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QUASAR

electronics

The Electronic Kit Specialists Since 1993

Motor Drivers/Controllers

Here are just a

Computer Controlled / Standalone Unipo-
lar Stepper Motor Driver . "
Drives any 5-35Vdc 5, 6 or |
8-lead unipolar stepper
motor rated up to 6 Amps.
Provides speed and direc- -
tion control. Operates in stand-alone or PC-
controlled mode for CNC use. Connect up to
six 3179 driver boards to a single parallel
port. Board supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £15.95
Assembled Order Code: AS3179 - £22.95

Computer Controlled Bi- Polar Stepper
Motor Driver 1
Drive any 5-50Vdc, 5 Amp
bi-polar stepper motor us-
ing externally supplied 5V
levels for STEP and DI-
RECTION control. Opto- - %
isolated inputs make it ideal for CNC appiu:a-
tions using a PC running suitable software.
Board supply: 8-30Vdc. PCB: 75x85mm.

Kit Order Code: 3158KT - £23.95
Assembled Order Code: AS3158 - £33.95

Bi-Directional DC Motor Controller (v2)
Controls the speed of
most common DC
motors (rated up to
32Vdc, 10A) in both
the forward and re-
verse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer.
Screw terminal block for connections.

Kit Order Code: 3166v2KT - £22.95
Assembled Order Code: AS3166v2 - £32.95

\/ y

DC Motor Speed Controller (100V/7.5A)
Control the speed of
almost any common
DC motor rated up to
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 - £17.95

Assembled Order Code: AS3067 - £24.95

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

Quasar Electronics Limited

PO Box 6935, Bishops Stortfard

CM23 4WP, United Kingdom

Tel: 08717 177168

Fax: 07092 203496

E-mail: sales@quasarelectronics.com

Web: www.quasarelectronics.com

08717 ~.." 177 168

3-7 Day Delivery
Europe (EU) - £
|0rder online for

Postage & Packing Options (Up to 0.5Kg gross
5; UK Mainland Next Day Delivery - £8.95;
est of World - £9.95 (up to 0.5Kg)

duced price UK Postage!

weight): UK Standard

We accept all major credit/debit cards. Make cheques/PO's payable Maste
to Quasar Electronics. Prices include 15.0% VAT.

Controllers & Loggers

Here are |Il‘a| a h~w of :rm Ci .)nll'uHH and

8-Ch Serial Isolated IO Relay Module
Computer controlled 8-
channel relay board. 5A
mains rated relay outputs. 4
isolated digital inputs. Useful
in a variety of control and
w sensing applications. Con-
trolled via serial port for programming (using
our new Windows interface, terminal emula-
tor or batch files). Includes plastic case
130x100x30mm. Power Supply:
12Vde/500mA.
Kit Order Code: 3108KT - £64.95
Assembled Order Code: AS3108 - £79.95

Computer Temperature Data Logger
4-channel temperature log-
ger for serial port. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range of free software applications for stor-
ing/using data. PCB just 45x45mm. Powered
by PC. Includes one DS1820 sensor.

Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security. _ \
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 Tx's can
be learnt by one Rx (kit in-
cludes one Tx but more avail- =

able separately). 4 indicator LED 's. Rx: PCB
77x85mm, 12Vdc/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £49.95
Assembled Order Code: AS3180 - £59.95

DTMF Telephone Relay Switcher
Call your phone num-
ber using a DTMF
phone from anywhere
in the world and re-
motely turn on/off any
of the 4 relays as de-
sired. User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case. Not BT ap-
proved. 130x110x30mm. Power: 12Vdc.

Kit Order Code: 3140KT - £74.95
Assembled Order Code: AS3140 - £89.95

Please visit our online shop now for details of over 500 kits,
projects, modules and publications. Discounts for bulk quantities.

Infrared RC Relay Board
Individually control 12 on-
board relays with included
infrared remote control unit.

Toggle or momentary. 15m+

range. 112x122mm. Supply: 12Vdc/0.5A
Kit Order Code: 3142KT - £59.95
Assembled Order Code: AS3142 - £69.95

PIC & ATMEL Programmers

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £14.95
18Vdc Power supply (PSU010) £18.95
Leads: Parallel (LDC136) £3.95 / Serial
(LDC441) £3.95/ USB (LDC644) £2.95

USB/Serial connection. Header
cable for ICSP. Free Windows
XP software. Wide range of

; supported PICs - see website for

([ e cOMplete listing. ZIF Socket/USB

lead not included. Supply: 16-18Vdc.
Kit Order Code: 3149EKT - £49.95
Assembled Order Code: AS3149E - £59.95

NEW! USB & Serial Port PIC Programmer

NEW! USB 'All-Flash' PIC Programmar
USB PIC programmer for all s
‘Flash' devices. No external
power supply making it truly
portable. Supplied with box and
Windows Software. ZIF Socket
and USB lead not included.
Assembled Order Code: AS3128 - £49.95

“PICALL" PIC Programmer

= 'PICALL" will program virtu-
ally all 8 to 40 pin serial-
mode AND parallel-mode
(PIC16C5x family) pro-
grammed PIC micro control-
lers. Free fully functional software. Blank chip
auto detect for super fast bulk programming.
Parallel port connection. Supply: 16-18Vdc.
Assembled Order Code: AS3117 - £29.95

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. Program/ Read/
Verify Code Data, Write
Fuse/Lock Bits, Erase and
Blank Check. 4 LED's display the status. ZIF
sockets not included. Supply: 16-18Vdc.

Kit Order Code: 3123KT - £27.95
Assembled Order Code: AS3123 - £37.95

‘www.quasarelectronics.com

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

Svetlana Josifovska
Email: svetlanaj@stjohnpatrick.com Recently we (journalists) were invited to a press briefing by a young company to be introduced
to a new type of power-saving technology for handheld devices. The technology has already
been successfully used in communications infrastructure equipment, but seeing the power and

Tania King costs savings the technology can bring to the systems it is installed in, the developers decided to
Email: taniak@stjohnpatrick.com tap into the lucrative market of handheld systems too, where power and cost are of crucial
importance.

However, the journalists’ reaction was not as expected; they
questioned the success of a new technology in an overcrowded
market where established, well-known names tend to dominate.

Matthew Dawe
Tel: +44 (0) 20 7933 8999
Email:

matthewd@stjohnpatrick.com s S This could potentially reflect the feelings of OEMs too.
HOW TO: X X . X
c.\«mm.ﬂ%%‘g‘@zé So the question is: Is there room for new devices and IP in

S EAR FATGIE markets that are already overcrowded and dominated by a

REDUC!

(CAL APPRO?

o AUDIO AMFS .

Chris Cooke — m‘::o handful of well-known companies?
\ — The answer should be ‘yes’. There should always be a place for
new technology, regardless of the foothold big names already

John Owen g5 s, DETAIS OF i
oG PROTECTS: have in that market.

/ seRctAL DAR FORT. : : L

(" aCURASHD Where would many companies be now if they were giving up
Saint John Patrick Publishers \\“& in their earlier days? To a degree a rebellious nature is as
c/o Circulation Data Services Ltd ES‘GN:Q important in any technology developer as an entrepreneurial
The Coach House, Turners Drive SMARTP o HCO-DESIGN spirit is. And, as any engineer will tell you, the excitement felt

Thatcham, Berkshire B when something new is developed is overwhelming and will

RG19 4QB g . m s not go unnoticed by other engineers and engineering firms.
Tel: 01635 879361 M Equally, however, it needs to be emphasised that the
FGX:.O]635 8{’8594 . marketing of any new technology is key — actually, a very powerful marketing machine

Email: electronicsworld@circdata.com . . . .
is what is needed to make something succeed in an already overcrowded market place.
All I'd like to say is ‘Good Luck’ and ‘Never Give up’!

1 year: £45 (UK);

£67.50 (Europe, US & worldwide) Editor
Svetlana Josifovska

Email: electronicsworld@circdata.com
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OFFER BY ANDERS EL Rl

Distributed by Seymour Distribution Ltd,
ECTRONICS IN THE

EEN RUNNING A READE
2 East Poultry Avenue, AGAZINE A .
London, ECTA 9PT o INE

That ition i
+44 (0) 20 7429 4000 competition is now closed and the winners selected, which a
g re:

Nigel Lee, Engineerin

) g Manager f
UK, winner of the A ger from Mac

Grego i
nders Electronics’s Ev gor Welding System Ltd,

William Gibbons Ltd K-UMRX10-B-70 with Wi-Fi

AND

. . Peter Wort| i
John Patrick Publishers ; €Y. Senior Technologi i
@ i the winmer of A gist at Triton Technology Ltd, UK. peter

Electronics’s EVK-UMRX10-D-70 with Wi-Fj

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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avISnICcs.

CONFERENCE AND EXHIBITION

4th-5th March 2009, Passenger Terminal Amsterdam (city centre), Amsterdam, Holland
www.avionicsinternational.com

MOVING ON TO NEW HEIGHTS

Avionics Expo is the only commercial and educational platform for discussing civil and military related avionics in Europe;
bringing together the most influential and high-ranking members from the market and has become the ‘must attend’ event on
the Avionics calendar.

Avionics Expo allows key decision makers, scientists, technologists, engineers and procurement specialists from within the leading
avionics manufacturers, integrators, airframers and airlines to discover and discuss the latest issues and developments affecting
avionics technology.

WHY EXHIBIT?

- Showcase your products and technologies and develop new customer bases

- Unique access to avionics purchasing & procurement professionals from across the region and the globe
- Discuss trade ventures and meet new partners in dynamic surroundings

- Promote products and services to the worlds leading press figures

- Unrivalled platform to create sales leads and make lasting relationships with clients

+ Access to the industries most influential decision makers over 2 days

Please direct exhibition sales enquiries to:

Gareth Watkins

Exhibition Sales Manager

Avionics Expo 2009 Owned and Produced By:
Email: GarethW@pennwell.com

Tel: +44 (0) 1992 656 672 wm
Fax: +44 (0) 1992 656 700 Penn C



avISNnICS

CONFERENCE AND EXHIBITION

4th-5th March 2009, Passenger Terminal Amsterdam (city centre), Amsterdam, Holland
www.avionicsinternational.com

MOVING ON TO NEW HEIGHTS

Avionics Expo is the only commercial and educational platform for discussing civil and military related avionics in Europe;
bringing together the most influential and high-ranking members from the market and has become the ‘must attend’ event on
the Avionics calendar.

Avionics Expo allows key decision makers, scientists, technologists, engineers and procurement specialists from within the leading
avionics manufacturers, integrators, airframers and airlines to discover and discuss the latest issues and developments affecting
avionics technology.

WHY EXHIBIT?

- Showcase your products and technologies and develop new customer bases

+ Unique access to avionics purchasing & procurement professionals from across the region and the globe
- Discuss trade ventures and meet new partners in dynamic surroundings

- Promote products and services to the worlds leading press figures

+ Unrivalled platform to create sales leads and make lasting relationships with clients

- Access to the industries most influential decision makers over 2 days

Please direct exhibition sales enquiries to:

Gareth Watkins

Exhibition Sales Manager

Avionics EX[C)O 2009 Owned and Produced By:
Email: GarethW@pennwell.com

Tel: +44 (0) 1992 656 672 w®
Fax: +44 (0) 1992 656 700 Penn s



Researchers at the Rensselaer Polytechnic
Institute have discovered a new method for
controlling the nature of graphene, bringing
academia and industry one step closer to
realizing the mass production of graphene-
based nanoelectronics.

Large-scale quantum mechanical
simulations have shown that when deposited
on a material treated with hydrogen,
graphene exhibits metallic properties; whilst
when deposited on a surface treated with
oxygen, graphene exhibits semiconductor
properties, indicating that the chemistry of
the surface on which graphene is deposited
plays a key role in shaping the material’s
conductive properties.

"Depending on the chemistry of the
surface, we can control the nature of the
graphene to be metallic or semiconductor.
Essentially, we are ‘tuning’ the electrical
properties of the material to suit our needs,”
said Saroj Nayak, an associate professor in
Rensselaer’s Department of Physics, who led
the research team.

The new method for “tuning” the nature
of graphene is a key step to separating the
graphene’s properties, as conventionally
whenever a batch of graphene
nanostructures is produced some of it is
metallic, while the rest is semiconductor. To

The rendering of two sheets of graphene, each
with the thickness of just a single carbon atom,
resting on top of a silicon dioxide substrate

date it has been nearly impossible to separate
the two on a large scale, even though what's
required is that the graphene devices be
comprised solely of metallic or semiconductor
graphene.

Graphene is a one-atom-thick sheet of
carbon, discovered in 2004. The material’s
conductive properties make it attractive to
researchers as even at room temperature,
electrons pass effortlessly near the speed of
light and with little resistance. This means a
graphene interconnect would likely stay
much cooler than a copper interconnect of
the same size in ICs and electronic systems.

Shoppers’ Lament for the Old

Incandescent Bulb

There's been a mad shopping rush on
conventional type of incandescent light bulbs
in the UK, as the main supermarket chains
decide to voluntarily stop selling them ahead
of the EU’s planned phase-out in September.

The mad rush in which people have been
bulk-buying the bulbs is explained by the fact
that the new type of energy-saving bulbs do
not fit inside many of the old fittings, and
some of the new type of bulbs’ lifetime proves
much shorter than advertised.

According to UK'’s Department of
Environment Food and Rural Affairs (Defra)
however, only some 5% of the all sockets are
incompatible with the new energy-saving
lights, even though only a couple of years ago
it reported that figure to be much higher at
50%.

The switch to energy-saving type lighting is

hoped to reduce carbon dioxide emissions by
nearly five million tonnes a year, making the
emissions cut close to 30% within 10 years.

The first to go were the 150W bulbs in 2007,
followed by the 75W bulb and the 60W bulb
this year.

The fluorescent lights, which will be the only
type of bulb available by 2012, are also
incompatible with older ceiling sockets. They
do not work with most dimmer-switches and
security timers, are not suitable for chandeliers
and can't cope with freezing conditions when
used outdoors.

The low energy alternatives are compact
fluorescent lights (CFLs), like small versions of
the fluorescent strip lights found in offices and
public buildings, and halogen lights shaped
like ordinary bulbs. They use just a fifth of the
energy of a conventional bulb.

www.electronicsworld.co.uk | 07
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Micro cantilevers for drug binding measurement

[Courtesy of the London Centre for Nanotechnology]

of February, the
Nanotechnology Knowledge Transfer
Network (NanoKTN) and The Wellcome Trust
are bringing together members of the
nanotechnology and life science communities
at the Nano4Life conference to explore the
convergence of these two fields.

Micro and Nanotechnologies (MNT) are
increasingly entering the healthcare field, as
significant research funding has been
provided by governments over the past ten
years in the race to capture the potential
intellectual and economic benefits that MNT
has been promising. These research efforts
have produced numerous advances that are
starting to be adopted by the healthcare
industry. The diagnostics field in particular
has benefitted from this miniaturisation
trend.

There are two major issues faced by
western healthcare markets that these
technologies aim to address. The first is
caring for an ageing population who wish to
remain active and healthy. This is driving up
demand within healthcare systems. The
second is the desire of governments and
payers to curb spending within their
healthcare budgets as greater regulatory

hurdles increase the cost of
getting products to market. This is
placing pressure on healthcare
providers to find efficiencies and
cut costs wherever possible.
Miniaturisation is helping solve
these issues, as products become
more specific; use fewer reagents
but also lower their use as they
are expensive.

The development of
microfluidics has allowed the use
of volumes thousands of times
smaller than a common droplet.
This technology forms the basis of
lab-on-a-chip devices for sensitive
analytical measurements. The
reduced volumes used by lab-on-
a-chip systems not only enables
less reagents and samples to be
used, but also decrease analysis
times, as actions like heating,
cooling and mixing are
significantly faster than in
traditional macro systems. In addition, smaller
devices allow the production of cheap
disposable systems, which prevent cross
contamination and increase accuracy.

Lab-on-a-chip devices have received
significant attention in the research
community in recent years, and this has
produced a large amount of intellectual
property and numerous spin-out companies.
One of the new areas being considered is
that of moving into nanofluidics, where the
surface tensions and adsorption issues are
extremely challenging.

The ultimate aim is to detect diseases at
the cellular level at the early stages, before
they require costly treatments. An example to
be showcased at the Nano4Life conference is
the use of nano and micro technology by
Sphere Medical to produce micro analysers in
closed loop systems within the critical care
setting. These aim to decrease mortality in
the critical care setting by closely monitoring
patients and enabling rapid, automatic
responses to changes in clinical
measurements.

Another area of diagnostics to be
discussed during Nano4lLife is being
researched at the University of Glasgow. Here



NANOTECHNOLOGY

Professor Jon Cooper is looking at systems
which can be integrated into a ‘lab-on-a-pill".
This device is being designed to be
swallowed by the patient to provide
diagnostic information as it travels through
the digestive tract. Such systems require the
development of new miniaturised power
sources, imaging and detection systems.
Another major consideration is how to
reliably transmit and receive communications
from such low-power devices, especially from
implanted and internalised devices, as low
power signals do not pass through tissue
easily.

MNT is also being adopted in the
development of pharmaceuticals and
biotechnology products. Use of miniaturised
assay systems, similar to those used for
diagnostics, are enabling greater throughput
in screening, decreasing the use of expensive
reagents and speeding the discovery process.

