
1

 journal
Issue 94 May 2011

ISSN 1748-9253

the

EMCUK 2011
11 & 12 October

See Pages 10 to 13

The EMCIA have written an Open Letter to David
Cameron, Prime Minister, in response to the
recent Ofcom statement made after they were
forced to declare that Test reports show they were
aware certain PLT devices did not comply with
the EMC Directive.  See letter page 8.

Peter Walker G0RSQ forces Ofcom to come
clean on Test reports on PLT devices having
claimed they did not exist.  See story on page 5.

Tim Williams, Elmac Services and EMCIA
member, responds in detail to recent Ofcom
statement on PLT.  See page 14.
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Peter Walker G0RSQ forces Ofcom to
come clean on Test reports on PLT
devices having claimed they did not exist.

OFCOM have always maintained that
they have no evidence to support the
allegations that PLT equipment does not
meet with the EU EMC Directive, despite
all the information it was receiving from
people affected.

I could not accept that OFCOM had not
investigated the effects of PLT, but also
believed if they had not then they were
negligent in their duty as a regulating
body in obtaining facts.

I decided to challenge OFCOM with a
FOI request, as they would not
communicate to either myself, or requests
made by my MP and MEP.

30th October 2009
FOI request sent to OFCOM asking for
evidence of any tests performed or
requested by OFCOM

27nd November 2009
OFCOM respond to FOI request by

refusing to disclose any information as
not in the public interest.

5th December 2009
Wrote to Graham Howell (OFCOM)
requesting internal review of refusal to
disclose information. I found reasons
given were very implausible, and the
refusal to even deny or admit a report
existed seemed odd.

5th December 2009
Wrote to Rt Honourable Stephen Timms
(BIS) expressing dissatisfaction over
OFCOM’s refusal to answer my FOI
request.

January 2010
Wrote to MP indicating dissatisfaction
with OFCOM’ response

22nd February 2010
OFCOM notify me that they have upheld
the original decision not to disclose any
information requested.

14th March 2010
Made online application to ICO to review
OFCOM’ decision not to release
information

16th March 2010
Reply from MP indicating OFCOM will
not review their decision.

16th August 2010
ICO confirm investigation to take place

23rd February 2010
ICO make decision in my favour and
order disclosure within 35 days

I am now going to ask my MP to
investigate what is happening at
OFCOM, as it appears they are ignoring
their own independent report, but relying
on the DOC from Comtrend (who stand
to gain millions of pounds from
OFCOM’s position) to declare no breach
of EMC. This is very suspicious and
could be due to corruption within
OFCOM.

OFCOM have also been misleading
Politicians by sending incorrect
statements which indicated they have no
evidence of a breach of the EMC
directive, despite having the report they
commissioned on Comtrend devices.

Ofcom forced to come clean

At the recent AGM held in London, the EMCIA agreed to form two special interest groups, one for PLT and general
enforcement of the EMC Directive and the other for Smart Metering.

These will be open to non-EMCIA members and if you are interested, please contact: alan.hutley@nutwooduk.co.uk
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Workshop on EMC for
Functional Safety

Henley-In-Arden, June 28, 2011

Developments in civilian, medical and
military standards, such as IEC 61508 Ed.2,
IEC 60601-1-2 Ed.3 and DEF STAN 59-411,
are now making the design, verification and
validation of the new discipline of "EMC for
Functional Safety" mandatory on new
projects.

The required methodology has been
described in IEC TS 61000-1-2 and expanded
into practical guidance by the IET's 2008
Guide – but exactly what to do in design, and
exactly how to verify and validate the
achievement of EMC for Functional Safety,
are still to be established in real projects.

This workshop brings together senior
designers and safety assessors with the aim
of hammering out what should be done, and
when and how to do it.

The draft agenda and booking form is posted
at www.emctla.co.uk.

AR Europe and ETS Lindgren have recently
reached an agreement to work as “System
Partners” in Europe

This arrangement will allow ARE & ETS to
work closely together on turnkey system
projects across Europe. With the benefit of
being able to combine resources and products
we will be able to tailor a test solution to meet
even the most demanding system
requirements.

Dr Tom Cantle, Managing Director of AR
Europe said, “We have worked together on
various projects for many years and this
natural partnership brings together the
collective expertise and breadth of products
from our two companies.  Individually we
are recognised as world leaders in our
respective fields. Together we will be able to

provide our customers throughout Europe
first class tailored test solutions for
electromagnetic compatibility (EMC), RF,
microwave and wireless testing”.

Ken Foan EMEA Sales and Marketing
Director for ETS-Lindgren added, “The close
relationships that exist at all levels within the
two companies will allow us both to fulfil
our customers’ needs in ways that were not
previously possible.”

For more information on any of the products
or services offered by AR or ETS-Lindgren
please visit our websites or call a member of
our sales team on +44 (0) 1908 282766
www.ar-europe.ie
www.ets-lindgren.com

Acquisition of German Test
Solutions Provider, EMV
GmbH by ETS-Lindgren

ETS-Lindgren, a major player in EMC
testing, has acquired EMV Elektronische
Meßgeräte Vertriebs GmbH together with its
subsidiary EMSCREEN Electro-magnetic
Screening GmbH (collectively, "EMV").

EMV is located in Taufkirchen, near Munich
in Germany. The company is a
leading supplier of EMC and RF
measurement systems, including the design
and installation of architectural RF shielded
facilities.

Bruce Butler, President of ETS-Lindgren
USA, commented, "We are pleased that
the EMV companies have joined our RF
Shielding & Test Group. The products and
services provided by EMV are highly
regarded in the industry and perfectly
complement the ETS-Lindgren existing
product lines and services business, allowing
us to improve significantly the service to our
customers in Europe."

The addition of EMV in Germany adds to
the expanding European presence of ETS-
Lindgren which currently has offices in
Finland, UK and France.
www.ets-lindgren.com

AR Europe and ETS Lindgren to work as
“System Partners” in Europe

   Member

   Member

The sales team of KEC, the Aldermaston-
based EMC interconnect specialist, has been

AR Europe and AE Techron have recently
signed an agreement to work as Distribution
Partners throughout Europe.

AE Techron, Inc. is a recognised world leader
in the design and manufacture of precision
industrial amplifiers for the MRI/NMR, EMC
testing, Energy/Protection Relay testing and
Research Industries. Originally founded in
1992 as Audio Electronics, Inc. by former
employees of Techron, AE Techron
subsequently developed a line of power
conversion and power amplifier systems for
difficult environments. The company’s
commitment to high value and quality design
has resulted in an excellent reputation in the
market place.

Dr Tom Cantle, Managing Director of AR
Europe said, “AE Techron’s various products
complement the range of products from AR
and widen our market base. Individually we

are recognised as world leaders in our
respective fields. Together we will be able to
provide our customers throughout Europe
with a more complete range of products.”

Jim Bumgardner, Sales Manager for AE
Techron added, “This new agreement further
extends our reach in to the European, Middle
East and African market place and provides
our customers with first class local service
for all our products. We are very pleased to
be associated with such a quality
organization.”

For more information on any of the products
or services offered by AR or AE Techron,
please visit our website or contact a member
of our sales team.  Tel: +44 (0) 1908 282766
Email: sales@uk-ar.co.uk
Web : www.uk-ar.co.uk

David Collett appointment strengthens KEC sales team
strengthened with the appointment of David
Collett as customer development engineer.

Having worked for many years at Townsend
Coates as a regional sales manager and more
recently in sales at PEI Genesis, David Collett
is well known in the connector industry and
has a great deal of specialist knowledge in
the military connector market.

He will be based at his home in Uckfield,
East Sussex and will be involved in major
account management and new business
development for the full range of EMC
backshells, interconnect systems and cable
harness assemblies supplied by KEC.
www.kec.co.uk

AR Europe and AE Techron Announce Distribution Partnership

   Member
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The Rt Hon David Cameron
10 Downing Street
London
SW1A 2AA

19th May 2011

Dear Mr Cameron

An Open letter to the Prime Minister from
a Trade Association of EMC* Experts

Ofcom should immediately apply the UK
2006 EMC Regulations to PLT*,
in the same way that they already apply them
to all other products

Ofcom’s 27 April 2011 statement on PLT
attempts to justify why they are not exercising
their responsibility to enforce the UK’s 2006
EMC Regulations, with regards to PLT
products, although they continue to enforce
those Regulations on all other types of
products.

They do not tell us why they are doing this,
but we recognise that their responsibility as
the UK’s EMC enforcer must sometimes
bring them into direct conflict with their other
responsibility: to help UK telecommunication
and radiocommunication businesses make
more money.

Having a single Agency as both promoter and
enforcer (some would say as both poacher
and gamekeeper) is exactly why having a
single Government Agency for both the
agriculture industry and food safety led
directly to the Foot and Mouth and then the
BSE calamities.

Several years ago a highly respected UKAS-
accredited EMC Test laboratory told Ofcom
that PLT products do not comply with the
2006 EMC Regulations because they emitted
extremely high levels of Electromagnetic
Interference (EMI) into household mains
wiring.

The test results show that the EMI from a
single PLT device typically exceeds what
would be created if more than 1000
marginally-EMC-legal electrical products
were all plugged into a single wall socket.

It has been well known and well documented
for decades, in the UK and internationally,
that products that emit such high levels of
EMI will disrupt radiocommunications and
other equipment and systems that use digital
data and the radio spectrum, and will
therefore cause unpredictable levels of harm,
damage, financial loss, and even safety
incidents.

However, Ofcom have taken great pains in
their statement to use language that has been

very carefully honed by legal advocates and
spin doctors so that it can only be clearly
understood by a few experts, including the
signatories to this document.

* EMC = Electromagnetic Compatibility,
the industry sector involved with
controlling Electromagnetic Interference
(EMI), which includes Radio Frequency
Interference (RFI).

*PLT  = Power Line Telecommunications,
using the 230V mains network to carry
broadband data in place of dedicated
Ethernet (or similar) cabling.

PLT also goes by other names, including
PowerLine Communications (PLC) and
Broadband over PowerLine (BPL)

Many of these experts are amateur radio
operators that Ofcom’s spin doctors clearly
enjoy dismissing as mere hobbyists.

The amateur radio community relies upon
using frequencies that are damaged by the
RFI from PLT products, and they often
provide the only means of maintaining radio
communications when the normal
telecommunications and radiocommunica-
tions systems (landlines and cellphones) fail
due to natural disasters or terrorist attacks
(as happened on 9/11 when the Twin Towers
collapsed).

In many other countries (e.g. USA) the radio
amateur community is officially considered
part of their governments’ response to large-
scale natural disasters and terrorist attacks.
For example, after Hurricane Katrina, large
areas of the USA could only communicate
via radio amateurs for weeks.

Although the UK depends upon its Amateur
Radio community in the same way, this is
not widely known and so is not mentioned
by Ofcom in their statement.

Non-radio-amateur EMC experts can’t be
easily (although incorrectly) dismissed as
hobbyists, and many of them work for other
Government Agencies (e.g. CAA, GCHQ,
MOD, MI5, etc.). Although their experts
criticise PLT in private, they are unlikely to
make a fuss in public. (So that one
government-funded organisation is not seen
as criticising another.)

This leaves very few experts who understand
the situation sufficiently well to understand
Ofcom’s 27 April 2011 statement and how
its legalistic obfuscations disguise the real
issues, and who stand a chance of holding
Ofcom publicly to account.

But they stand no chance of successfully
challenging Ofcom’s decision not to enforce

the law on PLT products without the backing
of a large organisation or wealthy
individual(s) prepared to support them and
their legal teams for years, because Ofcom
have taxpayer’s money to pay their legal
costs.

A legal challenge to Ofcom would probably
take a long time and have little chance of
success, because Ofcom would no doubt
ensure that magistrates, judges or juries
would be unable to understand the real issues.
They would do this by continuing to use the
advocacy and spin-doctoring techniques that
are so blatant in their statement - making their
Barristers and expert witnesses sound just as
plausible to people who are not experts in
EMC as the truth spoken by the plaintiffs’
representatives.

This approach of advocates intentionally
confusing magistrates, judges or juries with
babble that sounds just as valid to them as
the truth, has been well-proven in cases that
involve technical, scientific detail, where true
understanding generally needs at least 10
years experience in the issue concerned after
the completion of a relevant academic career.
Also, Ofcom will benefit from a certain
credibility (wholly undeserved, in our
professional opinion) simply by being the
Government’s appointed Regulator for the
2006 EMC Regulations.

The case against PLT might eventually be
proved, or a disaster such as an aircraft crash
or successful terrorist attack might be found
to be at least partly due to the EMI from PLT
products. In either case the 2006 EMC
Regulations would probably then be enforced
on PLT products, in just the same way that
they are enforced on all other electronic
products sold in the UK.

But it would probably take so long for this to
happen that the businessmen currently
making money by selling PLT products in the
UK will have saturated the market, achieved
their financial goals, and moved on to new
schemes for getting rich whatever the cost to
the UK as a whole.

Because of the above, we sincerely request
that Ofcom immediately applies the UK 2006
EMC Regulations to PLT* in the same way
that they already apply them to all other
products.

Yours sincerely

Paul Duxbury, President

Alan E Hutley, CEO & Secretariat

EMCIA Open Letter to the Prime Minister

The EMC Journal May 2011
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Optical Filters are delighted to announce
Robert Rickman has joined our UK Division
as General Manager.
 
“Robert joins the group at an exciting time,
we have recently completed considerable
operational improve-ments to our UK plant
and over the next few months we plan
to introduce a unique process to further
enhance our market positioning. Roberts
appointment is a vital to the success and
delivery of these developments to all our
customers”. Nicola Dent CEO Optical Filters
 
The facility in Thame Oxfordshire is modern
and its capabilities and business activity
levels continue to grow. Furthermore
our USA operations continue to thrive and
grow.
 
It is important we provide European markets
with ‘best in class’ quality products. Robert
is a dedicated manufacturing professional and
joins the group with considerable experience,
including several years at Dewhurst plc
managing a world class manufacturing

facility delivering products and services
to the ATM and Lift Controller Market. 
 
Optical Filters is the market leader in the
design and manufacture of EmiClare EMI
shielding, transparent heaters, enhanced
touch screens and optical bonding of display
for military, medical and public information
applications.
www.opticalfilters.co.uk

Optical Filters announce the appointment of
Robert Rickman

The University of Oxford
Short Courses June-July 2011

The University of Oxford offers a series of
high quality courses for professionals in the
technology industry.  To find out more log
on to the URLs below.

Signal Integrity/High-Speed Digital
Design/EMC - See insert in this issue
http: / /www.conted.ox.ac.uk/courses/
professional/staticdetails.php?course=216

Telecoms and Mobile Technologies
http: / /www.conted.ox.ac.uk/courses/
professional/staticdetails.php?course=218

Electronics
http: / /www.conted.ox.ac.uk/courses/
professional/staticdetails.php?course=226

Systems Engineering
http: / /www.conted.ox.ac.uk/courses/
professional/staticdetails.php?course=217

Management Skills for Engineers,
Scientists & Staff in Hi-Tech Companies
http: / /www.conted.ox.ac.uk/courses/
professional/staticdetails.php?course=220
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EMCUK 2011… 8th Successful Year.
11/12th October

The Racecourse Newbury… so easy to get to.

For Industry by Industry.
It’s where everyone who is any one in EMC comes to
Network and do real Business…definitely not to be
missed.  EMCUK.  Action shop not talking shop.

Technical Forum/Workshop Panels… the embryo of the Technical Forum is detailed on
the next page.  This year we are making the sessions more interactive, giving the
delegates an opportunity to ask questions to solve their own problems by panels of
experts.

Would you like to contribute? Compilation of the programme is well under way, but
there is still time to become involved.  If you are interested contact Alan Warner on
01202 885399 or email: aws-emc@talktalk.net.

Steering committee… the very best within the EMC Industry. The Technical forum and
Training Workshops are prepared and developed by some of the best known EMC Experts
in the Industry.

Keith Armstrong, Cherry Clough Consultants
John Davies, EMC Goggles
Paul Duxbury CST UK Ltd

Steve Hayes, TRaC EMC & Safety Ltd
Ian MacDiarmid, BAE Systems

Richard Marshall, Richard Marshall Ltd
Tim Williams, Elmac Services

Conference Director: Alan Warner

Exhibitor List: exhibitors that have fully contracted appear opposite.   We have just a
few stands left, so do not be disappointed, contact Lynne now to book a stand but hurry
we will sell out for the 8th year running.  Tel: +44 (0)1208 851530 or Email:
lynne@theemcjournal.co.uk.

www.emcuk.co.uk

EMCUK 2011
The Racecourse, Newbury

11 & 12 October 2011

Organised by:
Nutwood UK Ltd
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Agilent Technologies UK Ltd

ANSYS UK

AQL-EMC Ltd

AR UK

BAE SYSTEMS (Rochester)

BAE SYSTEMS (Warton)

Blackwood Compliance Laboratories

Castle Microwave Ltd

CST - Computer Simulation Technology AG

Dexter Magnetic Technologies Europe Ltd

DM Systems & Test Ltd

Electronic Test & Calibration Ltd

EMC Hire Ltd

EMC Industry Association (EMCIA)

EMC Partner UK Ltd

ETS-Lindgren Ltd

F. C. Lane Electronics Ltd

Frequensys Ltd

Global EMC UK Ltd

HITEK Electronic Materials Ltd

Hursley EMC Services Ltd

IEEE EMC Society UKRI Chapter

IO Electronics Ltd

Kemtron Ltd

Laplace Instruments Ltd

Mariner Systems Test Laboratory

MDL Technologies Ltd

METECC

MILMEGA Ltd

MIRA Ltd

Panashield (UK) Ltd

Pexa Ltd

PPM Pulse Power & Measurement Ltd

Q Par Angus Ltd

Rainford EMC Systems Ltd

Rohde & Schwarz UK Ltd

Siepel S.A.S.

Syfer Technology Ltd

Telonic Instruments Ltd

Teseq Ltd

TMD Technologies Ltd

TRaC

Trescal Ltd

TÜV SÜD Product Service

Uvox Ltd

Wurth Electronics UK Ltd

Companies who have already Booked for 2011

If you are interested in taking a stand please contact Lynne Rowland on +44 (0)1208 851530
or email: lynne@theemcjournal.co.uk

Technical Forum and Training Programme

EMCUK 2011
The Racecourse, Newbury

11 & 12 October 2011
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Technical Forum on
Electromagnetic Compatibility

Tuesday 11th October 2011

08.30 Registration

09.00-10.30 EMC in Defence Systems
Military systems for land, sea or air
deployment must consider increasingly
harsh environments, whilst also being driven
to be lower cost, via the maximum use of
commercial-of-the-shelf (COTS) equipment.
New approaches to systems architectures and
design verification techniques are needed to
achieve EMC. Furthermore, military systems
are increasingly required to communicate
between platforms and the three sectors.
Installed antenna performance, propagation
& spectrum occupancy are crucial.

Chairman
Ian MacDiarmid, BAE Systems

Paper & presenter TBC

10.30-11.00 Coffee & Visit to Exhibition Stands

11.00-12.30 Comparison Methods for ill Conditioned
Results
Dr Chris Jones
BAE Systems

12.30-14.00 Lunch & Visit to Exhibition Stands

14.00-15.30 EMC in Buildings & Infrastructure
Buildings and infrastructure increasingly
use electronics for control, security and other
functionality. In addition, RF
communications within and external to the
building are becoming extremely common.
The building is required to satisfy the EU
Directives, it must comply with new
Lightning requirements and the
communication systems must operate
satisfactorily. This whole piece requires
careful electromagnetic design to avoid
susceptibilities and emissions and ensure
predictable antenna behaviour for
satisfactory communications.

Chairman
Keith Armstrong,
Cherry Clough Consultants

Modelling & Measurement, Competitive or
Complimentary
Paul Duxbury
CST UK Ltd

15.30-16.00 Tea & Visit to Exhibition Stands

15.00-17.30 Paper & Presenter TBC

17.30 Finish

Wednesday 12th October 2011

08.30 Registration

09.00-10.30 EMC in Transport Systems
(including:  Electric Vehicles)
There are many electromagnetic challenges
in modern transport systems, including
traditional EMC design and verification of
land, sea and air vehicles which are likely to
contain a mixture of sensitive electronics,
sometimes safety involved and heavy current
usage in the system.  In addition, there is a
growing need to sense position and
communicate with the system in motion. This
involves a need for known installed antenna
performance and reliable electromagnetic
behaviour of infra-structure, including EMC
and lightning resilience.

Chairman
Steve Hayes, TRaC EMC & Safety Ltd

EMC in Railway Systems (Panel Session)
Ken Webb, Mott Macdonald
Stuart Charles, E-mead Consulting Ltd
TBA, TÜV SÜD Product Service

10.30-11.00 Coffee & Visit to Exhibition Stands

11.00-12.30 EMC in Electric Vehicles & their
Charging Systems (Panel Session)
Possible Panel Members:
Peter Phillips, MIRA
Steve Hayes, TRaC
A N OtherTBA

12.30-14.00 Lunch & Visit to Exhibition Stands

14.00-15.30 EMC in Consumer Electronics,
including Diagnostics, Luminaries
& Smart Grid/Metering
Consumer  electronics continues to increase
in market volumes. Increasingly this sector
relies on radio communications for full
functionality. These devices have to operate
satisfactorily in an increasingly harsh
environment in some cases as a result of new
designs & concepts in systems that utilise
potential bandwidth in existing cabling and
unused spectrum in order to improve control
and information gathering.

