switching and linear
regulators, simply remove the PIC chip from
the PC B socket. Just by connecting a
variable potential resistor between 5V to
OV, you can get a variable potential voltage
between 0 to 5V Connect this point to TP1
- the power supply output voltage will vary
with this potentiometer.
Set the power supply output to 6V by
adjusting the potential meter and measure
the voltage at the 02 emitter and 02
collector. The difference should be around
1 to 2V
There are two range of current
measurements: 1 to 1000uA range and
1 to 1000mA range.
Connect 5V to TP2, set the current
measurement to mA; connect OV to TP2,
set the current measurement to uA.
Please refer to 'PIC digital power supply
calibration procedure' below to do the
calibration before use.
Fung Tak Sang
Singapore

PIC DIGITHl POWER SUPPLY
CHllBRHTIOn PROCEDURE
1. Connect a digital volt meter across the output of the PIC digital power supply.
********************* select voltage output ***************************
2. Press Enter key once.
3. Press up key or down key until LCD First line display" SeL V" -select voltage output
4. Press Enter key once.
5. LCD second line display "XX.X" -(Default is 25.5)
6. Press up key until LCD second line display "XX.O".
7. Press Enter key once.
B. Press up key until LCD second line display "X2.0".
9. Press Enter key once.
10. Press up key until LCD second line display "2.0".
11. Press Enter key once.
*************** select current output **Auto range in input less then 100 ********
12. Press Enter key once.
13. Press up key or down key until LCD First line display" SeL A" 14. Press Enter key once.
15. LCD second line display "XX.X" -(Default is 25.5)
16. Press up key until LCD second line display "X5.5".
17. Press Enter key once.
lB. Press up key until LCD second line display "X5.5".
19. Press Enter key once.
20. Press up key until LCD second line display "5.5".
21. Press Enter key once.

CIRCUIT IDEAS
********************** Pass word 55 ********************************
22. Press Enter key once.
23. Press up key or down key until LCD First line display" Password"
24. Press Enter key once.
25. LCD second line display "XX.X" -(Default is 25.5)
26. Press up key until LCD second line display "XX.5".
27. Press Enter key once.
28. Press up key until LCD second line display "X5.5".
29. Press Enter key once.
30. Press up key until LCD second line display" 5.5".
31.Press Enter key once.
*********************Password
56 ******************************:
32. Press Enter key once.
33. Press up key or down key until LCD First line display" Password"
34. Press Enter key once.
35.LCD second line display" 5.5"
36. Press up key until LCD second line display "5.6".
37. Press Enter key once.
38. Press up key until LCD second line display "5.6".
39. Press Enter key once.
40. Press up key until LCD second line display "5.6".
41. Press Enter key once.
42. The digital power supply should be in default reading ( ideal calibration slope)
*********************Obtain two cal point from power supply***********
43. Look at the DVM. Write down the reading example 1.25V
44. Look at the LCD first line display, Write down the reading, example=2.0V
45. Press Enter key once .
46. Press up key or down key until LCD First line display SeL V"
47. Press Enter key once .
48.LCD second line display "2.0 "
49. Press up key until LCD second line display "2.0".
50. Press Enter key once.
51. Press up key until LCD second line display "6.0".
52. Press Enter key once.
53. Press up key until LCD second line display "6.0".
54. Press Enter key once.
55. Look at the DVM. Write down the reading example 3.68V
56. Look at the LCD first line display, Write down the reading, example=6.1 V
II

Simply send your files
and order ONLINE:

'CI-'OOL.COM

After all, looks matter...
Why compromise on design?

*********************Store two cal point to power supply**************
57. Press Enter key once.
58. Press up key or down key until LCD First line display "Cal V1"
59. Press Enter key once.
60. LCD second line display "XX.X "
61. Press up key until LCD second line display "X X.2".
62. Press Enter key once.
63. Press up key until LCD second line display "X 1.2".
64. Press Enter key once.
65. Press up key until LCD second line display "1.2".
66. Press Enter key once.
*********************Store two cal point to power supply**************
67. Press Enter key once.
68. Press up key or down key until LCD First line display "Cal V2"
69. Press Enter key once.
70. LCD second line display "XX.X "
71. Press up key until LCD second line display "X X.6".
72.Press Enter key once.
73. Press up key until LCD second line display "X 3.6".
74. Press Enter key once.
75. Press up key until LCD second line display "3.6".
76. Press Enter key once.

Using rigid PU foam for strength, lightness, durability and versatility,
slots, holes and mountings are moulded in - as are fine detail,
sharp definition and gentle curves.
Whether you need 5 or 500 units, Beechcraft's low cost tooling
brings custom-designed enclosures within reach .

Don't just put it in a box.
Beechcraft Ltd, Westfield Industrial Estate,
Midsomer Norton, Bath BA3 4BS
Telephone : 01761 416642 Fax: 01761 419267
Email: dhbeech@aol.com

_UR
1509001

vvvvvv.beechcraft-ltd.colTl
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*********************Pass word 57 **************************~