In association with

NPLE

Mational Physical Laberatory

Supported by

[EEE
instrimontation
& measurement
sociely
%--—-——u—u

Work by Dr Rachel McKendry's group at the
London Centre for Nanotechnology has
shown that the use of microcantilevers for
measuring drug binding can provide greater
details on the mechanism of action for
antibiotics. In addition, the use of nano-scale
particles in the formulation of drugs has
decreased toxicity and increased the efficacy
of drugs. Both UK-based large
pharmaceutical companies, AstraZeneca and
GlaxoSmithKline, will be presenting their
views of nanotechnology at Nano4Life.

The question of which specific technology
will be adopted and, with regards to
diagnostics which of these systems will
produce the information clinicians and
patients truly need and, therefore, which
become successful and make it into the
market, is yet to be answered. One thing is
for sure, micro and nanotechnologies are
needed to help solve the issues healthcare

Nanotechnology

Knowledge Transfer Network

systems face around the world. The
Nanod4Life conference is going to explore
these opportunities and how companies and
entrepreneurs can become part of the
solutions doctors, payers and patients are
looking for.

Mike Fisher is the Theme Manager for
Bionano and Nanomedicine at the NanoKTN.
The Nanotechnology Knowledge Transfer
Network (NanoKTN) is one of the UK’s
primary knowledge-based networks for Micro
and Nanotechnologies.

The 16" Institution of Engineering and Technology

009 | National Physical Laboratory = Middlesex | UK

This highly acclaimed course covers the theory and practice of the
most up-to-date measurement techniques available.

Attendees will gain a thorough understanding of the key technical and
application areas in just five days, through taught lectures, workshops
and practical demonstrations.

Course Themes:

Introduction to the topic of RF and Microwave Measurement
Vector Network Analysis

Power, Wa

forms, and Modulation
Antennas and EMC

Key Benefits of Attending:
Gain the most up-to-date training from the UK's leading
high frequency measurement experts
Visit NPL's facilities and receive hands on experience

and demonstrations
Certificate of attendance awarded upon completion of the course

www.electronicsworld.co.uk | 09
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COULD YOU PROFIT FROM SMARTER DESIGN?

Back by popular demand the Envirowise eco-design team are hosting the second
in a series of profit from smarter design webinars

Wednesday 25th February 2009 Practical Approaches for Eco-Design

To find out more and register please visit www.envirowise.gov.uk/webinar
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COULD YOU PROFIT FROM SMARTER DESIGN?

To find out, why not join Envirowise’s eco-design team, on-line, on Wednesday
25th February at 10am, for their free ‘Practical Approaches to eco-design’ webinar.
To register, visit www.envirowise.gov.uk/webinar.

Eco-friendly packaging is not just good for a business’ green
credentials, but can also save money.

From phasing out overpackaging, to sourcing locally, brands
large and small are making commitments to improving their
environmental practices. However, many businesses still labour
under the misapprehension that what's good for the
environment will be a cost they have to bear.

However, this needn’t be the case. Sustainable business
experts Envirowise are urging companies to find out how
tackling the issue of over-packaging can save them money by
signing up for a free online webinar.

Taking place on 25 Feburary, the webinar is mainly aimed at
product and packaging designers to help them deal with rising
material costs and increasing pressure to improve environmental
credentials.

Envirowise eco-design specialist Jenni Rosser says: "It is
estimated that some 80 per cent of the cost of a product and its
packaging is set at the design stage, so the benefits of thinking
about resource efficiency from the outset can be a win-win
situation for both the environment and the bottom line.”

Webinar participants can take part in a virtual seminar
covering practical elements of eco-design including re-design
exercises, comments from key stakeholders in the design
industry and a live re-design activity decided on the day by
participants.

Mark Tosey, director at design agency Bright Green, took
part in the last Envirowise eco-design webinar in
October 2008. He said: "The webinar was a very
useful and engaging tool to communicate
some of the issues around sustainable
design. All too often seminars tend to
deliver in very general terms,
whereas the webinar provided
visual stimulus plus live
discussion and debate. | 'm
looking forward to the next
webinar to see how the issues
can be explored further."

What is eco-design?
Eco-design is an
approach which aims to
minimise the costs and
environmental impact of
a product or packaging
over its entire life-cycle.
Improving resource

productivity allows for the production of more goods and
services with fewer materials and input from utilities. With
reduced amounts of waste, this creates sustainable benefits for
the environment, and ultimately reduces business costs.

With the introduction of the EuP (Energy Using Products)
Directive and historic regulations such as WEEE, RoHS, the
Packaging Waste Regulations and the Essential Requirements,
it's becoming increasingly important to consider the design and
lifecycle impacts of products and packaging.

Reaping the benefits

The benefits of taking a measured approach to eco-friendly
design can include lighter and more easily packed goods, which
equates to lower shipping and transportation costs.

By considering the environment and adopting eco-design
techniques, there are opportunities for electrical product
designers and manufacturers in particular to play a key role in
helping the UK to meet future carbon targets and reduce the
emissions associated with inefficient consumer goods.

Designers have a key role to play in helping companies to
adopt best practice techniques which could help save around
£100m through reduced manufacturing costs for example . They
can also assist in gaining a competitive advantage from
functionality and service innovation, and can reap the benefits
from improved credentials.

Making it work
Improving packaging does require a
commitment of time and resources, but the
dividends are there to see. By taking into
consideration a number of factors,
such as the cost of retooling,
phasing out existing packaging
designs and customer reaction,
before wholesale changes are
" made, a measured and
. confident plan can be produced
that saves money.
|

| For more information on the

Envirowise eco-design
webinar or to book
your place, visit:

' www.envirowise.
gov.uk/webinar or call

the Envirowise Advice
Line: 0800 585 794



USERS OF UNLICENSED wireless
modules are likely to be familiar with the EN300-
220 specification, governing the use of such
devices on the European ISM bands. Those who
have looked a little closer — or who work in the
alarm or security industries — will furthermore be
aware of the receiver performance classifications
detailed in this spec.

To quote the latest release, there are three
categories (see section 4.1.1):
“Class1 Highly reliable SRD communication
media; e.q. serving human life inherent (may
result in physical risk to a person).
Class 2 Medium reliable SRD communication
media, e.g. causing inconvenience to persons,
which cannot simply be overcome by other
means.
Class 3 Standard reliable SRD communication
media; e.q.
inconvenience to
persons, which can
simply be overcome by
other means, e.g.
manual.”

According to 300-
220, the lowest class

“THE RECEIVER TEST METHODS
STIPULATED IN 300-220 ARE
FAIRLY STRAIGHTFORWARD,
ALTHOUGH FOR ‘OLD SCHOOL’

Test
your

RECEIVER

radios, governed by EN300-086.

Which is all very well written in the spec, but
how do you relate this to the performance of
your receiver? How should these parameters be
tested and, most particularly, is the receiver you've
paid for actually compliant with the class claimed
by its manufacturer?

The receiver test methods stipulated in 300-
220 are fairly straightforward, although for ‘old
school’ RF engineers used to measuring absolute
sensitivity and then relating rejection specs to
that, there is a surprise: EN300-220 specifies in
terms of absolute interferer levels, not relative
values:

Sensitivity: A level of -107dBm must yield
20dB or better sinad when measured through a
psophometric filter as detailed in ITU-T rec. 0-41.

For data-only links an 0.1% error rate, or 80%
message decoding
SuCcess, is given as
equivalent to the 20dB
sinad point.

The levels above
relate to a 25kHz
channel spacing
(16kHz BW) radio; for

. RF ENGINEERS USED TO .
of receiver (Class 3) other receiver
only has to achieve a MEASURING ABSOLUTE bandwidths, the limit
certain minimum level SENSITIVITY AND THEN sensitivity level is given

of RF sensitivity. Class
2 receivers are also
required to meet a
certain blocking
performance level,
while the highest performance Class 3 parts mus
meet a more stringent blocking level and an
adjacent channel rejection test also, which
corresponds to a receiver performance not much
inferior to long-ranged PMR or land mobile
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RELATING REJECTION SPECS TO
THAT, THERE IS A SURPRISE"

as 10 x log (BW/16) -
107 (dBm).

Rejection: The basic
method for all adjacent
channel and blocking
t  tests is the same. Remember that the wanted

and interfering signal levels are at the combiner
output/radio input, not the level at the signal
generator.

Two generators are used, feeding the test

Myk Dormer

radio through a combiner or coupler. A wanted

signal is applied at a level 3dB higher than the

limit sensitivity (-104dBm for a 25kHz unit).

An unwanted signal (unmodulated) is then
also applied, at a particular offset and level
depending on the test; the measured sinad must
remain 20dB or better.

Adjacent channel: This test applies only to
Class 1 radios. The interferer has a level of
-50dBm and tests are made with this signal one
channel above and one channel below the
wanted carrier.

Adjacent, saturation: The adjacent channel
tests are repeated with the wanted level
increased by 43dB (-64dBm for 25kHz) and the
interferer at -20dBm. For channel spacings of
> 25KHz this interferer has a level of -44dBm in
the first test and -10dBm in the second.

Blocking: For Class 1 radios, the interferer has
a level of -20dBm and tests are made with this
signal 2MHz above and below the wanted
carrier. A saturation test is then made, with the
same level of interferer but the wanted signal
increased by 40dB.

Class 2 radios are tested with a -69dBm
interferer at £2MHz and with a -44dBm
interferer at +10MHz.

Spurious radiation: No receiver is permitted
to emit any spuri with levels exceeding 2nW
between 9kHz and 1GHz, or 20nW above 1GHz.

Pitfalls: The methods used are fairly
straightforward, but there are a few problems in
these test techniques that aren't immediately
obvious:

1. The audio filter. A psophemetric filter of this
type provides a noticeable improvement in
sinad compared to the flat 0.3-3.4kHz ‘speech
bandwidth’ filter provided by many sinad-
measuring instruments, and a direct



comparison is difficult to make. Ensure you're

using the right filter, or you could be throwing

away valuable performance margin or failing
your radio unfairly.

2. The combiner. Use a good, broadband part. To
keep generator output power levels down, use
a low loss directional combiner (a part such as
the Mini-Circuits ZSC-2-4) with loss around 4dB
in preference to a 12dB resistive type.
Remember to check your actual signal levels at
the combiner output, to allow for cable and
coupler losses and other imperfections.

3. Signal generator noise. This is the biggest cause
of test error and wasted time in measurement
regimes such as this.

The wanted signal generator is uncritical. It is a
modulated low level, on-channel signal. Almost
any RF source or communication test set will be
good enough.

The interfering signal generator is another
matter. This requires a good adjacent channel
noise level or the measurements will be
dominated by the noise sidebands of this
generator directly impinging on the carrier. A

noise level of around -115dBc/Hz at 25kHz offset
or better is required.

When the blocking measurements are made, a
different problem becomes evident, as at the high
output levels required many signal generators
exhibit excessively high wideband noise output.
Even middle-range generators can be inadequate.

To check for this generator noise effect,
conduct a blocking test on a known, good, high-
performance radio unit. Increase the interfering
signal level from about 25dB below its eventual
level in 1dB steps. A sudden degradation in
receiver sinad, out of proportion to the signal level
change, indicates the generator noise floor has
risen. This will usually be co-incident with an
internal attenuator switch over in the generator.

Inexpensive signal generators and
communications test set RF sources are rarely

adequate as off channel, interfering sources.
Middle range units, such as IFR2023A or similar,
are barely sufficient.

Seriously consider hiring (briefly) a really high
specification generator for your tests, such as an
Agilent 8665, R&S SMHU or an IFR2040, for
example.

The EN300-220 Class 1 radio specification is
quite exacting, but there is no reason why a well-
designed low-power module shouldnt comply
with it. On the other hand, there are plenty of
designs which are nowhere near this performance
level in the marketplace and some of them are
being sold as ‘class1’ units.

Good luck testing and, as always, “buyer
beware”!

Myk Dormer is Senior RF Design Engineer at
Radiometrix Ltd www.radiometrix.com

NOTE: EN 300 220-1 V2.2.1 (2008-04) IMPLEMENTING 2009

http://webapp.etsi.org/workProgram/Report_Workltem.asp?wki_id=27107
http://webapp.etsi.org/workProgram/Report_Schedule.asp?WKI_ID=27107
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Lossless Feedback Amplifiers

Chris Trask goes into the theory, practice and advanced techniques of creating
lossless feedback amplifiers. This article comprises two parts, published here in
the next issue of Electronics World magazine.

AMONG THE TOPICS of particular interest to designers of
telecommunications and radio equipment are intermodulation
(IMD) and noise figures (NF) as they are limiting factors in the
performance of radio receivers. The minimum detectable signal
(MDS) of a receiver is determined by way of the NF and together
with the third-order input intercept point (IIP3) determines the
spurious-free dynamic range, commonly referred to simply as
dynamic range.

The earliest stages of a receiver determine the overall dynamic
range, and it is important that close attention be given to the
design of the low-noise amplifier (LNA) stage(s) immediately
after the antenna input terminals. The NF is very much a matter
of proper device selection, together with proper device
impedance matching and sufficient decoupling of power supply
noise,

The IMD performance of an amplifier is very dependent upon
the biasing conditions, as well as the linearity of the device itself.
Unfortunately, the bias conditions that provide high IMD
performance very often conflict with otherwise excellent NF
performance, therefore, a judicious compromise needs to be
considered in the architecture of the receiver system design so
that the LNA design remains practical yet near optimal in terms
of overall gain, NF, IMD and bandwidth performance objectives.

Series/Shunt Feedback Amplifiers

One method to obtain good IMD performance is to make use
of negative feedback in the amplifier design. For RF amplifiers,
two methods of negative feedback that find wide application are
series/shunt feedback and lossless feedback.

The series/shunt feedback amplifier topology, shown in Figure
1, was devised and patented by Leonard Seader and James
Sterett of Avantek. Shown in basic form in Figure 1, the
amplifier consists of a transistor and two resistors. The design
equations for the two resistors are quite simple, and the
amplifier input and output impedances (R, and Ry ;7.
respectively) are:

R, xR, (1)

RFE‘-/RE (2)
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Figure 1: Series/Shunt Feedback Amplifier

and the amplifier voltage gain Ay, is defined as:

3)

from which the amplifier power gain is determined by:

G= 20log A,

@)

and which is zlso used to derive the values of the two resistors

R, =R, A, +1)

by way of:
RZ
R, = —L
Rpp
N
1
5
11
19

Table 1: Lossless Feedback Amplifier Transformer Ratios

B w N

5

(5)

(6)
Re Gain
Ohms dB
150 6.02
400 9.54
750 12.04
1200 13.98
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Figure 4: Passive Augmentation

Although the series/shunt amplifier may be convenient, the
use of resistors as feedback elements, whether carbon or metal
film, is detrimental to otherwise good NF performance, and the
overall NF of the series/shunt amplifier is often many dB beyond
the NF of the transistor.

The series/shunt amplifier can provide a good level of
saturated power since the collector is coupled directly to the
load. However, the degree of linearization is dependent upon
the difference between the signal gain of the transistor and the
closed loop gain. As a general rule of thumb, the transistor
signal gain should be 3dB or greater than the closed loop
amplifier gain.

An interesting innovation in this topology is to use a cascode
pair in place of the single transistor. Although this configuration
decreases the amplifier saturable power, it does increase the
high cutoff frequency.

Lossless Feedback Amplifiers

Perhaps the single most significant development in high
dynamic-range amplifiers has been that of the lossless feedback
amplifier. Conceived and patented by David Norton and Allen

AMPLIFIERSI

Podell of Adams-Russell, this topology is often referred to as a
Norton amplifier and, occasionally, as noiseless feedback. These
amplifiers have seen a wide usage amongst radio amateurs,
telecommunications and radio astronomers.

As shown in Figure 2, the lossless feedback amplifier consists
basically of a transistor and a three-winding transformer. Overall,
the performance is less dependent on the transistor and more
dependent on the transformer, particularly the coupling
coefficient between the three windings. Neglecting the finite
emitter input resistance and the induced losses and less than
unity coupling of the transformer, the amplifier gain is simply:

G= 20logM 9L
and the input impedance of the amplifier is:

M+N+1 8
Ry=R,———

M2

where R is the load resistance. For an amplifier whose input
impedance is equal to the load impedance, the turns ratios of M
and N are related by:

N=M>-M-1 £

An important factor to take into consideration is the collector
load resistance, which is:

R.=R,(M+N) (10)

The collector load resistance R limits both the saturable power
and the high frequency cutoff of the amplifier, and is rarely
given much attention. In Table 1 it can be readily seen that as
the turns ratios of the transformer are increased to obtained
higher gain, R rises rapidly, depriving the amplifier of both
dynamic range and bandwidth, as we shall see shortly.

With respect to the saturable power, the maximum peak power
that can be obtained is a result of R¢ and the combination of the
quiescent collector-emitter voltage (V) and the collector
saturation voltage (VCE T) of the transistor: the collector
saturation voltage (V¢ sa7) of the transistor:

_ (VCE - VCE{SAT] }

max Rc

(11)
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Figure 6: Noise Model of Passive Augmentation Figure 8: Lossless Feedback Amplifier with Active Augmentation

and the average power, which is what we typically measure, is
3dB less than this.

The high cutoff frequency dependency on R is a result of the
collector-emitter and collector-base capacitances of the transistor
(Cqss and Cq, respectively) as well as the net capacitance
across the output windings of the transformer (Cy, ,):

1
+Crss +CNM)

frnax = Rc (C (12)

05§

Other factors, such as the leakage inductances of the
transformer and stray capacitance to ground, serve to further
lower fM ax- The transistor capacitances of Equation 12 in
conjunction with R represent a serious obstacle to higher
frequency designs, and variations of the basic lossless feedback
topology, to be discussed later, may need to be brought to bear.