Chairman
Paul Duxbury, CST UK Ltd

EMC in Smart Grid/Metering
(Panel Session)
Richard Marshall, Richard Marshall Ltd
TBA, IET
TBA, York EMC Services

15.30-16.00 Tea & Visit to Exhibition Stands

16,00-17.30 EMC Diagnostics

Innovative EMI diagnosis with new real-time
spectrum analysis
Karl-Heinz Weidner
Rohde & Schwarz UK Ltd

The EMC Journal May 2011
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Training Programme
Tuesday 11th October 2011

08.30 Registration on either day.

09.00 – 10.30 Tim Williams
ELMAC Services Ltd

Theory and live demonstration of:

• Coupling between wires, showing
common impedance, mutual inductance,
mutual capacitance and the effect of shielding

• The effect of a slot in a ground plane: why
you should avoid it

• Mutual coupling of wire pairs: from
mains cable to high-quality coax, why
running signal and return together is so
important

10.30 – 11.00 Coffee & Visit to Exhibition Stands

11.00 – 12.30 Keith Armstrong
Cherry Clough Consultants

A live demonstration of how easy it is to use
a home-made loop probe – perhaps made from
a paper clip – with a spectrum analyser
costing less than £1000, to quickly and easily
diagnose common EMC problems, such as:

• slots and seams in enclosures causing
problems for shielding

• inappropriate types of cables and
connectors

• assembly details that can cause problems
for filtering

• inadequate filtering causing radiated
emission problems above 30MHz

• inadequate shielding causing conducted
emission problems below 30MHz

12.30 – 14.00 Lunch & Visit to Exhibition Stands

14.00 – 15.30 John Davies
EMC Goggles Ltd

Visual training with practical
demonstrations of:

• Understanding EMC.  A sample of the
EMC Goggles training course.

• The components are everywhere!  See the
invisible components and use them to your
advantage.

• EMC design - emissions from PCBs.  Live
demonstration of Good versus Bad.

• After discovering an EMC failure in the
lab, some tips and tricks on how to quickly
diagnose the cause and also how to
implement the solution.

15.30 – 16.00 Tea & Visit to Exhibition Stands

16.00 – 17.30 John Davies
EMC Goggles Ltd

Continuation of above.

Wednesday 12th October 2011

09.00 – 10.30 Tim Williams
ELMAC Services Ltd

Theory and live demonstration of:

• Cable shielding and the effect of a pigtail
versus a proper connection

• Self-resonance of components: the effect
of parasitic inductance and capacitance,
ferrite materials, and terminating impedance
of filters, from SM to mains components

• Inductive coupling to a small loop: why
scope probes don’t always tell the truth

10.30 – 11.00 Coffee & Visit to Exhibition Stands

11.00 – 12.30 Keith Armstrong
Cherry Clough Consultants

Using quick, easy, low-cost close-field
probing techniques to reduce financial risks
in every stage of a new product’s project:

• Proof of design principle

• Design, and component selection

• Development

• Fixing problems during compliance tests

• QA of EMC performance in serial
manufacture

• Checking EMC effects of proposed design
changes, component substitutions and
software upgrades

• Helping ensure EMC of systems and
installations

• Maintaining EMC despite maintenance,
repair, upgrades, modifications, etc.

12.30 – 14.00 Lunch & Visit to Exhibition Stands

14.00 – 16.00 Keith Armstrong, Tim Williams &
John Davies

The Three For All:  Panel session with the
audience, discussing any questions on
EMC design, testing and compliance. As well
as questions from the audience, we’ll be
batting around a few old chestnuts – which
end of the cable screen to ground, where to
connect the safety earth or split a ground
plane, andso forth. If you have a particular
issue (perhaps even your own pet chestnut)
which you’d like to air in open session, please
send it in via the website at least 48 hours in
advance.

The presenters:
• Tim Williams is with Elmac Services, offering advice and
training in all aspects of EMC design and test. He is the author
of EMC for Product Designers, now in its fourth edition.
• Keith Armstrong is with Cherry Clough Consultants, and
has been fixing EMC problems, providing special assistance
with EMC management and design, and teaching EMC and
safety training courses worldwide, on everything from
cellphone PCBs to complete synchrotrons and tokamaks, since
1990. He has recently written some books on EMC design
techniques.
• John Davies has over 20 years of EMC testing experience,
the last 7 years as Managing Director of Blackwood Labs. He
has now formed EMC Goggles, a training and consultancy
company.

The EMC Journal May 2011
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At the end of April Ofcom, the UK regulator for the radio
spectrum, released a supplement to its 2009 statement on Power
Line Telecommunications (PLT). A short while earlier it had
been disclosed that in 2008 Ofcom had commissioned and
received a report into EMC compliance of the Comtrend PG902
power line to Ethernet modem, which was supplied by and for
use with the BT Vision service. The disclosure had been
mandated by the Information Commissioner’s Office (ICO) after
a Freedom of Information request, on the grounds of public
interest. The report shows that Ofcom had been advised at the
time that the Comtrend device was not in compliance with the
EMC Directive’s essential requirements.

The supplement describes the background to this report, and
offers an explanation for Ofcom’s subsequent position. It also
includes several supporting documents, some of which have
not been made public before. Ofcom are to be congratulated
on releasing it, even if it required a persistent FoI request and
review by the ICO to force it into the open. Nevertheless, the
content of the supplement raises serious questions about the
regulator’s approach to enforcement of the EMC Directive. This
article will review and discuss these questions. A summary of
the issues is as follows:

• Ofcom investigated the Comtrend devices in 2008 and
found, despite their own commissioned report advising
differently, that there was not a breach of the EMC
essential requirements. Consequently, they have not
prosecuted the supplier on the grounds of placing on
the market a device which was non-compliant with the
EMC Directive.

• One reason for this is that they believe there is no suitable
EU harmonised standard directly applicable to this type
of apparatus. This is completely incorrect according to
the understanding of the standards authors and users;
EN 55022 is the applicable harmonised product
standard. The Comtrend devices clearly exceed its limits.
Ofcom’s keenness to support the development within
the EU of a specific PLT standard betrays their concern
that standards should be used to facilitate placing
products on the market, rather than to protect the radio
spectrum.

• Another reason is that Comtrend had obtained a Notified
Body Opinion regarding the compliance of their
products, based upon withdrawn standards drafts that
allowed them to pass a critical test. Because the
documents have been used by a Notified Body, Ofcom
believe the case for non-compliance is complex and
highly technical and there is uncertainty as to when
products fail to meet essential requirements.

• Ofcom did not prosecute, because they believe there
was no realistic prospect of conviction and because
prosecution would not be in the public interest.
Essentially, the arguments are too complex for a court
to consider; complaints about real world interference
came, as far as they are concerned, from a single activist
group of spectrum users; and it is not in the public
interest to prosecute an individual case where there is
no actual public harm. They are reluctant to prosecute
on the basis of the EMC Regulations, which relate to
placing on the market in general. Yet they petitioned the
Information Commissioner not to require publication
of the report on the grounds that it could inhibit possible
future prosecution.

• Stating that licensees do not have a formal legal right to
“clean spectrum” appears to be a way of rowing back
from any duty they may have to protect the spectrum,
especially in light of future constraints on resources.

Because of its relevance to wider EMC enforcement, readers
of this Journal are recommended to look at the actual statement
on the Ofcom website [1]. Parts will be quoted below, but in
the interests of full understanding, the whole document – it’s
clearly written and comprehensible – should be studied.

The Comtrend device and the ERA-RFI report
The PLT modems in question are designed for in-home use;
the test report applied to two models, the older DH-10PF and
the then current PG902. Independent measurements on the latter
of these were the subject of an article in the EMC Journal in
2009 [4]. That article describes the function and operation of
the device and so will not be repeated here.

ERA Technology specified the testing to be carried out and
subcontracted RFI Global Services to do so. Both companies
are of course well known and respected in the EMC test industry.
The conducted emissions test results showed a similar result to
that quoted in [4]; the Class B limits were exceeded by up to
39.4dB on the power lines. The Executive Summary of the
report [6] stated

It is considered that the Ethernet Powerline Adaptors do
not satisfy the essential requirements of the EMC Directive;
emissions could potentially cause interference to
communications equipment. This report does not consider
communications services that could be affected or the range
at which affects might occur.

The report dated September 2008 was commissioned by Ofcom,
according to their statement, as

The Ofcom statement on PLT

Tim Williams, Elmac Services
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part of the evidence gathered by Ofcom to investigate
compliance with the EMC regime of two types of Comtrend
Ethernet Powerline Adaptors as supplied by BT. Ofcom did
not publish the report at the time as it was obtained as
evidence for a criminal investigation and the premature
releasing of evidence may adversely prejudice the conduct
of proceedings in court.

In other words, Ofcom were at the time contemplating taking
enforcement action against Comtrend and/or BT, although this
was of course not public knowledge. Yet their statement goes
on to say

Notwithstanding this report, as explained in the September
2009 Statement, Ofcom found at the time of the investigation
that there was not a breach of the EMC essential
requirements.

The statement outlines their reasons for this:

• For a prosecution to succeed Ofcom must prove beyond
reasonable doubt that ... the product did not meet the
essential requirements,

• Comtrend had obtained a Notified Body Opinion,

• The conclusions of the disclosed report were based on
an assessment against a harmonised standard (EN55022)
which is not specifically intended for PLT apparatus,
and contained a “caveat” that, in essence, it didn’t
consider real-world situations,

• The testing and analysis is complex and highly technical.
For that reason there is uncertainty as to when products
fail to meet essential requirements,

• There is no suitable EU harmonised standard directly
applicable to this type of apparatus.

It’s helpful to know these reasons, but each of them is open to
considerable question.

Applicable harmonised standard
Let’s take the question of standards first. Ofcom have set
considerable store by the inapplicability of EN 55022. Two of
the bullet points above mention it, and the phrase “there is no
suitable standard” recurs earlier in the statement; it formed part
of their submission to the ICO, and it also appears in the
September 2009 statement. Their position is perhaps influenced
by a comment in the ERA report which says

There are currently no harmonised product standards that
are applicable to this type of device where data is purposely
transmitted onto the mains power network. The closest
product standard was considered to be EN 55022 on the
basis that the primary function of the device is transmission
of data.

Yet Comtrend’s own declaration of conformity, as well as their
Notified Body opinion, explicitly refers to EN 55022. Let’s
look at the declared scope of the version of that standard which

was current at the time [7]: it applies to information technology
equipment, defined as

any equipment:

a) which has a primary function of either (or a combination
of) entry, storage, display, retrieval, transmission,
processing, switching, or control, of data and of
telecommunication messages and which may be equipped
with one or more terminal ports typically operated for
information transfer;

b) with a rated supply voltage not exceeding 600 V.

It includes, for example, data processing equipment, office
machines, electronic business equipment and
telecommunication equipment.

It also includes a flowchart in Figure C.5 which explicitly asks
“is the EUT port a telecommunication port as defined in clause
3.6?” and offers “Mains” as one of the port types. It is hard to
see how a Powerline-to-Ethernet adaptor could not fall within
this scope; and indeed the question of how CISPR 22 (the
international source standard for EN 55022) should apply to
PLT equipment was clarified at a CISPR working group meeting
in September 2009. Therefore to say  “there is no suitable EU
harmonised standard directly applicable to this type of
apparatus” is just plain wrong.

Now of course, it is entirely true that the relevant standards
committee, CISPR/I in this case, has been trying for many years
to create an amendment to CISPR 22 which would apply
specifically to PLT apparatus. Last year it gave up the task,
citing the impossibility of achieving consensus. So the European
Commission pressured CENELEC (“a prompt outcome to the
standardisation process would be highly appreciated by the
Commission” [8]) into producing its own standard for the
purpose, in the hope that the required consensus would be more
readily forthcoming. “Consensus”, in this context, means that
enough positive votes are cast for the standard to be published.
The arithmetic of PLT supporters versus opposers is different
in Europe than it is internationally, so there is the possibility
that this ploy might succeed. The document, prEN 50561-1, is
currently progressing through the CENELEC system, and is
controversial. Until it is published and harmonised, though,
EN 55022 remains valid for PLT apparatus.

Later in their statement, Ofcom say

Rather than focus on companies’ individual products it
would make sense to address the lack of harmonised
standard as a priority. Ofcom could work with the
Government to push for a EU resolution.

The most appropriate means to resolve any wider problem
is the development by the EU of an EMC “harmonised
standard” for these products. That will give manufacturers
a much clearer benchmark of what is acceptable in relation
to these products.

This emphasizes the fact that there is a fundamental dichotomy
in the different parties’ understanding of the role of EMC
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emissions standards. CISPR (and most of the EMC community)
believe that their purpose is to protect the radio spectrum.
Ofcom and the EC believe that their purpose is to facilitate
placing products on the market, under the New Approach
Directives regime. Sometimes the purposes align; in the case
of PLT, they are separated by a gulf that can only be bridged
politically.

Did it or did it not meet the Essential
Requirements?
Ofcom relies on the fact that Comtrend had obtained a Notified
Body Opinion regarding the compliance of their products, and
indeed they have published this opinion as supporting
documentation, both for the PG902 and the newer PG9020
adaptors, along with their test reports. These opinions explicitly
state compliance with the essential requirements via test reports
to standards and a technical construction file. Although
referencing EN55022:2006, the test reports make it clear that
the significant conducted emissions testing was carried out to
CISPR/I/89/CD in the case of the PG902 and to CISPR/I/257/
CD in the case of the later PG9020. The units passed these
tests, although as was well established through the ERA-RFI
report and independently, they wouldn’t pass the conventional
EN55022 mains conducted emissions test. Both the CD
documents have been rejected in CISPR, but as discussed in
[5] there has been advice to Notified Bodies that CISPR/I/257/
CD may be used as the basis for assessment. That is obviously
what has been done here, and Ofcom have taken it on board.

Or, to put it in their own words, “The testing and analysis is
complex and highly technical. For that reason there is
uncertainty as to when products fail to meet essential
requirements.”

In fact, in terms of laboratory practice, the testing and analysis
is not at all complex. What is complex, is the decision as to
which test to apply. That’s a political decision, not a technical
one.

Ofcom’s approach to prosecution
The statement goes on to explain why, despite the ERA-RFI
report’s advice, Ofcom chose not to prosecute. Citing the Crown
Prosecution Service Code, they say

Given that the evidence case for non compliance was not
clear (and was complex) Ofcom did not consider that there
was a realistic prospect of conviction. Included within that
assessment is the fact that given the EMC uncertainty over
the benchmark for this apparatus, the prosecutor would
essentially be asking the court to determine what the
acceptable level of disturbance is. A court would have test
results one way and the other, and no extraneous point of
reference to measure them by.

The “realistic prospect of conviction” test is a common one in
public authority enforcement – Trading Standards have used
exactly the same reason to avoid pursuing other cases of non-
compliance. What they are saying, in effect, is that the legal
profession, clever as they are, find it very difficult to follow
detailed technical arguments. Anyone who has worked as an
expert witness will probably have sympathy for this view.

But Ofcom also believe that prosecution would not have been
in the public interest. The first reason they give for this is that
“the companies involved were doing what they could to comply
with the EMC technical requirements for this apparatus”. It’s
difficult to know what they mean by this, other than perhaps
citing a Notified Body opinion. More relevant is that there
“wasn’t evidence of serious public harm from the use of the
apparatus. There were a relatively low number of complaints
(all from amateur radio users) when compared to the number
of devices being used.” We’ll look at amateur radio users shortly.
A third reason was that “BT was using other means to solve the
problem. BT were sending out their engineers (for free) to fix
problems as they arise. It would not seem to be in the public
interest to prosecute in relation to an individual case where
there is no actual public harm because the problem has been
fixed.” BT solved cases usually by adopting another technology
such as WiFi or hard-wiring to supply the link – a tacit admission
that the PLT adaptors couldn’t be reconfigured to prevent the
interference.

But the interesting point here is the question of “prosecute in
relation to an individual case”, which also comes up later in
the statement. That is, not prosecuting on the basis of the EMC
Regulations, which relate to placing on the market in general.
Ofcom are clearly reluctant to take any such general action,
despite their mandate under the EMC Regulations to do so.
The EMC Regulations do not require evidence of public harm
and they make no mention of complaints being a factor in
compliance. Their essential requirement (for emissions) is that
the “Equipment shall be designed and manufactured, having
regard to the state of the art, so as to ensure that ... the
electromagnetic disturbance it generates does not exceed a level
above which radio and telecommunications equipment or other
equipment cannot operate as intended”.

Yet the whole reluctance to prosecute sits oddly with Ofcom’s
submission to the ICO when attempting to block release of the
ERA-RFI report. From the detail of the ICO’s decision [3], we
find that Ofcom argued that

there is however a possibility that the investigation could
be reopened if new evidence was to emerge in the future. In
the public authority’s view, given that mass consumer use
of home PLT network devices is a relatively recent
development, it is likely that new evidence could emerge in
the not too distant future... the information in the report
would be likely to inform suppliers of PLT devices of the
approach and general consideration/strategies it
undertakes when investigating possible breaches of the
EMC Regulations... Specifically, disclosure would allow
PLT suppliers to identify the harmonised standard against
which it tests PLT devices in the absence of a harmonised
standard directly applicable to PLT devices and the margin
by which the public authority deems it acceptable to exceed
that harmonised standard without taking enforcement
action... Disclosure would also give suppliers of PLT
devices a detailed understanding of the types of tests and
the technical parameters used when testing these devices.

Paras 45-49

So on the one hand, they are unwilling to prosecute, but on the
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other, they are willing to reopen the investigation. It’s hardly
necessary to comment on the idea that PLT suppliers could
glean “detailed understanding of the types of tests and the
technical parameters” only from the ERA-RFI report, given
Comtrend’s sophisticated manipulation of these very same
aspects in their compliance statement. And note that by
implication, there actually is a “margin by which the public
authority deems it acceptable to exceed that harmonised
standard without taking enforcement action”.

Ofcom’s approach to protecting the radio
spectrum
A curious part of the statement appears under the heading “No
right to ‘clean’ spectrum”.

While the need to avoid harmful interference underpins the
regime, individual wireless telegraphy licence holders are
not offered a legal or practical guarantee that interference
will not arise. Interference can arise from a number of
sources outside the control of the licensing authority. For
example, atmospheric conditions, pirate radio use and
foreign overseas use all have the potential to cause
interference. ... Licensees do not therefore have a formal
legal right to “clean spectrum”.

This is evidently meant to be a rebuff to the radio amateurs and
short wave listeners who have been in the forefront of action
against PLT and who, Ofcom tell us, are responsible for the
entire 272 complaints since July 2008. Bill Ray in The Register
put it rather mischievously: “all the complaints came from a
single lobby group so could safely be disregarded – best not
band together in future, guys” [9].

So Ofcom don’t see it as their main purpose to guard the radio
spectrum. And this brings us to the question of what, actually,
is their purpose. Their website states that under the
Communications Act 2003 one of their specific duties is
“Ensuring the optimal use of the electro-magnetic spectrum”.
Perhaps their interpretation of “optimal” under this clause is in
fact that the spectrum, already polluted by pirates, atmospherics
and foreigners, is better used by polluting PLT than by licensed
radio communication and broadcasting?

But there is also another issue, which relates simply to resources.
Bill Ray again [10]:

Ofcom has a busy year planned, involving auctions, action
and investigations, not to mention taking responsibility for
the Post Office too, and all for less money than last year.

In addition to its usual duties, the regulator’s plans for the
next 12 months include: running the biggest spectrum
auction in UK history; managing the spectrum needs of an
Olympic games; reviewing the TV advertising industry;
consulting on white space radio; reporting on the resilience
of the country’s infrastructure; and deciding how to deal
with copyright infringement on the internet. And all that
regulator goodness comes for less than 80 per cent of last
year’s budget.

This is reinforced by the minutes of the February 2011 Spectrum
Strategy Implementation Group meeting, which say “Planning
for the next financial year will be difficult given the constraints
on budgets and any future work is likely to be a smaller effort
given these considerations” [11]. Expecting Ofcom to put effort
into prosecuting PLT suppliers to protect the radio spectrum,
in the face of opposition not only from the industry but from
the European Commission too, appears to be asking too much.

Conclusions: whither CISPR?
It may be worth reminding ourselves of the purpose of CISPR.
The first clause in CISPR’s scope [12] is

Standardization in the field of electromagnetic compatibility
(EMC) including 1) Protection of radio reception in the
range 9kHz to 400GHz from interference caused by the
operation of electrical or electronic appliances and systems
in the electromagnetic environment...

For all their faults, CISPR standards are the basis of the
protection of the radio spectrum. They have been accepted as
representing the essential protection requirements of the EMC
and R&TTE Directives through their adoption by CENELEC
and the implementation of the New Approach. If they are to
have effect their application needs to be enforced under these
regulations. But our own regulator clearly thinks “The testing
and analysis is complex and highly technical” and consequently
does not think it can enforce them. What confidence can we
have in the regulator under these circumstances? Or perhaps
we should ask: what confidence can we have in the standards?
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Banana Skins...