77. Press Enter key once.
78. Press up key or down key until LCD First line display "Password"
79. Press Enter key once.
80. LCD second line display "5.6 "
81. Press up key until LCD second line display "5.7".
82. Press Enter key once.
83. Press up key until LCD second line display "5.7".
84. Press Enter key once.
8S.Press up key until LCD second line display "5.7".
86. Press Enter key once.
87.The digital power supply of the DAC should be calibrated.
********************* Pass word 58 **************************
88. Press Enter key once.
89. Press up key or down key until LCD First line display" Password"
90. Press Enter key once.
91. LCD second line display "5.7"
92. Press up key until LCD second line display "5.8".
93. Press Enter key once.
94. Press up key until LCD second line display "5.8".
95. Press Enter key once.
96. Press up key until LCD second line display "5.8".
97. Press Enter key once.
********************* CalibrationADC *************************
98. Press Enter key once.
99. Press up key or down key until LCD First line display" Cal VI"
100.
Press Enter key once.
101.
LCD second line display "XX.X "
102.
Press up key until LCD second line display "X X.O".
103.
Press Enter key once.
104.
Press up key until LCD second line display "X 2.0".
105.
Press Enter key once.
106.
Press up key until LCD second line display "2.0".
107.
Press Enter key once.
*********************Store two cal point to power supply*********~
108.
Press Enter key once.
109.
Press up key or down key until LCD First line display "Cal V2"
110.
Press Enter key once.
111.
LCD second line display "XX.X "
112.
Press up key until LCD second line display "X X.O".
113.
Press Enter key once.
114.
Press up key until LCD second line display "X 6.0".
115.
Press Enter key once.
116.
Press up key until LCD second line display "6.0".
117.
Press Enter key once.
*********************Pass word 59 ***************************
118.
Press Enter key once.
119.
Press up key or down key until LCD First line display "Password"
120.
Press Enter key once.
121.
LCD second line display "5.8 "
122.
Press up key until LCD second line display "5.9".
123.
Press Enter key once.
124.
Press up key until LCD second line display "5.9".
125.
Press Enter key once.
126.
Press up key until LCD second line display "5.9".
127.
Press Enter key once.
128.
The digital power supply of the DAC should be calibrated.
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*********************Password 60 **************************'
129.
Press Enter key once.
130.
Press up key or down key until LCD First line display" Password"
131.
Press Enter key once.
132.
LCD second line display "5.9 "
133.
Press up key until LCD second line display "5.0".
134.
Press Enter key once.
135.
Press up key until LCD second line display "6.0".
136.
Press Enter key once.
137.
Press up key until LCD second line display "6.0".
138.
Press Enter key once.
************* Set up for measuring output current =100mA *****************~
139. Connect a resistor and current meter.
140. Adjust the voltage output so the external current meter read 100mA
141. Look at the LCD first line display, Write down the reading, example=101 mA
*********************Store two rnA cal point to power supply***************~
142. Press Enter key once.
143. Press up key or down key until LCD First line display "Cal Vl"
144. Press Enter key once.
145. LCD second line display "XX.X\\
146. Press up key until LCD second line display "X X.O".
147. Press Enter key once.
148. Press up key until LCD second line display "X 0.0".
149. Press Enter key once.
150. Press up key until LCD second line display "0.0".
151. Press Enter key once.
********************************************************************~

152.
153.
154.
155.
156.
157.
158.
159.
160.
161.

Press Enter key once.
Press up key or down key until LCD First line display "Cal V2"
Press Enter key once.
LCD second line display "XX.X "
Press up key until LCD second line display "X X.O".
Press Enter key once.
Press up key until LCD second line display "X 0.0".
Press Enter key once.
Press up key until LCD second line display "1 OJ".
Press Enter key once.

*********************Pass word 00 **********************************
162. Press Enter key once.
163. Press up key or down key until LCD First line display "Password"
164. Press Enter key once.
165. LCD second line display "6.0 "
166. Press up key until LCD second line display "6.0".
167. Press Enter key once.
168. Press up key until LCD second line display "0.0".
169. Press Enter key once.
170. Press up key until LCD second line display "0.0".
171. Press Enter key once.
*********************Pass word 11 **********************************
172. Press Enter key once.
173. Press up key or down key until LCD First line display "Password"
174. Press Enter key once.
175. LCD second line display "0.0 "
176. Press up key until LCD second line display "0.1".
177. Press Enter key once.
178. Press up key until LCD second line display "OJ".
179. Press Enter key once.
180. Press up key until LCD second line display "1.1".
181. Press Enter key once.
182. The power supply up key will make the output= Cal V1 setting
183. The power supply down key will make the output=(al V2 setting
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TIPS 'N' TRICKS

TIPS rN TRICI(S INTRO DUCTION
I

the range from all-in-one interface devices, to low-cost discrete
solutions. In short, all the blocks a designer is likely to need for
handling the 3.3V challenge, whether the driving force is
complexity, cost or size.
Note: The Tips 'n' Tricks presented here assume a
3.3V supply. However, the techniques work equally
well
for other supply voltages with the appropriate
Transient
modifications.

The following Tips 'n' Tricks address the challenges with a
collection of power supply building blocks, digital level translation
blocks and even analogue translation blocks. Throughout them,
multiple options are presented for each of the transitions, spanning

Method

VREG

IQ

Eft.

5mA

60%

Zener
Shun
Reg.

Typ

Series
Linear
Reg.

0.4%

1 ~A

Typ

to

Switching
Buck
Reg.

10%

Size

Cost

Sm

Low

Response

POWER SUPPLIES

Poor

60%

Sm

Med

Excellent

93%

Med
to
Lg

High

Good

100 ~
0.4%

30~

Typ

to
2mA

Table 1: Power supply comparisons

One of the first 3.3V challenges is generating the 3.3V
supply voltage. Given that we are discussing
interfacing 5V systems to 3.3V systems, we can
assume that we have a stable 5VDC supply. This
section will present voltage regulator solutions
designed for the 5V to 3.3V transition. A design with
only modest current requirements may use a simple
linear regulator. Higher current needs may dictate a
switching regulator solution. Cost sensitive applications
may need the simplicity of a discrete diode regulator.
Examples from each of these areas are included here,
with the necessary support information to adapt to a
wide variety of end applications.

TIP 1: POWERING 3.3V SYSTEMS FROM 5V, USING AN LDO REGULATOR
The dropout voltage of standard three-terminal linear regulators is
An LDO with lower 10 will have higher light load efficiency. This
typically 2.0-3.0V. This precludes them from being used to convert
increase in light load efficiency has a negative effect on the LDO
5V to 3.3V reliably. Low Dropout (LDO) regulators, with a dropout
performance. Higher quiescent current LDOs are able to respond
voltage in the few hundred millivolt range, are perfectly suited for
quicker to sudden line and load transitions.
this type of application. Figure 1 contains a block diagram
of a basic LDO system with appropriate current elements
labelled. From this figure it can be seen that an LDO
liN
consists of four main elements:
lOUT
1------1
1. Pass transistor
2. Bandgap reference
3. Operational amplifier
4. Feedback resistor divider
When selecting an LDO, it is important to know what
distinguishes one LDO from another. Device quiescent
current, package size and type are important device
RL
parameters. Evaluating for each parameter for the specific
application yields an optimal design.
An LDOs quiescent current, 10, is the device ground
L ____ _
.J
current, IGND, while the device is operating at no load.
IGI\ID is the current used by the LDO to perform the
IGND
regulating operation. The efficiency of an LDO can be
approximated as the output voltage divided by the input
voltage when lOUT » 10. However, at light loads, the 10
Figure 1: LOa voltage regulator
must be taken into account when calculating the efficiency.

-----.