These last two equations speak volumes concerning the
selection of the amplifier transistor. Although common-base
amplifiers are generally considered to be more linear than their
common-emitter counterparts, they are still subject to the
consequences of poor saturation characteristics. If the designer is
concerned about overall power efficiency in conjunction with
good linearity, then the V¢ ¢ o1 characteristics of the transistor
become an important issue in device selection. Not only is the
saturation voltage itself to be considered, but the transfer
characteristics should be such that the approach to saturation is
a sharp knee rather than a smoothed curve.
Transistors that match this description include the 2N2222,
2N2907, MPS6512, MPS6513 and the 2N3553, all of which are
suitable for frequencies from VLF to low VHF. For higher
frequencies, devices having lower capacitances such as the
NE681 series are worthy of consideration.

An additional factor that limits the overall performance of the
lossless feedback amplifier has to do with the approximation
that Norton and Podell made in formulating the design
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equations, which was the assumption that the emitter input
resistance (R) of the transistor is negligible. This is, of course,
very convenient in both the overall theory and the design
process, but in reality Re is not only finite but it is also nonlinear
and both of these qualities detract from the overall potential
linearity of the amplifier.

We could, or course, increase the transistor bias current so as
to reduce R, but this would have other impacts on the amplifier.
First, it would increase the supply current and, therefore, reduce
the amplifier power efficiency. In addition, transistors typically
have their best NF and linearity characteristics at lower collector
currents.

Linearity Augmentation

Since the issuance of the initial patent, little has been done to
continue the further development of the lossless feedback
amplifier, which is a bit surprising given the emphasis on raising
the signal-to-noise ratio (SNR) and IMD performance of
telecommunications equipment so as to adequately get above
the noise floor and further improve the overall dynamic range.
To this effect, linearity augmentation was devised and patented
as a means of overcoming the intrinsic finite and nonlinear R
that compromises the performance of common-base and lossless
feedback amplifiers, as well as to improve the NF. Basically, as
shown in Figure 3, the signal voltage at the emitter of the
transistor is sensed by an inverting amplifier and the output is
applied to the base. For a simple voltage amplifier having a
voltage gain of A,, the reduction of R; is:

= - (13)
Ay +1

R.‘ RE

where the emitter resistance R. is determined by the familiar
relationship:



- q Ve (14)

Since wideband voltage amplifiers having simultaneously high
gain and low noise at RF frequencies are somewhat impractical
to achieve, two alternative methods were devised, being passive
and active augmentation. With passive augmentation, shown in
Figure 4, the voltage amplifier is replaced with a simple two-
winding transformer having an arbitrary windings ratio of L.
With this method, the reduction of R; becomes approximately:

RE
= L )see (15)
fe

For transistors having h, of 100, a reduction of R in the order
of 95% is realizable with a transformer having a turns ratio of
1:3. Figure 5 illustrates a lossless feedback amplifier with passive
augmentation.

Passive augmentation also has benefits in terms of NF. Using
Figure 6 as a reference, the noise of the amplifier transistor Q1
passes through the primary winding of the transformer T2,
where the voltage is amplified and inverted across the secondary
winding and then coupled to the base of Q1, resulting in a
reduction of noise voltage by approximately 1/L.

The noise source vy, represents the noise added by the bulk

AIVIPLIFIERSI

and induced losses as well as the Barkausen noise of the core of
T2. Due to the nature of transformers, this reduction is limited to
the thermal, or Nyquist noise of the transistor as the 1/f, or
"flicker” noise will most likely be below the low cutoff frequency
of the transformer.

There are, of course, practical limitations to the windings ratio
L of the augmentation transformer. As L is increased, parasitics
such as leakage inductances and both intra- and interwinding
capacitances can limit the frequency bandwidth. To further
improve the reduction of R, active augmentation (as shown in
Figure 7) can be employecE Here, the second, or augmentation
transistor Q2 amplifies and inverts the signal voltage at the
emitter of the amplifier transistor Q1, resulting in a substantial
reduction in R

R

R =

h +1+L (16)

fiel
fe2

where R_, is the emitter resistance of transistor Q2 and h;,
and h,, are the signal current gains of transistors Q1 and Q2,
respectively. A schematic depicting the application of
augmentation in a lossless feedback amplifier is shown in
Figure 8.

Provided that Q2 is properly biased and matched for its best
noise performance, the use of active augmentation provides a
substantial reduction of the 1/f noise of the amplifier transistor
Q1, but at the same time will add some amount of thermal
noise.
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Figure 9: Noise Matching for Active Augmentation Transistors
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Figure 11: Lossless Feedback Amplifier with Tandem Augmentation
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Figure 10: Detailed Noise Model of Active Augmentation
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Referring to the low frequency schematic in Figure 9 and the
detailed noise model in Figure 10, the resistor R, is the biasing
resistor (or resistors) shared by the collector of Q2 and the base
of Q1. Resistor R, is the emitter biasing resistor of Q1, and
resistor R, is the base resistor added between R_, and the base
of Q2 to properly match Q2 for its best noise performance.

In the detailed noise model of Figure 10, the noise source v
represents the noise from the power supply, and the noise
source vy, represents the thermal noise added by the three
resistors. Similar methods of noise reduction have been
described before for common-emitter amplifiers and microwave
oscillators.

An added benefit of active augmentation is the reduction of
even-ordered IMD products, such as 1x1, 2x2, 3x3, etc that exist
at low or baseband frequencies and which are rarely, if ever,
mentioned in the overall scheme of improving IMD performance.
The transformer used with passive augmentation might not
conduct these signals as they would very likely fall below the low
cutoff frequency of the transformer. However, in an amplifier
using direct-connected active augmentation these signals would
be corrected down to DC.

Both passive and active type augmentations have benefits and
shortcomings. Passive augmentation provides the needed
reduction in the emitter resistance and some reduction in the
thermal noise, but due to the nature of transformers it has little
effect on the even-order baseband IMD products or the low
frequency 1/f noise. Active augmentation provides a higher
degree of emitter resistance reduction plus effective reduction in
1/f noise and baseband IMD products, but at the same time has
the potential to add thermal noise.

The two methods of augmentation described thus far may be
combined so that their benefits may complement each other,
thereby overcoming each others’ shortcomings. This method is
known as tandem augmentation, and is illustrated in the
schematic of Figure 11. Here, the transformer T2 provides the
inband passive augmentation to reduce inband IMD products
along with some reduction in the thermal components
contributing to the NF, while the transistor Q2 provides the
baseband augmentation to correct the baseband IMD products
as well as the low frequency 1/f components of the NF. The
bypass capacitors at the base and collector of Q2, together with
transformer T2 create a crossover network that determines the
point at which the passive and active augmentation dominate.

The application of tandem augmentation presents an
interesting opportunity to dramatically lower the NF of the
amplifier. Returning for the moment to the detailed noise model
of Figure 10, the overall benefits of lowering the 1/f noise of the
amplifier by way of the augmentation transistor Q2 may be
exploited by making use of audio frequency transistors that have
low NF together with high gain, and transistors having these
characteristics include such devices as the 2n2484, 2N5089,
MPSA18 and the BC549C. With collector currents of the order
of 1.0mA, these devices have NF in the order of 2dB, and
monolithic Darlington pair transistors such as the MPSA14 and
the BC517 have similar NF along with higher gains in the order
of 10,000 or more.

The NF of the previously mentioned low-noise audio transistors
may be reduced to as little as 0.5dB or less when the collector
current approaches 10pA, however this may not be sufficient for
providing proper biasing of the amplifier transistor Q1. In such
circumstances, the designer may choose to combine these
devices with a second transistor to form a discrete Darlington or
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Sziklai pair, as shown together in Figure 12.

Here, the first transistor Q2A is operated at the very low
collector-current commensurate with the desired low NF, while
the second transistor Q2B is operated at a higher collector
current that is appropriate for maintaining the proper biasing
condition for the amplifier transistor Q1. As an example, a
BC549C can be combined with an MPS2222 or MPS2907 to
make either a Darlington or Sziklai pair, respectively, that will
have a NF of approximately 0.55dB and a current gain in excess
of 20,000, which surpasses the performance available from
monolithic Darlington pairs. Making use of such a combination
for the augmentation transistor can result in amplifiers whose NF
is below 1dB.

Very often, the amplifier transistor Q1 requires a fairly low
source-resistance in order to be properly matched for low NF. In
such cases, a single augmentation transistor or a Darlington pair
in combination with the biasing resistor Rg1 of Figure 9 may not
be able to provide the needed low source resistance. However,
the Sziklai pair, shown in Figure 12, has an emitter follower
output and can easily provide the needed low resistance, and
the designer only needs to place an additional resistor in the
circuit of Figure 9 to achieve the source resistance required by
the amplifier transistor Q1.

The second part of this article will be published in the next issue
(April cover month) of Electronics World magazine. Order your
digital copy of that issue on-line at www.electronicsworld.co.uk
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The Hum Figure

(H&N) that may come out of the loudspeaker-amplifier chain in the 5 S| 4 el o ms i el
gap between music titles begs the question of “how to measure or ERE S e o o

calculate the hum artefact content of the output noise of a power =2
amplifier with input shorted and output loaded with the rated
load”.

Gaps between CD music titles or from other low-noise sources
should be hum and noise-free. There could be one exception: vinyl
records plus phono-amp. In most cases their H&N level “marches”
1:1 through the whole amp chain, thus, producing the Signal-to-
Noise (SN) ratio at the phono-amp’s output without major increase
at the output of the PA as well.

Those customers who are not familiar with the in-depth
electronics of a power amplifier (PA) or an integrated amplifier (pre
plus PA) but want to buy one, are confronted and swamped by a
lot of different information, which at some degree can even be
contradictory. The information does not always help to answer the
rather simple question as above.

Equally, | can imagine that not many salespeople will have a real — 0448 8 5220 SR e
idea of how to answer this question. | bet something like Figure 1: Valve PA (R channel) H&N output non-weighted (red)
“concerning H&N the A-weighting measurement method of the and A-weighted (white)
output noise sufficiently indicates what's going on” could be a
practical excuse. A test in a sales shop becomes an interesting
adVentUreI FFT 201008 150537

Unfortunately, up to today, nobody could kill this (and in my eyes 400 =
silly) A-weighted noise measurements for amplifiers and their . : s

< ¥ s 3 . dBVE At P |
representation in advertising, marketing papers and test magazines. - Yy
To bring more into line with the equivalent loudness contours of 500 o \‘*\
the human ear, A-weighting (NAB/ANSI 51.4-1986) became a _‘..JY“
standard for use in sound measurements only. Figure 1 shows the i
A-filter measurement effect on a hum-infected valve PA. Whereas a 0 Vol
purely white noise signal is dampened by only 2.05dB in Bz = 1 i
20Hz ...20kHz (Figure 2). A hum infected output signal of a PA i
produces significantly higher differences of non-weighted SNx. ’ ?
versus an A-weighted output SNpe.a. Fi

Nevertheless, in test magazines and manufacturer prospectus "
papers in most cases noise of amps is indicated in dBA with the sl
following wording: Noise or Signal-to-Noise-Ratio (SN or SNR) =
79dB (A) or 79dBA. One reason might be the fact that the Pl
measured A-value looks better (bigger) than that of a non-weighted o s i G i
SN measurement. In general, this is not a reason against the use of CHAD BV 3121 99530 FetTop

A-weighting but a reflection of the brochure’s lack of depth.
WES e MR IRIRRR @ brochitres fac ‘i Figure 2: 0dBV white noise (red) and weighted by an A-filter (blue)

Thorough Information is Necessary

THE FRUSTRATION that immediately follows noise and hum
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Any SN significantly needs additional information for proper use: which can only be detected by non-weighted SN measurements, thus,
the noise measuring bandwidth as well as a reference level to hang leaving the customer very unclear about the amp’s real H&N situation.
on the SN (which in fact should have a negative meaning because, The first case might be an amp without any hum artefacts in its
normally, in the audio environment noise, voltages are smaller than output noise voltage; therefore, its unweighted output Signal-to-Noise-
the chosen reference level). Ratio SN.. would become (-79dBV(A) + 2.05dB)) = -76.95dBV. The

Furthermore, the information of the input and output loads of second case might be an amp with heavy hum artefacts in its output
the amp under test are equally necessary to know. Otherwise, a noise voltage (see Figure 1). Therefore, the amp’s non-weighted SNpe
simple “79dBA" does not tell anything — unless they want to cover becomes (measured) or -67.8dBV = (-79dBV(A) + 2.05dB + 9.15dB).
something up. Here, the hum counts at least for 9.15dB in the chosen A-weighting

In addition, and because of the following arguments, A-weighting environment, more or less a value quite often found in the output H&N
measurements are not favourable and they are not telling the truth on voltage of valve power amps or lousy developed solid-state amps.

amp output H&N at all. If all of this information was given, the value of However, in reality, the hum content of the output H&N signal is far
say "-79dBV(A)" may hide from extremely different noise backgrounds bigger, app. 21dB (Table 1, F-10).
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Burkhard Vogel discusses the creation of a specific figure as a measure

of mains induced hum at the output of power amplifiers

Standardizing Information
So, what does 79dBA say? | guess nothing for further H&N

o it Dlumine examination and nothing about the amp’s real H&N quality.
s Concerning output noise of PAs more truth would be in the table
e if all manufacturers could be convinced to indicate a standardized
e set of information, such as:

1. Treatment of the input: shorted or otherwise loaded;
2. Treatment of the output: loaded with the rated load
5 impedance “1”, i.e. | = 4R or 8R or any other I;
3. Selection of bandwidth B: for example, B = Bas = 20Hz...
‘ | | 20kHz or any other B
5 1 4. Selection of the reference level: for example 1V [0dBV] at rated
output load or any other reference level like the one of the
Lol M’*M s b studios: 0 or +6dBu;
00 5. SN;.measurement result expressed in [-x dBV] provided that 4
have been taken into consideration (.. = non-equalized = flat
frequency response in Bzo);
. 6. HF. measurement or calculation result expressed in [y dB] (X. =
0 100 1k Wk Hz 20k
CHAB dORel1000V) 51244 65536 Rectanguiar 20[0900)-

File: PABG-R 30 01 % “HF." is a new term. | call it the Hum Figure and its unit is dB. It is
theresult o frther cevelopments with Douglas Selfs 400Kz hp
filter method to measure SNs without the low-frequency influence
of 1/f noise and hum, described in his “Self on Audio” book
FFT 03,1108 1805 26 (Precision Preamplifier ‘96 Part |, ISBN 0 7506 4765 5)). HF.

o] indicates the amount of hum (mains fundamental plus its entire
o harmonics) as a part of the whole output H&N voltage of a PA.

The calculation is as follows (SNewn is the SN based on the flat
& white noise ('wn’) level of the amp):

. .1 HE, =SN, = SN ¢ un 1)

LL"W In nearly all cases, PAs produce a rather flat white noise (wn) in
9 WWW Bzo.. With corner frequencies up to 1kHz exceptions come from the
N 1/f noise at the lower end of B.u (see Figure 4). Because of its
rather small impact on HF., | will ignore it in the following
00 paragraphs (more on the calculation of 1/f noise: see the author's
“The Sound of Silence”, Springer 2008, ISBN 978-3-540-768
83-8).

0 100 1k 0 H 20k .
CHAB dBRe(1000V) 51241z 6553 Rectanguiar Demonstrating the Usefulness of HF.

To demonstrate the usefulness of the HFe method | have chosen
| I VRN s R A aa0e - I ee sV R =l =/l two very different example PAs. PA1 is a self-developed solid state
BJT driven 2 x 30W/4R PA, extremely low-noise and with a very low
hum contamination.
PA2 is a valve-driven 2 x 30W/4R BRAUN CSV60

] l (ECF80+2xPL509), a high-end product from the 60's, extremely

at : p . :
’7 |—I hum contaminated, thus, not very low in noise at all. Figures 3 and

File: CSVE0-R-in-01 Mt

4 allow studying their output H&N voltages. The wn at
FFT analyzer approximately 10kHz differs by approximately 6dB only!
| 45008 ... +66B Meter To get SNeewn | Will propose two different approaches. The first
L J one (= filter approach = F-A) uses a special hp filter method,
A-weighling

Measurement .
PAul — Amp 3 10kHz hp

st

whereas the second one (= FFT approach = FFT-A) works with FFT
analysis and some additional calculations. Figure 5 shows the
measurement setup. The results of both approaches got summed-

Figure 5: General HF. measurement setup g&;n Table 1. Result differences became rather small: within 1dB

www.electronicsworld.co.uk | 21




IPOWER AMPLIFIERS

The idea behind these approaches is that, if there would be no
hum artefacts, the value of the amp’s SN... would become
automatically SNnewn (any tiny difference will indicate a certain 1/f
noise effect). Therefore, besides a more truth generating SNre, in
addition, HF. would become a very strong PA design quality signal
for the customer.

First HF. evaluation approach: F-A

Assumed that there is no FFT analyser at hand, a simple dB
calibrated millivolt meter with a 20kHz Ip at its input will work as
well, if the following 10kHz hp filter plus +60dB low-noise
measurement amplifier in front of it is used. Described in detail in
my “The Sound of Silence” book, | performed all measurements
with my own measurement setup. Figure 6 shows the circuitry of
the Chebyshev 0.1dB 10kHz hp. The measurement amp is created
with an extremely low-noise input op-amp like the LT1028 or the
AD797,

To get good measurement results and to overcome the noise of
the filter at least +50dB gain of the measurement amp must be
placed in front of the hp. | have chosen a gain of +54dB in front
and +12dB after the hp, hence, in total +66dB. To get the final SN
values subtraction of the total gain of the measurement amp from
the measured value at the meter is essential.

