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Rainford EMC Systems, the leading the
leading UK based global supplier of anechoic
and shielded chamber solutions, and now a
member of the Microwave Vision Group
(MVG), is pleased to announce that they have
recently been appointed the exclusive UK and
RoI distributor for the Detectus EMC Scanner.

The patented Detectus EMC Scanner can be
used from the earliest stages in the design
process, allowing potential emissions
problems to be detected before they become
integrated into the final product, right through
to the use as a quality assurance tool on the
production line. The different standard and
high resolution scanners available, coupled
with the intuitive and easy to use software,
allow for a range of different sized EUTs,
including components, PCBs, cables and
complete products, to be quickly, easily and
efficiently measured.

The EMC Scanner also includes a
temperature probe allowing engineers to
assess the thermal characteristics of their
products and, has an immunity option which
allows for early stage localised radiated
immunity testing to be carried out.

Commenting on the appointment, Paul
Duxbury of REMC said “For 20 years,
Detectus has been dedicated to providing
market leading EMC near field scanning
technology, and today the EMC Scanner is
used worldwide by many leading electronics
companies. We are really pleased to be
working with Detectus on developing the
market further here in the UK and RoI.”

Jan Eriksson of Detectus adds “We see the
UK as a very exciting market, and through
the experienced and professional team at
Rainford EMC, we can together support this
market even better. I expect many good
things to come out from this cooperation.”

For more information, please contact REMC
on +44 (0)1942 296190
or sales@rainfordemc.com

Rainford EMC Appointed UK/RoI Distributor for Detectus

TESEQ, a leading developer and provider of
instrumentation and systems for EMC
emission and immunity testing, continues to
strengthen its relationship with the TATA
Power Company Ltd in India, following
successful recalibration of its Bangalore 10
metre, semi-anechoic EMC chamber to the
CISPR 16-1-4 standard.

TATA power systems are in discussions with
Teseq Limited for a further 6 chambers based
in Bangalore, Chennai and Coimbatore and
the overall project requires detailed logistic
planning to ensure success.

Working closely with Rainford EMC, Teseq
Limited was able to provide SVSWR and
NSA testing plus shielding effectiveness
certification at short notice, and to tight
timetables, to minimise disruption at the
Bangalore site.

Graeme Goodall, Finance Director of TESEQ
UK comments ”TESEQ UK is the only UK
company capable of providing UKAS
accredited chamber calibrations and regularly
delivers these in the UK, the Nordic Block,
throughout Europe, China and in India. It was
the ability to provide UKAS accredited
services, and the proven capability to manage
the logistics of overseas services, that were
key to winning this calibration contract.“

TESEQ UK hopes to expand its business in
India on successful completion of this
project, building partnerships with other
service providers to provide a wider breadth
of calibration services that can be offered to
end customers.

TESEQ’s fully accredited calibration facility
can address all the needs of professional
EMC test engineers. As the acknowledged
worldwide EMC experts in test equipment

design and manufacture, and as a provider
of EMC calibration and repair services,
TESEQ offers its customers a number of
significant benefits, over non accredited
competitors.

System designers and OEM manufacturers
will benefit from working with TESEQ who
can now provide the widest offering of
traceable and UKAS calibration tests for
EMC available in the UK, including
calibration of harmonics and flicker, while
offering competitive pricing and fast
turnaround times. TESEQ also offer a full
repair service in support of TESEQ test
equipment, in addition to other
manufacturers’ EMC test equipment

For a capabilities brochure or any further
information please call 0845 074 0660, email
ukcal@teseq.com or visit TESEQ’s website
at www.teseq.com

TESEQ UK Strengthens its Relationship with the TATA Power Company



6

News and Information

The EMC Journal July 2013

Know Your Standards, Issue 106, May 2013
Unfortunately a table was omitted from the “Know Your Standards” column in the last issue under “What is in a Generic standard?”, so we
have included it here.