638

Editor’s note: The volume of potential
Banana Skins that I receive is much
greater than can possibly be published
in the Journal, and no doubt they are just
the topmost tip of the EMI iceberg. Keep
them coming! But please don’t be
disappointed if your contribution doesn’t
appear for a while, or at all. I need at
least eight pages in every EMC Journal
just to keep up!
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Power lines jolt cyclists
A spin on his new Ridgeback Horizon
bike turned out to be a shocking
experience for touring cyclist Alan Reid.
Riding beneath high-voltage power
cables, he was zapped by a “microshock”.

Reid wasn’t hurt but said the experience
was alarming. The 55-year-old was
cycling in Gleniffer Braes, south of
Paisley in Scotland. He moved his hands
on his bars and got an electric shock in
his fingertips.

“I looked around and saw the power lines
above me,” he said. “It was like a static
shock off a carpet but stronger. It has
happened to me two or three times since
but always in different locations.”

Reid’s experience is not unique. National
Grid, which manages power lines all over
Britain, said it gets “a slow trickle” of
inquiries from cyclists about
microshocks.

According to Stewart Larque, a National
Grid spokesman: “Cyclists riding beneath
power cables can become charged by the
electric field. When they touch a
conducting object, they discharge.”

Larque said the microshocks most
commonly occur when a rider moves
their hands from an insulated part of the
handlebars so their fingers brush against
the brake lever, or when the inside of the
thigh comes close to the seatpost or
saddle rails.

“In the highest fields – that is, under spans
of 400kV power lines with the lowest
clearance – these shocks can be mildly
painful,” said Larque. “They are certainly
disconcerting because they are usually
unexpected. The charge is small but it is
concentrated on a small area of skin.”

Larque added that most reports from
shocked cyclists are at the level of
nuisance or irritation. “We are only aware
of one person choosing to see a doctor
after suffering a microshock while riding
a bicycle, and we are not aware of any
cases involving a visit to A&E,” he said.

“People who contact us largely do so
because microshocks are unexpected and
not understood. When they do arise and
how easy it is to avoid them, most people
seem perfectly content.”

Whenever I’m out on my regular Sunday
ride, I now keep a sharp eye out for
pylons striding across the countryside. If
I have no alterative but to ride underneath
these high-voltage cables, I make sure to
keep at least one hand in contact with the
metal of my bike to avoid shock.

One or two disbelieving friends who I
told about it have adopted the same
technique since hearing about Alan
Reid’s experience. The only way to avoid
the risk would be to remove the insulation
from the handlebars so your hands are
always in contact with the bike’s metal
surface. In the sub-zero temperatures that
we’re expecting, that could make riding
uncomfortable.

Reid, who rides 2,000 miles a year, said
the experience was so unpleasant that he
now looks out for power lines and avoids
being shocked by resting a finger on the
metal brake lever while passing beneath
cables.

(Taken from: “Power lines give a jolt to
the unwary rider” by Will Bramhill, the
“Cycle Guy”, in The Sunday Times, 28
Nov 2011, “InGear” section, page 9,
www.thesundaytimes.co.uk/ingear)

US power grid gets less reliable
The US electrical grid has been plagued
by ever more and ever worse blackouts
over the past 15 years. In an average year,
outages total 92 minutes per year in the
Midwest and 214 minutes in the
Northeast. Japan, by contrast, averages
only 4 minutes of interrupted service each
year.

(Taken from “U.S. Grid Gets Less
Reliable”, by S Massoud Amin, IEEE

Spectrum, January 2011, page 64,
www.spectrum.iee.org)

Airplane experiences uncom-
manded thrust reduction due to
replacement module
The second example, relates to an
amplifier associated with a temperature
sensor on an aircraft engine control
system. In this case the legacy analogue
item was replaced with a solid state
amplifier. The technical evaluation
rightly considered the form, fit and
function of the new amplifier, however
these attributes were all considered only
in the positive sense. Failure to
adequately consider the ways the
amplifier might fail that might be
different to those of the previous
technology amplifier lead to an aircraft
incident. During flight, the aircraft
experienced a reduction in thrust, without
pilot command, in all four of its engines.
The cause was the replacement amplifier
exhibiting an alternative behaviour
during a power-supply event, causing the
engine control system to reduce power.

(Taken from “Technical substitutions in
safety-related system – not just form, fit
and function”, by Derek Reinhardt,
Safety-Critical Systems Club newsletter,
vol 20 no. 2, Jan 2011.)

Stubborn RF problem with the
Beatles’ Abbey Road console
The original Abbey Road REDD 37 is
now owned by Lenny Kravitz. However,
when he purchased the equipment, it was
beset with ground noise and RF
problems.

Technical services specialist Studio
Electronics was called in to resolve the
problem. Company founder David Kulka
explained the dilemma: “There was a
stubborn RF problem, as audio from a
nearby FM transmitter was leaking into
the output buses. We switched on the
console and, after bringing a few faders
up and figuring out how to route audio
through the monitor section, brought up
the volume pot. There it was – a filtered
high frequency sound – the top end of a
tune the station was playing. RF energy
was finding its way into the REDD 37
and being converted to audio by
something in the console’s electronics.”
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The historical importance of the REDD
37 imposed a condition. “With any other
console, a minor circuitry change would
not raise eyebrows,” noted Kulka, “but,
in this case, it was out of the question. If
a component had failed, I would replace
it, preferably with exactly the same part,
which we would somehow locate. But
modify a Beatles console? No way!”

In this instance, the problem was the
microphone and echo send cables. “I built
a short version of the mic cable, with the
two signal wires at the male end wrapped
around ferrite beads,” Kulka revealed.
“The female end of the adaptor plugged
into the real mic and the male side
plugged into the REDD 37. The filter
chokes did the trick and the RF
interference was gone.”

(Taken from “Under New Ownership”,
New Electronics magazine, 11 Nov 2008,
page 16, www.newelectronics.co.uk)

ESD affects semiconductor
manufacturing equipment
In addition, ESD events produce
electromagnetic interference (EMI) that
can cause equipment malfunctions,
lockups, and direct damage to products
via radiated and conducted forms.

(Taken from “Applying E78 to
Semiconductor Wafer Chambers” by
Roger Pierce and Brad Williams of
Simco, Conformity magazine, November
2008, pages 36-41)

RFI: Invisible Killer (from 1961)
Does Radio Frequency Interference –
today’s electronic clutter of the air-waves
– cause those mysterious plane crashes,
missile failures and communications
blackouts?

On the docks at the Oakland Army
Terminal in California the eerie, invisible
“force” had stabbed once more. The giant
steel unloading cranes seemed haunted
with electrical current, and crews were
being shocked and painfully burned. The
stevedores had been unloading
ammunition ships; now they laid down
their equipment and refused to work. For
too long they had moved gingerly, trying
to outmaneuver the peril.

Investigators diagnosed the Oakland
mystery as another attack by an
increasingly active foe called Radio
Frequency Interference-or RH. Anyone
who owns a television set has probably

been bothered by RFI; it can split the TV
image into fragments or obscure it with
flickering bands or specks of light. For
the viewer the interference is merely
annoying. But RFI at its worst imperils
human life and property. It blocks
communications. It regularly holds up the
launching of some United States missiles
and has caused others to malfunction
temporarily in flight. It has made the
nation’s military defense system and
attack potential a frightening gamble.
Some electronics specialists are
convinced that unless Radio Frequency
Interference is reduced drastically, the
country-must someday consider
dictatorial control by the Federal
Government of all electrical energy. For
RH is the result of energy that all types
of electrical devices spew into the air; it
is an emission of electrical energy from
one device strong enough to upset the
operation of another.

At the Oakland Terminal, for example,
investigators found that the steel
unloading cranes were acting as antennas,
picking up transmissions from daytime
radio station KSAY, whose transmitter is
a half mile away. The cranes in turn threw
off an electric current that burned the
crews. This electronic freak has defied
remedy, and the Army has been forced to
unload its ammunition and other supplies
at night, when the station is off the air. At
last reports the Army was suing for a
permanent solution to the problem – a
court-ordered change of KSAY’s power
or a change in the location of its
transmitter.

Stories about RFI often crop up in
newspapers, mainly as amusing, offbeat
occurrences. The radio-controlled garage
doors of a Greenwich Connecticut,
doctor open inexplicably during the
night, and the papers report that he is
troubled with electronic “spooks”. But
the real peril in RFI seldom makes news.

In the not-so-distant days of Edison’s first
electric light and Marconi’s first wireless
set, there was no problem of Radio
Frequency Interference. RFI arose as the
output of electrical devices soared to fill
human demands for more and more
mechanization, greater and greater
comfort. Millions of devices now clutter
the air with their electrical emissions. A
partial list would include about 2,000,000
radio transmitters in the United States
alone, the thousands of public and private

TV transmitters, the millions of receivers,
plus medical and business machines,
radars, fluorescent lights and any number
of household appliances. It would be
impossible to inventory all the potential
sources of RFI.

If the waves of energy put out by all the
electric and electronic devices in the
world could be ob- served in the air as
moving strands of wife, we would find
ourselves enmeshed in an amazing jungle
of contorted metal. If by some
legerdemain we could separate the wires
and trace them to their origins, we would
see that they vary in shape and length –
some fat, some thin, some many
thousands of miles long, others as short
as five or ten feet – or even inches. The
wires would be extremely active,
undulating out from their points of origin
and darting hither and yon like nervous
reptiles, seeking entry to any other
electrical devices attuned to their size.

The diabolic thing about RFI is that the
interfering equipment can range from the
most potently complex to the simplest
and smallest. Emissions from a radio
station in Spain early this year hampered
the tracking of a U.S. satellite before the
offending signals were pinpointed and
eliminated through the co-operation of
the Spanish government. At Minneapolis,
worn contacts in an electronic-doorbell
system in a private home let current shoot
out into the airways briefly every four
minutes. For a day and-a night it was
impossible for Wold Chamberlain Field,
a half mile away, to maintain clear radio
contact with approaching and departing
airliners. And in New Orleans a
neighbor’s “wireless baby sitter” snarled
broadcasting reception up to four miles
away.

One should not infer that these are
extreme illustrations of RFI. The record
of cases grows fatter every day, and such
random examples as these are part of it:

• A fly, activating an electric fly-
killing device in a restaurant at
Logan Airport, Boston, caused the
near crash of an Air National
Guard plane. Investigation
disclosed that the fly killer had
broadcast a signal that cut into
landing instructions radioed to the
plane.
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• Another near accident was
recorded at a Detroit airport when
an arc welder blotted out vital
portions of a call from an
approaching aircraft.

• When interference plagued radio
messages sent by the fire
department at East Palestine,
Ohio, the offending signal was
traced to a radio beacon in Bristol,
England. The Kentucky State
Police, on the other hand, found
its emergency radio
communications in a flood area
being broken up by a Signal from
a Government radio station in
Alaska.

• Radiations from an electronic
heater in a furniture factory in
Martinsville, Virginia,
simultaneously disrupted
communications at two widely
separated points-the Mackay
Radio and Telegraph Company in
New York City and a secret
Federal radio station in Fort
Lauderdale Florida.

Case after case could be cited. So
numerous are they that the Field
Engineering and Monitoring Bureau of
the Federal Communications Com-
mission, the U.S. agency charged with
tracking down RFI, handles only the
more serious complaints. The problems
of thousands upon thousands of citizens’
poor television reception, for example –
are generally viewed as not sufficiently
grave to merit attention.

To track RFI, the FCC maintains a
network of eighteen long-range radio
detection stations, as well as mobile and
hand detection units in thirty-one field
offices. The network enables the agency
to take bearings on far-reaching
interference as it is refracted from the
ionosphere. Two or more bearings are
plotted on a map in Washington, D.C.,
and the intersection of the bearings
indicates the general area of RFI. With
further bearings, taken and plotted in
antenna-equipped cars, local
investigators narrow the search still more,
until finally, with the aid of listening
devices, they can close in on offenders.

When human life is at stake the FCC steps
in quickly, and remarkably efficiently for

its limited staff, once the hazard has been
brought to its attention. The Government,
for example, has warned pilots not to rely
on certain air-navigation aids in the
vicinity of some major cities. It has
banned the use of portable FM radios by
passengers in all airliners.

After the mid-air collision of two airliners
over New York City last December, the
Civil Aeronautics Board began
investigating the possibility that RFI had
made it impossible for the jetliner in the
disaster to obtain an accurate radio-
navigation bearing, and thus caused it to
stray from its assigned path. Shortly after
the investigation started, the FCC
enforcement chief in New York, acting
under new, sweeping powers conferred
by the commission, ordered five factories
in the metropolitan area to halt at once
the operation of electronic equipment that
was radiating excessively on frequencies
used by air-navigation beacons. The
factories were forced to shut down. It so
happens that the approach area used by
the colliding planes is a hotbed of Radio
Frequency Interference from electronic
heaters in nearby industrial plants. No
one has proved beyond a doubt that RFI
caused the collision, but the suspicion
lingers, as it does in many an air disaster.

The simple fact is that every piece of
electrical equipment is a potential source
of interference to other equipment. But
cluttered as the atmosphere is with
electrical transmissions and bad as the
interference between them is, it is bound
to become worse. New sources of Radio
Frequency Interference are being created
daily. The armed services of the United
States now depend heavily on electronic
equipment, not only to gather and collate
intelligence about possible foes but also
to make command decisions. Soon a
combination of radar and computers will
take over from humans, to a large extent,
the control of all civilian traffic along the
nation’s airways. In ten years, an official
of the Westinghouse Electric Corporation
confidently predicts, computers and
related electronic data-processing
equipment should be in universal
commercial use, even by the store on the
corner.

Electronics specialists are worried. “The
art of interference control is a tricky one,
and new tricks are appearing every day,”
says Rexford Daniels, head of a crusading

civilian group, Interference Consultants,
Inc., of Boston. Writing in an engineers’
publication, the IRE Student Quarterly,
he gives examples.

A technician puts too sharp a bend in a
hook-up wire, and he has made an
antenna; an engineer plugs in a power
cord and finds that he has created a
“ground loop”; a test man leaves a piece
of wire lying on a bench and finds that it
is resonating; a windstorm blows a
copper flashing loose, and it becomes a
relay station. When you get fooling
around in the microvolt areas, even the
change in your pocket can upset readings
….  Comparatively few people know, or
care, about this growing menace except
those who wonder when a plane will
crash, a ship will be lost or a guided
missile will land in a crowded city.

Is Daniels exaggerating? At Cape
Canaveral, Florida, at least one missile –
an early Matador type, since redesigned
– maneuvered erratically when a woman
taxi dispatcher in Austin, Texas, radioed
instructions to a driver. The dispatcher’s
voice, which the Matador picked up, was
identical in pitch to the radio signal used
to guide the missile. Nearly one in every
five launchings at the Cape is delayed in
the countdown stage by interference to
data-transmission channels from a variety
of sources.

“In spite of elaborate precautionary
measures taken to prevent interference
from occurring,” Richard E. Jones, area-
frequency co-ordinator of the Atlantic
Missile Range, told a recent conference
of electronics engineers, “cases still arise
which are serious enough to threaten the
success of an entire launching operation.
When interference does occur, it usually
happens at the worst possible time and is
not usually recognized as interference at
the outset, but as equipment
malfunction.”

An Air Force specialist, Col. James D.
Flashman, chief of frequency allocation
in the Directorate of Communications-
Electronics, has commented bluntly in
Signal, the official journal of the Armed
Forces Communications and Electronics
Association:   “Under concepts by which
the frequency spectrum is now used, it is
just not possible to guarantee that any
portion of the spectrum will be
interference free, regardless of national
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Cost £47.00 plus p&p.    ISBN 978-0-9555118-5-1

More than just a book. It is a true
learning aid.   Graphics in full
colour.   Designed to lay flat for
easy learning. Written in a clear
concise no nonsense style.
Destined to become the Standard
for EMC PCB Design.   168 A4
pages.

This book is about good-practice
EMC design techniques for
printed circuit board (PCB)
design and layout. It is intended
for the designers of any
electronic circuits that are to be
constructed on PCBs, and of
course for the PCB designers
themselves.   All applications

areas are covered, from household appliances, commercial and
industrial equipment, through automotive to aerospace and military.

This is a book for electronic and PCB engineers who need to employ
good EMC and SI techniques to save time and money when designing
with the latest technologies, to make reliable and compliant products.

The book uses very little maths and does not go into great detail
about why these techniques work. But they are well-proven in practice
by successful designers world-wide, and the reasons they work are
understood by academics, so they can be used with confidence.
Numerous references lead to detailed explanations and mathematical
foundations.

It is difficult for textbooks to keep up to date with fast-changing PCB
technology and EMC techniques, which is why most of the references
are recent conference papers and articles available via the Internet.

EMC for Printed Circuit Boards
Author: Keith Armstrong C.Eng FIET SMIEEE

ACGI BSc (Hons)

Cost £41.00 plus p&p. ISBN 978-0-75-068170-4

This book is almost certainly regarded
as the bible on EMC Design across
all International borders.

Brilliantly written and extremely
informative, it is divided into three
parts, Legislation & Standards,
Testing and Design plus a number of
interesting and useful Appendices.

Every EMC product designer should
buy this latest edition.

EMC for Product Designers
Fourth Edition

Author: Tim Williams

Cost £55 plus p&p.   ISBN 978-9555118-4-4

Contents:
Introduction;
The Physical basis of EMC;
Circuit design and choice of
components for EMC;
Cables and connectors;
Filters and transient
suppressors;
Shielding (Screening);
Printed Circuit Boards (PCBs);
Electrostatic discharge (ESD);
Electromechanical devices and
spark ignition;
Power factor correction
(emissions of mains harmonic
currents);
Emissions of voltage
fluctuations and flicker;

Immunity to power quality issues;
EMC techniques for heatsinks.

Cost £25 plus p&p.   ISBN 978-0-9555118-3-7

Contents:
Introduction;
Wave and Field theory;
EMC uses three types of
analysis;
Waveforms and Spectra;
Coupling of EM energy;
An overview of emissions;
Immunity issues;
Crosstalk and “internal EMC”
issues inside a product;
Types of EM phenomena and
how they can interfere.

EMC Design Techniques
for electronic engineers

Author: Keith Armstrong C.Eng FIET SMIEEE
ACGI BSc (Hons)

The Physical Basis of EMC
Author: Keith Armstrong C.Eng FIET SMIEEE

ACGI BSc (Hons)

Find out more on our web site:
www.emcacademy.org/books.asp

Excellent EMC Books
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or international intentions or agreements.
Controls which would make this
guarantee possible simply do not exist.
Internationally recognized distress
frequencies are probably among the most
sacred assignments known; yet these
frequencies are seriously abused, not just
occasionally but continuously, as
mounting reports readily disclose.”

Compounding the problem of RFI are the
formidable twins of electronic progress
– power and speed. The power of
equipment – radar in particular – has
increased tremendously in recent years.
Military radar is now so strong that it can
actually cook a man exposed excessively
to its rays. The more powerful the
equipment, the more likely it is to
interfere with other equipment. At the
same time the speed of transmitting
electrical impulses has increased
fantastically. Computers now transmit
data at the rate of hundreds of thousands
of “bits,” or segments, every second. A
few seconds’ interruption can be ruinous.

Where can the blame for Radio
Frequency Interference be placed? One
knowledgeable electronics engineer, who
prefers to remain anonymous, speaks of
ignorance among designers and
manufacturers of electronic devices. “If
the people who design the equipment
know the problem, the problem no longer
exists,” he contends. “They would adopt
methods to control interference, if they
knew the peril in their uncontrolled
equipment.”

For years this engineer has been in the
forefront of a small battle being waged
by a professional group, the Institute of
Radio Engineers, to educate other
engineers to the seriousness of RFI and
the need to control it, in designing
equipment, before manufacturing begins.

So far as military equipment is
concerned, any impartial analysis would
have to lay part of the blame for RFI at
the door of the armed forces themselves.
Since World War II – and in some
branches even before – the American
military has been aware of the growing
threat of Radio Frequency Interference.
An impressive catalogue of military
directives and specifications has been
drawn up over the years, aimed at
ensuring that new equipment built for the
armed forces would not create new

problems of RH. But what has appeared
an enlightened solution on paper has
proved an added menace in practice.

The military has largely ignored its own
careful standards for controlling RFI.
More than half of its orders for new
equipment, according to one informed
military estimate, have been
accompanied by waivers to
manufacturers, permitting them to side-
step rigid anti-RFI specifications.

In some cases such waivers have been
the result of honest attempts to meet a
nightmarish dilemma. Weakened by rapid
demobilization after World War II the
services have been working hard to
prepare for a possible World War Ill. New
equipment has been needed fast. Anti-
RFI measures can add time and expense
to the development of equipment. The
armed forces have tried in some cases to
weigh the risk of increasing RFI against
the risk of being caught shy of modern
equipment in a sneak attack by an enemy,
but in the end they have ordered the
equipment and waived the anti- RFI
specifications. The fact that such
equipment might ultimately not work
accurately in combat because of RFI
hasn’t made the choice any easier. More
than one defense commander has spent a
sleepless night worrying whether RFI
might paralyze his equipment before it
ever goes into action.

Last year Maj. Gen. Robert J. Wood of
the Army Research and Development
Office, noting that• the modern battlefield
Was “overrun” with electronic devices,
asked the House Defense Appropriations
Subcommittee to authorize a two-year
$8,700,000 study program to find out
what would happen if 20,000 such
gadgets were operating at once under war
conditions. He feared the result would be
a hopeless snarl of the airwaves, with
devices jamming one another. The study
is now under way at the U.S. Army
Electronic Proving Ground at Fort
Huachuca, Arizona, and yielding
important data.