The hp filter block consists of an output amp (OP8) that allows to
trim the gain (P8) of the whole block to a specific value (esw/en =
approx +3dB). The theory behind is because the wn in a Bzox
frequency band was reduced by approx 3dB when filtered with a
10kHz hp, plus 20kHz Ip to create a frequency band of 10kHz =
Bio.. The reduction will be exactly 3dB with a filter slope of >>
100dB/octave but, together with the anti-aliasing filter of the FFT
analyser or the 26kHz sixth order Butterworth Ip of my own
measurement equipment (-0.33dB/20kHz), the chosen filter slopes
work sufficiently well. | have chosen this frequency band because of
its total cleanness of hum artefacts.

Fed with a broadband white noise signal and with S3 set to “Fi

on”, we have to trim the gain of the filter block (P8). OP8's output
voltage must have the same value like the one in "Fi off” mode.
Thus, with filter “on” we get SNnewn s, the wn based SN of the PA.
Exact trimming is essential, otherwise, a PA without or with only
tiny hum artefacts might create a negative HF..

Figure 7 shows the result of the trimming efforts. The delta
between the noise level at OHz-2.5kHz and 10kHz-20kHz
represents the measurement amp’s gain in front of the hp.

Second HF. evaluation approach: FFT-A

For the FFT analysis in Bz, the division of the FFT size by the
sample rate should be < 1Hz. Because of Nyquist, the sample rate
must be > 2*20kHz. With the measured SN.. and picked out FFT
values the calculation of SN goes like this: the -dBV value of the
white noise voltage eun ke can be picked out in the hum-free white
noise region between 10kHz and 20kHz. To get SNye.nw We simply
have to add the dB-equivalent Baok. for the bandwidth Bao (see
Figure 8 and Equation 2).

Byok.e =20 *log(4/Bygy ) =43.006dB = 43dB rounded
SN +43dB

ne.wn = €wn.10k.e

@)

Depending on any result of FFT size divided by a sample rate that
creates a solution >1Hz by halving of the sample rate the Figure 8
wn floor will move up in 3dB steps, thus reducing Bzox. by the same
amount. For deeper details on these mechanisms, see Audio
Precision’s "Audio Measurement Handbook”, written by Bob
Metzler.

With the input shorted, output loaded with 4R, bandwidth = Bao
and any 1/f noise voltage effect ignored the measurement and
calculation results rounded to one digit after the decimal point are
given in Table 1, lines 6-10 and will look as follows:

1/A B C D E F G H
SN data ;
2 acquisition type of "I‘easufeme"t ar PA1-R | PA2-R | 'In€ Remarks
method calculation unit
3 SNne.s20k.meas = lin in Baok -94.7 | -67.8 | dBV
4 F-A: SNnewn 20k meas = 10kHz-hp “on” | -95.5 | -90.9 | dBV
(1)  measured e ' )
SNs
5 Hfe.pa.meas = lines (3-4) 0.8 | 23.1 | dBV
6 €wn.1oke (WN gt :)OkHZ picked 720 | 68.0 | dBv
u FFT averaging only 50, thus,
; picked out values of line 6
7 ERe— gain of measurement amp -66.0 | -66.0 | dBV were rounded to 1 digits
pickeci iRt after the decimal point
8 | (2) fromFFTto| Baoke (wn equivalent in Baok) 43.0 | 43.0 | dB
calculate I —
SNne.wn.20k - i ¥ eltas between lines 4 an
9 SNnewn 20k cate = lines(6+7+8) 95.0 91.0 | dBV 9 within 1dB max.
; deltas between lines 5 and
10 Hfepa.caic = lines (3-9) 0.3 23.2 | dBV 10'within 1dB.max:
11 | (3) A-weighting SNhe.apa -98.2 | -79.0 | dBV

Table 1: Results of first and second HF, evaluation approach
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R15a

R18a

620R

R18b

19R1

calculated values for R15 ... R19
R15 = 417R335

R16 = 17k988

R17 = 1k128

R18 = 639R238

R19 = 7kd71

Figure 6: Chebyshev 0.1dB, 10kHz, high-pass filter

HFe.pal =SNne.pal = (ewn.pal.lﬁk.e +Bogke)
=-947dBV - (-138.0dBV +43.0dB) (3)
=0.3dB

HFe_paz =-67.8dBV - (-134.0dBV + 43.0dB) @
=23.2dB

In other words, without hum (and maybe a tiny portion 1/f noise)
PA1's or PA2's SN would become 0.3dB resp. 23.2dB better. As
such, no A-weighting figure will produce these H&N quality-
defining findings.

FFT 201108173459

1200
000 2000 4000 6000 5000 10000 12000
CHAB dBY 5124z 65535 Rectangular

14000 16000 Hr 18000 20000

Figure 7: 10kHz hp weighting effect (blue) on 0dBV white
noise (red and see Figure 8), thus generating OdBV after careful

trimming of P8

fiename. e —

B FFT I[= 3

| D1 D oot JEM =l = =] 60

s 88 NEZIADENAAEE

Figure 8: Boor o = 0dBV; white noise in Byor With its voltage
noise density line at -43dBV

Summary

Like the PA's noise figure "NF."” the hum figure HF. does only
give us the amount of hum that was added to a hum-free input
signal. It does not give an absolute value of SN. This can only be
done by measuring SNx. or by rms add-up of all hum level values,
plus the remaining wn.

However, both values, SNy and HFe, give us enough hints to
qualify a PA concerning the producer’s efforts to create a low-noise
and low-hum piece of value. Even today, this is essential to drive
loudspeakers with high sensitivity, especially when listening to them
at a rather short distance.

Depending on the volume potentiometer setting, any H&N
contaminated input signal from a pre-amp or any other source adds
to the PA’s H&N signals. Thus, to get a full H&N picture of the
whole amp chain connect the input of the PA to the output of the
source and set the volume pot in “usual listening” or 11am
positions.

Finally, and provided that H&N measurements were always be
performed with the input shorted and within Bza , the information
about the H&N situation of a specific PA should be indicated by the
manufacturers as follows:

SN/HF /1=-xdB+ reference level /ydB/zR (5

www.electronicsworld.co.uk | 23



IAUDIO AMPLIFIERS

car fatigue reduction in the

Wangeri Harrison Kaguongo analyses some of the approaches for
reducing ear fatigue in audio amplifiers

AUDIO AMPLIFIER design is a
multi faceted discipline that covers:
1. Power supply
2. Amplifier circuit:

a. Input stage

b. Voltage gain stage

c. Current gain stage

d. Protection

e. Current sources/sinks/mirrors;
3. Speaker system; and
4. Audio Source.

Each has the potential to improve or ruin
the listening experience. The power supply
is the power base for the audio. If the
power base/power supply is problematic or
poorly designed, then it won't matter how
good the amplifier design is.

Once the power supply is in place, the
design of the speaker system can begin as
well as the design of the audio source. In
this article, we will cover the amplifier
circuit

Input

There are techniques of eliminating
electromagnetic interferences as well as
safeguarding against capacitor ear fatigue
as shown in Figures 1 and 2. One way is to
keep the input capacitor C2 as small as
possible and to isolate it from the input
transistor Q1 using a resistor R1. This goes
hand in hand with keeping the capacitor C4
that shorts AC signals to ground on the
feedback side of the LTP to the groundside,
while the resistor R4 goes to the base of the
input transistor Q2.

The small PF capacitors used for high
frequency filtering C1, and also for high
frequency feedback C3, can be directly
attached to the transistor bases. For good
interference rejection Figure 1 and Figure 2
show the relationship between the location
of C1 in relation to the location of R5 and
C5. But circuit topology and choices may
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Figure 1: One technique of eliminating ear fatigue and also radio frequency

interference is to isolate C1 from the base of Q1 using a resistor R1

{ |70 sPEAKER
Figure 2: Another technique is to have C1 at the base of Q1 and ensuring that C3 is
present and that R5 and C5 are at the output of the power transistors just before R6 and L1

Qs
3
s ' p—! e [ )70 SPEAKER
R3
ti Q4 &
B AR
c5

Figure 3a: There are situations however that necessitate the
placement of R5 and C5 after R6 and L1 for the sake of better
amplifier stability, but this depends on the overall amplifier topology

220p

[T]T0 SPEAKER

Figure 3b: A 220pF capacitor across the bases of the LTP does no good and may
destabilize the circuit that necessitates the placement of R5 and C5 after R6 and L1 for
the sake of better amplifier stability, but this depends on the overall amplifier topology
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design of AUDIO AMPLIFIERS

necessitate one to put R5 and C5 after
L1 and R6. This will yield better circuit

‘! RY : [1:07" stability as a result of choices made in
A the topology of the input and output as
Q5
T csl shown in Figure 3a.
— One interesting thing about amplifiers
| | ‘ o is that you may find the signal at the
c3 1 . .
collector of Q2 distorted at certain
(-7, g O = W e P (o 7 . .
— = e B | ‘.w R3 i e L] TR frequencies, depending on the overall
- o . :
L H — . circuit topology. In rel'at|on to Figure 1,
= | || | the capacitors at the input C2 and
— I C4 .
¥ | cs feedback C4 do affect the transient

phase at low frequencies. The maximum
Figure 4: 10nf capacitor C7 is recommehded value for.CZ is around
necessary to increase amp stability 10uF, while that for C4 is around 100uF.
so long as C6 or C3 are present The issue about capacitors in amplifier

I

. |om | o
IS0 | WS04

| 270m 270m
Ri4 R1G

270m 27om
|rig RIB
i

1
'I.'_._..] al ar
RI7 _|'

W15025 MI5025

Qs
TG

Figure 5: A fully simulated and tested
circuit that may be fun for designers
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Figure 6: Frequency response of the circuit in Figure 5
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circuits ruining the sound needs to be
investigated further due to their invaluable
help in stabilizing the circuit. Thus listening

Figure 7: A 1kHz sine waveform amplified by the circuit in Figure 5
(transient distortion 0.05%, 8 Ohms load). It is an extremely pure signal

imSecsidin

the circuit. (Software simulation has been
done using SIMetrix/SIMPLIS).

It may be possible that transistors don't
like to be directly loaded to the collector;
when driven from base there isn't a
corresponding emitter drive. It may be case
that that current mirrors can get away with
the loading of their collectors. But, the ears
can detect minute variations.

Figure 5 is a fully simulated and tested
circuit. Its frequency response is shown in
Figure 6. Figure 7 shows its behaviour
with a 1kHz sine waveform (transient
distortion 0.05%; 8 Ohms load). It
produces an extremely pure signal. The
transient waveform is shown in Figure 8 at
20kHz.Otherwise it is quite stable and free
from oscillation. The purpose of this circuit
is to carry out listening tests to establish if
it has any listening advantages in terms of
reduction in ear fatigue over non-cascode
types.

The voltage gain stage normally likes to
be protected from the voltage variations
that may occur on the supply rail, as the
current gain stage is drawing the much
needed current for that final speaker drive.
Normally the positive rail is dropping (going
negative), while the negative rail is
climbing (going positive) and the
ground/earth is dancing to the beat.

Output bias
Many amplifier developers normally put a
capacitor across the bias circuit as shown in
Figure 9 but initial simulations tend to
suggest that it does no good to the
waveform. It may be claimed that the
capacitor is for coupling AC signals across
the output bias circuit, but if it is
detrimental to the waveform why keep it
there.

Protection
A few amplifier designers normally seed
the circuit with protection diodes. My view
so far is that protection diodes at the input

tests are crucial.

Some designers normally put a 220pF
capacitor across the bases of the LTP, as
shown in Figure 3b, my research so far in
relation to the topologies | have used
shows it does no good and may destabilize

Voltage gain stage

As shown in Figure 4, the 10nf
capacitor C7 is necessary to increase amp
stability so long as C6 or C3 are present. It
also aids in the relative phase at high
frequency.

and voltage driver may not be paramount
as initially thought, but those at the output
may be critical as the safety of the circuit,
as without them it may be compromised.
VI limiting is normally essential to keep
the transistors within their safe operating
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1 R10
| f Ll @2

C1

|
J
f | R41 —
|

Figure 9: Putting a capacitor
across the bias transistor may
degrade the quality of the signal.

If a stability capacitor is needed is
should be between the base and
_I ‘. the collector of the bias transistor

area and, also, to protect the transistors

Q 2 4 60 ] 100 1 40 1680 0 200 L .

s — when the amplifier is connected to a source
such as a television, for example. This
means that when the television is being
switched on, the on and off transistors are
not deported to silicon heaven. One thing
the VI limiting may not be able to protect

Figure 8: The amplifier handles transient signals very well as shown in this inst i dg d yh . P
20kHz transient waveform. As can be seen, the amplifier is very stable against s a dead short.
| Rg | 10n
| T ¢7
N —
VR Qs
1 C6f
= _[Ea ]
B il g -
11 |'\.
c3

c1 | R8

INPUT [ }——+— ] —-—\ R YT B #—/ " '—+—— |TO SPEAKER
R2 o, Ri [ | R3 ,

Figure 10: Capacitors C8 and C9 at the
base of the Darlington that are

grounded to either positive or negative
rail are detrimental according to my
research findings and simulation
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Figure 14: Sample amplifier for hi-fi listening
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o m -— o capacitative loads and safeguarding against radio frequency interference
C - Q i — L i
_ —
&
~ |l
__m & & 3 7 3 7
y—— o———— === =i

INPUT [ L ] TL|-|-IA e vluL s . N | |TO SPEAKER
R2 R1 bl #1 R3 :

c2 e i_mm

= 1

:Nh

R4S

R
R49
arch 09 - Electronics World

AUDIO AMPLIFIERS

Figure 11: Resistors R23 and R24 are totally crucial for
stability but R50, R51, R45 and R49 spoil the relative
phase and destabilize the circuit, though this can be

recovered by making sure that the circuit has a high gain

Figure 12: The output radio frequency snubber R5, C5 and can
benefit from having an extra capacitor C6 instead of just one
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Figure 15: Amplifier bandwidth
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Output

There are a few things that some amplifier
designers tend to keep doing that makes me
wonder, see Figure 10. The capacitors (C8
and C9) at the bases of the Darlington that
are grounded to either positive or negative rail
are detrimental according to my research
findings and simulation. Yet a few
manufacturers can't seem to do without them.

Then comes the issue of resistors at the

UTE
—
e
—

_—

TimemSecs

Figure 16: A 1kHz waveform amplified by the amplifier in
Figure 14 with a transient distortion of 0.037%

Amsecs/di

bases of transistors. Using Figure 11 as an
example, we have resistors that are totally
crucial for stability (R23, R24), then another
set that spoils the relative phase (R50, R51)
and destabilizes the circuit, and another set
that also spoils the relative phase and
destabilizes the circuit (R45, R49) (although
the stability can be recovered by making sure
that the circuit has a high gain). The only
reason | can find for them being there is to
safeguard the earlier stages from failure in
case the output stage blows. Could it be that
they may also serve to eliminate ear fatigue?
Then comes Figure 12, where we have two
capacitors C5 and C6 in series at the output
filter. These could serve to increase reliability,
whereby in case one of the capacitors was
manufactured defective then the other one
comes in handy.

Figure 13 shows the techniques that can be

TimeiuSecs

180 0

2uSecs/dn

used to reduce ear fatigue caused by the
speaker. These techniques are used by some
manufacturers.

The RL filter at the output of the amplifiers
i.e. LT AND R6 in Figure 12 helps safeguard

the amplifier from oscillating while handling
capacitative loads.

Sample amplifier

Figure 14 is a sample amplifier for hi-fi
listening. Figure 15 shows the bandwidth,
while Figure 16 shows a TkHz waveform with
a transient distortion of 0.037%. This

amplifier has a DC offset of < TmV. Figure 17
shows a 20kHz transient.

Conclusion
Class A/B still rocks and may not be

replaced by digital too soon - rather the two
Figure 17: The amplifier handles transient signals very well, as shown in this

may coexist. |

20kHz transient waveform. As can be seen the amplifier is very stable
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PLC with PIC16F648A Micro

IN THIS ARTICLE, the following
timer macros are described: TON_8 (ON
delay timer) and TOF_8 (OFF delay timer).
The remaining timer macros, namely TEP_8
(Extended Pulse timer) and TOS_8
(Oscillator timer) will appear in the next
article.

Timer Macros

Timers can be used in a wide range of
applications where a time delay function is
required based on an input signal. In this
article, four different timer functions,
namely on delay timer, off delay timer,
pulse timer and oscillator timer, are
described.

The definition of 8-bit variables to be
used for the timer macros and their
allocation in BANK 0 of RAM data memory
are both shown in Figures 1a and 1b
respectively. The status bits of all of these
timers are defined as shown in Figure 2a.