-----.
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TIP 2: LOW-COST ALTERNATIVE POWER SYSTEM USING A ZENER DIODE
This tip details a low-cost regulator alternative using a Zener diode
A simple, low-cost 3 .3V regulator can be made out of a Zener
diode and a resistor as shown in Figure 2. In many

changes, the value of R1 needs to be considered carefully.
R1 must be sized so that at maximum load, typically when

applications, this circuit can be a cost-effective alternative to

the PICmicro MCU is running and is driving its outputs high,

using an LDO regulator. However, this regulator is more load-

the voltage drop across R1 is low enough so that the

sensitive than an LDO regulator. Additionally, it is less energy

PICmicro MCU has enough voltage to operate . Also, R1 must

efficient, as power is always being dissipated in R1 and D 1.

be sized so that at minimum load, typically when the

R1 limits the current to D1 and the PICmicro MCU so that

PICmicro MCU is in reset, that VDD does not exceed either

VDD stays within the allowable range. Because the reverse

the Zener diode's power rating or the maximum VDD for the

voltage across a Zener diode varies as the current through it

PIC micro MCU .

TIP 3: LOWER COST ALTERNATIVE POWER SYSTEM USING THREE RECTIFIER DIODES
Figure 3 details a lower cost regulator alternative using 3 rectifier diodes
We can also use the forward drop of a series of normal
switching diodes to drop the voltage going into the
PIC micro MCU. This can be even more cost-effective than
the Zener diode regulator. The current draw from this
design is typically less than a circuit using a Zener.

PICmicro®
MCU

The number of diodes needed varies based on the forward
voltage of the diode selected . The voltage drop across diodes
D 1-D3 is a function of the current through the diodes. R1 is

~--~.r------.-------~--~VDD

present to keep the voltage at the PIC micro MCUs VDD pin
from exceeding the PICmicro MCU's maximum VDD at

C1

minimum loads (typically when the PICmicro MCU is in reset
or sleeping).

0.1 uF
_....._--1 VSS

Depending on the other circuitry connected to VDD, this
resistor may have its value increased or possibly even eliminated
entirely. Diodes D 1-D3 must be selected so that at maximum
load, typically when the PIC micro is running and is driving its
outputs high, the voltage drop across D 1-D3 is low enough to

Figure 3: Diode supply

meet the PICmicro MCUs minimum VDO requirements.

TIP 4: POWERING 3.3V SYSTEMS FROM SV, USING SWITCHING REGULATORS
A buck switching regulator, shown in Figure 4, is an

(V s - Yo) * ton

inductor-based converter used to step down an input

Where: T == ton IDuty _Cycle

voltage source to a lower magnitude output voltage. The
regulation of the output is achieved by controlling the ON

= Vo * (T - ton)

It therefore follows that for MOSFET 01 :

time of MOSFET 01. Since the MOSFET is either in a lower
or high resistive state (ON or OFF respectively), a high
source voltage can be converted to a lower output voltage
very efficiently.
The relationship between the input and output voltage can be
established by balancing the volt-time of the inductor during both
states of 01 .

When choosing an inductor value, a good starting point is to
select a value to produce a maximum peak-to-peak ripple
current in the inductor equal to ten percent of the maximum
load current.

Electronics World
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v = L* (di/dt)
l = (V 5 -VO) * (tonlTo*O.1 0)
When choosing an output capacitor value, a good
starting point is to set the LC filter characteristic
impedance equal to the load resistance, This produces
an acceptable voltage overshoot when operating at
full load and having the load abruptly removed .

c

Zo ==..J L/C
C = LlR2 = (I~ * L)/VJ
When choosing a diode for D 1, choose a device with a
sufficient current rating to handle the inductor current
during the discharge part of the pulse cycle (IL).
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TIP: RMS-DC CONVERTER ENABLES PRECISION AMPLITUDE STABLE LOWDISTORTION SINE WAVE OSCILLATOR
By Cheng-Wei Pei from Linear Technology

Many applications require a frequency and/or amplitude-

network . The 2N4338 JFET acts as a variable resistor whose

stable sine wave as a reference for calibration or

resistance changes according it is the gate-source voltage bias.

measurement. Low harmonic distortion is also required for

Changing the bias of the JFET adjusts the gain of the oscillator and,

meaningful results in applications such as LVDT signal

thus, the amplitude of the resulting sine wave signal. The turn-on

conditioning, ADC testing and, of course, harmonic

and amplitude settling time of this circuit are dominated by the

distortion testing. Many sine wave generation techniques

settling time of the LTC 1968, which is typically around one

simply cannot achieve the low harmonic distortion and

millisecond with a O.OlIJF averaging capacitor.

amplitude stability required of a precision sine wave

The LTC 1968 precisely measures the RMS amplitude of the

reference. The techn ique shown here generates a sine wave

LT1632's output sine wave and gives a DC output that corresponds

with less than 0.003% distortion and 0 . 1 % amplitude

to the RMS level of the sine wave. The resistive attenuator at its

stability.

input allows the LTC 1968 to remain within its low-error region of

Figure 1 shows a simple oscillator circuit consisting of a Wein
bridge oscillator core and an amplitude stabilisation loop . Linear
Technology's LT1632 high-speed low-distortion amplifier and its
positive feedback RC network generate the oscillations . The
amplitude - and amplitude stability - of the sine wave is controlled
via a negative feedback loop comprising an LTC 1968 RMS-to-DC
OSCillator, an LTC2054 buffer and an LT1632 error amplifier.
The oscillation occurs at a frequency of 1/(21tRC), where Rand C
are the positive feedback components of the amplifier. The
attenuation of the negative feedback network is approximately 3,
to match the attenuation encountered in the positive feedback

:::;lVOUT(DC) for up to 3V RMS output sine waves. The LTC2054
buffers the output of the LTC 1968 for minimal error due to output
loading, and the LT1632 error amplifier compares the RMS level of
the sine wave with VRMS, the desired RMS amplitude.
The error amp controls the gate-source voltage bias of the JFET
to modulate the amplitude accordingly. The 1Ok-ll .5k resistive
attenuator at the gate of the JFET compensates for the channel
modulation effects of the JFET, which otherwise would cause severe
harmonic distortion in the circuit. As shown, the output amplitude
of the sine wave is
VOUT(RMS) = 3 x V RMS ; with OV :::; V RMS :::; lV
As measured with a
Hewlett-Packard 3589A
Spectrum Analyser, the

f\./V
C

VSET

(SET AMPLITUDE)

R

OUT
f " 1/2n:RC
FOR f " 100kHz: C = 1OOOpF AND R =1.62k
VOUT(RMS) " 3· VSET " 3 • VOUT(OC}

5V
5V

harmonic distortion of this
circuit with a 100kHz,
1V RMS sine wave output is:
-92dBc (0 .0025%). The
amplitude stability is better
than -60dBc (0.1 %) . With