Concern over the effectiveness of military
equipment has finally prompted the
Defense Department to unite the
individual efforts of the Army, Navy and
Air Force in the first comprehensive
assault on RFI. Last year Deputy
Secretary of Defense James H. Douglas
told the secretaries of the three military

branches in a message: “The increasing
use of the radio-frequency spectrum and
greater reliance on radiating devices for
military purposes is resulting in a Radio
Frequency Interference problem that is
of great concern.” He outlined a Radio
Frequency Compatibility Program and
ordered it into action at once.

The program is an enormously ambitious
attempt to “fingerprint” every type of
electronic equipment owned by the
military – to determine all the energy
radiations of the equipment and to
analyze these radiations for potential
interference with other equipment. The
data – “spectrum signatures,” the military
calls them – are to be stored in a central
library for use in predicting RFI at a given
military site.

An analysis center is now being set up at
Annapolis, Maryland, under the direction
of civilian RFI experts from the Armour
Research Foundation of Chicago. In full
operation, the center will reduce all the
radiation information on military
equipment to mathematical equations.
Electrical energy in the environment –
from all civilian sources, as well as
possible jamming that an enemy might
introduce – is also to be estimated
mathematically. Then computers at the
analysis center are to tell how the
equipment will perform in combat.
Finally this information is to be tested in
the field.

The military is hopeful about the
compatibility program, possibly more
hopeful than it has been about RFI at any
time in the past. Where the computers
detect interference, the armed forces
hope to outflank it through such means
as time-sharing of present equipment –
permitting the use of equipment only at
specified intervals – and alteration of the
design of future equipment. But no
responsible official is kidding himself
into thinking that RFI has yet been
contained. The obstacles to even partial
success of the compatibility program are
great.

For one thing, if frequency conflicts arise
between civilian and military equipment,
which get: the priority? Traditionally the
civilian has tender to prevail in
peacetime. Another obstacle is the vast
ignorance about the nature of RFI. “We
don’t know enough about radio frequency
propagations about what to put into the
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analysis center’s computer,” a defense
co-ordinator admits. “It’s pretty hard to
form an equation that describes the effect
on equipment of, say, an airplane passing
over head or a truck roaring by.” (The
airplane’s radio and other electrical
equipment and the truck’s ignition system
can create RFI.)

A third roadblock is the massiveness and
complexity of the task itself. Getting
spectrum signatures for every type of
equipment, for example will require
thousands upon thousands of man hours.
Some experts estimate this task could
take as long as three years, unless more
funds and technicians are made available.

Meanwhile on the civilian front the war
against RFI hobbles along aimlessly, if
indeed it can be said to be moving at all.
The FCC’s Field Engineering and
Monitoring Bureau, the police
department of the airways, is hopelessly
ill equipped to cope with the magnitude
of the threat. In all the fifty states the
bureau has a total staff of only 381 to
handle complaints, track interference,
license amateurs, aid ships and planes in
distress and serve the public in other
ways. Of the 380 staffers only about fifty
are assigned specifically to investigate
violations. And only half of the work of
these fifty is concerned explicitly with
curbing RFI.

But even if the FCC’s police force was
increased fivefold or sixfold – and it
could easily use the extra manpower –
the agency could never solve the problem
of RFI. It simply lacks the power to
proceed effectively. It is a stopgap and
not a solution. It is authorized to crack
down only after RFI has occurred, after
the damage has been done. Even then it
is frequently strapped by a jack of legal
authority unless specific danger to life or
property can be proved. Often it must
wheedle, humor, even shame offenders
into eliminating interference by using
shielding or otherwise modifying their
equipment.

What is needed – and sorely – is a
coordinated civilian-military program to
control an RFI. Prevention calls for laws
to force the designers of all electric and
electronic equipment to make sure their
products don’t release energy that will
interfere with other equipment. Such laws
will require that the products meet
authorized standards of performance

before they can be sold. Just as cities such
as Los Angeles have been forced to
demand action from the automobile
industry and others to control pollution
of the air that is breathed, so the
Government will have to insist that
manufacturers not pollute the electro-
magnetic spectrum with unwanted
radiations.

Programs that approach this goal are
being carried out today in Europe. Great
Britain, Germany, Sweden, Norway,
Switzerland and the Soviet Union, for
instance, have strict laws governing the
amount of unwanted energy that electric
and electronic devices – even the ignition
systems of motor scooters – can emit
before they reach the customer. Canada,
too, has exacting laws.

Thus far, however, Congress has resisted,
as an intrusion on trade, attempts to
legislate control over the design of
electrical equipment in the United States.
The person who uses the product – not
the manufacturer – is held responsible for
its performance. The Federal
Government has no compunction about
insisting on safety checks on an airliner
before it is allowed in the sky, but it will
not lift a finger to monitor the design of
electrical equipment that may one day
cause the accidental crash of the aircraft.

From the standpoint of national defense,
one thing is certain: The problem of RFI
must be approached with a greater sense
of urgency. A visitor concerned with RPI
was talking recently to a responsible
Army officer in the Pentagon. “Let me
ask you this,” the visitor said. “If World
War III broke out tomorrow, would this
country be in bad shape with respect to
Radio Frequency Interference?”

“We’d be in serious trouble,” the officer
replied. Tradition dies hard, and the
tradition of maximum free enterprise and
civilian dominance over the military has
proved sound in this country since its
adoption by the founding fathers. But
worried electronics experts are
questioning whether tradition should not
have some give to it.” As they see it, the
alternative to some legal control of RFI
promptly is drastic legal control
eventually – dictatorial rule by the
Federal Government of all electric and
electronic energy. This step might be
necessary, some specialists have
suggested, on days on which particularly

vital space missions are scheduled or
during international crises.

Though few laymen are aware of it, the
machinery for such total control already
exists, embodied in Public Law 200,
enacted in 1951. This law empowers the
President, upon proclamation “that there
exists war or a threat of war, or a state of
public peril or disaster or other national
emergency, “to “cause the closing of any
station for radio communications, or any
device capable of emitting electro-
magnetic radiations between 10
kilocycles and 100,000 megacycles” –
more than 99.9 per cent of all electrical
equipment built today. Public Law 200
could be invoked by a proclamation that
RFI is a “public peril.”

Not long ago a musician was strumming
his electric guitar when it suddenly
broadcast a message from a passing
airplane. One newspaper headlined its
report HIS GUITAR TALKS BACK! It
was RFI, of course, that was doing the
talking, and those who know most about
the RFI menace think it’s time we all got
the message.

(Taken from “EMC Society History” by
Dan Hoolihan, in the IEEE EMC Society
Newsletter, Winter 2010, pages 32-39, in
which Dan describes tracking down the
author of “RFI: Invisible Killer”,
Richard Hatch, which was originally
published in the Saturday Evening Post
in 1961, http://ewh.ieee.org/soc/emcs/
acstrial/newsletters/winter10/RFI.pdf.).

Banana Skins are kindly compiled for us by
Keith Armstrong.

If you have any interesting contributions that
you would like included please send them,
together with the source of the information
to:  keith.armstrong@cherryclough.com

Although we use a rather light hearted
approach to draw attention to the column this
in no way is intended to trivialise  the subject.
Malfunctions due to incorrect EMC
procedures could be life threatening.

Banana Skins
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Safety
IEC 62368
A CD for IEC 62368-1 Edition 2 was circulated in December
2010; it was compiled by taking into account National
committee comments on six proposal documents (DCs)  for
improvements to the First Edition.  Unfortunately, National
Committee comments on this CD run to 116 pages, indicating
that there is still ample scope for further improvement.  A new
CD is to be circulated in June 2011, but one must wonder how
much long industry is going to be willing to pay for this
incredibly costly project.

Safety tests after service, repair or modification
IEC TC85 has been writing a standard for safety tests on
products in the field. Unfortunately, this has been given the
number IEC 62638, which should cause much delightful
confusion. But, more significant, it appears that the draft doesn’t
respect existing Basic Safety Publications and General Safety
Publications. Whether that is a BAD THING can only be
determined by examining the document in detail. There are
certainly a few errors in it, and it is at the first voting stage
(CDV).

RTTE
A new Official Journal list of standards notified under the
RTTED is available at:
h t t p : / / e u r - l e x . e u r o p a . e u / L e x U r i S e r v /
LexUriServ.do?uri=OJ:C:2011:118:0001:0034:EN:PDF
At least, that URL works now, when I am writing. Sometimes
they stop working.

EMC
What is a CDNE?
You can find out by downloading (free) from the special BSI
web site http://drafts.bsigroup.com/ the Draft for Public
Comment 11/30246802DC.  Or, at least, you should be able
to. As of today, it isn’t there! This site is impossible, it seems,
to find from any of the ‘ordinary’ BSI web sites or pages, so,
once you have found it, bookmark it.

The CDNE is intended for the measurement of the asymmetrical
disturbance voltage on a cable  in the frequency range from 30
MHz to 300 MHz.

DC to light?
Many EMC standards say that they cover a frequency range up
to 300 GHz, but do not set limits over the whole range. The
highest frequency covered by IEC and CENELEC standards at
present seems to be 18 GHz.  However, ETSI is much bolder:
the following draft standard has just been released for public
comment:

Final draft ETSI EN 305 550-1 V1.1.1 (2011-04) European
Standard Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD);

Radio equipment to be used in the 40 GHz to 246 GHz

frequency range; Part 1: Technical characteristics and test
methods

The cables and waveguides for such frequencies have to be
physically very small indeed. Even so, measurements are not
required above 300 GHz or the second harmonic of the carrier
frequency, whichever is lower. So that’s all right, then.

Greek sparks
The Greek National Committee has proposed to CENELEC
TC210 a Questionnaire about new requirements for electric
field emissions below 30 MHz from electric trams, which are
said to be seriously interfering with HF radio reception by radio
amateurs. Support came from Italy, Denmark, and Austria and
Germany (always keen on EMC issues). Opposition came from
the Netherlands, citing the existing standard EN 50121-2, but
that controls the magnetic field emissions, which do not
correlate well with electric field emissions in this frequency
range. I wonder where the trams are manufactured.

PLT (of course!)
We now have prEN 50561-1 Power line communication
apparatus used in low voltage installations -Radio disturbance
characteristics - Limits and methods of measurement - Part 1:
Apparatus for in-home use, circulated for ‘enquiry’ (like an
IEC CD), not vote. Inevitably, cracks have been papered over,
and, predictably, they are being opened up again by forthright
comments. Intellect, some of whose members are in favour of
PLT, even so has asked for ‘depth of notch’ requirements to be
more stringent. RSGB has submitted an 8-page comment
document; clearly they are not happy bunnies. What with PLT
and Greek trams, one cannot wonder. The BBC has made a
fairly neutral comment, after much stronger comments in the
past. Comments have also been received from the British arm
of a European business services company, requiring greater
stringency and proposing that PLT should be mainly in the band
30 MHz to 87 MHz (some of which is allocated to radio
amateurs!).

It’s still far from clear what is going to happen in the regulatory
context. Meanwhile, PLT products are on the market, and it
remains to be seen whether the technology will persist or fade
away.

Digital Dividend
A proposed amendment to EN 55020 on TV receiver immunity
has not been well received. The main criticisms are that it does
not cover DVB-T and DVB-T2 receivers, and does not cover
the 470 MHz to 862 MHz band, where new, potentially-
interfering products are very likely to be introduced. Unusually,
the UK government, in the shape of BIS and OFCOM, has
submitted comments to BSI supporting these criticisms.

A report has been prepared by a joint CENELEC-ETSI group
on all technical aspects of the Digital Dividend. This will not
be published as a Technical Report, but will be available through
national standards bodies.
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Low frequencies
IEC SC77A experts have proposed the production of a new
immunity standard on differential-mode conducted disturbances
2 kHz to 150 kHz, rather than modify existing standards in the
IEC 61000-4 series. National committee reactions to the New
Work proposal are not yet available. Meanwhile, the question
of the future of emission standards, 2 to 9 kHz and 105 Hz to
1995 Hz (interharmonics), may be discussed at an SC77A
management meeting in June, prior to a meeting of SC77AWG1
and its Task Forces at the end of June. Interharmonics come in
two varieties; those produced by rapidly-fluctuating load
currents cluster in pairs around each harmonic (because they
are due to normal or ‘cooking’ amplitude modulation), while
those produced by switching come as isolated spectral lines,
normally only one between each consecutive harmonic. There
is a case for combining the first sort with the associated
harmonic, by making the measurement bandwidth wide enough
to embrace them, although the WG can’t agree on that, even
after a lot of discussion, because it would cause some existing
products, that don’t seem to do any harm, to fail the emission
limits. But the isolated single frequency components should
really be measured as such. The question then is whether there
are enough products these days that produce these isolated
frequencies (implying a switching frequency well below 2 kHz)
to warrant writing a standard about them.  Maybe after the June
meetings we will know.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
FInstSCE
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2011
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More (and more!) standards-making bodies
There is another way of classifying standards-making bodies,
which does not fit too well with the natural progression
International - Regional - National, so is best treated separately.
This classification distinguishes between those bodies which
may roughly be described as ‘public institutions’ (into which
fall ITU, IEC, ISO, CENELEC, CEN and most National
Committees) and those that are substantially privately-
constituted bodies, which have a fee-paying membership.  We
dealt with the former type last time, but mentioned only learned
societies in the context of membership bodies. There are three
main types of such bodies.

Membership bodies
There is a Regional body in Europe which is a standards-maker
recognized by the European Union along with CENELEC and
CEN, but is a membership body. This is the European
Telecommunications Standards Institute (ETSI). ‘European’ is
a misnomer - the membership comprises some 700
organizations world-wide. Its library includes some 23000
standards already. The only restriction on membership appears
to be the annual fee, with a minimum of € 2000 at present.
However, one welcome distinguishing feature (now shared with
some ITU publications) is that its standards are FREE to all.

Other membership bodies that are also standards-makers include
IEEE and the Audio Engineering Society, as mentioned last
time. There are numerous such bodies, not only learned societies
but also trade association and other industry groups, active at
the national level, and in some cases their deliverables are
adopted as official National standards - this option is available
in USA through ANSI, for example. One of the most prominent
of these bodies is Ecma International (formerly the European
Computer Manufacturers Association, ECMA). Ecma mostly
works in co-operation with ISO/IEC JTC1 - the international
forum for the IT standards movement. It produces standards
and technical reports, which are respected by most of the major
IT manufacturers but not all, which is liable to create
compatibility problems. Ecma publications are available FREE
to all.

A third category of standards body is set up to develop, promote
and control a particular technology, and usually includes
intellectual property rights (IPR) licensing as part of its activity.
There may be only one ‘standard’  - setting the requirements
for interchangeability between products using the technology.
One well-known example is the DVD Forum, and others are
the USB Implementers Forum and the MIDI Manufacturers
Association. There is a huge number of such bodies, some more
prominent and successful than others.

Producing new standards
Many people think we have far too many standards already,
and that is probably true, but finding out which ones we don’t
need is difficult. Meanwhile, we should only make a new
standard if it is justified, and most standard-makers have a
procedure for seeking justification; some work better than

others.  In IEC, at least five (normally) National committees
have to vote to accept a New Work proposal AND nominate
experts to do the work. In a recent case, there was ample support
for the proposal but NO nominations for experts!

These days, technology moves so fast that a standard could
easily be out-of-date before it passes final voting.  The minimum
practical period for producing a new standard is three years,
allowing for one comment stage and two voting stages, as in
IEC and ISO. But this works only if the subject is non-
controversial and technically rather simple. In other cases, more
than one comment stage and more than two voting stages may
be required.

Making standards intelligible, unambiguous and
accessible
IEC and ISO have quite strict editorial rules, compiled from
many years experience, but these can only really impose a
uniform structure and, to some extent, control the use of verb
forms so as to distinguish between compulsion (shall),
recommendation (should), permission (may) and possibility
(can). However, the English language being what it is (almost
all international standards are drafted in English), it’s awfully
easy to slip in a ‘have to’ or ‘is to’ instead of ‘shall’.  ‘Must’
and ‘must not’ are reserved for compulsion not under the control
of the standards-writers, such as the need not to violate the
laws of physics. This may all seem very pedantic, but maybe
not when you realise that the German ‘muss’ means ‘must’, but
‘muss nicht ‘ means ‘need not’. And that isn’t the same meaning
as the ‘need not’ in the sentence about physics!

Above all, it is necessary to keep the language as simple as
possible. To simplify the wording of this article, I’m now going
to assume that you have become a new standards writer. ‘Simple’
means simple sentence construction, not necessarily avoiding
long words, as long as they are technical; ‘permeability’ is OK,
but not ‘quintessence’! It’s awfully easy to use stylistic ‘tricks’,
such as inverted word order or ‘tech-speak’ - ‘speaker’ instead
of ‘loudspeaker’ (they are quite different words in other
languages), which are blindingly obvious to a native English
speaker but very confusing to someone, let’s say Mr Sum Yung
Gai,  who learned three other languages before English. And
when you need to write the same thing several times, such as in
a test procedure, use the same words every time. You are not
writing a homework essay for Mr Beelzebub, the English
teacher, to whom repetition is anathema, you are striving not to
confuse Mr Sum, who sees different words and wonders what
the difference in procedure actually is.

Keeping standards up-to-date
Even if a standard is still up-to-date when it is published, it will
not stay that way for long. (Incidentally, the use of ‘that way’ is
an example of what is likely to confuse a standards reader. Write
‘…it will not stay up-to-date for long.’).

IEC and ISO have a formal ‘maintenance procedure’, which
was written up very confusingly in the past but is now explained

The EMC Journal May 2011
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more lucidly in the latest ISO/IEC Directives. These are the
rules of the whole ISO/IEC standards ‘game’, and to do well
you need to know the rules.  Luckily, they are free downloads
from http://www.iec.ch/members_experts/refdocs/. All three
parts, Part 1, Part 2 and the IEC Supplement, are very
recently revised, with quite a number of changes, so even if
you already have them you probably need to download the
new ones.

When a standard is published, it comes with a ‘stability date’,
of 3 to 12 years (in a special case 15 years), when the next
version is expected to be published, not when work is to start
on the new version. So, if the stability date is only 3 years
ahead, maintenance work has to start immediately the standard
is published (or even, informally, before then).  To start the
formal process, a ‘Document for Comment’ is sent to National
Committees, recommending re-confirmation, withdrawal or
revision. If revision is recommended, an outline of what revision
is proposed may be attached. National committees are asked to
comment on the recommendation and, in the case of revision,
to review their representation on the responsible committee or
to nominate members to a new Maintenance Team. When the
responses are collated, a Review Report is circulated to National
Committees, explaining what is planned to be done.

Retiring standards
Some standards deal with technology that is no longer in use -
TV picture tubes for example. The associated standards may
be withdrawn, and in the past, In ISO and IEC, it was very
difficult to obtain a copy of a withdrawn standard even if it was
really needed. However, withdrawn IEC standards are now
available (but not free).

In other cases, a technology may no longer be in wide use but
IS still in use for special applications or for historical and
archival purposes.