CBLOCK 0x44
TON8 Q,TOF8 Q,TEP8 Q,TOS8 Q
endc
CBLOCK 0x48
TONB

endc
CBLOCK 0x50
TOF8

endc
CBLOCK 0x58
TEP8

endc
CBLOCK 0x60
TOS8

endc
CBLOCK 0x68

endc

i S e o S VARIABLE DEFINITIONS -

(b)

44h
45h
46h
47h
48h
4%h

4Bh
4Ch
4Dh
4Eh

50h
51h
52h
53h
54h
55h
56h
57h
58h
5%h

5Bh
5Ch
5Dh
SEh

60h
61h
62h
63h

65h
66h
67h
68h
6%h
6Ah
6Bh
6Ch

TONS_Q

TOF8 Q

TEPS Q

TOSS Q

TONS

TONS+1

TONS+2

TONS+3

TONS+4

TONS+5

TONS+6

TONS+7

TOFS

TOF8+1

TOF8+2

TOFS8+3

TOF8+4

TOFS8+5

TOF8+6

TOES8+7

TEP 8

TEPS8+1

TEP 8+2

TEP 8+3

TEP 8+4

TEP 8+5

TEP 8+6

TEP 8+7

TOSS

TOSS8+1

TOS8+2

TOS8+3

TOS8+4

TOS8+5

TOS8+6

TOS8+7

TONS RED

TOFS_RED

TEPS REDI1

TEPS RED2

TOS8 RED

BANK 0

TON8_RED, TOF8_RED, TEP8_RED1,TEP8_RED2,TOS8_RED

Figure 1: (a) The definition of 8-bit variables to be used for the timer macros
(b) Their allocation in BANK O of RAM data memory
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All the 8-bit variables defined for timers
must be cleared at the beginning of the
PLC operation for a proper operation. For
this purpose, the macro “init_tmrs” is
defined as shown in Figure 2b. This
macro must be run after the macro
"initialize” explained in the follow-up
article in the next issue of Electronics
World. The file “tmr_mcr_def.inc” (all the
files considered in this article including
“tmr_mcr_def.inc” can be downloaded
from http://host.nigde.edu.tr/muzam/)
contains all timer macros defined for
UZAM_PLC.

On Delay Timer (TON)

The on-delay timer can be used to delay
setting an output true (ON — 1) for a fixed
period of time after an input signal
becomes true (ON = 1). The symbol and
timing diagram of the on-delay timer
(TON) are both shown in Figure 3.

As the input signal IN goes true (ON —
1), the timing function is started and,
therefore, the elapsed time ET starts to
increase. When the elapsed time ET
reaches the time specified by the preset
time input PT, the output Q goes true (ON
— 1) and the elapsed time is held. The
output Q remains true (ON = 1) until the
input signal IN goes false (OFF — 0). If the
input signal IN is not true (ON - 1) longer
than the delay time specified in PT, the
output Q remains false (OFF — 0). The
following section explains the
implementation of eight of 8-bit on-delay
timers for UZAM_PLC.

Macro “TON_8"
(8-bit ON Delay Timer)

The macro "TON_8" defines 8 on-delay
timers selected with the num =0, 1...7.



controller — Part 5

Table 1 shows the macro “TON_8"” and its
(a) (b) symbol. IN (input signal), Q (output signal
= timer status bit) and CLK {free running
- . prmsmsamas Samsoe s macro: init tmrs --- timing signals — ticks:
;= defining on delay timer outputs - init_tmrs macro
#define TONS 00 TONS Q,0 clrf TONS ;Clear TONS 100(0.512ms)...T15(16777.216ms)} are all
#define TONS Q1 TONS Q,1 clrf TON8+1 ;Clear TON8+1 defined as Boolean variables.
#define TONB_Q2 TON8 Q,2 clrf TONB+2 ;Clear TON8+2 The time constant “tcnst” is an integer
#define TONg_Qz TONg_Q.i cirg ggﬁgﬁ ?giear ggﬂg:i constant (here for 8-bit resolution, it is
#define TON8 Q4 TON8 Q, clr sLiear :
$define TONS Q5 TONS 0.5 clrf TONB45 :Clear TONB5 chosgn as any number in the .range 1-255)
#define TON8:Q6 TONB:Q,5 clrf TONB+6 ;Clear TON8+6 and is used to define preset time PT,
#define TONS Q7 TONS 0,7 c-‘ltr: $g§g+7 :giltear ggggﬂ which is obtained by the formula: PT =
clr ;Llear
! tenst x CLK, where CLK should be used as
i~ defining off delay timer outputs - i Faias the period of the free-running timin
S dncie: ROV Q07200 Bt cir: :gg:g ,:giear ggigg Si HZ|S — ticks ’ ’
fdelioe 10" 8. RoE0050 zlif TOF8+4 tm::i TOF8+4 ’ o i
#define TOF8 Q2 TOFS Q,2 { The on-delay timer outputs are
§define TOF8_Q3 TOF8 0,3 il e represented by the status bits:
$astise, T0FE 3t ROUE 9,4 clrf TOF8+7 :Clear TOF847 TON8_Q,num (num =0, 1...7), namely
#define TOF8 Q5 TOF8 Q,5 2
7 — — clrf TEPS ;Clear TEP8 TONS8_QO, TON8_Q1...TON8_Q7, as
freting FREL 0 k9,5 clrf TEP8+1 iClear TEP8+1 -
#define TOF8 Q7 TOF8 Q,7 Sk BEoE e AR shown in Figure 2a. We use a Boolean
» . clrf TEPS+3 :Clear TEPS+43 variable, or TON8_RED,num (num = 0,
4,;; cfigfzn;IElgﬂpu;sT;;gler gutputs ----- clrf TEPS+4 :Clear TEPS+4 1...7), as a rising edge detector for
#def:!'ne TEPB_Ql TEPB_Q'l clrf TEPB+5 iClear TEPB+5 identifying the rising edges of the chosen
efine TEPS Q _Q, clrf TEPB+6 ;Clear TEP8+6 CLK. An 8-bit int “ble TONS
fdefine TEPG 02 TEPG Q,2 clrf TEPB+T iClear TEP8+7 - AN S-Dit Integer variable +num
#define TEPS Q3 TEP8 0,3 clrf TOS8 :Clear TOS8 (num =0, 1...7) is used to count the rising
#define TEPS Q4 TEPS Q,4 olrf TOS8+1 ;Clear TOS8+1 edges of the CLK. The count value of
FHElce RERG 95 TEEE ;5 olrf T0S8+2 iClear T0S8+2 TONS8+num (num = 0, 1...7) defines the
#define TEP8 Q6 TEP8 Q,6 clrf TOS8+3 ;Clear TOS8+3 | d time ET as follows: ET = CLK
#define TEPE Q7 TEPS Q,7 clrf TOS8+4 ;Clear T0S8+4 elapse l'me f as fo °W5-< i, x
clrf TOS8+5 :Clear TOSB+5 count value of TON8+num (either of 0,
;- defining osilator timer outputs - clrf TOS8+6 ;Clear TOS8+6 1...7).
#def:!.ne TOS8_Q0 TOS8 Q,0 clrf TOS8+7 ;Clear TOS8+7 Let us now briefly consider how the
#define TOS8 Q1 TOS8 Q,1 clrf TONS_Q ;Clear TON8_Q B " .
#define TOS8 Q2 TOS8 0,2 clrf TOFS Q ;Clear TOF§ Q macro “TON_8" works. First of all, preset
#define TOS8 03 TOS8 Q,3 clrf TEP8 Q ;Clear TEP8 Q time PT, is defined by means of a
#define TOS8 Q4 TOS8 Q,4 clrf Tosg_gE iClear TO:S_Q reference timing signal “CLK =
#define TOS8 Q5 TOS8 Q,5 clrf TON8 RED ;Clear TON8 RED . . " "
#define TOS8_06 TOSE Q,6 clrf TOF RED  ;Clear TOF8_RED It]:;ig’t.‘b'tt ‘E.md ?lt,\'lmf Eons.t atntththt '
#define TOS&_QT TOSG_Q," clrf TEPB_RED]. ;Clear TEPB_RED]. e mnpu Slgn.a , taken Into the macro
clrf TEP8 RED2 ;Clear TEP8 RED2 by means of W is false (OFF — 0), then the
Cl;i qpsdl RED gdaae dash. R output signal TON8_Q,num (num = 0,
en .
Pl S s e e e e 1...7) is forced to be false (OFF — 0) and
the counter TON8+num (num =0, 1...7) is
loaded with “00h".

Figure 2: (a) The definition of status bits of timer macros If the input signal IN is true (ON - 1)
(b) The initialization of all variables of timer macros defined as a macro “init_tmrs” and the output signal Q, i.e. the status bit
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IPLC/MCU

TON
BOOL — IN

TIME — PT ET

BOOL

— TIME

IN: INput

Q: Output
PT:Preset Time
ET: Elapsed Tune

Figure 3: The symbol and timing diagram of the on-delay timer (TON)
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Table 1: The macro “TON_8" and its symbol

Macro Symbol

Jr e magro: TON B ==~emmemeemm TON 8

TON_8 macro num, t_reg,t_bit, tenst .
local L1,L2 — IN Q
movwf  Temp 1 _> CLK
btfsec Temp 1,0
goto 1.2 = tcnst
movlw 00h =l num
movwf TONB+num i .
bef TONS_Q, num PT = tenst x CLK
goto L1

L2 btfsc TON8_Q,num IN:(W)=0,1
goto Ll : -
btfss t reg,t bit :
bsf TON8 RED,num CLK (t_reg.t _bit)=
btfss t _reg,t bit T00(0.512 ms). .... T15(16777.216 ms)
goto L1
btfss  TONS_RED,num tenst (8bit) =1, 2, ... 255
goto Ll
bef TON8 RED,num =
inef  TONS+num, f num=0,1,...,7
moviw TONB+num
xorlw tenst Q= TONﬁ_Q.num (mum=20,1,....7)
skpnz
bsf TONE_Q, num

L1
endm

TON8_Q,num (num = 0, 1...7), is false
(OFF = 0), then with each “rising edge” of
the reference timing signal “CLK =
t_reg,t_bit” the related counter
“TON8+num” is incremented by one. In
this case, when the count value of
“TON8+num” is equal to the number
“tcnst”, then state-change from 0 to 1 is
issued for the output signal (timer status
bit) TON8_Q,num (num = 0, 1...7).

If the input signal IN and the output
signal Q, i.e. the status bit TON8_Q,num
(num =0, 1...7) are both true (ON - 1),
then no action is taken and the elapsed
time ET is held. In this macro a previously
defined 8-bit variable “"Temp_1" is also
utilized.

Off Delay Timer (TOF)

The off-delay timer can be used to delay
setting an output false (OFF — 0) for a
fixed period of time after an input signal
goes false (OFF — 0), i.e. the output is held
ON for a given period longer than the
input. The symbol and timing diagram of
the off-delay timer (TOF) are both shown
in Figure 4.

As the input signal IN goes true (ON —
1), the output Q follows and remains true
(ON = 1), until the input signal IN is false
(OFF = 0) for the period specified in preset
time input PT. As the input signal IN goes
false (OFF — 0), the elapsed time ET starts
to increase. It continues to increase until it
reaches the preset time input PT, at which
point the output Q is set false (OFF — Q)
and the elapsed time is held. If the input
signal IN is only false (OFF — 0) for a
period shorter than the input PT, the
output Q remains true (ON — 1). The
following section explains the
implementation of eight of 8-bit off-delay
timers for UZAM_PLC.

Macro “TOF_8"
(8-bit OFF Delay Timer)

The macro "TOF_8" defines 8 off-delay
timers selected with the num =0, 1...7.
Table 2 shows the macro “TOF_8" and its
symbol. IN (input signal), Q (output signal



TOF
BOOL — IN Q f— BOOL

TIME —{ PT ET }— TIME

IN: INput
Q: Output

PT:Preset Time
ET: Elapsed Time

Figure 4: The symbol and timing diagram of the off-delay timer (TOF)
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Macro

Symbol

TOF_8 macro
local
movwE
btfss
goto
movlw
movwE
bsf
goto

L2 btfss
goto
btfss
bsf
btfss
goto
btfss
goto
bef
inecf
moviw
xorlw
skpnz
bef

_________ macro: TOF_8

num,t reg,t bit,tenst
L1,L2

Temp_1
Temp_1,0

L2

00h
TOF8+num
TOF8_Q, num
L1

TOF8 Q,num

s

t reg,t bit
TOF8_RED, num
t reg,t bit
Ll
TOF8_RED, num
L1

TOF8_RED, num
TOF8+num, £
TOF8+num
tenst

TOF8_Q, num

Table 2: The macro “TON_8” and its symbol

TOF 8
—N 0
—P ax

=1 tcnst

=1 num

PT =tcnst x CLK

IN=0.1

CLK (t_regt bit) =

tenst (8bit) =1,

T00(0.512 ms), ..., T15(16777.216

ms)

2,258

num=0,1,....7

Q=TOF8 Qnum (num=20, 1, ....7)

PLC/NICUI

= timer status bit) and CLK {free running
timing signals — ticks:
T00(0.512ms)...T15(16777.216ms)} are all
defined as Boolean variables.

The time constant “tcnst” is an integer
constant (here for 8-bit resolution it is
chosen as any number in the range 1-255)
and is used to define preset time PT,
which is obtained by the formula: PT =
tcnst x CLK, where CLK should be used as
the period of the free-running timing
signals — ticks. The off-delay timer outputs
are represented by the status bits:
TOF8_Q,num (num = 0, 1...7), namely
TOF8_QO0, TOF8_Q1...TOF8_Q7, as shown
in Figure 2a.

We use a Boolean variable, namely
TOF8_RED,num (num =0, 1...7), as a
rising edge detector for identifying the
rising edges of the chosen CLK. An 8-bit
integer variable TOF8+num (num = 0,
1...7) is used to count the rising edges of
the CLK. The count value of TOF8+num
(num =0, 1...7) defines the elapsed time
ET as follows: ET = CLK x count value of
TOF84+num (either of 0, 1...7).

Let us now briefly consider how the
macro “TOF_8" works. First of all, preset
time PT, is defined by means of a
reference timing signal “CLK =
t_reg,t_bit” and a time constant “tcnst”.
If the input signal IN, taken into the macro
by means of W, is true (ON — 1), then the
output signal TOF8_Q,num (num = 0,
1...7) is forced to be true (ON - 1) and the
counter TOF8+num (num =0, 1...7) is
loaded with “00h".

When IN = 1 and TOF8_Q,num = 1, if IN
goes false (OFF — 0), then with each
“rising edge” of the reference timing
signal “CLK = t_reg,t_bit” the related
counter “TOF8+num” is incremented by
one. In this case, when the count value of
“TOF8+num” is equal to the number
“tcnst”, then a state-change from 1 to 0
is issued for the output signal (timer status
bit) TOF8_Q,num (num = 0, 1...7). In this
macro a previously defined 8-bit variable
“Temp_1" is also utilized.
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I DAQ

Special DATA Acquisition Board

Maurizio Di Paolo Emilio presents a series of articles focusing on a data acqusition
(DAQ) board project for the management of environmental sensors and a high-speed
data acquisition system. This article, the second in the series, links the board to a GPS

and ADC.

(DAQ) board for managing
environmental sensors and a high speed data acquisition system is
discussed here. It is composed of various slots for the upgrade. It
can work on a VME bus but also by the means of a USB, GSM,
Wireless and Ethernet connection.

It comprises the following parts: a GPS, an analogue-to-digital
converter (ADC), an FPGA, a serial port and a scaler. In particular
we want to analyze how to get the time and acquire the data. The
goal is to have a time reference for each data that the board
acquires.

The Time: Global Positioning System

The Global Positioning System (GPD) consists of three interacting
components:

1) The space segment — satellites orbiting the earth;

2) The control segment — the control and monitoring stations run
by the United States’ Department of Defense; and

3) The user segment — the GPS receivers owned by civilians and the
military.

The space segment consists of a constellation of 24 active
satellites (and one or more in-orbit spares), orbiting the earth every
12 hours. Four satellites are located in each of the six orbits and
will be visible from any location on each, 95% of the time. The
orbits are distributed evenly around
the earth and are inclined 55 degrees
from the equator. The satellites orbit

T System ground. Connect to power supply’s ground (GND) terminal.

contains a repeating message, indicating the position and orbital
parameters of itself and the other satellites (almanac), a bill of
health for the satellites (health bit) and the precise atomic time.

The receiver used for this application is that of Parallax (Figure
1). The receiver measures the time required for the signal to travel
from the satellite to the receiver, by knowing the time when the
signal left the satellite and observing the time it receives the signal,
based on its internal clock.

If the receiver had a perfect clock, exactly in sync with those on
the satellites, three measurements from three satellites would be
sufficient to determine position in three dimensions via
triangulation. However, that is not the case, so a fourth satellite is
needed to resolve the receiver clock error. With four satellites, a
GPS receiver can provide very accurate clock (time, date) and
position information (latitude, longitude, altitude, speed, travel
direction/heading).

The GPS receiver module (Figures 2 and 3) provides standard,
raw NMEAO0183 (National Marine Electronics Association) strings or
specific user-requested data via the serial command interface,
tracking of up to 12 satellites, and WAAS/EGNOS (Wide Area
Augmentation System/European Geostationary Navigation Overlay
Service) functionality for more accurate positioning results.

The module provides current time, date, latitude, longitude,

P

System power, +5V DC input.

Serial communication (commands sent TO the Module and data
received FROM the Module). Asynchronous, TTL-evel interface,
4800bps, 8 data bits, no parity, 1 stop bit, non-inverted.

at an altitude of about 11,000 1
; ; 2 VCC
nautical mlle.s. . . 3 o) 7
Each satellite transmits two signals:
L1 (1575.42MHz) and L2
4 /RAW |

(1227.60MHz). The L1 signal is
modulated with two pseudo-random
noise signals — the protected (P) code
and the course/acquisition (C/A)
code. The L2 signal only carries the P

Mode select pin. Active LOW digital input. Internally pulled HIGH by
default. When the /RAW pin is unconnecled, the default “Smart Mode™ is
enabled, wherein commands for specific GPS data can be requested
and the results will be returned (see the “Command Structure” section
for more details). When /RAW is pulled LOW, the Module will enter
“Raw Mode" and will transmit standard strings, allowing advanced users

to use the raw GPS data directly.

code. Civilian navigation receivers
only use the C/A code on the L1
frequency.