US based ADSANTEC Corporation
(Advanced Science and Novel Technology)
has recently appointed Aspen Electronics as
their UK representative.
Best known as a high-speed mixed signal IC
design house, the company has successfully
been in business for over 10 years and
specialises in providing cutting-edge custom
built ASICs for the test and measurement,
telecommunication, and computing markets.
Adsantec products are designed for
applications up to 60GBps and include a
portfolio of over 120 products, ranging from
individual ICs to board level systems like
PRBS generators. These products are ideal
for production testing of “Gigabit” telecoms
components and sub-systems, providing

18GBps, 34GBps and 44GBps PRBS signals
at a fraction of the cost of a more conventional
BERT tester.
www.aspen-electronics.com

Aspen picked by Adsantec for UK Marker

The workshop will offer an informal
environment to bring together UK and Irish
based engineers, researches and developers
who use our tools for Bio-EM applications.
It will provide a general overview of CST
technology and will specifically cover Bio-
EM related features, bio-heat simulations and
human models.

There will be opportunities to discuss models
with CST engineers as well as listen to
presentations from industrial experts who use
CST software solutions for modelling Bio-
EM applications.

Register at: www.cst.com/eventId=2488

Free CST BIO EM Workshop,
Nottingham, 6 August 2013
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Showtime
The Racecourse

Newbury
8/9th October 2013

The EMC Industry’s
Showcase Event

40+ Exhibitors
Technical Forums

World Class Training

www.emcuk.co.uk
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Companies who have already Booked for 2013

There are still stands available so if you are interested in exhibiting please
contact Lynne Rowland: lynne@theemcjournal.co.uk

EMCUK 2013
The Racecourse, Newbury

8 & 9 October 2013

Agilent Technologies UK Ltd

ANSYS UK

AQL-EMC Ltd

AR UK

Castle Microwave Ltd

CST - Computer Simulation Technology AG

DM Systems & Test Ltd

Electronic Test & Calibration Ltd

EM Test

EMC Hire Ltd

EMC Industry Association

EMC Partner UK Ltd

ETS-Lindgren Ltd

Frequensys Ltd

Glenair UK Ltd

Global EMC UK Ltd

HITEK Electronic Materials Ltd

HTT (UK) Ltd

Hursley EMC Services Ltd

Hypertac Ltd

IEEE EMC Society UKRI Chapter

The IET

Laplace Instruments Ltd

MBDA UK Ltd

MDL Technologies Ltd

Microwave Vision

MILMEGA Ltd

MIRA Ltd

MPE Ltd

Oxley Development Co Ltd

PPM Pulse Power & Measurement Ltd

Q Par Angus Ltd

Rohde & Schwarz UK Ltd

Syfer Technology Ltd

Telonic Instruments Ltd

TESEQ EMC Calibration Services

TESEQ Ltd

TMD Technologies Ltd

TRaC Global

UKRF Ltd

Vectawave Technology Ltd

Wavelength Electronics Ltd

Wurth Electronics UK Ltd

York EMC Services Ltd

Technical Forum and Training Programme

The EMC Journal July 2013



10The EMC Journal July 2013

Electromagnetic Compatibility Technical Forum
Tuesday 8th October 2013

08.30 Registration

09.30-11.00 How to do EMC for Functional Safety
Based on the IET’s new  (2013) Guidance

Chairman
Dave Imeson, Compliance Europe

Introduction to the need for this guidance
Keith Armstrong, Cherry Clough Consultants Ltd

Introduction to the general approach of this new
guidance
Barry Lytollis, Independent Consultant

Focus on System and Operational Design Techniques
and Measures
Dr Brian Kirk, Robinson Associates Ltd

Focus on Error Avoidance Techniques and Measures
Barry Lytollis, Independent Consultant

Focus on Error Detection & Correction Design
Techniques and Measures
Dr Brian Kirk, Robinson Associates

11.00-11.30 Coffee & Visit to Exhibition Stands

11.30-12.30 Focus on Design Verification and Validation
Techniques and Measures
Keith Armstrong, Cherry Clough Consultants Ltd
Barry Lytollis, Independent Consultant