Note - Some people are very fearful about the future loss of access to
stored digital information of high importance, and indeed it has
happened - the BBC Domesday project used an adapted form of the
Philips Laserdisc technology, but access was very nearly lost through
negligence - read the whole sorry story at: http://en.wikipedia.org/
wiki/BBC_Domesday_Project

For the relevant standards of this type of technology, IEC and
AES have adopted the term ‘stabilized standards’, which are
preserved as current but are not expected to change for at least
15 years. Examples are standards dealing with vinyl disc
playback.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
FInstSCE
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2011
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Rohde & Schwarz is adding an
EMI measurement application
option for the R&S FSVR real-time
spectrum analyzer and the
R&S FSV signal and spectrum
analyzer. The new R&S FSV-K54
option enables developers to use the
analyzers for EMC diagnostic and
precompliance measurements.
Users in the communications and
automobile industry, in service and
test labs and in universities alike
will all benefit from the analyzers’
high measurement speed and
sensitivity.
All electronic devices must be
tested for electromagnetic
compatibility (EMC) before market
approval can be granted by
regulatory bodies. It pays to
measure electromagnetic
interference (EMI) early in the
product development cycle so that
effective countermeasures can be
developed in the lab well before CE
certification. This prevents
expensive product redevelopment

and ensures a timely market launch.
Equipping the R&S FSVR real-
time spectrum analyzer and the
R&S FSV signal and spectrum
analyzer with the R&S FSV-K54
option makes it possible to assess a
DUT’s EMC properties in the
prototype phase.
This new solution allows users to
analyze specific EMI
characteristics that were previously
detected in an EMC lab.
Developers can determine the
effectiveness of shielding measures
and the effects of changes in the
circuit or design. The optional
spectrogram mode, which displays

Rohde & Schwarz offers new EMC diagnostic option for its R&S FSVR and R&S FSV signal and spectrum analyzers

the amplitude and frequency of the
signal versus time, is a particularly
valuable aid during development.
The R&S FSVR real-time spectrum
analyzer reliably detects even
sporadic, intermittent interferers
and narrowband interferers that
drift in frequency. It seamlessly
analyzes a frequency spectrum of
up to 40 MHz in a frequency range
up to 40 GHz .
The R&S FSV-K54 option contains
standard-compliant EMI detectors
such as quasi-peak, CISPR-average
and RMS-average and supports
EMC bandwidths for both
commercial and military standards.
It also offers limit line and
transducer options for typical
measurement tasks as well as a
logarithmic frequency axis for
displaying the measured spectrum.
The ability to link the analyzer’s
markers to the various EMI
detectors helps users quickly find
critical areas. Remote-controlled
measurements are possible with the

R&S EMC32 and R&S ES-SCAN
PC software packages, which can
also be used to generate test reports
and document measurement results.
The R&S FSVR real-time spectrum
analyzer and the R&S FSV signal
and spectrum analyzer are available
in various models up to a maximum
frequency of 40 GHz. In addition
to the R&S FSV-K54 EMI
measurement application, they offer
numerous options for measuring
RF parameters and analyzing
digitally modulated signals such as
LTE, WCDMA, CDMA2000®, TD-
SCDMA, GSM, WiMAXTM,
WLAN and Bluetooth®.
The R&S FSV-K54 EMI
measurement option for the
R&S FSV and R&S FSVR is now
available from Rohde & Schwarz.
For more details, go to: rohde-
schwarz.com/product/fsvr.
Tel: +44 (0)1252 818888
contact.uk@rohde-schwarz.com
www.rohde-schwarz.com

Teseq, a leading developer and
provider of instrumentation and
systems for EMC emissions and
immunity testing, has released the
VAR 3005, a dual voltage power
source controlled by Teseq’s NSG
3000 series of EMC test generators.
This new programmable power
source not only regulates test
voltage, but also generates the
reduced voltage for dips and drops
testing of EUTs (Equipment Under
Test).
The VAR 3005, controlled using
either the NSG 3000’s front panel
display or the WIN 3000 PC
software, has internal advanced
microprocessor based electronics.
The unit features advanced self-
regulation and has several self-test
features including self-check, AC
power voltage check and phase
rotation check, as well as the ability
to either inform users or stop a test
if the test conditions are not correct.
With electrical performance
parameters in compliance with IEC
61000-4-11:2004, the VAR 3005,
together with NSG 3040 or NSG
3060 generators, can generate
mains dips, drops and variation

tests for equipment with a current
rating below 16 A. The EUT supply
input voltage range is from 10 to
240 VAC, while the output voltage
is adjustable from 0 to 265 VAC.
Based on plug and play technology,
the VAR 3005 auto-configures tests
for the user in order to prevent user
errors such as setting voltages out
of range. The unit also has the
ability to automatically turn off the
EUT in the event of a power
overload.
A single output source model of the
VAR 3005 is also available for
applications where dual source is
not required.
Tel: +44 (0)845 074 0660
uksales@teseq.com
www.teseq.com

New TESEQ Dual Voltage Programmable Power Source

The EMC Journal May 2011

Murata today announced the
introduction of a series of
capacitors specifically designed to
provide DC smoothing and acoustic
noise reduction in LED lighting
applications. As the market for LED
lighting has steadily grown
customers have recognized that a
capacitive DC bias, that results in
less actual capacitive value, and a
piezo-electronic phenomenon
within capacitors has been the cause
of light flickering and acoustic
noise. Previously, many designers
have avoided the use of ceramic
capacitors in LED lighting
applications even though they have
superior size and higher
temperature reliability. The GR3
and RDE series of multi layer
ceramic capacitors (MLCC) have
been designed by Murata to be
incorporated in LED lighting
circuits, immediately following the
bridge rectification stage, to
provide DC supply smoothing and
EMI filtering. The GR3 family is
for reflow soldering use and the
RDE family provides radial leaded
insertion production. Compared to
standard ceramic capacitors, tests
by Murata showed a 10dB
reduction in acoustic noise by using

the new GR3 MLCC capacitors.
Further noise reductions are
possible with the RDE leaded parts.
Both families provide better DC
bias and acoustic noise reduction
performance than X7R series. The
GR3 is available in 250, 450 or 630
VDC rating and popular
capacitances starting from 10nF
and up to 1,000nF for the 250 VDC
range, to 560nF for 450 VDC and
270nF for the 630 VDC. Package
sizes for the GR3 series include
0805, 1206, 1210, 1812 and 2220.
The RDE leaded series has the same
voltage rating as the GR3 series
with capacitances of 10nF to a
maximum of 2.2uF for the 250
VDC part, 1.2uF for the 450 VDC,
and 560nF for the 630 VDC
component.
Tel: +44 (0)1252 811666
enquiry@murata.co.uk
www.murata.eu

Murata MLCC reduces flicker and acoustic noise in LED
lighting applications
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Europe’s leading chip capacitor
manufacturer, Syfer Technology,
has announced that its E01 and E07
ranges of feedthrough 3 terminal
‘C’ chip filters are now available in
smaller packages, as small as 0603.
These devices are designed
primarily for general signal filtering
in circuits incorporating high speed
digital circuitry, particularly in
automotive and communications
industries.
In operation, the filtered signal
passes through the chip’s internal
electrodes and the noise is filtered
to the grounded side contacts,
resulting in reduced length noise
transmission paths. This helps
ensure reduced inductance,
compared to conventional
multilayer chip capacitors
(MLCCs), when used in signal line

filtering.  When used to help
provide electromagnetic
compatibility, the filters effectively
block electromagnetic interference
(EMI) emanating from high speed
circuitry, and prevent the
propagation of high frequency
noise along power lines.
Devices in the range are available
in C0G/NP0 and X7R dielectrics,
with voltage ratings ranging from
25Vdc to 200Vdc.  Current ratings
available include 300mA (E01),

Big on filtering, small in size Chip Capacitors for high speed circuits in automotive applications

and 1A and 2A (E07).  The higher
current parts are ideal for installing
on the DC power lines on printed
circuit boards.  With the DC
current fed directly through the
E07 chip filters, PCB designers
will find that a significantly
improved high frequency filtering
performance is the result. Many of
the parts in the E01 lower current
(300mA)  range are qualified to the
automotive AEC-Q200 standard.
Depending on the capacitance and
voltage rating required, the chip
capacitors are offered in package
sizes from 0603 to 1806. The
newest filters come in the smallest
0603 package.  Typical devices
offer a capacitance range of 150pF
to 390pF (300mA, C0G dielectric,
25V) or  2.7nF to 12nF (1A, X7R,
50V).

Devices in both the E01 and E07
ranges are also available with
Syfer’s FlexiCap™ termination.
Manufactured at Syfer’s state of the
art, Norwich, UK facility, the
devices are readily available in
production quantities on a 7 week
lead time.  Prices are competitive,
and depend on type and quantity
ordered.  All standard versions are
fully RoHS compliant.  Tin-lead
plated devices are optionally
available for use in high reliability,
RoHS exempt applications, such as
in the space/aerospace industry,
where tin whiskers can be
considered an issue.
Tel: +44 (0)1603 723310
sales@syfer.co.uk
www.syfer.com

Redesigned “S” Series
Amplifiers from AR now
offer coverage 4 - 18 Ghz

The proliferation of electronic and
wireless devices is creating a
seemingly endless demand for
power amplifiers with increased
bandwidth and higher power. AR
RF/Microwave Instrumentation
has responded to the demand by
creating new amplifiers and by
redesigning several existing
amplifiers.
AR RF/Microwave Instrumentation
has redesigned several of its “S”
Series amplifiers to extend the
bandwidth from 18 GHz down to 4
GHz. The models previously went
down to 6 GHz. These redesigned
amplifiers are:
Model 5S4G18 (5 watts CW, 4 -
18 GHz) (formerly model
5S6G18A)
Model 10S4G18 (10 watts CW, 4 -
18 GHz) (formerly model
10S6G18A)
Model 20S4G18 (20 watts CW, 4 -
18 GHz) (formerly model
20S6G18)
Tel: +44 (0)1908 282766
info@uk-ar.co.uk
www.uk-ar.co.uk

Rohde & Schwarz has developed
a unique method that accurately
measures group delay and phase
linearity on satellite links. With the
new R&S ZVA-K10 software
option, users can perform
measurements using two network
analyzers located at separate sites.
In open-area tests, for example, the
analyzers can bridge long distances
between a transmitter and a
receiver. Unlike with all other test
methods on the market, network
analyzers do not need to access the
local oscillator when measuring
frequency-converting DUTs. With
the new method, Rohde & Schwarz
has solved a persistent and difficult
problem in satellite T&M. The new
R&S ZVA-K10 option is available
for the R&S ZVA and R&S ZVT
high-end network analyzers.
Precise measurement of group
delay and phase linearity is vital in
order to determine satellite
communications quality. Today’s
ever-increasing transmission rates
also place more stringent demands
on transmission quality. Key
parameters for transmission quality
are group delay and phase linearity
within the useful band. With the test
setup from Rohde & Schwarz,
users can perform accurate

measurements on up- and
downconverters used in satellite
communications, as well as on
complete transmission systems or
individual components such as
transmitters, receivers or mixers.
The conventional approach to
measuring group delay and phase
linearity is to connect the input and
output of a DUT to a network
analyzer via RF cables. However,
if the input and output are located
far apart, cable losses will degrade
the measurement’s signal-to-noise
ratio. In open-area measurements,
cables need to bridge distances of
several hundred meters. In
addition to causing high loss,
cables also introduce significant
phase errors even if they are just
slightly moved.
The new test method from
Rohde & Schwarz provides
reliable results. In a test setup with
the R&S ZVA-K10 software
option, the user connects one
network analyzer to the transmit
port and one to the receive port.
The two network analyzers
communicate with each other and
synchronize the test sequence
between each other via a LAN
connection.
Conventional test methods need to

access the local oscillator in order
to determine group delay and phase
shift. This is often not possible,
however, because the local oscillator
is integrated in the DUT. To solve
this problem, Rohde & Schwarz
developed a two-tone method. The
R&S ZVA stimulates the DUT with
a two-tone signal and measures the
phase difference between the two
carriers at the input and the output.
From the phase difference, the
R&S ZVA calculates the group
delay and the relative phase of the
DUT’s transfer function. Any
changes in the local oscillator’s
frequency and phase have an
identical effect on both carriers and
are eliminated by the difference
measurement; they do not, therefore,
affect measurement accuracy. Users
are provided with accurate results.
The R&S ZVA-K10 software option
is now available from
Rohde & Schwarz. For detailed
information about the high-end
network analyzer R&S ZVA go to
http://www.rohde-schwarz.com/
product/zva.html.
Tel: +44 (0)1252 818888
contact.uk@rohde-schwarz.com
www.rohde-schwarz.com

Network analyzers from Rohde & Schwarz use new method to measure group delay over
long distances
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Electromagnetic Compatibility, Mart
Coenen, Jasper Goedbloed, mybusinessmedia
BV, 2010, ISBN 978-90-8572-034-8; 430pp,
hardback, 92 € ex VAT, available from
www.engineersonline.nl/shop

Electromagnetic Fields in Electrical
Engineering: understanding basic concepts,
Prof dr P C T van der Laan, Shaker Publishing,
2005, revised 2010, ISBN 978-90-423-0271-6;
104pp, softback, 36.00 €, available from
www.shaker.nl

Dutch EMC authors have been busy in the last
few years. The classic Electromagnetic
Compatibility by Jasper Goedbloed has been
revised by his colleague Mart Coenen; and
Professor Piet van der Laan has revised his own
Electromagnetic Fields in Electrical
Engineering. Both these books are highly
recommended.

Jasper Goedbloed’s book has long been a
required textbook for anyone wishing to enter
the EMC field. Goedbloed himself retired some
years ago, but Mart Coenen (now working
independently under the name EMCMCC) was
a well-known member of the same team at
Philips Eindhoven from 1979, and has been a
major contributor to EMC standards
committees in this time. He’s particularly
associated with IEC 61000-4-6, and the more
recent development of IC-level EMC
standards, particularly IEC 61967 and 62132.
This experience has given him the same view
of EMC standards as his mentor. Frustration
with the standards development process
occasionally bubbles to the surface. For
instance, this from the preface:

“One is to remain critical and sceptical to all
EMC information, e.g. accompanying reports,
application or installation guidelines provided
with components and products that you intend
to use. Most of these guidelines provided are
incompatible with one another and block
straightforward integration or may leave the
reader in despair ... In the meanwhile EMC
has led to more than hundred related national
and international standards and a complete
institutionalized structure has been built ... all
those national and internationally approved
standards, their test setups and measurement
procedures remain artificial with regard to the
real phenomena in the real situation ... In the
meanwhile, EMC schools have developed,
often in parallel and not combined with those
to whom signal integrity or power integrity is
of even higher concern. Due to the economic
pressure to speed up product developments,
electrical engineers have gone into the “cut,
copy and paste” mode with respect to their
designs, this to avoid any risk that their
product will not work ... With integrated
circuits it is often such that functionality is
guaranteed by the supplied information, but
EMC compliance is most definitely denied ...”

Nodding heads all around. How does this book
help? EMC, says the original author, can be
classified in terms of a limited number of
fundamental interference problems. The book
addresses these fundamentals so that the reader,
“starting out correctly, will be able to design
in an EM-compatible way or to analyse and
solve EMI problems. Insight here is considered
more valuable than the recipe for tackling a
symptom”. And indeed, insight is the mainstay
of this work.

The mathematical underpinning of the subject
is present but not obtrusive; the maths is no
more difficult to follow than that which is
commonplace in ordinary electronics
textbooks. Crucial issues such as the transfer
impedance, the screening properties of plates
and enclosures, and the design and
performance of filters are tackled in such
straightforward fashion that insight flows
naturally from it. The fundamental question of
system reference design is clearly distinguished
from the vague and confusing notion of
“earthing” with which most engineers are
unhappily familiar. The section on transformer
parasitics as they apply to interference coupling
should be required reading for every SMPS
designer. Also, immunity from impulsive
disturbances and the issue of device non-
linearity are each given a chapter; a proper
treatment of immunity is often lacking in other
works.

There are many examples and demonstrations.
The demonstrations of crosstalk coupling and
related subjects in chapter 4 are particularly
useful, indeed this reviewer has (shamelessly)
used them himself for many training seminars.

Coenen has restricted his revision to minor
editorial changes and the occasional
amplificatory comment, based on experience
over the years. Obvious anachronisms have
been corrected, although since the book deals
much more with fundamental principles than
with the detail of actual circuits, most of the
examples remain relevant 20 years on. Rather
quaintly, one anachronism not eliminated (in
the last chapter) is the advice that to distinguish
between Class A and Class B emissions limits,
one can “apply to the authorities for an
explanation. In the UK one may apply to the
Radio Communications Agency of the
Department of Trade and Industry”.
Presumably the author hasn’t tried this himself.

There is more on transistor- and IC-level
immunity, but no discussion of EMC-driven
developments in digital electronics over the last
10 years, for instance in decoupling techniques
and the impact of ever-higher operating
frequencies. There is very little on digital
circuit emissions, although that’s hardly a
problem amid the welter of other EMC books
which address nothing but this aspect.

A criticism of the second edition is that the
layout and presentation of the book is
noticeably more sloppy than the original. A
different publisher is involved, and their house
style and layout rules are not as well controlled
as in the 1992 edition. Diagram placement is
less than ideal, paragraphs have been elided or
split unnecessarily and useful italicised
emphases have been lost. Also, a few
occasionally serious typographical errors have
crept in, unnoticed by the proof reader. The
indexing is much more comprehensive,
although this doesn’t necessarily make it any
easier to use: some keywords have four lines
of page numbers allocated to them.

For these reasons, and because the changes are
not major, don’t rush out to get the new edition
if you already have the first; but if you are a
practising EMC engineer and you haven’t
encountered the book before, this is an essential
addition to your library.

Piet van der Laan has retired from the Technical
University of Eindhoven where he was
professor of Electrical Engineering, with an
emphasis on high voltage power engineering
and, consequently, an unavoidable interest in
EMC. His book tackles the basics of
electromagnetic field theory, from the
perspective that “too much mathematics in field
theory has - unfortunately - convinced many
people that circuit theory is more practical and
relevant.”

Van der Laan does not denigrate circuit theory;
by contrasting Maxwell and Kirchhoff, he
merely shows that it is in fact derived from the
more general field theory. The mathematics is
not absent, but neither is it overwhelming, and
it is clearly and profusely illustrated with many
diagrams. The various aspects of
electromagnetic fields are concisely covered
and put into context with the more familiar
materials of electrical and electronic engineers
- components, wires, motors and structures.
Helpfully, each chapter ends with a summary
of what has been covered, so that the time-
pressed reader can extract the kernel without
diving into the detail.

The book’s structure progresses from the
universal – fields, fluxes, Maxwell’s laws and
electromagnetic forces – through to the more
particular – Kirchhoff, capacitance,
inductance, coupled inductances and finally
EMC. The author is not above a little whimsy;
having calculated as an example the
capacitance of the Earth as 708µF, he says
“notice how inconveniently large a Farad is;
even our Sun with a radius of 696000 km has
only a capacitance of 77.4mF”. An illuminating
final appendix lists and explains areas where
there are conflicts between Kirchhoff’s and
Maxwell’s models. As an aid to understanding
the physical basis of, well, the whole of
electrical and electronic engineering, this book
is invaluable.

Book Review
Tim Williams, Elmac Services

The EMC Journal May 2011
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A Quaker, on seeing a felon in his house said “Friend, I would
not harm thee for the world, but thou standest where I am about
to shoot”.

The statue of David in Florence by Michelangelo is known to
millions.  But few are aware of the Janus-like features on the
face of the sculpture.  Viewed from the left, a benign gentle
smile is on the face.   But viewed from the right the face shows
a grimmer expression.   As with much in life there are two sides
to everything - too much or too little but the median – just
right.

Disturbance Phenomena
Prof Dr Marco Leone in ‘Interference Technology 2011’ (1)
raises new questions on solar and wind energy, smart grids,
and e-mobility all topics of growing importance.  These new
technologies raise new questions concerning EMC, not only of
a technical nature.  All disturbance phenomena have physical
causes – these phenomena are found across very wide
multidisciplinary areas.  From effects on communication
satellites, causes of the Aurora, compass swings, watch
malfunctions, seismic disturbances, which can and often do,
lead to outgassing and strange lights, navigation problems.  And
in birds, animals and humans, effects on perception, molecular
spin, orientation.  Opposite poles attract – like poles will repel
each other.

Compasses
These ancient devices can tell us a great deal, as the Chinese
knew when they hung a small lodestone at the prow of a boat to
indicate direction.  Humans, birds and higher animals also carry
magnetite particles in the skull – in humans in the ethmoid sinus
behind the bridge of the nose.   A small hand held compass
shows interesting movements when placed by a mobile phone,
a DECT phone, a magnetic cooker hob and much modern
electronic equipment.

There are many reports of compass swings on a larger scale in
the environment.  In Santa Cruz in California there is a seismic
vortex some 150’ in diameter where compasses swing wildly
and people very frequently feel dizzy and nauseous.   At St
Ignace in Mississippi there is a similar zone some 300’ of
geomagnetic disturbance. And what might happen should
industrialists wish to build their new factory there? Certainly
staff will exhibit adverse health effects, some, the more
susceptible, serious affects.  In the same way equipment at some
work stations will malfunction.

In the UK, Schiehallion in Scotland causes compass swings
and strange mental effects.  On Dartmoor in a site the MOD
uses for training the same thing happens and the men are unable
to rely on the visual north in their compasses.  Think of the
geomagnetic field as litmus paper, it will tell you something
unusual is there but in this case seismic measurements are

Tests as Real Life - Your Place or Mine?

needed to ascertain not only field strength but direction of dip.
Another example in the UK is Lastingham in North Yorkshire,
again compasses swing and people feel very strange and “spaced
out”.  Aphasia in some, inertia, disorientation.  Would you build
your factory there?  Do developers consider the geomagnetic
field when they are planning a new site?

Seismic energies occur in near surface layers of the Earth and
electromagnetic pulses can be generated to considerable depths,
with the exit to atmosphere along crystalline (quartz) rocks.
There will be zones of abnormal Natural Electroregister Field
(NEMFs) intensities.(2)

Nature has thoughtfully provided Man with pointers to ‘bad’
places.  Flying ants in columns vertically above the ground,
cats love such places, dogs avoid them.  It is stressed that it is
necessary to range over data from many disciplines to consider
the body burden of geophysical and electromagnetic fields of
all types.  Known to geophysicists as the ‘Deborah Effect’ as in
the Old Testament (Judges 5:5).  Deborah was said to be ‘able
to move mountains’.  In the 21C Deborah is still hard at work
but now she is called “Plate Tectonics”.  The Himalayas are
uplifting due to the slow ride northwards of India.  The Highland
Boundary Fault in Scotland continues to drive obliquely.  The
East Coast is sinking slowly into the North Sea, an additional
hazard to the rising seawater levels.  The Welsh Coast is slowly
rising up.  Part of the UK problems are due to Isostasy.  The
immense Ice Sheets of prehistory covered the UK down to the
South Midlands and as the glaciers retreated, and the ice melted,
the tremendous vertical pressure was released and the ground
level rose.  This is still ongoing in northern Scandinavia.

Nature’s Hidden Power Lines
Subterranean electric ground currents are known to snake across
continents in the USA, Australia, Canada, Yucatan.  The current
is generated deep in the earth and it seeks low resistance rocks,
in accordance with Ohm’s Law and can be detected at the
surface with magnetometers.(3)  Near Broken Hill in Australia,
more than 1 million amps has been detected.