Each signal from each satellite
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Note: Type: | = Input, O = Output, P = Power, G = Ground

Figure 2: Electronic outline of GPS



Figure 1: GPS Parallax

altitude, speed and travel direction/heading among other
data, and can be used in a wide variety of hobbyist and
commercial applications, including navigation, tracking
systems, mapping, fleet management, auto-pilot and
robotics.

o 10 MH:
47K ﬁ K ' - _E_
= —=—116F84 —=+swnc

47K %zi;

Module Highlights
Fully-integrated, low-cost GPS receiver module with
on-board, passive patch antenna;

GND I
Module GPS - Jio

Wee b— W + 5V

/0

e e L

Single-wire, 4800 baud Serial TTL interface to BASIC

Stamp SX, Propeller and other processors;

Provides either raw NMEAQ183 strings or specific data

requested via the command interface;

Requires single +5VDC supply @ 115mA (typical);

0.100" pin spacing for easy prototyping and integration;

Programmable Parallax SX/B microprocessor and open-source

control firmware for advanced users (not supported by Parallax,

but offered as a download from the Parallax web site).

Most GPS receivers output a stream of data so that it can be
used and interpreted by other devices. The most common format
(and used by our GPS Receiver Module in “Raw Mode") is
NMEAO183 (National Marine Electronics Association,

), developed for data communications
between marine instruments. Some receivers also have proprietary
data formats which are used (in the case of navigation receivers) to
transfer waypoint lists, track logs and other data between the GPS
and a computer. Such proprietary formats are not covered by the
NMEA standard.

NMEA 0183 (or NMEA for short) is a combined electrical and
data specification for communication between marine electronic
devices such as echo sounder, sonars, anemometer (wind speed
and direction), gyrocompass, autopilot, GPS receivers and many
other types of instruments. It has been defined and controlled by
the US-based National Marine Electronics Association.

The NMEA 0183 standard uses a simple ASCII, serial
communications protocol that defines how data is transmitted in a
“sentence” from one “talker” to one “listener” at a time. Through
the use of intermediate expanders, a talker can have a
unidirectional conversation with multiple listeners and using

Figure 3: PIN of GPS receiver

multiplexers, multiple sensors can talk to a single computer port.
Third-party switches are available that can establish a primary and
secondary talker, with automatic failover if the primary fails.

Analogue to Digital Converter

An analogue-to-digital converter (abbreviated ADC, A/D or A to
D) is a device that converts continuous signals to discrete digital
numbers. The reverse operation is performed by a digital-to-
analogue converter (DAC).

Typically, an ADC is an electronic device that converts an input
analogue voltage (or current) to a digital number. However, some
non-electronic or only partially electronic devices, such as rotary
encoders, can also be considered ADCs. The digital output may use
different coding schemes, such as binary, Gray code or two's
complement binary.

Most converters sample with 6 to 24 bits of resolution and
produce fewer than one megasample per second. Thermal noise
generated by passive components such as resistors masks the
measurement when higher resolution is desired. For audio
applications and in room temperatures, such noise is usually a little
less than 1uV (microvolt) of white noise. If the Most Significant Bit
(MSB) corresponds to a standard 2V of output signal, this
translates to a noise-limited performance that is less than 20~21
bits and obviates the need for any dithering.

Mega- and gigasample per second converters are also available.
Megasample converters are required in digital video cameras, video
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Figure 4: MAX109

capture cards and TV tuner cards to convert full-speed analogue
video to digital video files. Commercial converters usually have
+0.5 to £1.5 LSB (Least Significant Bit) error in their output.

In many cases the most expensive part of an integrated circuit is
the pins, because they make the package larger and each pin has
to be connected to the integrated circuit’s silicon. To save pins, it's
common for slow ADCs to send their data one bit at a time over a
serial interface to the computer, with the next bit coming out
when a clock signal changes state, say from zero to 5V. This saves
quite a few pins on the ADC package and, in many cases, does not
make the overall design any more complex. (Even microprocessors
which use memory-mapped 10 only need a few bits of a port to
implement a serial bus to an ADC.)

Commercial ADCs often have several inputs that feed the same
converter, usually through an analogue multiplexer. Different
models of ADC may include sample-and-hold circuits,
instrumentation amplifiers or differential inputs, where the
quantity measured is the difference between two voltages.

Implementing ADCs

These are the most common ways of implementing an electronic
ADC:
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Figure 5: Characteristics of MAX109

Figure 6: Outline ADS 5463

Direct conversion ADC or flash ADC.

Successive-approximation ADC.

Ramp-compare ADC (also called integrating, dual-slope or multi-

slope ADC); produces a saw-tooth signal that ramps up, then

quickly falls to zero.

Delta-encoded ADC has an up-down counter that feeds a

digital-to-analogue converter (DAC).

Pipeline ADC (also called subranging quantizer) uses two or

more steps of subranging.

Sigma-Delta ADC (also known as a Delta-Sigma ADC)

oversamples the desired signal by a large factor and filters the

desired signal band.

There can be other ADCs that use a combination of electronics
and other technologies:

Time-stretch analogue-to-digital converter (TS-ADC); digitizes a

very wide bandwidth analogue signal that cannot be digitized by

a conventional electronic ADC, by time-stretching the signal

prior to digitization.

In the DAQ board we use three types of ADCs:

ADC MAX109
The MAX109, 2.2Gsps, 8-bit, analogue-to-digital converter
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Figure 9: Application of ADS 5463: Microcontroller interfacing

(ADC) enables the accurate digitizing of
analogue signals with frequencies up to
2.5GHz ultra-high speed, 8-bit, 2.2Gsps
ADC.

The innovative design of the internal T/H
amplifier, which has a wide 2.8GHz full-
power bandwidth, enables a flat-frequency
response through the second Nyquist
region. This results in excellent ENOB
performance of 6.9 bits.

ADS 5463

The ADS5463 is a 12-bit, 500MSPS
analogue-to-digital converter (ADC) that
operates from both a 5V supply and 3.3V
supply, while providing LVDS-compatible
digital outputs. This ADC is one of a family
of 12, 13 and 14-bit ADCs that operate
from 210-500MSPS. The ADS5463 input
buffer isolates the internal switching of the
onboard track and hold (T&H) from
disturbing the signal source, while
providing a high-impedance input. An
internal reference generator is also
provided to simplify the system design.

Designed with a 2.3GHz input bandwidth
for the conversion of signals that exceed
500MHz of input center frequency at
500MSPS, the ADS5463 has outstanding
low noise performance and spurious-free
dynamic range over a large input frequency
range.

ADS 8412

The ADS8412 is a 16-bit, 2MHz A/D
converter with an internal 4.096-Vref. The
device includes a 16-bit, capacitor-based,
SARA/D converter with inherent sample-
and-hold. The ADS8412 offers a full 16-bit
interface and an 8-bit option where data is
read using two 8-bit read cycles.

The ADS8412 has a unipolar differential
input. It is available in a 48-lead TQFP
package and is characterized over the
industrial -40°C to 85°C.

The series continues in the next issue of
Electronics World magazine. If you missed
your last copy you can order your digital
version of that issue on line at
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WIN AN LED-DRIVING
CONSTANT CURRENT
DEMO BOARD!

UL

Electronics World is offering its readers the chance to win a new
demonstration board for LED applications from VI Chip, Inc., a subsidiary of
Vicor Corporation. The constant current PRM™ regulator board demonstrates
the precisely regulated current output of the high-power density VeI Chip
PRM. These devices deliver 99.7% across the load range, meeting the
demands of direct-drive multi-LED applications where the intensity and
brightness are controlled by regulating the current through the LEDs. The
board can be used as a standalone non-isolated source to provide adjustable
current up to 240 W (5 A at 48 V), or combined with V| Chip VTM™
transformers to provide an adjustable isolated current up to 100 A. Paired
PRM-+VTM modules use less than 1 W for every 1,000 Lumens generated
by the LEDs, enabling high-efficiency applications. This is a perfect
complement to using BCM™ bus converters with low-voltage driver ICs for
lower power applications such as LED TV backlighting.

The VI Chip regulator board has Kelvin connections for measuring the
efficiency of the VeI Chip components, independent of load connect losses,
whilst oscilloscope probe jacks are available for measuring output voltage,
including output voltage ripple. The board has fused PRM inputs and
provision for mounting an optional VeI Chip pushpin heat sink, as well as
system enable and disable.

To enter the prize draw send an email to surope@vicorpower.com, with the
subject ‘LED Competition* with a description of an application that could make
use of the Vel Chip PRM driving LEDs. Your description should be less than
50 words. The winner will be both innovative and make best use of the
benefits of the PRM. Al entries must be received by April 30th 2009 and the
winners name will be published in a subsequent issue of Electronics World.

To enter the prize draw send an email to:
europe@vicorpower.com

with the subject ‘LED Competition* with a description of an
application that could make use of the VeI Chip PRM driving
LEDs. Your description should be less than 50 words. The
winner will be both innovative and make best use of the
benefits of the PRM. All entries must be received by April
30th 2009 and the winners name will be published in a
subsequent issue of Electronics World.

Lantronix (www.lantronix.com) is a global leader in secure
communication technologies that simplify remote access,
management, and control of virtually any electronic device
regardless of location. Lantronix innovative solutions enable
businesses to make better decisions, based on real-time
information and are utilised in almost every vertical market
including: security, building and industrial automation,
medical/healthcare, IT/data center, government,
transportation, pro AV/signage,
retail, power and utilities.

In conjunction with
Electronics World, Lantronix is
offering readers a chance to
win one of the SecureLinx
Spider™ next generation KVM-
over-IP kits, worth over £300.
The kit provides secure KVM
(keyboard, video, mouse) server management over an IP
network. Unlike any other product on the market, Spider
offers a flexible, scalable and affordable CAT5-based remote
access KVM solution in a cable friendly, compact "zero-U”
footprint package. Connected directly to the server, Spider
guarantees non-blocked access from any web browser,
anywhere, at any time! More cost-effective than traditional
KVM, it provides one of the lowest "cost-per-remote-user"
server management solutions available. Furthermore no client
software or external power supply is required.

For a chance to win a copy of Lantronix SecureLinx
Spider kit, please answer the following question:
WHAT DOES KVM STAND FOR? Please send
you response to:

‘l_b'l iR . ‘1||"‘11 ‘411
i < " S

with the following information: Name E-mail Job title
(student if applicable) Company/Educational institution
Address (Work or Home to be specified) Tel No.

Please mark the subject heading as “Electronics World
competition entry”
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FIT FOR PURPOSE FROM COMMODITY
TO NICHE APPLICATIONS

ON MY OFFICE desk sit two LCD
monitors, each driven by a separate
computer. One is a 24" 1600x1200 (2M
pixels) display, the other is a 30” 2560x1600
(4M pixels) display. Is this necessity or an
indulgence?

The answer, as always, is: it depends on
the application. Usability of a display and the
number of pixels needed to perform a task
safely and robustly depends on:
® Ambient lighting levels (lux)
® Positions of light sources and reflections
® Task to be performed
® The individual using the equipment
® Display brightness, resolution and contrast.

Displays used outdoors are at the mercy of
sunlight, which changes with orientation,
latitude, time of day, time of year and the
weather. In addition, ambient lighting can
give rise to specular reflection and glare,
which affects the perceived contrast.

The most stringent requirements and
specifications | have seen for outdoor
electronic displays are for cockpit displays in
fighter aircraft, which are subjected to
extremes of lighting, temperature, shock and
vibration during their operation. Most other
displays have a more forgiving operating
environment and for other indoor mission-
critical applications the environment can
often be modified to maximise the efficacy of
the display parameters and to ensure that the
operator who has to read data from a display
can do so quickly, safely and without
unnecessary distraction.

Tasks such as air traffic control and medical
analysis are often carried out in rooms with
controlled, low-level lighting. At the present
time only liquid crystal displays are available
as colour display monitors for such high-
resolution applications. As explained in a
previous article, light from the backlight of an
LCD is absorbed by the polarisers and colour
filters, and only ~ 5-7% of the light that
impinges on the rear of the LCD display will
eventually emerge from the front of the
display to be read by an operator. In mission-
critical applications such as medical X-ray
diagnosis, where the misreading or a shadow
within a medical image could result in

Figure 1: Medical images for most scanning techniques require fine resolution and real or computer
generated colour shading to show adequate detail. Accuracy and repeatability of colour
representation is critical to consistent diagnosis. [Picture information on medical images courtesy of Scott Wilson, Barco]

misdiagnosis of a patient, it is essential that
the ambient lighting is adjusted to avoid
impairing the efficacy of the display.

As an aside, it is interesting to note that
commercial airline pilots, who also have to
read displays in high ambient light, and for
whom inaccurately read data could result in
disaster, are often dressed in white shirts that
reflect the incident sunlight coming into the
aircraft windows back onto the display panel
itself and exacerbate the problems of contrast
and visibility. If you want to ensure there is
no adverse result due to clothing reflections
dress the pilot and co-pilot in black.

Back to medical displays: Before the
invention of tools such as MRI scanning,
clinicians had only x-rays to use as a high-
resolution diagnostic tool. The images created
were produced on high-resolution

FOR MOST MEDICAL
DIAGNOSTIC APPLICATIONS,
RESOLUTIONS OF ABOVE 100
PIXELS PER INCH ARE
SUFFICIENT, SO EXISTING
COMMERCIAL LCDS ARE
ADEQUATE

photographic film that was analysed, archived
and retrieved as required by different
clinicians. As more imaging techniques were
developed — including digital images from
techniques such as position emission
tomography (PET), single photon emission
computed tomography (SPECT), MRI, EEG, CT
or CAT - so the number of image types
increased exponentially and the volume
required for storage of film became a
problem. The universal decision was made to
store all medical images electronically and
PACS (Picture Archiving and Communications
System) was set up around 2000.

This allows retrieval of information over the
health system network from the radiography
department to the individual wards, and from
the operating theatres to the clinics. This in
turn means that the number of displays used
by health services around the world has
correspondingly increased exponentially with
sizes ranging from ranging from 30" 6M pixel
displays, medical-specific displays, down to
standard commercial computer grade displays
that are distributed around the general
wards.

For most medical diagnostic applications,
resolutions higher than 100 pixels per inch
are sufficient (though not for mammography
where ~ 200 pixels per inch are required), so
existing commercial LCDs are adequate and
are available.
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When first introduced, PACS vendors
produced display equipment that was
optimised to reproduce the plain film of old
style X-rays. CT and MRI images were
reported from dedicated workstations. It is
sensible to have all radiological studies
reported through PACS but the plain film
setup can be inadequate for CT and MRI
images. High-resolution greyscale with high
brightness and good contrast is a good
alternative to plain films, especially
mammography; but the main usage for CT
and MRI requires colour, 3D and good
scrolling capability to move around the
multiple images that are available. Advances
in LCD technology and high-power graphics
cards mean that specialist medical display
vendors are now able to meet all of these
requirements, but at a hefty price.

In general, you would assume that the LCD
cells used for these diverse applications come
off much the same production lines as the
normal commercial application display cells,
but this is not apparent from the cost of the
final medical grade product.

A 24" office monitor similar to my
desktop’s costs about £400 and a 30"
monitor about £1,000, but a comparable 24"
100+ pixels per inch medical-grade display
monitor (4M pixels) costs ~ £5K and a 200+
pixels per inch 30" display suitable for
mammography (6M pixels) costs ~ £12K.

Obviously, medical displays do not come
cheaply. They are specifically tailored for the
application. Unlike my 30" office desktop
monitor whose backlight systems shows a

wide grey band on booting up the computer,
medical displays need repeatable, reliable
uniformity 24/7/365 to enable accurate
interpretation of greyscale. Since one
greyscale level can be the difference between
a cancerous growth being detected by an
operator or not — | am very happy that the
clinicians are required to use expensive,
certified, calibrated displays for this task.

The higher price for monitors built to
deliver into these niche market applications
that have tough specifications is a
combination of small market size (i.e. number
of monitors built to a particular specification)
and the cost of the high specification
materials and component testing and
selection to maximise the performance of the
monitor, such as control films, display cell,
filters and backlight components.

However, though a 30" display would
make for more comfortable viewing than a
24" for the radiologist, a doubling in display
cost may be somewhat of a deterrent to
procurement. Ideally, all medical displays
should be adequate for all analysis including
mammography but the x 2.5 price tag can be
difficult to justify in clinical budgets.

Diagnosis and reporting of radiographic
images is always performed on high-
resolution monitors designed specifically for
that purpose and maintained in calibration.
However, back on the ward or in the clinic
those images can be recalled under PACS and
shown on standard (significantly lower cost),
usually uncalibrated, commercial computer
displays with uncontrolled lighting conditions.

Figure 2: Greyscale images are widely used within radiography. One level of grey
between adjacent pixels can make the difference between a correct
diagnosis or not. [Picture information on medical images courtesy of Scott Wilson, Barco]
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It is acknowledged that whilst diagnosis
should only be done by the radiologist or the
doctor using the medical display back in the
lab, the ability to recall images at will under
PACS may result in decisions being made
about treatment etc on displays that were not
designed or sold for that purpose!

Detection of subtle changes in greyscale of
the X-ray images is essential for accurate
clinical diagnosis. This readability is affected by:
® Luminance of the display
® Brightness and contrast settings
® Ambient light level.

The human visual system is non-linear so its
sensitivity to contrast varies with display
luminance and ambient brightness. One way
of defining the behaviour is by “just
noticeable differences” — the smallest
perceptible change in luminance that the eye
can detect.

This effect has been put to use by one
company, Rothband, as a way to minimise
clinician error when using non-medical
displays in uncontrolled conditions. They have
come up with a simple but effective method
to provide minimum failsafe operability that
identifies potential errors in the viewing
conditions caused by wrongly calibrated
features such as brightness and contrast of
the monitor in ambient lighting (see the
figures).