2k
R

a 2VRMS output, the
circuit yields only slightly
degraded performance, at
-80dBc (0.01 %) harmonic

1k

distortion and -55dBc
(0.18%) amplitude
stability.
The LTC 1968 can
measure the amplitude of
sine waves up to 500kHz
in frequency with less than
1 % absolute error
(independent of the
amplitude stability of the
circuit) . Producing higher

Figure 1: Schematic of the sine wave oscillator, consisting of a low-distortion LT1632-based Wein
bridge oscillator core and an LTC1968-controlled amplitude stabilisation loop. The output of the
LTC1968 equals the RMS level of the sine wave divided by 3

frequency sine waves using
this circuit is possible, up
to the 15MHz bandwidth
of the LTC 1968.
Electronics World
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PRACTICAL ELECTRONICS
HANDBOOK - 6TH EDITION
IAN SINCLAIR • JOHN DUNTON
NEWNES

T

his is the first book that I have
reviewed and I approached it with
some concern because there already
existed glowing reviews, and I had doubts that
I would be able to contribute anything extra to
them. Having read the book I now ask the
question" Did the earlier reviewers adually
read the book, or did they simply scan the
index?"
Unfortunately, this is one book that I would
be unable to recommend. Although it
contains a mass of useful information, there
are gaps in the information, glaring errors and
inconsistencies. A book of this nature should
present information clearly and
unambiguously, it should not present a
challenge to the user to determine if the
information presented can be trusted.
What follows is a synopsis of my review,
although it is in reality a very truncated
synopsis of a proof reading (which should
have been completed by the originators prior
to issue). Should anyone be interested
(especially if you have already purchased the
book) I am making my review notes available
via the editor of Electronics World.
A look through Edition 3 of the' Practical
Handbook of Electronics', which I borrowed
from the lET Library, reveals a book with
largely clear explanations, well construded
drawings and the obligatory bibliography to
enable the reader to pursue further research.
It is difficult not to compare the third
edition, which appears to have been
assembled by a team of professionals (author,
illustrator, typesetter, proof reader etc) with the

ANOMALIES I FIND. THERE IS INDEED A GREAT DEAL
OF USEFUL INFORMATION, BUT THE AUTHORS HAVE
FAILED TO KEEP THE BOOK UP TO DATE WITH THE
ACCELERATION OF DEVELOPMENTS IN THEIR
CHOSEN SUBJECT, AND INSUFFICIENT EFFORT HAS
BEEN GIVEN TO CHECKING THE DETAIL.
I Electronics World

PRACTICAL
ELECTRONICS
HANDBOOK

sixth edition which appears to have
been assembled on a word processor
- which correds spelling mistakes
but, of course, cannot distinguish the
correct word from the incorred one and several graphics packages. I
would have expeded all of my
comments and the anomalies that I
have found in the sixth edition to
have been found by the proof reader.
The third edition may be out of date
in much of its content, but it is far
superior in style and accuracy.
Although the sixth edition includes
plenty about the microprocessor and
similar ICs, such as programmable logic
integrated op-amp, audio, radio etc, it leaves
out other equally pradical devices like the
IGBT (Insulated Gate Bipolar Transistor) which
has been around for a fair few years. Equally,
the information on the triac and associated
diac are skimpy to say the least, and the lack
of a sedion on the USB is unfortunate.
The illustrations leave a lot to be desired.
There is no consistency in use of symbols or
accuracy. Illustrations that would be better
presented in portrait are shown in landscape
and, in one case, an illustration is shown with
the drawing in landscape, but the text in
portrait and with the input at the top and
output at the bottom - very confusing.
Nit picking this may be, but the lack of
consistency and the high number of errors
make it difficult to accept the truly worthwhile
information that this book may contain .
Further, in my case, these have effedively side

THE MORE I LOOK THROUGH THE BOOK, THE MORE
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SIXTH
EDITION

~
Newnes

tracked me away from carrying out a proper
review of this book.
Chapter 4 - Chemical Cells and Batteries,
offers the potential of an insight into the
multitude of cells and batteries available.
Although the historical details are fascinating
they are not in keeping with a pradical
handbook. Also, I found it difficult to follow
the use of the new convention of describing
the component chemicals. Manganese dioxide
and its formula Mn02 I can readily
understand, but manganese (II) oxide confused
me, it turns out that it is MnO (manganese
oxide). Manganese dioxide (Mn02), as found
at www.webelements.com/
webelements/compounds/textlMn/Mn 10
2-1313139.html turns out to be 'Manganese
(IV) oxide'. It begs the question as to whether
the praditioner of eledronics needs also to be
a chemistry graduate. It also puts in doubt the
illustration of the Leclanche wet cell which
indicates that 'manganese (II) oxide' (which
translates as manganese oxide) is used round
the carbon anode, whereas the description on
page 90 states that the carbon rod is
surrounded by a paste of 'manganese dioxide'
(e.g. manganese (IV) oxide).
The illustrations of the various cells identify
the connedions as 'positive' and 'negative',
whilst the text talks of the' anode'. We all
know that the anode is the positive terminal,
don't we 7 But for clarity sake, if the text talks
of the anode then it should be indicated on

BOOK REVIEW

the illustrations. Further, it would help if the
descriptions of the various electrolytes and

Although some bibliographical references

understanding is that whilst current build

are made, the majority of references are to

desktop computers may still have serial

other elements correlated with the

websites, and whilst the majority of these lead

(RS232) and parallel (Centronics) ports as well

illustrations.

to active sites (one will lead you the Grace

as USB, these are being gradually phased out.