There is a major fault system in Leicestershire which causes
very unusual effects on people and buildings.  The complex
fault area extends some 50 miles and is an excellent example
of why TARL can show anomalous results.  Geophysics has
disclosed a complex fault system known as the Thringstone
Fault under the Charnwood Forest, which involves most of
Leicestershire and Midlands Plain.  Charnwood itself is an
ancient volcanic site and vertically layered rock strata indicate
the extreme folding and tilting in the ancient rocks.  On Croft
Hill itself are found Feldspar, Syenite, Silicon.  Many magnetic
anomalies are reported.

Earth - Unexpectedly Rising and Sinking
We tend to think of the Earth as static, except for Earthquakes,

By Anne C Silk FADO (Hons) FRSM, FRSA

The EMC Journal May 2011



35

but this is far from the case.  You will have observed, after you
have carefully cleared the odd stones, bits of flint and rock
from your pristine flower beds one year, that a fresh load is
sitting there next year waiting to be picked up.  How so?  The
Earth is constantly emitting Ultra low Frequency signals, a faint
pulsing, if you will.  Thus the steady ongoing resonance triggers
oscillations in the ground sending in slow motion, those pebbles
and rocks below the surface up into your garden.

To quote one example, the mean background magnetic field
near Santa Cruz in California is 480 milliGauss at 50° dip.  But
only 6 feet away in an old site in a redwood grove in the forest,
the reading was 4570 milliGauss (457,000 nanoTesla) with a
59° dip.  Salvatore Trento checked this several times to be
certain.  But of especial interest to those interested in Human
Effects of Earth Energy are the following facts.

At this site a cabin has been built.  Just by its entrance, most
people fell sick, nauseous.  Many lose balance and sense of co-
ordination and otherwise fell very strange.  Local lore says that
a meteorite crashed here over 2000 years ago, in addition there
is a fault across the area.  But in 1939 a potential buyer of the
land found, with his surveyor, that not only did the compass
swing unaccountably in the area, but that ‘on returning down
the little canyon, we felt very light-headed or top-heavy, like
something trying to force us right off the hill’.  Those interested
in following further down Trento’s work are recommended to
read his books and emulate his work in the UK with
geomagnetometers.(4)

An excellent UK starting point would be Fountains Abbey, in
Yorkshire, where a visitor in September 1998 wrote “Like
standing on a million volts”.  This was the sensation a
correspondent described after visiting the Abbey.  This man is
very sensitive to seismic energies so he had an idea of what to
expect at the site.  But he wrote, he was “totally wrong”.  He
had felt these energies elsewhere on many occasions, “but, when
I walked on it, I felt as though I was standing on a million volts
and would not have been surprised if I had caught fire and
disappeared in a cloud of smoke”.  Even more curious, he met
another person who is also sensitive to these energies who told
this man that when she had visited Fountains Abbey some years
previously, she had to spend the next three days in bed.

Dorset is a lovely county and ideal to site your new factory.
But it is alive with natural geophenomena.  At Lyme Regis, the
iron pyrites underground spontaneously ignited in the 19th C.
At Warmwell, what is the seismic source of the above average
water temperature?  And suppose that in your splendid new
state-of-the-art factory workers complain of the smell of
sulphur?  If your building is near Osmington, many gas seeps
have been reported over recent years from natural deep rock
fissures.

There are many sites in the UK where, shall we say, it might be
inappropriate to build your factory or office.   A small village
in Devon is known to trigger depression in residents and visitors.
It is a pretty village but the rock below is unusual and highly
faulted, therefore ELF frequencies are found and outgassing is
Puriton is somewhat unusual in that it is on a 100’ depth of
sandstone rock, which contains many quartz pebbles, and in
addition Strontium is neurotoxic and is highly radioactive.

Synergistic Effects
Workers are exposed to a multitude of hazards, such as physical
energy (noise, radiation, heat), toxic substances and stress.  The
effects of these workplace hazards in combination can be greater
than the effects of each individual hazard.  This combined effect,
in which the outcome is greater than the simple sun of its parts,
is called a “synergistic effect.”  The energies are non-linear,
not additive.  The electrical utility and electrical manufacturing
companies have conducted dozens of studies and field
measurements of their own equipment in laboratories
worldwide.  In the human environment however there are
confounding variables and non-linear effects where multi
sourced energies are present.(5)

EM Interference
The following examples of adverse human effects are taken
from the clinical experience of the writer and indicate the traps
for the unwary which lay in wait for susceptible individuals.

1. 25 year old man – amateur footballer.  He had an unusually
shaped cornea – the condition is known as Keratoconus and
had been referred for special contact lenses to restore visual
acuity as spectacles did not correct the problem.   All went
well and he was delighted with his new sharper vision when
playing on grass .  Then his club decided to fit synthetic
‘grass’ on the pitch in High Wycombe.  After the first game
on this surface he had to attend hospital as his eyes reacted
badly. After treatment, he resumed playing – this time on
another grass pitch.   Again all went well until the team
played on synthetic ‘grass’ – again problems with his eyes.
The third time, he came up to London to consult me as his
clinician. Careful questioning revealed that the problem was
the very high static charge induced in his body from charging
up and down the polymer surface of the ‘grass’.

This caused corneal breakdown ……  He carried on playing
football but only on grass.

2. S lived in Lancashire and carried a high static charge.  When
she touched anyone it caused a sharp ‘crack’ and a tingle to
the skin of the other person.  But when bank cash machines
came into her town, there was an unexpected effect in that
after the cash she had requested digitally came out, the
machine continued to churn out notes far beyond those she
had requested.  After the third time this happened – each
time reported to the Bank Manager within – she was asked
never to use that system of cash withdrawal again.

3. A member of staff in a well known sports stadium tried to
use the credit card mobile payment machine but four times
it ‘would not work’.  So she moved across the restaurant
and lo, it worked first time.  However, she said that she was
‘always getting static shocks’ and the card malfunctions. ‘It
happens all the time in this room’.

4. A man was referred for special contact lenses after he had
had three corneal grafts – the first two rejected.  But very
strange clicking sounds began to emanate from my USA
Electronic Binocular Microscope – a large 5’ high floor-
standing unit – when he entered my consulting room which
was some 20’ long.  I thought nothing of this, until it
happened again on his next visit – and every visit thereafter.
With some other patients the clicking was much fainter and
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only started when they were nearer to the unit.  But for 99%
of patients the unit was silent, as it was designed to be.  I
eventually realised that all of the ‘click’ causers lived at the
edge of Heathrow Airport and all had been referred from
the same Hospital to me.  Did the radar beams which pulsed
across the area cause a build up of static in these people?

5 The father of Miss C M was due to visit at 11.00a.m. to
discuss a business matter – he phoned to say he would be
late – a problem with his daughter.  He arrived at noon and
explained that his daughter aged 17, who gets up at 7.00a.m.
had not come to breakfast as usual.  Mother went to
daughter’s bedroom at 7.45a.m. and found her slumped in
her room, foaming at the mouth and unconscious.  C M had
mobile phone in one hand and electric (mains) hair
straightener, which was still on, in the other.  Mother brought
C M round and she then slept for 2 hours.

Father phoned the writer and told me she was now having 5
or 6 fits every week and GP had Rxd low dose epilepsy
drug.  Girl had had one previous fit aged 6, i.e. 11 years
earlier.  Family live at Southend.

Note that the current ‘craze’ for straight hair means that
many young women have purchased hair straighteners –
they cost from £15 to £120 and power varies as does
temperature.  ? power   ? pulse rate   ? H field.

Yes, this event may be a co-incidence but another woman
has told me that her two teenage daughters are “addicted”
to their straighteners and use 10 minutes twice a day!

6 All-Buried Magnets Posterior to the Socket.  In the 1960s
and 70s some ophthalmologists fitted a magnetic Allen
implant in the socket after removal of the eye, post trauma
or malignancy.  The idea was to impart better movement to
the prosthesis on lateral gaze, to my mind an academic point
as uniocular people tend to move the head rather than the
eye(s).  I vividly recall a 62 year old man from Wales,
referred to me postoperatively.  His surgeon had fitted an
Allen implant with magnet and neatly sewn the muscle
through the slots in the hemisphere of acrylic which held
the magnet itself.  I had to fit a custom prosthesis which
was to include a second magnet, this to be all-buried in the
new prosthesis, matched in every way to his good eye.  To
check the alignment of this second magnet, it was tied to a
thread and suspended in the socket over the buried (and
thus invisible) magnet in the head and its angular direction
recorded by protractor.  This was normally a painless
procedure with the patient unaware of what was happening
as the suspended swinging magnet was kept well out of sight
of the good eye.  But on this occasion the Welshman
screamed out and I swiftly swung back the thread holding
the magnet.  He said he had felt “something awful deep in
his brain”, but even worse, from my viewpoint was the highly
audible and very rapid clicking coming from the eye socket.
That day I had a trainee working with me and she too heard
the clicking.  Was this the Barkhausen effect with magnetic
domains re-aligning?  To this day I do not know.  But how
much knowledge of the potential effects of buried magnets
and ferromagnetic materials so near the brain did we have
at that time?  Since then I have had a healthy respect for all
metals buried in the body.  I well recall Cyril Smith’s horror

when I told him of this, as a physicist he immediately saw
the potential problems of this surgical technique.  What eddy
currents swirl around copper IUCDs?   And who is looking
at these matters in relation to EMFs?  The matter was
reported by the writer to the Royal Marsden Hospital and
this procedure ceased.

7 Drop Attacks.   Dept of Transport puzzled why some people
drop to the ground for no reason.  Some roads had many
cases.  Last Autumn, with a professional team measuring a
theoretical RF hotspot in the Chilterns, we saw a middle
aged man walking his dog across a path near us.  For no
reason he went down like a stone.  Not Injured but he was
very puzzled as to why this happened.

8 Disorientation.   Driving to the JR at Oxford for clinic
about 8.15 on a fine sunny day in 2010, I saw four girls
walking to school along the wide pavement. Suddenly one
veered off at 90° and walked straight into the line of traffic.
She was knocked down but not seriously hurt.  Main beam
side lobe of near multiplex transmitter 100m

9 At one site we visited near Birmingham the professional
meters used picked up and played music from the BBC and
another Tx 4 kms away whenever we touched the meter to
linear metals in the houses.  Iron beds, curtain rails, all were
re-transmitting RF signals.  Interestingly the manufacturer
stated that this was impossible, but my MoD colleague
observed the same effect.

Corroded Cables
Fireballs in car parks – a very unlikely event you would think,
but in fact 65 such events have been reported in Brooklyn, New
York and Manhattan.(6) One blew up a car parked over a
manhole and a 15’ (4.5m) column of flames shot up.  How so?
The mechanism is due to the vast amounts of salt spread on the
roads when the heavy snow fell last winter.  When the snow
melted great pools of saline water spread on the roads.  This
leaked underground and corroded cabling and junction boxes
below the street setting off sparks that ignited the underground
build-up of methane.  The ensuing eruptions sent the manhole
covers flying and fiery explosions.  And this will occur
anywhere, the USA is not unique.

Dr S Michalek, a geologist working at Falcon Lake, Ontario,
saw a purple light, smelt sulphur, heard noise like an engine.
There was a blast of hot air, his coat and shirt burnt and singed
with a grid-like pattern of 30 small burns.  Then he became
weak, lost weight, with diarrhoea and vomiting over several
days.

Flying Pilings in Norwich
 A most interesting report of unexpected magnetic effects at an
industrial site was reported in the ‘New Builder’ of September
1991.  The Castle Mall, a £125 million shopping centre
development was being built in Norwich, just outside the Castle
walls. The builders found a most extraordinary range of
problems with the metallic elements used in the construction.

• The pilings section rejected each other, like poles in a
magnet

• Expanded Pilings (installation company) found that
welds would not take
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• Casings were not charged off-site, but developed charge
on-site

• Steel reinforcements also became strongly magnetic
• Attempts to de-gauss the metals all failed

Two powerful industrial magnets eventually brought in to
counteract magnetism GB Geotechnics MD surmised that a
close electromagnetic source was involved and this triggered a
flux in the casings

Close inspection of Ordnance Survey maps disclosed two
known sources of EMFs in the vicinity. At 750m the main BBC
TV and Radio transmitter was located and at 125m the Anglia
TV transmitter was sited.  Each would emit in addition to the
omni directional signals, a main beam side lobe.  If the
frequencies were close (WHO 1993) a radio frequency hot spot
would have formed, an amorphous zone which was a non-linear
function of complex signals.  Underground cabling would add
to the mix, as well as any active seismic faulting below Norwich.
One can only imagine the RFI effects in adjacent offices

More Flying Pilings in Exeter
Chips Barber in his book on the West Country reported a similar
occurrence in Exeter when rebuilding work was carried out at
St Anne’s Brewery.  Here ‘iron pilings jumped about in the
air’, flying up after laying flat on the ground.  The workmen
were understandably ‘terrified’.

Sinkholes
When the land is made of porous limestone, heavy rains will
permeate the rocks and dissolve and erode the underlying strata,
rather than running into lakes and rivers.  The Yucatan peninsula
in Mexico is one example where there are 6,400 known cenotes
(sinkholes).  But they can occur under cities – one example is
the ‘deep hole which occurred in Mexico City a few years ago.
They are found all over the UK in the Chilterns, Derbyshire,
Devon, Kent, Essex etc.

Spontaneous Craters in the Ground
It is not widely known that there are many examples globally
of the extremely rapid development of sink holes, or ‘Kettle
holes’.  Not sites to build your factory – but how do you tell?
In Thorpe St Andrew near Norwich in 2001 a man returned
from shopping to find a 20’ (6m) wide hole, 40’ (12m) deep
had developed in the back garden.  A geologist told Mr Whitaker
that this was a residual weakness from the last Ice Age.  There
are many examples in the Chilterns where deep holes develop
in the chalk.

Not a Meteorite but a Power Cable
In 2001 near York a woman walking her dogs in a field heard a
whistling sound and saw smoke coming out of the ground.  Then
a 1.5m (5’) deep hole suddenly appeared in the ground 30cm(1’)
wide.  Experts from Catterick Camp, Meteorite experts from
London and geologists from York University all rushed to the
area – and found nothing.  Until an electrical engineer found
that a high power electric cable 90cm (3’) underground had
split, shorted and blown.   A rare but not unknown event.

Short Duration Pules
At 0.001 Hz – 5 Hz short duration pulses of magneto-
hydrodynamic origin can generate field strengths in the vertical
meridian of 0.2 to 1000 V/m.(7)   Local variations occur

depending on atmospheric conditions and variations in the local
magnetic field.  The latter may be due to buried ore bodies,
ironstone, magnetite, haematite etc. and telluric currents.

Wifi and Schools, and Belgian Bank, Lipotropia
In 2003 I was involved to a small extent with a strange problem
with Dr Duvers and Belgian Bank staff.  The legs of many of
the staff in the bank, and some branches, were swelling at the
same level.  The swelling vanished when on holiday but returned
when they went back to work.  Many Belgian doctors were
asked for their opinions and for some reason, so was I.  Dr
Cuvers sent photos of the lipid swellings and also, as I requested,
of power points, flooring and cabling at the work stations in
the Banks.  Static was involved.  Lipids are polar molecules
and …………

At the ICNIRP meeting in Berlin in 2007 Dr
…………………… told us that E field of 500 Volts had been
measured at the metal runners on the desks – so clearly
microshocks were involved.

School Desks in the UK.  Most of us probably sat at wooden
desks at school facing the teacher.  This is no longer so.  Instead
plastic topped tables are used, with metal edges and metal legs
with cross bracing.  The children sit round the table and some
have to twist to see the teacher or whiteboard.  As metal bars
can and do act as RF pick-up antennas – are we going to see a
recurrence of the Belgian Bank problem in schools?

Static
It is often stated that the magnetic field of the earth is 50uT
(micro Tesla).  Yes, whilst this is true in places, it must be
remembered that this varies from 20 – 70 uT (micro Tesla)
[Health Physics 96 (4) 504-514 2009].  It is highest at the Polar
regions and lowest at the equator.  But small clips and
attachments, bags, magnetic toys etc can generate 0.50 uT.  An
MRI scan can be 3 T and some newer units are far higher.
Indeed the MRI used in academic research can be 10Tesla.

Las Vegas 2010
The new Vdara Hotel, opened in December 2009, operated by
MGM Resorts demonstrated (quite painfully) to guests a totally
unexpected ability when the sun was shining.  New York based
RV Architecture had designed the hotel but sadly no-one seemed
to be aware of the converging power of concave all glass
reflective surfaces.  For about 90 minutes a day at noon, the
light from the Sun is concentrated and reflected onto guests
sunbathing by the pool.  A lawyer, Bill Pintas stated to AOL
News that “It felt like a chemical burn” and added that the
beam even put a hole in a plastic bag he had with him.  “Within
30 seconds the back of my legs and back were burning”.  The
staff were well aware of the phenomenon and dubbed it “death
ray”.  But as quoted in Physics World Nov 2010, management
have yet to find a solution.  The Law of Unintended
Consequences strikes again!   Leonardo DaVinci wrote in
‘Codex Atlanticus’ in the Biblioteca Ambrosia, Milan.  He drew
an innovative (for the time) design for curved walls in fortresses
to mitigate the impact of projectiles.  These ideas derived from
his studies on light bending (refraction) of optics.

Human Effects
New threat to young people in Japan who are ‘hooked’ on their
computers and computer games.  There are 1 million
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‘Hikikomori’ – totally hooked on games in their bedrooms
(Times 28-1-11).  They will not leave the room for meals, to
see parents, or go to school or work.  They have developed in
an extreme form what Pavlov called a ‘conditioned reflex’.

- utter dependency on the visual signal in the PC.  In other
words addiction.

- Also now seen in business men and women – they are unable
to function without checking Blackberry or MP very
frequently.  Fanaticism has a long history but modern
technology must stand up and be counted in these new
serious health problems.

Emilie Brun of the European Agency for Safety and Health at
Work, at the ICNIRP meeting in Milan in 2007 said we should
be looking a new risks and she asked “what are the emerging
risks?”.  She stated that there are indeed ‘sensitive worker
groups’ and they are starting to look at these people.

Rapex
Few people are aware of this excellent website which is a mine
of information regarding electrical and electronic equipment
and the malfunctions thereof.   All goods imported into the UK
are subject to specialist examination and warnings are clearly
given when problems are found.  The possibility of electric
shock in a very wide range of equipment is covered as is also,
on the domestic side, the possibility of strangulation from items
of childrens clothing.  New laser items sold as childrens toys
are there, with warnings about possible irreversible retinal
damage.

All health researchers should check this site – it is very
straightforward to navigate.

RFI and Pacemakers
There are 240,000 people in the UK who have been fitted with
pacemakers of various types for diagnosed cardiac problems.
Many have been in use for several years and give no trouble at
all, provided medical after care checks are maintained.   They
restore quality of life to countless people of all age groups.

However there is a snake lurking in the long grass, which can
strike unexpectedly and trigger serious malfunctions.
Depending on the type of implant and type of mobile (cell)
phone (analogue or digital), or even Blackberry or I-Pod, to
name but a few devices, interference effects can occur if the
device is held too close to the chest,  carried in the left breast
pocket, or even if a child holds an electronic device close to
the chest of, say, his grandparent.   This is due to the fact that
the emitted signal from the devices can trigger the alarm.

Pacemakers are electronic implants fitted under the skin to keep
a watch on the natural heartbeat.  They restore the quality of
life to countless individuals, some 240,000 in the UK alone.
However with the advent of modern technology, including
mobile phones, iPods, Blackberries, Bluetooth etc., a new
hazard has emerged for some people.  You will know that
broadcast radio and TV signals can suffer from what is known
as Radio Frequency Interference, your set crackles, the TV
picture may develop pixels – little squares of colour which do
not relate to the programme images.  In some car radios the
station may switch spontaneously.  Broadcast signals in the UK
are set to change from analogue to digital, thus the waveform

is no longer a smooth sine wave.  It will be a sharp square
wave, with rise and fall times as compared with the smooth up-
and-down sine waves.

With the rapidly ageing population, more pacemakers will be
fitted, so it is timely to draw attention to the caveats of which
the public may be unaware, or have forgotten.

Parasitic modulation is well known to Industry but little known
to the public.

Electrical equipment should be held ‘a few’ centimetres from
the body – soldering irons, hair dryers, curling tongs,
straightening tongs, razors, mobile phones (15 – 20 cm), radio
telephones (15 – 20 cm).  Held half or full arms length from
the body – magnets (!), electric tools, electric blankets, heat
pads, remote controls, electric garden appliances, lawn mowers,
CB radios.  ‘As a rule’ many other devices are named, but as
manufacturers say ‘In rare exceptions EMFs from some devices
can cause temporary interference to the pacemaker’.  Quite
how one keeps an electric blanket at arms length from the body
is not explained – does it hover like Ali Baba’s flying carpet or
does one levitate above the bed?  Toasters, can openers,
microwave ovens, vacuum cleaners, dishwashers should not
‘as a rule affect the controls.  On no account lean over the car
engine when it is running, or go through airport security gates,
without declaring your implant.