At the point of logging onto the PACS
system, the operator is asked to type in the
random letters seen in four grayscale squares
that appear in the centre of the screen. If the
operator makes a mistake and types in
incorrect letters, this indicates that the display
contrast on that monitor at that time is
insufficient for accurate viewing, and access
to the images is denied. This simple process
can obviate the need for expensive, time-
consuming calibration of very many display
devices now appearing in any health
organisation.

So, is @ 30" desktop monitor an indulgence
for non-critical applications?

If most of your working day is spent in
front of the display then it certainly is not. No
matter what the task, everyone deserves to
have proper equipment to perform a task
comfortably. | must have a word with my
accountant about upgrading my 24"
display...

Chris Williams is Network Director at
UK Displays & Lighting KTN
(Knowledge Transfer Network)



RESISTORLESS CURRENT-MODE FIRST-ORDER

ALLPASS FILTER

IT IS WELL KNOWN that the first-order allpass filter is widely
used in several analogue signal-processing applications. In general,
it is used for phase shifting from 0° to 180° (or from 180° to 0°),
while keeping the amplitude of the signal constant over the
frequency range of interest. It can also be used to realize universal
biquadratic filters, to synthesize quadrature and multiphase
oscillators, and to implement high quality factor frequency-
selective filters.

On the other hand, current-mode circuits are receiving much
attention because of their potential advantages such as wider
bandwidth, wider dynamic range, simpler circuitry and lower
power consumption. As a result, a number of current-mode first-
order allpass filter realizations using different active building blocks
were reported in the literature. Most of these circuits use a large
passive component count and suffer from the need of passive
component ratio-matching conditions. Moreover, none of them are
electronically adjustable. Although first-order translinear-C current-
mode allpass sections with electronic tuning properties were
reported in S Maheshwari and | A Khan's “Simple first-order
translinear-C current-mode allpass sections” in Int. J. Electron., Vol
90, pp79-85, 2003, they suffer from low output impedances.

In this article, an electronically tunable current-mode first-order
allpass filter realization using only two CDTAs and a single-virtually
grounded capacitor is introduced. The proposed circuit can realize
both inverting and non-inverting types of the current-mode first-
order allpass filter, without changing the circuit topology.

Due to electronically tenability properties of the CDTA, the phase
response of the proposed circuit can be adjusted by an external bias
current. No component-matching condition for realizing the allpass
function is required. The circuit also exhibits high-output
impedance, which is easy cascading in the current-mode operation.
Simulation results verifying theoretical analyses are included.

Circuit Description
As shown in Figure 1, the CDTA is a versatile current-mode active
building block, which has the following port relations as follows:

Vo=Va=0,i,=ip—ipand ix = gmv, (n

In this equation, gn is the transconductance gain of the CDTA,
which can be defined by:

[ 0
gy = 2)
m W

where Vi = 26mV at 27'C is the thermal voltage and Ig is the
external bias current of the CDTA,

Figure 2 shows the proposed resistorless current-mode first-order
allpass filter with electronic tuning properties, employing only two
CDTAs and one virtually grounded capacitor. A routine analysis of
the proposed circuit yields the following current transfer functions:
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Figure 2: The proposed
CDTA-based, current
mode, first order,
allpass filter
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From Equation 3 it can be seen that the circuit can realize both
inverting and non-inverting type first-order allpass functions
without changing the circuit configuration. As it is demonstrated in
Figure 2, the CDTA-based circuit does not require any external
passive resistor and does not require any matching conditions for
realizing first-order allpass function. Here, the pole frequency of
the circuit is expressed as:

I
W, = gn—r‘:-'l __101 ' @
C WG
and the phase responses are respectively given by:
-1{ C
Paps =-2tan" | = ©)
Eml
o -1 oC
and ¢ p_ =180 -2tan i (6)
Eml

Equations 5 and 6 show that the proposed filter can provides
phase shifting both between 0° to -180° and 180° to 0°. Moreover,
the shifted phase value can be controlled electronically by
adjusting los.

Simulation Results

A PSPICE program was carried out to check the workability of the
proposed circuit. In simulations, the CDTA was constructed as
described in “Multiple-input single-output current-mode
multifunction filter using current differencing transconductance
amplifiers” in Int. J. Electron. Vol 61, pp209-214, 2007 by W
Tangsrirat, T Dumawipata and W Surakampontorn, with the
transistor model parameters of PR100N (PNP) and NP100N (NPN)
and DC supply voltages of +3V. The designed capacitor value and
the bias currents of the CDTAs were chosen as C= InF and loy = loa =
100uA.

Figure 3 shows the time domain responses of the proposed filter
in which 100uA peak sinusoidal input current at 318kHz is applied.
The simulated phase-frequency plots of both types of the allpass
filter for three different bias current values are depicted in Figure
4. It is observed from the figure that the electronically tunability of
the phase response can be achieved through /o:.

Conclusion

In this study, a canonical current-mode first-order allpass filter is
presented. It can realize both inverting and non-inverting type
allpass filtering functions by using only two CDTAs and one
virtually grounded capacitor.

The proposed circuit has following advantages: (a) the phase shift
can be electronically tuned by an external bias current; (b) no
matching condition is imposed for realizing the allpass functions;
and (c) since all the outputs are provided through high output
impedance terminals, it can be directly connected to the next stage
without any impedance matching requirement.

Worapong Tangsrirat
Thailand
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TIP 1: TRIPLE OUTPUT LED DRIVER WORKS WITH COMMON ANODE LED STRINGS
By Hua (Walker) Bai, Linear Technology

Some multi-string LED modules come with a
common anode figuration, whereas the common
anode connection reduces the number of wires
between the LED module and its driver from 2N
to N+1, where N is the number of LED strings in
the module. This idea illustrates how to drive such
a common anode LED module while
simultaneously limiting the LED string voltage
when an LED string becomes open.

Figure 1 shows the LT3496 triple output LED
driver in a buck mode configuration, where the
LED strings reside between PVIN and the 200mQ
sense resistors to allow the common anode
connection at PVIN. This is in contrast to the usual
buck mode configuration for three free-floating
LED strings. In a normal steady state operation, of
current this circuit delivers 500mA to each LED
string.

The programmed overvoltage protection (OVP)
is not always needed in a buck mode LED driver
circuit. Unlike boost, buck-boost and SEPIC
drivers, the switch voltage of a buck mode LED
driver droops when an LED string is opened. In
this case, OVP is not needed. However, the CAP1
pin can be used as an open circuit indicator.

Furthermore, an open collector buffer may be needed in some
applications. For simplicity, the reference designators of Channel 1 are

used exclusively (in the description below).
A potential issue arises if an LED string goes open
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Figure 1: A triple buck mode LED driver works with common anode LED strings

subsequently reconnected. For instance, this could occur if a cable
connection between the LED driver and the LED module is not a

constant connection and intermittently disconnects and reconnects.
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Figure 2: A triple buck mode LED driver has open LED protection

Under these circumstances, the LED string can experience a large

inrush current for a number of microseconds
after it is reconnected. This large current is
due to the discharge of capacitor C4. The
amplitude of this inrush current is related to
the difference between PVIN and the LED
string voltage — the larger the difference, the
higher the inrush current. In Figure 1, for
example, a 24V input and the 3-LED
configuration, shows the measured inrush
current peaks at 1.2A.

If inrush current is a concern, then the
voltage across the LED string terminals needs
to be clamped to a voltage that is just slightly
higher then the LED string voltage when the
string is open.

Figure 2 shows a circuit that limits the
voltage across the LED string to an OVP level
set by resistors R1 and R3. This would be 15V
in this example. However, in order for an OVP
circuit to be effective, CAPT must be brought
up after the OVP logic turns off the main
switch. Resistor R4 provides a few hundred
micro-Amps of pull up current for CAP1.
Without R4, CAP1 is held low, thus making
the OVP circuit moot.
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OMNETICS'S OVER-MOLDING CAPABILITIES
EXTENDED TO NEW LATCHING NANO CONNECTOR

Omnetics Connector Corp, manufacturer of miniature high rel connectors, has
announced that its unique, latching Bi-lobe connector can now be offered with
overmolded cables, or incorporated into equipment housings. This offers several benefits
for medical applications, including protection against contamination and easy
sterilization, as well as significant savings in space, weight and cost.

Omnetics's 0.025in pitch latching Bi-lobe connector is unique in that the mechanism
provides very high levels of mating security — devices pass the shock and vibration
requirements of MIL-DTL-32139 - yet connector halves simply push together requiring no
tools or complicated procedures.

Unlike other suppliers who require large production orders to undertake customized
over-molding, Omnetics can offer a precision over-molding service for the latching Bi-
lobe and many other miniature connector families even for small order quantities. A wide
range of materials, from soft silicones to hard glossy shells, can be used.

Omnetics was formed in 1984 to deliver rugged, reliable interconnect solutions for the
most demanding industries. The company has a fully integrated design and
manufacturing plant in the US, where it produces micro and nano miniature interconnect
products, featuring COTS, standards and custom connectors for various industries.

www.omnetics.com

HIGH EFFICIENCY,
COMPACT, LED DRIVER IC

DC/DC CONVERTERS WITH
REINFORCED INSULATION FROM
POWERSOLVE

Powersolve announces the THI-2M series of high isolation DC/DC
converters designed to provide 2W in a small DIP-16 package.
Input/Output-isolation voltage is specified for 4000 VACrms, which
qualifies the converters for applications that request a
supplementary or reinforced insulation approved to EN/UL 60950-1
industrial or EN/UL 60601-1 medical safety standard.

The THI-2M series features models with input voltages of 5, 12 or
24VDC and regulated output voltages of 5, 12, 24, +12 and +15VDC.
Operating temperature range is specified for -25°C to +71°C. The
product is also available in a SMD package version (TES-2M series).

The THI-2M converters provide an ideal solution for many cost-
critical applications in instrumentation or in commercial and medical

The new A6210 from Allegro MicroSystems Europe is an LED driver IC based
on a buck (stepdown) regulator circuit using constant ‘on’ time with valley
current-mode control. This control scheme allows the use of very short switch
‘on’ times, making the new device ideal for applications requiring high
switching frequencies combined with high input voltages and low output
voltages.

The small size and high efficiency of the A6210 makes it suitable for
applications where space is limited, while its high current and medium-
voltage capability mean that it can also be used in high-power applications
such as street lighting.

System cost is reduced as a result of the high switching frequencies (up to
2MHz), which allow small, low-value ancillary components, such as inductors
and capacitors, to be used. In addition, fewer external components are
required because of the high levels of integration in the device, which
includes a 3-amp switch. Optimal drive circuits are used to minimise
switching losses, allowing over 90% efficiency in realistic conditions.

The switching frequency is maintained constant, as the input voltage
modulates the ‘on’ time, which ensures excellent line correction.

www.allegromicro.com
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equipment.

Powersolve Electronics Ltd was established in 1987 as a distributor
of power products and as a manufacturer of standard and custom
power solutions.

All products supplied by Powersolve are manufactured in ISO 9000
approved facilities and carry Full International Safety Approvals.

www.powersolve.co.uk




DIGITAL MULTIMETERS WITH
COMPREHENSIVE FUNCTIONS FOR
ELECTRONIC AND INDUSTRIAL USE

The new Yokogawa TY700
Series is a range of handheld
digital multimeters that
combine high accuracy,
performance and reliability
with a range of new functions
for both electronics and general
industrial applications.
Featuring a basic accuracy of
0.020% and a 50,000 count
dual display with a 51-segment
bargraph, the new instruments
offer true RMS measurement
and simultaneous measurement
and display of DC and AC as
standard, as well as full support
for data management via a
large-capacity logging-mode memory and USB communication.

There are two models in the TY700 Series: the Standard Type TY710 with
20kHz bandwidth and the Advanced Type TY720 with 100kHz bandwidth.
Additional features on the TY720 include switchable RMS/mean detection, a
low-pass filter, a 50mV AC range and low-power resistance measurement.
The TY720 also has a logging-mode memory with a capacity of 10,000 data
points, compared with 1000 for the TY710. Both products are offered with
USB communication and an optional communications software package.
The instruments conform to the EN61010-1 safety standard (1000 V CAT lll,
600 V CAT IV) and have safety shutters for preventing the erroneous
insertion of the test leads into the current measurement terminals.

www.yokogawa.com

SCHROFF PRODUCTS CONFORM TO NEW
IEC STANDARD FOR 1U CHASSIS

Electronics packaging specialist Schroff has announced that the 1U versions of its
multipacPRO chassis and CompactPCl and VME®64x systems all conform to the new IEC
60297-3-105 standard for 1U-high 19in chassis.

Covering ‘Dimensions and design aspects for 1U chassis’, the IEC 60297-3-105 standard
defines three types of 1U-high chassis: Type A are connected to the 19in cabinet or
frame at the 19in front panel only, Type B are connected to the 19in cabinet or frame at
the 19in front panel and are further reinforced by means of slide rails, and Type C are
connected to the 19in cabinet or frame via telescopic rails.

MICROCHIP LAUNCHES
STANDALONE SERIAL SRAM
DEVICES

Microchip announces a family of 8kByte and 32kByte standalone
serial SRAM devices designed to increase a system'’s available RAM
through adding small, inexpensive external devices. The 23A640,
23K640 (23 x 640), 23A256 and 23K256 (23 x 256) devices feature
a familiar, industry standard SPI interface, providing increased
design flexibility while reducing design and production costs.

Many embedded applications require volatile RAM for
temporary data storage, or for use as a scratchpad, for bulk
processing and for math algorithms. In many cases, this RAM is
embedded within the microcontroller (MCU). In the past, the
most viable way to add more RAM was to buy a larger MCU,
which could add unnecessary feature overhead and increase
design costs. The only alternative was to add large, parallel-access
RAM devices that use up large numbers of I/O pins.

Microchip’s serial SRAM devices provide a simple, inexpensive
way for designers to add more RAM to their application while
keeping the same MCU or, as they require fewer MCU I/O
resources, even using a smaller MCU. The serial RAM devices
require just four I/O pins as opposed to 16 or 24 pins for a parallel
RAM.

www.microchip.com

Both the steel and aluminium versions of Schroff's 1U-high multipacPRO chassis comply
with IEC 60297-3-105 and can accommodate non-standard components and power
supply units or standard circuit board formats using an internal mounting kit.

Also fully compliant are Schroff's 1U-high 19in CompactPCl and VME64x systems, which
are based on the company’s europacPRO subrack. Equipped with appropriate
backplanes, ventilation units and IEEE guide rails, these shielded systems can
accommodate two horizontal 160mm-deep boards, as well as horizontal rear I/O boards.

www.schroff.co.uk
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THE AXIOHM
SENS’ N PRINT ECO
FRIENDLY TICKET
PRESENTER FROM
DED LIMITED

—— Y

@ Sens'@ Print

Now available from DED Limited, the Axiohm Sens’ n Print delivers an eco
friendly ticket solution with all the advantages of a ticket presenter/retractor,
but with substantial cost savings. Sens’ n Print promises to reduce costs and
improve the reliability of kiosks by removing the need for a paper presenter
without compromise on quality or security.

With the opportunity to minimise paper use and be a friend to the
environment, Sens’ n Print works in a very unique way. Once a print job is
sent to the printer, Sens’ n Print holds it and waits until movement is
detected near the receipt outlet before printing. If no movement is detected
after a pre-determined amount of time, the print job is cancelled, no receipt
is printed and so paper consumption is reduced.

The Sens’ n Print unit is ultra compact and when combined with no
requirement for ticket presenters, retractors or paper bins, offers the
advantage of dramatically reducing the space required inside a kiosk. A
combination of Axiohm’s printer controller board, a high tech move sense
antenna and minimal components makes Sens’ providing the opportunity to
simplify kiosk design.

www.ded.co.uk

DIN-RAIL POWER SUPPLIES
IDEAL FOR “DIFFICULT"
INDUSTRIAL ENVIRONMENTS

uPowersolve announces a new family of 90 to 600W DIN-rail
power supplies, designed for use in a wide variety of
applications including “difficult” industrial environments.
The Tracopower TSP Series units feature a rugged metal case
construction designed to be shock and vibration proof and
offer excellent electrical specifications and immunity against
electrical disturbances. Installation is made easy thanks to
detachable screw terminal blocks and snap-on DIN-rail
mounting.

Twelve standard models are available with tightly
regulated, adjustable output voltages of 12, 24 and 48VDC,
with ratings up to 25A. The DIN-rail power supplies are
specified for industrial operating temperatures from —25°C
to +70°C with convection cooling and also provide thermal
overload protection. Remote on/off is standard.

The TSP Series also includes three optional add-on Function
Modules that offer battery back-up, output buffering or true
redundant operation in system applications.

The TSP Series has worldwide safety approvals to EN60950-
1, UL508 and EN60079-15 standards and EMC Compliance to
EN61204-3 standards for industrial power applications.

These new power supplies are ideal for powering sensitive
loads in industrial process control systems, machine tools and
other demanding industrial applications.

www.powersolve.co.uk
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The HMP series includes three programmable high-performance power supplies,
SoEgy  5.899R ) i ks Sl featuring two or three output channels that cover ranges of 0 to 32 volts with up

/' to 10 amps. New functionalities, a high set and read-back resolution, the EasyArb
feature and excellent noise/ripple values (150uV) characterize the family of
power supplies.

Hameg has set great value on the logically combinable electronic fuses
(FuseLink), as well as on a convenient tracking function.

The high read-back resolution, down to 1mV/0.1mA, meets even the most
stringent requirements. Moreover, applying the EasyArb function, users can form
arbitrary voltage/current shapes for each channel.