One little snippet that caught my eye was

Community Church website), there are some

The more I look through the book, the more

the claim (page 89) that "The insulation

mistakes that make it frustrating since, by their

provided by hydrogen gas is used as the

very nature, URLs are extremely unforgiving of

of useful information, but the authors have

dielectric for electrolytic capacitors ... " This is

errors. But, on the whole, this system appears

failed to keep the book up to date with the

not so; page 35, first paragraph correctly

to work quite well, especially for the

acceleration of developments in their chosen

describes the formation of aluminium oxide as

manufacturers' websites.

subject, and insufficient effort has been given

the insulator (and hence dielectric).
Again under transformers it is implied that

The book declines to address the USB, but
does have interesting details on the RS232

anomalies I find. There is indeed a great deal

to checking the detail.
The paperback version of Edition 6 is

mains power transformers require an air gap

and Centronics printer (parallel) ports. There is

available from Amazon (UK) for £17 .99 and if

to function correctly. This is the first time I

what is claimed to be an 'exemplar' Qbasic

you feel so inclined, the paperback version of

have been made aware of this and it must be

program for linking an ADC to a Pc. My

Edition 5 is still available for £18.99 .

challenged .

laptop uses only USB, so I am biased, but my

John Mayo
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Omni-Directional WiFi
Antennas With 9dBi Gain

New Distributor Deal
at Surtech
Surtech Distribution, the Andover-

CTi Ltd has launched a new series of omni-directional WiFi
antennae which provide a range of gain levels up to 9dBi,

based specialist distributor of

greatly improving over most standard antennas fitted to indoor

enclosures, thermal management

wireless access points, routers and bridges.

products, power supplies and related

The new CTI-RA series WiFi antennas enable users to increase

electro-mechanical components, has

the signal strengthS of SOHO (small office/home office) wireless

struck a deal with German-based

equipment significantly; simply by replacing the supplied

Eplax - formerly Vero Electronics - to

antenna, they can extend the equipments operating range

import and distribute the companys

appreciably.

range of pluggable power supplies

Suitable for use with any 802 . 1 1 standard 2. 4GHz wireless

systems, QI-RA antennas are available with a choice of 3dBi,
5dBi, 7 dBi or 9dBi gain levels to facilitate optimum application
matChing, and with three types of

into the UK electronics market.
Eplax previously maintained a UK sales office to provide
sales and technical support for the standard product families,
which include the PK, Vp, EC and GK ranges of 3U and 6U

connector: SMA Male RS, TNC Male and

pluggable supplies offering single and multiple outputs with

N Male. All six antennas employ co-linear

a wide choice of current ratings. Stock holding will be

elements to maximise RF efficiency and

increased substantially so that seNice levels can be enhanced

minimise length, contained within a

with many popular products available ex-stock and others on

robust semi-flexible rubber housing.

short lead times.

The base of each antenna features a
swivel joint that enables it to be used for

The strengthening of the companys product portfolio with
increased emphasis on PSUs is a natural progression in

vertically or horizontally polarised signals,

providing increased value-added capability to support its

and the connector is fitted with rligh

strong position as a leading supplier of configured

quality gold-plated pins for signal

enclosures and subracks, notably the Vero 19" IMRAK 1400,

integrity. CTI-RA antennas have a nominal

IMseN, KM6 subracks, modules and front panels, Diplomat

50 Ohm output impedance and an

and other desktop instrument cases. Veroboard prototyping

output VSWR (Voltage Standing Wave

products, extender cards, terminal pins are another major

Ratio) of less than 2: 1 across the band .

offering for the development engineer

www.cti-int.com

www.surtechdist.co.uk
Electronics World
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Software Development
Solution for Automotive
Microcontrollers

Waterproof Ethernet
Connectors for IDC and
PC Mounting

Green Hills Software has

Bulgins IP68 Waterproof Ethernet Buccaneer family has been

announced the immediate

extended with two new panel mount versions. Using the RJ45

availability of ECU software

standard these connectors are now available for PCB mounting

development suite targeting

and IDC termination.

Freescales MPC551 0

The PX0839/PC is designed for direct PCB mounting. The

microcontroller family, which

connector is rear-of panel mounting, which in addition to

is built on the Power

providing an anchor point for the PCB, also allows assembly

Architecture technology.

and, if necessary testing before fitting to the panel. The

Components of the toolkit
include royalty-free RTOSs,
optimising CIC++ compilers
for Power Architecture, MULTI Integrated Development Environment
fiDE) with multicore debugger, virtual prototyping platform,
TimeMachine tool suite and high-speed Nexus hardware probes.
Green Hills Software tuned its solution specifically for the
MPC5510 familys dual-core architecture. For example, it offers tuned

connector is intended for volume applications where speed of
construction without costly cabling is essential.
The PX0839/1DC is also rear-of-panel mounting but with IDC
terminations .
The insulation displacement termination is a standard method
of connecting individual wires using a simple assembly tool.
Designed for 'field
termination' it is a

support for the Variable Length Encoding (VLE) instruction set, an

quick, reliable,

extension to the e200 core that is designed to dramatically reduce

proven

application memory footprint.
The Optimising CIC++ compilers, advanced debugger and the
MULTI IDE are available now for MPC551 O-based application

technology for
data terminations.
These new

development. TimeMachine is also available now for the integrated

versions mate

instruction set simulator. Support for Green Hills RTOSs, SuperTrace

with all existing

probe and Green Hills probe are expected soon.

Ethernet

The MPC551 0 family of 32-bit microcontrollers are Freescales
MCUs designed to address the next wave of central body and

Buccaneer Aex
connectors rpX0834, 836, 837 and 838) maintaining the Cat5e

gateway applications within the vehicle.

system performance and IP68 sealing integrity.

www.ghs.com

www.bulgin.co.uk

European Distribution Agreel11ent

58

I Electronics World

PRODUCTS

Luminary Micro
Announces
Stellaris
Evaluation Kits
Luminary Micro announced the
immediate availability of two Stellaris
Evaluation Kits with a 30-day
evaluation license for CodeSourcery:S
Sourcery G++ software development
environment.
Designed for the new class of
Stellaris integrated communication
MCUs, these compact and versatile
evaluation kits take advantage of the
capabilities of the new Stellaris
microcontrollers with more memory,
more GPIOs, enhanced power
management and the addition of
integrated 10/100 Ethernet MAC and
PHY communications and integrated
CAN communications. Both kits
include a 30-day evaluation version of
the Sourcery G++ toolchain, which
offers an integrated development
environment, the GNU Toolchain and
hardware debug support for Stellaris
MCUs, including the 27 new MCUs
with real-time networking capabilities.
In partnership with ARM,
CodeSourcery develops improvements
to the GNU Toolchain for ARM
processors and provides regular,
validated releases of the GNU
Toolchain. CodeSourcery:S current
release of Sourcery G++ and includes
full support for the ARM Cortex-M3
microcontroller core and the entire
Stellaris family.
The EKC-LM3S6965 features fully
integrated 1011 00 Ethernet capability
and includes two examples of an
embedded web-server application. The
quickstart application that runs out-ofthe-box includes an embedded web
server utilising the open source IwlP
Ethernet stack. The kit also contains a
web server demonstration application
with FreeRTOS.org RTOS and the open
source ulP Ethernet stack.