The manufacturers, to give them their due, do warn in their
printed literature and on the web sites, that the cell phone should
not be kept in the heart area (left side of chest) and it should be
held at least 6” from the body, also that mobile phones should
not be held to left ear, but right ear.   But do patients remember
these caveats?   Are they warned by the cardiologists?  Probably
‘yes’ to the latter but as we are all aware, in hospital visits, not
everything discussed is remembered afterwards.   From many
recent cases known to the writer, the answer must be ‘Maybe’.
Certainly all devices will have passed EU tests, but how many
tests factored in the ambient environment for susceptible
humans?  The great costs to the NHS of many emergency
ambulance call-outs and subsequent hospital tests, which could
be avoided with care and advice.

The EMC and physics communities have what we might term a
front line view of these matters and they are to be congratulated
on their efforts, through main and Area groups and The EMC
Journal to raise Industry and public awareness of these
problems.
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Issue 93 of the EMC Journal carried the first of these “stand
alone” articles [13] on the EMC design of switch-mode and
PWM power converters – my attempt to cover the entire field
including DC/DC and AC/DC converters, DC/AC and AC/AC
inverters, from milliwatts (mW) to tens of Megawatts (MW).

In this series I aim to address all applications, including:
consumer, household, commercial, computer,
telecommunication, radiocommunication, aerospace,
automotive, marine, medical, military, industrial, power
generation and distribution, in products, systems or installations.

And of course I will not be forgetting the current “hot topics”
of hybrid & electric automobiles, electric propulsion/traction;
“green power” (e.g. LED lighting; and power converters for
solar (PV), wind, deep-ocean thermal, tidal, etc.).

[13] introduced a number of general topics and a number of
generic figures showing the various “building blocks” of single-
phase converters. Converters for three-phase inputs and outputs
(or any other number of phases) can be developed from those
building blocks.

This article addresses the circuit design issues associated with
the high-frequency power “switchers” (for DC outputs) and
“choppers” (for pulse-width-modulated (PWM) AC and DC
outputs) themselves. Later “stand alone” articles will address
input and output rectifiers; components such as transformers
and storage/decoupling capacitors; PCB layout; wiring; and
EMI mitigation such as shielding and filtering.

I generally won’t repeat material already published in the EMC
Journal [14], or in my recently-published books based on those
articles [15], so that you don’t get bored by repetition. But I
will provide the appropriate references.

2 EMC design of high-frequency (HF)
“switchers”
I am using the term “switcher” in this article to refer to HF
switch-mode power converters intended to provide DC outputs
(e.g. flyback circuits), see [16], and the term “choppers” to
refer to HF switch-mode power converters that produce pulse-
width-modulated (PWM) outputs, that can be used to provide
AC and/or DC outputs.

This section 2 deals only with HF switchers.

2.1 Compromising EM emissions and heat dissipation
Power converter designers want to use ever-lower rise/fall times

to reduce thermal losses and so increase conversion efficiency,
but as shown in Figure 2A this increases the energy in the higher-
frequency harmonics, and so increases radio frequency (RF)
emissions, especially at the RF resonances of the circuits and
their mechanical structures.

Figure 2A   More RF noise is created when switching
edges are faster

Also, beyond a certain point, “sharper” switching edges reduce
thermal efficiency, because they increase the height of the
voltage overshoots that can damage devices and increase
thermal dissipation. Reducing the height of the overshoots with
snubbers replaces the thermal losses in the devices with thermal
losses in the snubbers.

So too-fast switching edges can be bad for thermal efficiency,
and they are certainly bad for EMC, often requiring increases
in the costs of EMI filtering and/or shielding.

So overall cost-effectiveness and efficiency is a question of
finding the optimum rise/fall times, not simply using the lowest.
There is some sort of tradeoff required, as Figure 2B tries to
indicate.

EMC design of high-frequency
power “switchers” and “choppers”

One of a number of “Stand Alone” articles on the EMC design of switch-mode and
PWM power converters of all types

By Keith Armstrong, Cherry Clough Consultants Ltd, www.cherryclough.com
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Figure 2B    Cost-effectiveness and efficiency: finding the
optimum rise/fall times

I have solved several EMI problems that were holding up the
marketing of new products, simply by adding low-value (up to
around 100Ω) metal-oxide resistors in the gates of switching
FETs. The FETs did not run noticeably hotter, and the problem
emissions all went away.

In one case excessive radiated noise at 177MHz turned out to
be caused by the 177th harmonic of a very tiny DC/DC converter
exciting a resonance in the metal structure of a product.
Identified in a few minutes by a close-field probe and portable
spectrum analyser (see later), and fixed a few minutes later by
cutting the gate track and soldering in a series resistor.

This is a good reason for not using the internal power switching
device in a DC/DC converter “module”. Buying a module might
appear to make sense economically, and save space and
assembly time, but if the module switches faster than is
necessary the only way to meet the EMC requirements might
be to add a filter that has almost the same size, weight and cost.
Hardly cost-effective.

I have seen this exact problem occur on an automobile seat-
heater, switching tens of amps of battery current with a variable
pulse-width to control the temperature, with a pulse frequency
of around 10Hz. Because of the horrible way that automobile
manufacturers use the chassis for the battery current return from
items like seat heating elements, every time the PWM power
controller switched the car radio made a loud click, so it buzzed
away happily when the seat heaters were on.

To save cost, the supplier of the heated seat controller had used
a packaged power control module, with no way to slow down
the switching speed of the power devices, whose harmonics
(spaced 10Hz apart because of the pulse rate) went all the way
up into the FM radio band, and even FM modulation wasn’t
enough to eliminate the noise.

The only options were to use a circuit that provided for control
of switching speed (switching at 10Hz, even a 100 microsecond
rise and fall time wouldn’t require a heatsink), but that would
have increased the cost by about as much as the only other
option – fitting a filter. Using a twisted-pair wire to supply the
heating element would also have worked, but wasn’t permitted
by the vehicle manufacturer.

Of course, it was the usual situation – salespeople had negotiated
the sale of the heated seat controller to the automaker based on
the use of the low-cost module, but with no consideration of
EMC, and towards the end of the project, with delivery
schedules imminent, they found that the only way to comply
with the automaker’s EMC specification (part of the contract)
was to add so much cost that they would make a loss overall.

(Salesmen usually don’t care about such mistakes, because they
are paid a bonus on the value of the order, not on its profitability.
I know a company where they tried to make the salespeople
care about profitability by tying their bonuses to the profit made
on the contracts they agreed. They all resigned.)

An important note on voltage and current measurement
Where mains-powered (“off-line”) converters are being
measured, the ordinary probes used with ordinary oscilloscopes
are unsuitable because the ‘scopes use grounded chassis for
safety.

Never use ordinary probes by removing the safety earth
connection to the ‘scope, or by using a battery-powered ‘scope.

The chassis of the ‘scope will be at mains voltage and very
hazardous indeed. I have had some nasty shocks from ‘scopes
used in this way, even where the person who removed the safety
earth had thoughtfully provided a hazard warning label.

Even if using such a “floating” ‘scope, the very high capacitance
of the probe’s screen will tend to distort the measured
waveforms and can cause large project delays as non-existent
problems are chased.

So – when working on mains-powered converters – for safety
reasons always use high-voltage-isolated differential probes,
rated for the peak surge over-voltage and highest frequency
you want to measure, and checked as really being compliant
with all of the relevant parts of IEC/EN 61010 at the peak surge
voltage it requires, which it specifies depending on the
application.

Of course, there are hand-held battery-powered products sold
specifically for safely measuring mains-powered circuits, and
some of them provide some oscilloscope functions. These do
not need to use separate HV differential probes, but must only
be used with the insulated probes provided with them.

Note that CE marking and EU Declarations of Conformity prove
nothing at all because they only have legal relevance for
Customs Officers and have no engineering value. And “buying
in good faith” is a bad joke when your life depends on your
purchase being safe enough. It is strongly recommended to see
a favourable safety assessment from an independent safety
assessment agency, e.g. TUV, BSI, Semko, etc., for the exact
model purchased, and also to check with the issuing agency
that it is not a forgery. Plus it is important to take all necessary
precautions to avoid purchasing counterfeit instruments or
probes.

2.2 Circuit topology and design
It is best to choose a circuit topology that is as EMC benign as
possible, with “clean” waveforms that change as gently as
possible (given thermal dissipation considerations, see 2.1) for
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both voltage and current – i.e. low dV/dt and low dI/dt – at all
times throughout the cycle.

This usually means using topologies (circuit design schemes)
with exotic names such as: Resonant Mode [17] [18]; Quasi-
Resonant-Mode [19]; Single Ended Primary Inductance
Converter (SEPIC) [20]; Zero Current Switching (ZCS) [21];
Zero Voltage Switching (ZVS) [22]; Æuk [23]; Critical
Conduction Mode, etc.

I am not going to attempt to describe the many and various
circuit topologies, because this would go way beyond my
comfort zone – but I understand that resonant topologies that
combine ZVS with “continuous conduction mode” (CCM)
generally have lower emissions.

However, in multiphase/interleaved designs it may be that
“boundary conduction mode (BCM)” has some advantages. [24]
and [25] claim this is so for power factor correction boost
converters (see 2.10 below) and it may also be true for other
converter applications.

There are very many application notes, magazine articles and
conference papers on switcher topology, most of which focus
on thermal efficiency. But some of them (e.g. [26], [26a]) also
address EMI. So the best I can do is suggest doing some research
to find the topology that best suits the needs of your current
project whilst also reducing emissions. Application Notes from
Fairchild Semiconductors and Unitrode (now part of Texas
Instruments) are good places to start looking, as is [28].

Pulse-skipping and ‘hiccup mode’ types of circuits tend to have
higher emissions, and this can mean that a power converter in
lightly-loaded or standby mode can emit at much higher levels
than they do when operating normally. [26a] discusses some of
the relevant issues.

This came to light some years ago when an EMC test lab testing
a television, found that it met its emissions specifications when
displaying a TV programme, but failed them miserably when
in standby mode. The problem is that the EMC test standards
for most products used to state that they shall be tested “when
operating as normal” – but what is normal for a TV? Usually,
we consider normal operation of a TV to be when it is displaying
a TV programme, but in fact most TVs spend most of their
time in standby, so maybe standby is “normal operation”?

Anyway, I understand that most of the standards have now been
modified (or will be) to use phrases like this one, from CISPR
22 2006: “The operational conditions of the EUT shall be
determined by the manufacturer according to the typical use of
the EUT with respect to the expected highest level of emission.”

But the real reason we engineers bother at all with EMC is that
products with poor EMC immunity don’t work very reliably in
real life, and products with high emissions tend to interfere
with our customers’ equipment and annoy them. So, to help
achieve financial success we always design and test all of the
modes of converter operation for EMC.

If, for some reason, we decided not to use a benign converter
topology, and instead chose to use flyback-type buck or boost
converters because (for example) we had an application note

that looked as if it told us all we needed to know (they usually
don’t), we can try to reduce the emissions from these very-
noisy circuits by adding small soft-ferrite chokes (e.g. 0.5µH
ferrite beads) to limit the dI/dt [29], and/or add small capacitors
(e.g. 100pF) in series with damping resistors to limit the dV/dt
(called “snubbers” and discussed later).

A more sophisticated approach might be to use the ‘gate charge’
model to design our PowerFET or IGBT gate drive circuits, so
that they switch quickly enough, but don’t cause such high levels
of emissions. This approach is described in International
Rectifier’s Application Note 944 [30], which takes account of
the “Miller Effect” from CDG (PowerFETs) or CGC (IGBTs).

Some manufacturers offer power switching devices that are less
affected by Miller Effect, e.g. [31] and so switch “cleaner” than
other devices with the same rise/fall times, causing lower
emissions.

Circuit simulators are a good way of discovering “nasties” in
the waveforms, especially when the simulation models for the
components and interconnections take account of their stray
“internal” resistance, capacitance and inductance, even if only
first-order approximations.

I well remember purchasing a costly circuit simulator for
Marconi Instruments in the mid-1980s, to help us design a 150W
DC-AC switch-mode converter, only for us to abandon it when
it showed switching waveforms that oscillated rail-to-rail (150V
peak-to-peak) seven times at every switching edge. We simply
assumed that the simulator was giving a “garbage” output, which
was a bit disappointing given what we’d spent on it, and training
to use it. It took us six months of wrestling with the design to
discover that our switcher did indeed switch seven times where
it was only required to switch once.

We figured out the stray circuit elements (often called the
“hidden schematic”) that caused this bad behaviour, and found
that the simulator had been right all along! If only we had known
enough to believe its output, we could have saved 6 months of
work!

2.3 Pulse width and EMC
If we try to make a pulse width that is very narrow, for example
to increase the range of control of output voltage, we might
find that we get pulses that are narrower than the switching
devices’ turn-on and turn-off times combined.

The result is that the transistors will not be turned fully on or
fully off when they are commanded to change state again, and
this can cause excessive emissions of EMI. It can also cause
large cross-conduction currents that increase device heating by
more than expected, leading to unreliability in the field and
increased warranty costs.

It is an easy problem to identify, though, because the high levels
of emissions it causes will correlate with the situations where
the control loop is demanding very narrow pulse widths

2.4 Snubbing
Stored energy in devices and components has to be dissipated
after a switching operation, and ‘stray’ Cs and Ls in inductors,
conductors, and power switching semiconductors cause
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resonances. The result is voltage overshoots and ringing
following the switching edge, wasted power, and levels of
emissions increased by (typically) between 20 and 40dB at those
frequencies.

Figure 2C shows an example of a common resonance problem.
The chain dotted box shows the idealised first-order model of
a winding (primary or secondary) of an isolating transformer –
which consists of the ideal transformer impedance (Z, the
reflected impedance of the other side multiplied by the square
of the turns ratio) in series with the winding’s leakage inductance
and intrawinding capacitance (the capacitance between the turns
of wire in that winding).

Clearly this approximation to the non-ideality of the winding
is very crude indeed, but it does make it clear that the leakage
inductance and intrawinding capacitance are in parallel – and
(as we learned on our Mother’s knee) a parallel L and C have a
very high impedance at their resonant frequency.

Figure 2C   Snubbing primary and/or secondary circuits

As Figure 2A shows, a switched current has a wide frequency
spectrum, and the components of that spectrum that lie near to
this parallel LC resonance will experience a much higher
impedance than the other components – and so will generate a
much higher voltage than they do. Bingo! – voltage overshoot
and ringing on every switching edge.

When we see unwanted ringing at, say, 16.5MHz, following
the edges of our switching waveforms, it tells us we will have
excessive emissions at 16.5MHz. It’s as simple as that.

In real designs the situation is generally much more complex,
with two or more ringing frequencies present, indicating two
or more resonances in our design.

Snubbers aim to provide an alternative, lower impedance path
for the currents that lie near the problem resonance frequencies,
so that they don’t generate such high voltages. This is often
called “damping” or “damping down”, and it is a loss
mechanism and so has to handle some heat dissipation.

Figure 2C shows the favourite places for fitting RC snubbers,
used to dampen down the parallel resonances in its isolating
converter example. Snubbers are used on the primary side to
dampen down the primary winding resonances that are “excited”
by the fast edges and stored energy in the primary switching

devices. They may also be used on the secondary side to dampen
down the secondary winding resonances that are “excited” by
the fast edges and stored energy in the rectifiers.

Silicon carbide (SiC) Schottky rectifiers are expensive, but –
unlike the usual PN junction rectifiers –totally lack any stored
energy and so can often save cost overall because they generally
don’t need snubbers and can also make EMI filtering easier
and less costly. Some power switching devices also have lower
output charge, and so cause fewer problems. (I plan to cover
rectifiers in more detail in a separate issue.)

Given the switching devices, a good approach that maintains
thermal efficiency is to carefully choose or design components,
circuits and PCB/wiring layouts to increase the resonant
frequencies in the circuit. This is so that the resonances occur
where the harmonics from the switching operation (see Figure
8 in [13]) have less energy. Then “dampen” those resonances
with snubbers.

Resistor-Capacitor (RC) snubbers are easy to design but lossy.
Active devices such as rectifiers, Silicon Avalanche Diodes
(SADs) or Metal-Oxide Varistors (MOVs) are sometimes used
in snubber circuits, or instead of them, to recover some of the
energy in overshoots and undershoots. Although they permit
higher thermal efficiency than RC snubbers they will probably
not provide such good suppression of emissions.

Any devices used for snubbing or energy-recovery should be
very low-inductance types (never wirewound!) and be fitted
directly across the switched terminals of the power switching
devices, where the switching edges are the fastest and hence
where the highest-frequency harmonics have the most energy.

Snubbers have to handle power, and in powerful converters it
can be a problem to find resistors that can handle the snubbing
power without adding inductance that merely “retunes” the
ringing frequency rather than damping it.

2.5 Emissions from heatsinks
Switching device collectors and drains have stray capacitance
to their heatsink through their thermal insulators  (often 50 -
100pF), so their dV/dt injects transient currents into their
heatsink, giving them a dV/dt too, radiating E-fields, and causing
circulating common-mode (CM) interference currents.

I have seen a TO-220 heatsink tab on its own cause conducted
emissions to be 50dB over the conducted limit at 150kHz.
Connecting an additional thermal radiator to it just made things
worse.

Connecting a heatsink to the safety earth/ground  or ‘chassis’
injects the CM transient currents into it, making it noisy and
often causing EMC test failure, because the safety earth/ground
or chassis is not a sink for electrical noise!

Electronic designers often assume that “0Vs”, “earths”,
“grounds” or “chassis” are sinks for electrical noise, and in my
work fixing interference problems in real life I often meet people
who assume that because they ran a PCB track to a chassis
screw fixing point, or a wire with green/yellow insulation (or
braid strap) to a safety earth/ground terminal block, or to a
nearby water pipe, all the RF noise – even to several hundred
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MHz – should all somehow have “drained away”.

But our universe doesn’t work like that. The plain fact is that
the laws of physics (actually, Maxwell’s Equations, underpinned
by the theory of Quantum Electrodynamics) means that all
currents – including “stray” and CM noise currents – flow in
closed loops. There are no exceptions, ever, to this rule (in this
universe, anyway).

The loop that a current flows in, which at RF (say, above a few
tens of kHz) can just as easily include paths through dielectrics
such as heatsink thermal washers or the air (via stray capacitance
and stray inductance) as paths along conductors.

All such current loops are electromagnetic antennas, and since
we don’t want our SMP or PWM circuit to emit excessive RF
noise we call them “accidental antennas”. Up to the point where
their physical dimensions cause them to resonate, the larger
the size of the current loop – the higher the levels of radiated
and/or conducted emissions it causes.

The good news is that those same laws of physics mean that all
currents of whatever type “prefer” to flow in lower-energy paths
– which are the paths with the least impedance (generally the
smaller-sized loops).

This simple observation of how our universe actually works
shows us that what we need to do to reduce the emissions from
the stray currents capacitively coupled into heatsinks, is to
provide a small local loop (or loops) for the stray currents,
which maintain a low impedance up to our highest frequency
of concern.

These loops might well include conductors that we have labelled
as 0V, ground, chassis, frame, protective conductor, safety earth,
star point, VCC, VDD, 12VDC, 230VAC, whatever, but to a
propagating electromagnetic wave (which is what a current loop
really is, at any frequency) the label we put on a conductor
does not matter, the only thing that matters is the part it plays in
the impedance of its current loop (which, as I said earlier, can
include dielectrics such as heat-sink thermal washers and the
air).

The principle of designing small, hence local, paths for stray
and other unwanted noise currents, to minimise their accidental
antenna behaviour, is crucial to the cost-effective design of
electronic products for both signal integrity (SI) and EMC. And
not just for heatsinks!

This is because it is almost always easier, quicker, and much
less costly to reduce accidental RF emissions at source, than it
is to reduce them by using EMI mitigation techniques (e.g.
filtering and shielding). Especially since the mitigation is usually
thrown on at the end of a project when a product is failing its
EMC tests and overshooting its market-launch deadlines.

For more information on this principle see [32], and for its
application in systems and installations see [33]. For even more
information read [4] or Chapter 2 of [5], and for the relevant
in-depth analysis of Maxwell’s Equations, read Chapter 2 of
[34].

I discussed EMC design techniques for heatsinking in detail in

[35], which is also covered by Chapter 13 of [5], so I won’t
repeat them here.

It is important to note that heatsinking can be combined with
shielding to save assembly complexity and cost, and suitable
techniques are described in [35] (and in Chapter 13 of [5]).

[35] and Chapter 13 of [5] both describe the technique of using
a copper heatsink plane as a heatsink, which also makes the
best low-impedance current return path for stray heatsink
currents. They also mention using thicker copper plating for
the plane, up to “8 ounce” or even “12 ounce” copper, plus the
fact that some PCB manufacturers can laminate metal sheets
or plates in the PCB’s stack-up.

If the laminated sheets or plates are copper or brass, some PCB
manufacturers can bond to them with the copper plating of the
barrels of the via holes, to provide a Reference Plane for the
circuits that has both a very low electrical resistance and a very
low thermal resistance.

Low electrical resistance is of course very useful in power
converters that must handle large currents, and it is also very
useful for reducing interference from the systematic circulating
currents, sometimes called “ground loop” currents, caused by
connecting cable shields at both ends (as is required to make
them provide good shielding to RF), see [36].

Other articles in this “Stand Alone” series will discuss advanced
electrical solutions, such as PCBs with embedded wiring or
embedded busbars, but in the context of this section we are
more interested in the low thermal resistance of such a thick
metal plane.