The HMP series is provided with a LCD display, a dual serial interface (USB/RS-

232) (optionally Ethernet/USB or GPIB) and additional terminals for all channels

on the rear panel.

Available from February 2009, the HMP series will go for a list price starting

from EUR 959.

www.hameg.com/HMP2020
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PRODUCTSI

KEITHLEY RELEASES NEW 2009 TEST AND MEASUREMENT PRODUCT GUIDE

and others.

www.keithley.com

(memsssspsn ¥ PRO-WAVE'S CAR-
REVERSING SENSORS
NOW AVAILABLE

. FROM LPRS

LPRS, manufacturer of
easy-Radio, now offers a
wide range of Pro-Wave
components for
proximity detecting
applications.

The Pro-Wave SRM400
sonar ranging modules
and US040 sensors are
widely used for car
reversing aids and are
very popular with
volume manufacturers
and after market
suppliers.

The SRM400 is a sonar ranging module utilising the newly
developed Sonar Ranging IC, PW-0268, which can work with all of
Pro-Wave's PT or EP type transducers. The SRM400 provides a time-
saving shortcut for design engineers who may have limited
experience of analogue design and/or the operation of ultrasonic
transducers. When developing car reversing systems or other
distance measurement products use of this ready-to-go module
allows engineers to focus their efforts on the system integration,
digital processing, software and mechanical design.

The Pro-Wave US040015 is an ultrasonic sensor generates
asymmetrical beam patterns, approximately +80° about the
horizontal axis and 40° about the vertical, which meets the
requirements of most car reversing aids. Thanks to the newly
developed Sonar Ranging Chip PW-0268 the US040015 sensor is
ultra-compact aiding installation in difficult locations.

www.lprs.co.uk

Keithley Instruments announces the release of its 2009 Test and Measurement Product Guide. The 144-
page guide offers details and technical specifications on Keithley’s general-purpose and sensitive sourcing
and measurement products, DC switching, RF switching and measurement, data acquisition solutions,
semiconductor test systems and optoelectronics test. A useful selector guide simplifies choosing the right
solutions for specific applications. For a free copy of Keithley’s 2009 Test and Measurement Product
Guide, visit http://www.keithley.info/catalog09.

Keithley's 2009 Test and Measurement Product Guide is arranged by product type and application area
with sections containing the newest innovations in test and measurement, including: digital multimeters
(DMMs) and systems, switching and control, RF/microwave and wireless switching and testing and
measurement, specialized power supplies, source and measure products, optoelectronic test,
function/pulse/arbitrary function generators, semiconductor test, low-level measurement and sourcing

BUCK REGULATOR
IC USES VALLEY
CURRENT-MODE
CONTROL FOR
HIGH SWITCHING
FREQUENCY

The new A4403 from Allegro MicroSystems Europe is a 3A buck
regulator IC which uses a valley current-mode control scheme to offer
very low switch-on times, making it ideal for applications that require

high switching frequencies combined with high input voltages and
low output voltages.

The high step-down ratio made possible by an ‘on’ time of less than
50ns permits a wide output voltage range from 0.8V to 15V at 3A
from an input supply voltage range from 9V to 46V. Standby current
is less than 100 microampere.

The device's capability for high switching frequencies (up to 2MHz)
leads to the use of smaller and lower-value ancillary components
such as inductors and capacitors, while the high level of integration
means that a minimal number of external components are needed.
As a result, the A4403 provides a compact, flexible and cost-effective
solution for office automation, industrial and consumer applications.
Optimal drive circuits are utilized to minimise switching losses and
the switching frequency is maintained constant as the input voltage
modulates the ‘on’ time. This feed-forward control ensures excellent
line correction.

www.allegromicro.com
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IPRODUCTS

MIKM MINI CIRCULAR

CONNECTORS OFFER HIGH
PERFORMANCE UNDER EXTREME
CONDITIONS

A new series of mini circular connectors developed by leading hi-rel

MARKET-LEADING KM6-ll SUBRACKS
STILL AVAILABLE FROM SURTECH

Surtech Distribution, the enclosures and accessories specialist, has
announced that it has been appointed main UK distributor of the
“gold standard” in subracks: the KM6-Il, manufactured by HDD of
Bremen, Germany. The KM6-I1 is well-established as the market
leader, renowned for having an unbeatable combination of
versatility and cost-effectiveness: more the subrack has been
continuously updated in line with technological advances.

Surtech can supply the KM6-Il in kit form or fully assembled,
configured to specific customer requirements. Technical help is
available through Surtech’s dedicated technical sales team, who have
the expertise to advise customers on the most cost-effective product
for their particular needs. Additionally, Surtech offers a complete
modification and customization service for KM6-Il subrack front
panels to suit specialised or unusual applications.

KMe6-I subracks are available in two versions: KM6-II Standard,
which is optimized for 160mm and 200mm, 3U and 6U eurocards;
and KMB6-I1 Universal, which is suitable for 3U, 4U, 6U and 9U
applications. With end plates up to 420mm high, the KM6-Il Universal
is extremely versatile and can be configured in many different ways

as there are hundreds of parts and accessories available. It is also
unquestionably the strongest subrack on the market, with two screw
fixings on all tie-bars, enabling it to withstand the weight of the
heaviest components, as well as shock and vibration.

www.surtechdist.co.uk

connector company, ITT Interconnect Solutions, provides a reliable
interconnect solution capable of surviving the harsh environment typically
found in aircraft. MIKM mini circular connectors can meet challenging
conditions including extreme temperature fluctuations and provide highly
reliable signal fidelity under shock and vibration loads.

The MIKM mini circular series includes 7, 55 and 85 contact positions on
1.27mm (0.050in) contact spacing and feature ITT's twist pin contact
system. Secure mating is assured via a threaded coupling mechanism fully
terminated to crimped gold-plated contacts. Size 24 to 32 AWG wire sizes
are available. Extremely robust yet cost-effective, the connectors have
thermoplastic dielectric insulation and are available in reverse gender
configurations.

Originally developed by the company for its customers in the aircraft
industry, the MIKM mini circular series suits a wide range of applications,
including medical electronics, tactical communications and radar systems..

www.ittcannon.com

~ NEW COM EXPRESS MODULE WITH AN INTEL ATOM
PROCESSOR FROM CONGATEC

1 Congatec AG has launched its conga-BA945, the fourth embedded computer module
based on the Intel Atom processor family. This is a COM Express module with type 2
pinout and conforms to the specified COM Express basic size of 95 x 125mm2.

The Intel Atom processor N270 has a clock speed of 1.6GHz, as well as 512kB cache and
a 533MHz frontside bus speed. Despite the high processing power, the processor gets by
with a maximum power dissipation of 2.5W. Thanks to the sophisticated power
management provided by the congatec embedded BIOS, the actual values reached
during practical use remain well below this maximum level.

The congatec conga-BA945 supports Intel Hyper Threading Technology, which means
with the appropriate software it has the capability of running two operating systems in
parallel and completely independent of one another.

In contrast to the recently announced conga-CA945, which is an even lower priced and
more compact COM Express compatible module featuring an Intel Atom processor, the
conga-BA945 makes use of the more powerful Intel 945GME chipset versus the Intel
945GSE used on the conga-CA945.

- www.congatec.com
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Colour screen shot and text is just £350 + vat for 12 months

Beta Layout Ltd

www.pcb-pool.com

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 Limitations. « 1 to 6 layers
(prototype quantities) » 2 layers ( small pro-
duction batches) ® Fr4,1.6mm,35 um,HASL
(Pb free/Rohs/Weee) » Soldermask /
Silkscreen (optional) » Leadtimes from 2 -8
working days = Full DRC on all orders ( we
manually check every file !!t). « PCB-POOL®

accepts direct outputs from 15 major layout
softwares (see our website for defails)
Download our fully functional PCB LAYOUT
software FREE of charge.

Free Phone : 0800 3898560

Sky systems Itd

www.sky-pch.com

Sky Systems Ltd. was established with the
vision and promise of providing manufactur-
ing high quality, cost effective solution and
one-stop service to meet the most demand-
ing of our customers' requirements.

We offer the followings:

» 1-12 Layers * Fr-4 / Cem-3 » HAL(Lead
Free),Flash Gold, Electroless Gold Plating,
0SP Immersion Silver, Imnmersion Tin « Gold
Finger » Soldermask  Silkscreen # Routing /
Punching / V-Cut  Online quotation » FREE
PCB Prototype with quantity orders  Short

lead time * Fast worldwide delivery «
Flexible quantity « CHINA Factory

For more information or request a quote
today from our web site.

Designer Systems

http://www.designersystems.co.uk
Professional product development services.

* Marine (Security, Tracking, Monitoring &
control)

* Automotive (AV, Tracking, Gadget,
Monitoring & control)

* Industrial (Safety systems, Monitoring
over Ethernet)

* Telecoms (PSTN handsets, GSM/GPRS)

* AudioVisual ((HD)DVD accessories & con-
trollers)

Tel: +44 (0)1872 223306

Microchip
Technologies

hitp://www.microchip.com/

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 mar-
kets a variety of high performance compo-
nents for high volume, cost-effective embed-
ded control solutions, including 8- and 16-bit
PIC® microcontrollers; dsPIC® digital signal

controllers; development kits; serial
EEPROMs, more than 350 mixed-signal ana-
logue and interface products; KEELOQ secure
data transmission products; and the
PowerSmart® family of smart battery man-
agement products. Microchip's product solu-
tions feature compact size, integrated func-
tionality, and ease of development.

www.stewart-of-reading.co.uk

OSCILLOSCOPES ON EXTRA SPECIAL OFFER
(For Limited Period Only)

TEKTRONIX

465 Dual Trace 100MHZ Delay Sweep £75 »-g W= PM3052  Rack Mount Dual Trace 60MHZ £75
4658 Dual Trace 100MHZ Delay Sweep £95 Tes o S PM3055  2+1 Ch. BOMHZ dual TR/Delay, Autoset £95
466 Dual Traoe 100MHZ Analogue Storage £75 W L PM3065  2+1 Ch. 100MHZ dual TR/ Delay. Autoset £125
468 Dual Trace 100MHZ Detay Sweep Digital Storage £125 o S s PM3084 4 Ch. 100MHZ Delay TB £140
475 Dual Trace 200MHZ Delay Sweep £110 e N PM3335  Digital Storage Dual Trace 60MHZ 20 MS/S £125
2214 4Ch. 20MHZ Analogue 1 MS/S £95 - SN - s PM3337  Rack Mount Digital Storage Dual Trace 60MHZ 20 MSS  £125
22154 Dual Trace 60MHZ Delay Sweep Dual TB £95 s-ora-ge © 0 .Q@.@ PM3365A  Digital Storage Dual Trae 100MHZ 100 MS/S £150
220 Dual Trace BOMHZ Digital Storage. Cursors £125 e S S
2225 Dual Trace SOMHZ £95 2465 4 Ch. 350MHZ Delay Sweep. Cursors et £400
2230 Dual Trace 100MHZ Digital Storage. Cursors £195  gpcg 4 Ch 40OMMZ Delay Sweep. Cursors etc eso0 V222 Dual Trace 20MHZ DC Offset, Alt Mag £50
2235 Dual Trace 100MHZ Dual TB BI80  ag5g  RackMountd Ch4OOVBZ Delay Sweep. Cursors el £400 V622 DualTrae SOVHZ DC Ofset At Mag £65
2235 Dual Trace 100MHZ Dual TB £175 2467 4 Ch. 350MHZ Detay Sweep. Cursors efc £400 V665 Dual Trace BOMHZ Detay Sweep. Cursors etc £75
223 DualTrace 100MHZ Dual TB with Counter Timer 8DMM  £175  Tas g5 Dyal Trace 100MHZ Delay. Cursors gra5 V1065 Dual Trace 100MHZ Delay Sweep. Cursors etc £85
2236 DualTrace 100MHZ Dual TB with Counter Timer 8DMM  £195  acags  4.ch. 200MHZ Delay Cursors go75  VI0GSA  Dual Trace 100MHZ Delay Sweep. Cursors efc £95
2245 4 Ch. 100MHZ Dual TB Delay Sweep. Cursors £195 VI150 4 .Ch. 150MHZ Delay Sweep. Cursors. DVM et £125
20 AT SME DASS =
ol i - . T
24454 4.Ch. 150MHZ Detay Sweep. Cursors etc £ sispA  Digiising 2 O, A0DMHZ 400 MSSS go5) 2034 Dual Trace 20MHZ Component Tester £75
24458 4 Ch. 150MHZ Delay Sweep. Cursors 250 5ueo0A  DualTrace 100MHZ 20 MSS g5 2036 DualTrace 20MHZ Component Tester £85
24458 With DMM 4 Ch, 150MHZ Detay Sweep Cursors 250 sEB  DualTrace 100MHZ 20 NS5 g5 6 Dual Trace 03MHZ Analogue/Digital 40 MS/S per Channel
2465 4 Ch. 300MHZ Delay Sweep. Cursors et £300 Component Tester £140
604.2 Dual Trace G0MHZ Component Tester £125
STEWART of READING

17A King Street, Mortimer, Near

‘I'-I?honoc?lﬂ 1 3!0‘31 111

ax: (01 2375

www.stewart ng.co.uk
Bam-5.00pm Monday to Friday

See our website for 1,000’s of items
currently in stock

PHILLIPS

Used Equipment - GUARANTEED.
Most Manuals supplied
Please check availability before ordering
or calling.

Prices plus carriage and VAT
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ADVERTISING ENQUIRIES CONTACT MATTHEW ON: 020 7933 8980

Creative Product Design

EMC ADVERTISING GIFTS
1064 High Road, London, N20 0YY
Huge range - All prices - Quick delivery

AV Accessories, Robotics & manufacturing
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AUTOMAT

windings

Ltd.

Arrow Electronics has expanded its power technology
portfolio by signing a distribution agreement with Recom, a
leading global supplier of DC/DC and AC/DC converters.

converter product range throughout Europe.

The new agreement is in line with Arrow’s strategy to
provide the widest possible range of power supply and
converter technologies to designers across Europe. For
Recom, the agreement will expand the penetration of its product ranges into
European markets and ensure that customers have access fo products and

support at a local level.
PCB DESIGN

Available in single, dual, and friple rail

outputs and a wide variety of input and
output voltage configurations, power
ratings, and isolation voltages, Recom
converters are used in most industries b ooz s e
o E: e igital Audio an
reqwnng Iowfmr to medium-power voltage Cimpaitns Systouns Lid
conversion in the 0.25W to 60W range. High performance stereo
The company also offers the largest pro-interface PCB £58.75
range of safety agency-approved Fﬂra';f:rrr:::;rr'n O;Bl:::s?nd
converters from any manufacturer. Webalts- wirw duts-audle.car
click "DACS Custom”
Phone - 00 44 (0)191 438 2500

NEW

Qur 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, 4 Nimrod Way, Easl Dorset Trade Park
Wimborne Dorsel, BHZL 75H.

Tel: 01 20287 2101 Fax: 01 20287 20 87
E-Mail: sales@@automatie-windings.co.uk
Web: www.automatic-windings.co.uk

www.arrowne.com

Harwin in an Exclusive European Trio-Tek Catalogue Sales Agreement with Farnell

High-reliability interconnect company Harwin
has appointed Farnell as exclusive European
catalogue distributor for its innovative Datamate
Trio-Tek range of crimp contact connectors.
Harwin’s Datamate Trio-Tek open-barrel crimp
contact offers significant advantages over
conventional Datamate contacts whilst providing
the same high reliability, as it enables assembly
time to be shortened significantly and therefore
reduces processing costs. The new crimp
design features a triangular form that simplifies
the insertion of contacts into the housing,
enabling customers to fully automate crimping in
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medium and high volume applications.

Harwin’s Datamate Product Manager Graham
Cunningham commented: “Farnell is one of
Europe’s leading distributors and justifiably
known for offering customers an extensive range
of the best products and latest technology from
leading manufacturers. We have a strong
relationship with them and believe their
reputation for first-class customer service and
the strength of their catalogue media will provide
an excellent partner for Trio-Tek. We are
delighted to have appointed them as our
catalogue distributors for this important initial

phase of Trio-Tek sales in Europe.”

Farnell’s Justin Willoughby said: “We have a
long and fruitful relationship with Harwin and
always welcome the opportunity to offer their
latest products to our customers. Harwin’s
expertise as a global leader in the design and
manufacture of electronic interconnect solutions
means their products are always leading edge
and provide elegant solutions for electronics
engineers across a great number of applications
and markets.”

www.farnell.co.uk

www.harwin.co.uk



Our new autorouter will
turn this... into this...
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than 5 minutes!

All levels of the Proteus Design Suite now include a world
class fully integrated shape based autorouter at no additional cost.

The Proteus Design Suite also incorporates:

m Professional schematic capture m Highly configurable design rules

® Publication quality schematics m Interactive design rule checking

m Fully configurable bill of materials m Polygonal and split power planes

m Large component libraries for both m RS274X, Excellon and ODB++
simulation and PCB layout database export

® Mixed mode SPICE circuit simulation m 3D Viewer with 3DS al |

= Co-simulation of PIC, AVR, 8051 and and DXF export eptgT * %
ARMY7 microcontroller firmware & 2 ]

® Automatic component placement and x; q

gateswap optimization S
. - * . - - 'hl
Prices start from just £150 - visit our website
for full details or to download a free demao.

|abcenter/\ /\/\ . labeenter.com

Electronics

Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA.
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com *exc. VAT & delivery
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Quick Insight. Deep Insight.

Experience the New LeCroy Oscilloscopes.

www.insightwithconfidence.com

LeCroy

Phone 01235-533114 | www.lecroy.com/europe

The New Oscilloscope Experience Is Here
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