www.luminarymicro.com

Environmental Packaging Issues
on Top for IPS

New Digital SPI Bus Pressure Sensors
Sensortechnicss new digital RCE series offers precision absolute, gage or
differential pressure measurement from ± I Ombar to 5 bar. These devices
generate a calibrated and temperature compensated digital output signal with
high resolution and very fast response times.
The sensors comply with the SPI bus protocol and can be easily interfaced to
microcontrollers without the need for additional electronic components. Custom
specific outputs, 12C bus, analogue or
switching outputs can also be
provided on request
The RCE series utilises the latest
ASIC technologies for high precision
digital signal conditioning and
achieves high total accuracies of up
to ± 1.0 O/OFSS (Full Scale Span).
The sensors feature highly stable
micromachined silicon elements
packaged with two pressure ports for easy manifold or tubing connection and
mounting holes for convenient PCB assembly.
The digital RCE series offers OEM customers precision pressure measurement
for a wide range of applications. Typical examples include medical
instrumentation, barometry, HVAC and pneumatic controls .

www.sensortechnics.com/rce
Electronics World
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Alpha Wire

Beta Layout Ltd

www.xtraguard.com

www.pcb·pool.com

Leading supplier of advance solutions and
service in wire, cabling and tubing, Alpha
Wire International, has announced the
launch of a new website dedicated solely
to its range o~azard-matched cables,
XTRA·GUARD that provide extreme performance for extreme environments. The
new website www.xtraguard.com represents an industry first for a website dedicated solely to a single brand of cable. The
site offers an intuitive selection aid to help
engineers correctly specify cable for their

The Best Value Online PCB Prototyping
Service Available:
Instant on line quotations & ordering (no pre
registration).
We offer the following:
• No minimum quantity. • No tooling
charges. • No drill Umitations. • 1 to 6 layers
(prototype quantities) • 2 layers ( small production batches) • Fr4,1.6mm,35 um,HASL
(Pb free/RohslWeee) • Soldermask /
Silkscreen (optionaQ • Leadtimes from 2 -8
working days • Full DRC on all orders ( we
manually check every file I!!). • PCB-POOL®

application's extreme environment.

BVM

Conford
Electronics

www.class·d.com

BVM Limited
Hobb Lane, Hedge End, Southampton, S030
OGH

.. _

' ....

po

1_._.. ____ .__ .. __ ___

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. Specialists
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DB Technology

manufacturing • Supplying sound systems
• Energy saving • Lighting systems • LED
lighting • Fluorescent Lighting ballasts

www.dqsolutions.co.uk
As specialists in the supply of ultra highspeed instrumentation cards for the PC
and industrial chassis, we provide an
advanced product range with the following
features:
• PCI, PCI-X, PCI-express & PXI formats,
• Signal capture (AID) with sampling rates
up to 500M samples/sec.
• Simultaneous sample and hold with up
to 16 bits resolution.
• Waveform generation (D/A) to 125 million
samples per second.

• Digital If 0 and pattern generation for a
wide range of logic levels.
• Storage of data to deep on-board RAM
or PC memory.
• Fully portable systems for many types of
card.

Designer Systems
Co

www.dbtechnology.co.ukl
Anechoic chamber and open area test site.
• Compliance Tests
• Fixes included. FCC Listed,
• Flexible hourly booking available.
• Rapid, accurate pre-compliance tests.

Established to give a cost effective solution to audio, lighting, general electronic
design and manufacture for the leisure,
commercial, industria', domestic markets.
Linear and Class-d design amplification
including PFC power supplies. Full design
through to manufacture and installation.
• Manufacturing equipment • Plastic
injection moulding • Die-casting •
Surface Mount production • Full volume

DataQuest
Solutions Ltd

.........'-..-..... ,. .......

www.confordelec.co.uk

accepts direct outputs from 15 major layout
softwares (see our website for details)
Download our fully functional PCB LAYOUT
software FREE of charge.
Free Phone : 0800 3898560

Class-d Design
Limited

www.bvm·store.com/
Suppliers of computer boards and systems
for embedded application. Comprehensive
ranges of standard boards and systems
are described on the website together with
a family of ultra slim panel PCs for Kiosk
and information display systems.
In addition the company offer a customisation service for both CPU and I/O boards
and complete assembled systems. Typical
applications range for point of sale terminals to traffic management systems.
Call 01489 780144 to discuss your system
requirements or email sales@bvmltd.CO.uk.

" I · , •• I

www.designersystems.co.uk
. .-~-

:-2005

Electronic product deSign company with
over a decade of experience promoting it's
own product range and designing and
manufacturing innovative products for
client companies/individuals .

. '

~ MICRDCHn:s.

~~\::·;-,,~~~~;-.;;~m~f"~~~·~j~

Colour screen shot and text is just £350 + vat for 12 months

.

WEBSITE DIRECTORY

FIT

Future Technology
Devices
International Ltd

www.ftt.co.ukJPICProTrng.html

www.ftdichip.com
<http://www.ftdichip.com> Future
Technology Devices International (FTDI) Ltd.
are specialists in providing IC devices and
modules which allow for interfacing legacy
peripherals to Universal Serial Bus (USB).
We offer the easiest route to USB migration
by combining USB-Serial (USB-RS232) and
USB-FIFO silicon solutions with our readyto-go royalty free USB drivers

Hammond
Electronics

<http://www.ftdichip.com/FTDrivers.htm> .
FTDl's "total" solutions offer reduced
development and debug costs and a fast
time to market.
Call us on 0141 4292777 or email
salesl@ftdichip.com

A1HAMMOND
W MANUE.4CTURING TM
tors. Visit www.hammondmfg.com
to see the full range of products and to
download PDF and AutoCAD files
of each unit; for specific technical information or to place an order, call 01256
812812.