Used as a heatsink, a thick metal PCB plane helps dissipate the
heat from the devices, keeping them cooler and/or allowing
more power to be dissipated by board-mounted components,
thereby reducing the overall cost of manufacture.

Extending the thick metal plate/plane beyond the PCB allows
it to conduct the heat to a larger heatsink or a “cold wall”,
making it possible to dissipate much higher levels of power on
the board, and also providing a convenient method of physical
assembly, saving even more cost. Figure 2D attempts to show
this and should be compared with Figure 3 in [35] or Figure
13C in [5]

Figure 2D    Example of combining a PCB with a metal
heatsink plate
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I mention the issue of “overall manufacturing cost” – which
includes warranty costs – because this is actually important for
the financial well-being and continued existence of a
manufacturer, whilst the BOM cost (Bill of Materials cost)
almost never matters. But every year I speak to electronic
designers who are browbeaten by their managers to achieve
the lowest BOM cost regardless of the effect on the overall
cost of manufacture – which can have very serious repercussions
up to and including loss of the company when too high a
proportion of products are returned under warranty.

Regular readers of my articles will know that the current self-
destructive obsession with low BOM cost is a particular bugbear
of mine (see [11] and [12]).

Interestingly, in a recent series of training courses in China,
covering the material in [5] and [37], to senior people in Chinese
companies that are setting out to create their own brands, I
made a point of saying that the lowest BOM cost had nothing
to do with financial success, and what mattered was the overall
cost of manufacture, and everyone there agreed as if it was –
duh! – obvious.

Getting back to heatsinks and EMC, it is possible to use
“plugged” vias, which are completely filled with copper, for a
very much improved thermal conductivity to the PCB plane or
heatsink on the other side of the board.

Copper-filled vias also stop solder paste from being sucked
down the via hole and possibly causing a dry joint for the
component, so can be helpful when designing with ball grid
arrays (BGAs) by allowing “via-in-pad” layouts that save a lot
of routing space, make it possible to use fewer layers in the
stack-up, and also reduce the impedance in the BGA’s power
busses, and so are good for EMC.

In May 2008, there were 18 PCB manufacturers offering
copper-filled via services in the UK, and at least one of them
will manufacture small quantities for a bare-board price of about
10% higher than boards with non-filled-vias.

An important issue with copper-filled vias is that their surface
must be flat, so as not to trap bubbles of air when the solder
paste is printed on them. During reflow soldering, such bubbles
will expand and even burst, often creating a weakened or dry
joint.

Prototype THP boards that will be manually soldered can have
their vias filled instead with high-temperature solder to save
the cost of plugging them.

2.6 Preventing self-oscillation
Switching devices can self-oscillate in themselves, causing high
levels of noise emissions, and overheating. This is a problem
for PowerFETs, especially paralleled PowerFETs.

I well remember a presentation in Stevenage UK given in the
mid-1980s by Ed Oxner of Siliconix – one of the original
inventors of PowerFETs. While experimenting with some early
die in TO-3 metal cans (remember those?), he had two of them
in parallel (to increase the current handling), side-by-side with
their TO-3 cans (the FET drains) linked with a short copper
bar. One leg of the DC supply was connected to the centre-

point of the bar.

The PowerFETs were running stinking hot, but Ed could find
no cause for this in the waveforms he measured around the
circuit with his 1GHz oscilloscope. But he always measured
the drain voltage by placing his ‘scope probe on the centre of
the busbar where the DC supply was connected to the two FET
drains.

After struggling with the problem for days, he accidentally
touched his probe to one of the TO-3 cans, and immediately
saw hundreds of volts peak-to-peak at nearly 1GHz. Using two
probes, one on each TO-3 can, he saw that they both had the
same waveform, but in antiphase!  The short copper busbar
had enough inductance in it to cause the paralleled PowerFETs
to oscillate at nearly 1GHz, but the centre of the bar was like
the centre of a see-saw – no voltage on that at all!

This was a big shock, of course, high-current semiconductors
that could switch so quickly that they could oscillate at GHz
had never been seen before, and remember these were very
early prototypes, not production versions that would be expected
to have “better” (i.e. faster) switching characteristics.

Anyway, the point of this little piece of history is that
PowerFETs love to oscillate and cook themselves, and since
most SMP and PWM development laboratories are only
equipped with oscilloscopes that measure up to 300MHz or
so, designers might not be able to see that self-oscillation is the
cause of the excessive heat dissipation and poor thermal
efficiency.

Converter designers working with power up to, say, 1kW,
therefore need to have oscilloscopes and probing systems that
can measure to well over 1GHz. Converter designers working
with low-voltage PowerFETs at up to, say, 100W, probably need
at least 6GHz oscilloscopes and probing systems with
appropriate probing techniques to be sure not to be blind-sided
by self-oscillation.

Oscilloscope probing at GHz does not allow the use of long
probe “earth leads” with crocodile clips, and GHz+ ‘scopes
and probes are expensive (especially if high-voltage isolated
and differential!) – so an easier technique might be to use a
small unshielded close-field probe with a spectrum analyser.

An unshielded magnetic loop probe will detect GHz currents
and voltages when all it is, is a 10mm-diameter shorted-turn of
wire at the end of a 50 ohm cable.

Figure 2E is a photograph of the unshielded loop probes I have
used since 1990 to solve very many real-life EMC problems,
although these ones are only insulated enough to be suitable
for low-voltage circuits.

I have blown up the input mixers on two (low-cost, thankfully)
spectrum analysers by accidentally touching an uninsulated
probe to a live circuit – it only takes a few volts! So all close-
field probes must be insulated with sleeving or encapsulation,
and for safety with mains-powered circuits the insulation should
consist of at least two separate layers, each capable of
withstanding the peak surge voltage. IEC/EN 61010 is the
relevant safety standard (with different parts for instruments,
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probes, etc.).

Figure 2E    Two examples of low-voltage-rated home-
made close-field probes

Figure 2F shows some of the low-cost spectrum analysers that
can be used to great effect with such probes. For portability I
use the Thurlby-Thandar shown bottom right, which cost me
£862 a few years ago and measures to 1.3GHz. They also have
a similar model that does up to 2.7GHz. These little spectrum
analysers are very handy indeed, help solve all sorts of EMC
problems quickly when used with close-field probes, and are
priced so that everyone can have one (and why not)?

Figure 2F  Four examples of portable spectrum analysers

Of course, if you work for a large or rich company, you
absolutely must have the Rohde & Schwarz or Agilent portable
spectrum analysers, pictured bottom left and top right.

The Agilent E7400 series (top left) doesn’t fit in a pocket, but
is light and rugged and easily portable, and includes Quasi-
Peak and Average detectors that meet the CISPR specifications
for all but the most difficult noise sources. Because they are a
15 year old design there are many 2nd-user examples available
at very good prices.

They don’t have Ethernet, Wi-Fi, Bluetooth or USB connections
– and nobody now uses the GPIB or floppy disc interfaces they
do provide – but in any case I’ve found it is generally quicker
simply to photograph the display of a spectrum analyser than
use their PC interface software to capture screen-shots. (Where
would we be without digital cameras?)

(Incidentally, I will be providing a few hours of demonstrations
and tutorials on the wonderful things one can do with close-
field probes and a low-cost spectrum analyser at EMCUK 2011,
see page 13 in this issue of the EMC Journal.)

By waving such a probe near to a power converter and seeing
the spectrum analyser display high levels of noise emissions at
several hundred MHz or even a GHz or two, it only takes a few
seconds to identify a self oscillation problem, quicker than
connecting a 6GHz ‘scope probe. And this technique just as
quickly shows when a “fix” has worked.

I recommend checking all hoped-for fixes with the devices
cooled to -20°C or less, and then again with them heated to
+150°C or more, for example by using dry nitrogen temperature
forcing equipment (or freezer spray and a hot-air gun). This
will help ensure that the fix works with the inevitable variations
of device characteristics found in serial manufacture (although
it is no guarantee).

Such self-oscillations in semiconductors are generally cured
by driving their gates/bases through low-value resistors
(typically between 3.3 and 100 ohms), or soft-ferrite RF beads
having a resistance (not inductive reactance) of the same order
at the frequency of oscillation.

It is most important that the resistor or bead is located
immediately adjacent to the devices’ gates or bases. In the case
of leaded devices, they should usually be fitted in the legs of
the devices, which usually means threading ferrite beads onto
the legs prior to assembly on the board.

Sometimes it seems that placing a ferrite bead in the source/
emitter lead instead (or as well) prevents self-oscillation. As
before, the bead must be very close to the body of the device.

Paralleled Schottky rectifiers can also self-oscillate, because
at some currents they exhibit negative resistance. In this
situation, the low-value metal-oxide resistors or ferrite beads
must be located immediately adjacent to the body of each
paralleled Schottky, slipping a ferrite bead onto the legs of
leaded devices, if necessary.

2.7 Stability and decoupling
AC-DC and DC/DC power converters are generally used with
decoupling capacitors on their outputs, which – by design –
have very low impedance over a wide frequency range, possibly
causing problems for the stability of the converters’ voltage
feedback loops.

Unstable converters cause high levels of emissions, so it is
important to make sure they will remain stable with the full
range of resistive/capacitive/inductive loading that could
foreseeably occur in real life.

Stability can be hard to measure at the output, due to the filtering
effect created by the decoupling capacitors, so it is best to
monitor a point within the voltage control feedback loop –
usually the error voltage – to see if it oscillates (or rings too
much) when the resistive part of the test load is mechanically
switched from low current to high current, and when switched
back again. Ideally, the peak overshoot on the feedback should
be less than 60% more than the steady-state value and there
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should be less than 2 cycles of ringing, with any likely
combination of real-life loading.

To help ensure stability in real-life, despite differences between
batches of devices, repeat the switched-load stability tests with
the control IC (ideally the whole circuit) circuit at -20°C or
less, and then again with it heated to +150°C or more, for
example by using dry nitrogen temperature forcing equipment.

An alternative to the above switched-load stability test is to
load the converter with single frequency and sweep it over a
range while monitoring the output voltage on an oscilloscope.
This makes it easier to determine the poles and zeros of the
converter’s transfer function, to use in calculations or
simulations. A description of a suitable method is given in [38],
and can easily be adapted to other kinds of switchers.

2.8 ‘Spread-spectrum’ techniques
Switching circuits emit all their RF leakage energy at basic
switching frequency and its harmonics, and with a constant
(fixed) switching frequency all of their emitted energy falls into
very narrow frequency bands, which consequently measure as
having high levels of emitted noise.

However, varying the basic frequency quasi-randomly, e.g. by
using “spread-spectrum” clocking for switchers and “dithered”
or “chaotic” PWM, spreads (smears) the emitted frequencies
around, and – if the frequency spread exceeds the resolution
bandwidth (RBW) of the EMC measuring receiver (e.g. CISPR
specify 9kHz RBW when measuring in the range 150kHz to
30MHz) – the emissions will be measured as being at lower
levels. [39] [40] and [41] may be interesting.

Figure 2G shows an example of the reduction in the peak levels
of emissions achieved by using a particular kind of spread-
spectrum technique. The technique has only reduced the peak
levels by about 10dB, but when the Quasi-Peak or Average
detectors are used, as required by most EMC emissions test
standards, we could expect the measured emissions to reduce
further. If the spread-spectrum technique concerned is really
very effective, measured emissions could be reduced by up to
another 15dB (Quasi-Peak), or 30dB (Average).

Figure 2G  An example of reducing conducted emissions
by spread-spectrum clocking

For example, to make a 3dB difference in the 150kHz – 30MHz
band (9kHz RBW), the switching frequency would need to

spread over at least 12kHz, and for a 6dB reduction at least
18kHz. For a 180kHz basic switching frequency, an 18kHz
spread spectrum would be described as ±10%, but a 1.8MHz
switcher would only need ±1%.

It is worth noting that this reduction is only achieved on EMC
emissions tests that use integrating detectors (e.g. the CISPR
Quasi-Peak, Average, and RMS detectors) and a test that uses
a Peak detector (as specified by some ETSI standards) would
measure just the same regardless of the frequency spreading.

Some large converters have always used spread-spectrum
clocking to avoid acoustic noise and vibration that could
otherwise cause mechanical damage.

Of course, spread-spectrum techniques don’t reduce the
instantaneous emissions at specific frequencies, and only
measure lower emissions because of the integration
characteristics of emissions detection instruments. So, with
fixed-frequency radio channels, spread-spectrum clocking is
less likely to cause high-level interference, but more likely to
cause low-level interference, but it might be more likely to cause
interference with certain types of digitally-modulated radio
channels.

Computers and other IT equipment can now be interfered with
by noise lasting less than a nanosecond, so spread-spectrum
clocking might be best regarded as a trick to pass tests, rather
than an effective means of reducing a product’s interference in
real life.

2.9 Beating and intermodulation
The frequencies (basic + harmonics) generated by an HF
switcher will “beat” with the frequencies generated by other
switchers, choppers, even clocked digital circuits or the
sampling clocks of A/D and D/A converters, in the same
product.

This beating is caused by intermodulation in semiconductor
junctions and any other non-linear devices, and it creates new
frequencies at the sums and differences of those frequencies
and their harmonics.

Beating is especially troublesome when the intermodulation
frequencies fall within the passband of an analogue circuit,
where they cause whines, whistles, and pulsating noise signals,
with frequencies that continually fluctuate as the original
frequencies drift slightly due to temperature, load current, etc.
On video signals, beating noises generally appear as bright
diagonal lines or cross-hatches on the display.

Figure 2H shows a simple example with just two frequencies,
40 and 50kHz.
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Figure 2H    Example of beating (intermodulation)
causing noise in the signal passband

Non-linearities in the signal-processing devices and circuits
rectify each of the two clock frequencies, resulting in
demodulated noise at 0Hz, generally called a DC offset or zero-
shift, which can be bad news on its own. Rectification also
creates harmonics, at twice, three times, four times, etc., the
individual clock frequencies. Figure 2H only goes up to 100kHz
so only shows the 2nd-order harmonics.

The two original clock frequencies “beat” to produce what are
called the 1st-order Intermodulation Products (IPs). There are
just two of these, at their sum and difference frequencies: 10kHz
and 90kHz respectively. Their difference frequency of 10kHz
happens to fall within the signal passband, and makes a noise
in the signal at that frequency. If it is an audio signal it would
be called a whistle, and if it was a lower frequency it might
instead be called a whine, even (if low enough) a hum.

If either of the two clock frequencies vary, this in-band IP noise
will vary by the same amount, changing the pitch of the whistle.

Figure 2H also shows three of the four 2nd-order IPs, when the
2nd-order harmonics add and subtract from each other and from
the original frequencies. The missing 2nd-order IP is at 180kHz
and so not visible on this scale. There are also six 3rd-order IPs,
eight 4th-order IPs, ten 5th-order, and so on, not shown on this
figure but generally diminishing in amplitude (unless they
happen to coincide with a resonance).

With the two original frequencies chosen in this example, only
f2-f1 lands in the wanted signal’s passband, but 2f2-2f1 is only
just outside it, at 20kHz, and a small reduction in either of the
clock frequencies (or both) could make it move into the signal
band.

The best solution to prevent in-band IP noise is to phase-lock
(synchronise) all digital clocks, sampling gates, switchers and
choppers to one master clock, so that so that the beat/
intermodulation frequencies remain fixed.

The individual operating frequencies can then be chosen so
that all of their IPs fall outside the signal passband (either above
or below) maximising the signal-to-noise ratio (S/N, or SNR,
or THD+N) performance of the circuit.

Some HF switchers and chopper control ICs provide master

clock inputs, which force the circuit to switch at the same rate.
But where devices must use different frequencies, they can all
be phase-locked to the same master clock by simple frequency
dividers, phase-locked loop frequency dividers/multipliers, and
even by fractional-N synthesisers.

There are several free intermodulation calculators available
from the Internet, usually intended for use by
radiocommunication companies but easily used for the type of
calculation required to keep the beat frequencies out of a signal’s
passband.

However, phase-locking two or more “noisy” circuits can
increase emission levels if it results their fundamentals or some
of their harmonics coinciding at the same frequency. A solution
to this can be to synchronise the various circuits and add a
time-delay (a fixed phase angle) between each one, which causes
the peak switching currents and peak emissions to be reduced.
The best results are achieved by running two similar converter
circuits in antiphase, three similar converters in three-phase,
or (to be general) N similar circuits in N-phase. This leads us
into the next section.

2.10 Multiphase/interleaved converters
This has become the standard method of providing the very
high current low-voltage DC supplies for microprocessor cores,
which can require 0.9VDC at 100A or more.

Instead of a single high-current DC/DC converter, two or more
smaller identical converters are operated in parallel and at the
same frequency – with appropriate phase angles between their
clocks.

The ripple voltages at the DC inputs and outputs of the
multiphase/interleaved converters are lower because of current
cancellation, and the ripple frequencies are higher (by N, the
number of converters) – which makes them easier to filter with
smaller components.

Such “multiphase” switchers need less decoupling capacitance
for the same ripple voltage, at both their DC inputs or outputs,
than would a single supply (shorter “load hold-up” times
between charging pulses). Or they can use the same value of
decoupling capacitance at the output for lower output DC ripple,
or at the input for lower conducted emissions on their DC inputs
(and, eventually, on their mains leads).

For example, the LTC6909 multiphase converter clock
generators provides 8 clock outputs with pin-programmable
phase angles from 45° to 120°, a resistor-programmable clock
frequency from 12.5kHz to 6.67MHz, and can spread-spectrum
by up to ±10%.

[24] recommends the use of “Interleaved BCM” in power factor
correction (PFC) circuits (which I intend to cover in a separate
article) to improve efficiency and reduce EM emissions.

3 Pulse-Width-Modulation (PWM)
“choppers”
PWM choppers “simulate” or “synthesise” AC or DC output
waveforms by varying the mark-space ratio of the HF power
switching circuits. A fixed mark-space gives a DC output, and
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a repetitively-varying mark-space gives DC + AC. AC output
(e.g. a sinewave with no DC offset) is achieved by ensuring the
average value of the repetitive output voltage is zero.

Typically, the chopping frequency is generally at least ten times
higher than the highest AC output frequency required, so as to
produce an output waveform with an acceptably low distortion
for the application.

Figure 2J shows a simple PWM chopper circuit, using an “H-
Bridge” of power switching devices to provide four-quadrant
control of the output AC, AC+DC, or DC.

Figure 2J   Example of single-phase (1φφφφφ) PWM chopper

Figure 2K is a simple example to illustrate how PWM works.
The output voltage is “hard-switched” to achieve low heat
dissipation in the power devices and the mark-space ratio of
their switching waveform is varied repetitively to – in this
example – produce a current that, when integrated by the
inductance of the load (e.g. an electrical motor) it approximates
to a sinewave.

Figure 2K   A simple example PWM

Where the output requires very low distortion, e.g. for audio
signals, the chopping frequency may need to be more than 100
times the highest frequency.  At the other extreme, some DC-
AC inverters that provide 110/230V for powering mains-
powered equipment from car batteries (for example) only switch
at three times their AC output frequency, because the rectifier-
capacitor inputs of their intended loads (chargers for laptops
and cellphones) will generally work and not be damaged by

their very distorted mains waveforms.

The output PWM voltage is usually connected directly to the
load, relying on the load’s electrical inductance and/or
mechanical and/or thermal inertia to integrate the “chopped”
PWM waveform to create the desired resultant DC or low-
frequency waveform in the desired parameter, for example
magnetic flux, mechanical motion, heat, etc.

Unfortunately, connecting a PWM output to the load is like
connecting a powerful radio transmitter, transmitting at its
fundamental and many harmonics, to an electrical load instead
of to a radio antenna. A 10kW PWM motor drive is really just
a 10kW radio transmitter with a multifrequency output, and
because the cables used, and the loads, are not impedance-
matched to the PWM output there will be ringing, reflections,
etc., which could cause huge amounts of conducted and radiated
emissions.

It will be appreciated that it doesn’t take much “leakage” from
a 10kW motor drive’s output circuit to cause a failure to comply
with the CISPR limits for radio frequency (RF) emissions!
Figure 2L shows a real-life measurement of the output voltage
and current of a 700kW variable-speed AC motor drive (a
“VSD”). The measurements were made with a “power quality”
meter that had a bandwidth limited to 5kHz, and since the
switching frequency of the converter was around 5kHz the meter
could not accurately display the switching waveform.

Figure 2L  Example of 700kW variable-speed AC motor
drive

Many of the EMC design issues discussed above in the context
of HF switchers, also apply to HF choppers. For example, too-
low rise and fall times can cause excessive RF emissions,
overshoot and ringing can require snubbing, power switching
devices can self-oscillate, feedback loops can be unstable, and
multiple HF sources in one product can cause intermodulation
(“beating”) problems within the bandwidths of the wanted
signals.

But some of the EMC design techniques aren’t appropriate.
For example there are circuit topologies for DC-output switchers
that are designed to reduce their emissions, which can’t be
applied where an accurate PWM output is required.

If we try to simulate a sinewave that has peaks equal to (or very
close to) the maximum DC supply (“DC Link”) voltage, we
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can get switching pulses that are less than the minimum time
required to turn-on and then turn-off the power devices. The
result is that transistors will not turn fully on or off, which can
cause excessive EMI, if not excessive thermal dissipation, even
damage. It is easy to detect this problem, and to avoid it by not
specifying such extreme mark/space ratios.
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