Proteus Design
Suite

Microchip
Technologies
Microchip Technology Inc. is a leading
provider of microcontroller and analogue
semiconductors, providing low-risk product
development, lower total system cost and
faster time to market for thousands of
diverse customer applications worldwide.
Microchip designs, manufactures, and markets a variety of high performance components for high volume, cost-effective embedded control solutions, including 8- and 16-bit
PIC® microcontrollers; dsPIC® digital signal

Sky systems ltd
www.sky·pcb.com

www.labcenter.co.uk
The Proteus Design Suite from Labcenter
Electronics Ltd provides a unified development environment for the professional electronics engineer. From schematic capture,
through simulation to PCB design Proteus
delivers a cost-effective solution designed to
streamline the development lifecycle and
reduce the time to market. Proteus also
includes the worlds first schematic based
microcontrollersimulation technology, allowing you to test and debug your microcontrollerapplication alongside any analog and

CAN • DSP • Motor Control • programming
using Real Time Operating Systems such
as uCOSlI, CMX & Salvo and • other microcontrollers, please inquire.
Tel: 020 8669 0769 Email: pictrng@ftt.co.uk

http://www.microchip.com/

www.hammondmfg.com
Hammond Electronics is one of the world's
leading manufacturers of small plastic,
die-cast and metal enclosures for use in
the professional and hobbyist electronics,
electrical and allied sectors. The wellknown Eddystone range of die-cast aluminium enclosures is a Hammond brand.
In the UK, product is available from the
company itself or a number of major catalogue and specialised enclosure distribu-

FIT (a Microchip Consultant Partner &
Training Partner) has developed a range of
courses - both distance learning and
instructor led - covering Assembly and C
Programming of PIC16, PIC18, PIC24 and
dsPIC microcontrollers. For each processor
family there are both Cand Assembly programming courses at: • FOUNDATION
LEVEL & • INTERMEDIATE LEVEL. For information about these courses, advanced
courses and workshops such as: •
Advanced CEmbedded & Real Time
Programming • TCP/IP & Ethernet • USB •

digital electronics connected to it. This
enables parallel development, reduces costly
prototyping revisions,
simplifies testing and saves both time and
money. With free support direct from the program authors, the Proteus Design Suite is the
total solution, from concept to completion.

Sky Systems Ltd. was established with the
vision and promise of providing manufacturing high quality, cost effective solution and
one-stop service to meet the most demanding of our customers' requirements.
We offer the followings:
• 1-12 Layers • Fr-4 I Cem-3 • HAL(Lead
Free),Flash Gold, Electroless Gold Plating,
OSP ,Immersion Silver, Immersion Tin • Gold
Finger • Soldermask • Silkscreen • Routing I
Punching I V-Cut • Online quotation • FREE
PCB Prototype with quantity orders • Short

Surplectronics

Telnet Ltd

www.surplectronics.com

www.telnet.uk.com

Surplectronics is a brand new electronics
components e-Store with a difference. We
specialise in popular electronic components from leading manufacturers at rock
bottom prices that you won't find elsewhere.
New lines are arriving every day and many
of our products are one-off specials that
may not be repeated.
Our products are all new, unused and are
fully guaranteed. Ordering is simple, with
UK shipment free for orders over £50 and

Suppliers of quality second-user test
and measurement eqUipment at prices you
can afford. Manuals and accessories supplied. If you would like a quote,
please call. We also purchase your surplus
test equipment. Please call us for the best
offers.
payment is completed credit card. Goods
are shipped that day for prompt delivery.
Surplectronics - serious about surplus. Tel:
0870 850 5258

TELNET
1 Stoney Court, Hotchkiss Way, Binley
Industrial Estate, CV3 2RL
Tel: 024 76650702 Fax: 024 76650773

controllers; development kits; serial
EEPROMs, more than 350 mixed-signal analogue and interface products; KEELOQ secure
data transmission products; and the
PowerSmart® family of smart battery management products. Microchip's product solutions feature compact size, integrated functionality, and ease of development.
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lead time • Fast worldwide delivery •
Flexible quantity • CHINA Factory
For more information or request a quote
today from our web site.

Mobile: 07860 400683
Email: dales@telnet.uk.com
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ADVERTISING ENQUIRIES CONTACT MATTHEW ON: 020 7933 8980
PCB DESIGN
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~~w.emcadgifts : co ! U'(

EMC ADVERTISING GIFTS
Phone fax email for Catalogues

tel: 0845 345 1064
fax: 0845 345 1 065

sales@emcadgifts.co.u'(
EMC ADVERTISING GIFTS
Easy-to-buy
Promotional Gifts
-ONUNE

www.emcadgifts.co.u'(

ARTICLED WANTED

BATTERIES/CHARGERS

EMBEDDED SOFTWARE DEVELOPMENT

ANSMANN ENERGY (UK) LIMITED
Units 19/20. Maple Park. Essex Road.
Hoddesdon. Herts. ENll OEX. UK
Tel: +44 (0) 870 609 2233
Fax: +44 (0) 870 6092234
Email: info@ansmann.co.uk
Web: www.ansmann.co.uk

EMBEDDED SOFTWARE DEVELOPMENT

TOP PRICES PAID
For all your valves,
tubes, semi conductors
and ICs.

Langrex Supplies Limited
1Mayo Road, Croydon, Surrey CRO 2QP
TEL: 020 8684 1166 FAX: 020 8684 3056
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REAL TIME SYSTEMS DESIGN, DEVELOPMENT

&

T ESTING

DIGITAL SIGNAL PROCESSING - TMS320, SHARC, Dsp56K
DEVI CE DRIVERS, BSPs, LIBRARIES, FIRMWARE
SAFETY CRITICAL TO SIL3, MrsRA-C: 2004, POSIX, VXWORKS
VME, cPCI, PC104 OR CUSTOM HARDWARE

Tel:
01293 817635
Web: www.harmonicss.co.uk
Email : sales @harmonicss.co.uk

Premium quality at
a competitive price

COMPONENTS WANTED
ENCLOSURE DESIGN

Components wanted

PCB MANUFACTURE

:=

Excess/Surplus

WWW. mush room .co. u k

CUE3e
CREATIVE PRODU C T DESIGN

01234 363611
will collect anywhere in Europe
Instant Cash Settlement
DESIGN DEVELOPMENT & MANUFACTURE
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Producirig /YOUR prODuct ,~~

~Sing" OUR'""world ~clasS ~ice

" Eng ineering & Testing Programme
Global Logistics & Distribution
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; www.class-d.com or Telephone (01623 654 080)
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Electronics World

FOR SALE
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PCB DESIGN & MANUFACTURE
for both the Hobbyist and Professional

pca.

de.lgned and produced from:
• Note.
• Schematic.
• Specification.
•

Oeacrlptlona

•

Print - outs

•

Oerbe,..

Aval1ab/e With or without component assembly
* FREE * PCB PROTOTYPE With Quantity Ol'd....

PRODUCTS & SERVICES

ADVERTISING ENQUIRIES CONTACT MATTHEW ON: 020 7933 8980
PCB MANUFACTURE

TAPE & REELING

POWER

TOROIDAL
TRANSFORMERS

www.rak.co.uk - data@rak.co.uk
24 Hour Service
Quality Prototype and Small Quantity
Printed Circuits Fast

® Product Range 10va - 6kva
® Short Lead Times
® Large or Short Production Runs

Single Sided • Double Sided
Multi Layer • PTFE • RoHS Compliant
Silver & Gold • SMD Assembly
I

I

® Very Fast Prototype Service
® All products manufactured in UK

Unit 12, Shirehill Industrial Estate, Saffron Walden,
Essex CBll 3AQ

SMD TAPING &
REELING SERVICES

Tel: 01799 526227 Fax: 01799 525107

Tel: 00 44 {O)l582 412323
Email: sales@actloncircuHs.com

TIGER TOROIDS LTD
Unit 5 Pulham Market Hall,
Station Road, Pulham Market
Diss, Norfolk, IP21 4XF

Tel: 01379608868
Fax: 01379 608 871

www.octioncircuits.com

POWER SUPPLIES

The World's Leading Independent
Manufacturer of High Voltage DC
Power Supplies, X-Ray Generators,
& Monoblock X-Ray Sources.

SERVICES

DEVICE PROGRAMMING SERVICES

POWER SUPPLY DESIGN
Switched Mode PSU
Power Factor Correction
designed to )lour specification

action circuits
Iv

K;

LIM IT E D

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

device programming .. reeRng specialists

Lee Us Transform Your laeas Into Reality.

Broomers Park. Unit '14
Broomers Hili Lane Pullborough

west Sussex. RH20 2RY. England

Lomond Electronic Services

~ SRe II man

Tel: +44(0) 1798 877000
Fax: +44(0) 1798 872479
Email: SalesOSpelimanHV.co.uk

SOFTWARE
DEVELOPMENT

Eloc:'.rontCS Coqxy~n
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I.C. PROGRAMMING
& LASER MARKING
SERVICES

PRODUCT DEVELOPMENT
Tel: 00 44 {O)1582 412323
Email: sales@adioncircuHs.com

From ~"'.1WIIiI1ft.

www.octioncircuits.com

Tum·key product design, re-design (including RoIlS) and
manufacturing services to allow your business to stay
competitive and meet your customers needs.
•

•
•
•

Wide delekJpment coverage
indudilY,j telecommunications,
broadcast, industrial, automotive,
white goodsaoo commercial.
Industrial safety & control products.
GSM/GPRS telemetry via SMS or
data (TCP/IP) for M2M.
GPS enabled systems for asset
tracking, security or monitaing.

•
•
•
•
•

Ethemet/WiFI telemetry .
Broadcast audio & video routilY,j
and interfacilY,j systems.
Autoolctive audio visual,
security and accessaies.
Robotics for educatioo or
the hobbyist.
Professional DVD and network
video player accessaies.

email sales@designersystems.co.uk
tel/fax +44 CO) 1872 223306
web www.designersystems.co.uk

Designe~

Systems ~

MICROCHIP
Consultant Program S~d ;.YrdJ'd Memb«

MICROCONTROLLER
SOFTWARE DEVELOPMENT
•
•
•
•
•

Microcontroller Softwares
PC I Palmtop Softwares
Many Years of experience
Professional Approach
Latest Development Tools
LA ELECTRO APP LI ANCES (P) LTD

PCB MANUFACTURE

PCB MANUFACTURE
VISIT

PCB-VALUE.CO.UK FOR

-REAL-TIME QUOTES CALCULATOR
-LOW COST, EVEN FOR SMALL QUANTITIES
-A QUALITY SERVICE YOU CAN TRUST
-ON-LINE PURCHASING OPTION
-PCB LAYOUT DESIGN

~E~fN~~JJ
UMrTED

UNIT 39, LANSDOWN IND. EST.
CHELTENHAM, GLOS, GL51 8PL
TEL: 01242 587700

Electronics World

I
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PRODUCTS & SERVICES

ADVERTISING ENQUIRIES CONTACT MATTHEW ON: 020 7933 8980
TRANSFORMER MANUFACTURE

SERVICES

• Prototypes at a fraction of the cost
• Tooling and setup included
• Industry standard quality

Follow up Services Runs .
CAM/CAD Consulting .

NEW

ONUNE Quotations .
ISO-Approved .

• Any contour

Our new East European production plant for
medium to high volume production is now fully
operational.
We are pleased to offer an end to end solution for
wire wound components Via a UK based company
D2 . 11 Ni mroi.l W,~ '( . L.lt~l [)Dr~d! l
Win,burn o.: D,o nl!l. 0112_ 7SIt.

FOR SALE

rr.~dc

I-'.trk.

Fax: 01202 87 20 87
E-Mail: Ie. '- ' illiomatic-\v inclin~C'(). uk

'Tel: 0120287 2101

AgilentlHP3561 A

Dynamic Signal Analyser
£1600.00 Inc. VAT

W('b:

\'I\n .autom'l tic-winclin~ .c'O . llk

SURPLUS COMPONENTS FOR SALE

Excellent working Order
Good Cosmetic Condition
Operator & Service Manual
90 Day Warranty
Tel: +44(0)1454 315432
Email: sales@jelavender.fsnet.co.uk
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new parts @surplus prices

www.surplectronics.com

WHAT BETTER CHOICE?
FOR QUALITY, PERFORMANCE & AFTER SALES SERVICE

. . ....,-.-_____. CABLE LOSS
.JII"'~
MEASUREMENT
TEST
PATTERN
GENERATORS

* TV TEST PATTERN GENERATORS
* WiFi ANALYSERS
** CABLE
COFDM MODULATORS
LOSS MEASUREMENT

*
**
*

ELECTRONIC TRAINING SYSTEMS
BENCH & flEL

DMM

ELECTRICAL TESTERS
CRT REJUVENATORS

All
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priC~S exclude a nominal delivery Cha~~e & V~T

www.albanelectronics.co.uk
I~PROMAXI ALBAN ELECTRONICS LIMITED

.

.

[A Ib a n ]

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

Brand new products and support services,
developed for the design engineer
~

Re-engineered website offering fast search of over 360,000 products
and 260,000 datasheets PLUS

~

Over 3,000 new products added every month

~

Exclusive products, fast tracked and available in just 14 days

~

Brand new suppliers of highly innovative technology Enfis, 1ST and Equinox

~

The latest connector and connectivity technology, first,
at www.electronicsdesignworld.com