Questions and Answers
Chaired By Dave Imeson, Compliance Europe and
will involve all the Speakers

Technical Summary and Conclusions
Keith Armstrong, Cherry Clough Consultants Ltd

12.30-14.00 Lunch & Visit to Exhibition Stands

14.00-15.30 Simulation Vs Real World EMC

Chairman
Paul Duxbury, Rainford EMC Systems Ltd

Simulation of Possible Low Frequency Magnetic Field
Exposure in a Small Electric Vehicle and Evaluation
of Simple Field Mitigation Measures
Dr Alastair Ruddle, MIRA Ltd
Lester Low, MIRA Ltd

Efficient Analysis of EMC issues with EM Simulation
Arnab Bhattacharya, CST UK Ltd

Simulation vs. Measurement of Polyaniline
Electromagnetic Interference Shielding
Whamid Al-Shabib, Edith Cowan University, Western
Australia

15.30-16.00 Tea & Visit to Exhibition Stands

16.00-17.00 Simulation of Lightning Effects
Prof Chris Jones, BAE Systems

17.00 Finish

Wednesday 9th October 2013

08.30 Registration

09.30-11.00 Challenges in EMC Standards & Enforcement

Chairman
John Davies, EMC Goggles

EMC Standards, What they Are
Brian Copsey, Copsey Consultants

Measurement & Control of Interharmonic Conducted
Emissions on the Public Mains Supply
John Woodgate, J M Woodgate & Associates

An update on EMC requirements for Grid Connected
Power Converters
Steve Hayes, TRaC Global Ltd

11.00-11.30 Coffee & Visit to Exhibition Stands

11.30-12.30 LED Lights Interference - A Horror Story from a Victim
Neil Ackerley, Licence Radio Amateur G3RIR
David Mawdsley, Laplace Instruments Ltd

EMC Enforcement and Market Surveillance
Nick Wainwright, York EMC Services Ltd

12.30-14.00 Lunch & Visit to Exhibition Stands

14.00-16.00 EMC Banana Skins Peeled

Chairman
Tim Williams, Elmac Services

This is a panel session with the audience, from both
the technical conference & the training sessions to be
held in the training area, discussing any questions on
EMC design and compliance.

So please come along prepared to take part in an
interesting and interactive session.

This will include short presentations by 3 or 4
delegates, with EMC problems they have dealt with
and the solutions they found.  Each presentation to
be followed by a panel discussion and questions from
the floor.

16.00 Finish. Tea & Visit to Exhibition Stands

Organised by:
Nutwood UK Ltd., Eddystone Court, De Lank Lane, St Breward, Bodmin, Cornwall PL30 4NQ

Tel: +44 (0)1208 851530   Fax: +44 (0)1208 851630  Email: pam@theemcjournal.co.uk Web: www.emcuk.co.uk

Register online for the Conference and
Exhibition Visitor Tickets at

www.emcuk.co.uk/visitors/registration.asp
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EMC Training Programme
Tuesday 8th October 2013

08.30 Registration

09.30–11.00 John Davies
EMC Goggles Ltd
Presentation

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.
• Use of ferrites and their limitations
• Cables and their reaction to grounded structures
• 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.

11.00–11.30 Coffee & Visit to Exhibition Stands

11.30–12.30 John Davies
EMC Goggles Ltd
Live Demo

12.30–14.00 Lunch & Visit to Exhibition Stands

14.00–15.30 Keith Armstrong
Cherry Clough Consultants
Presentation and Live Demo

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

15.30–16.00 Tea & Visit to Exhibition Stands

16.00–17.00 Tim Williams
ELMAC Services
Presentation and Live Demo

Theory and live demonstration of:

• Coupling between wires, showing common
impedance, mutual inductance, mutual
capacitance and the effect of shielding
• Heatsink modelling:  how to predict the effect of
your switchmode supply’s heatsink

Wednesday9th October 2013

08.30 Registration

09.30-11.00 Tim Williams
ELMAC Services
Presentation and Live Demo

Theory and live demonstration of:

• Near-field scanning techniques and using the
spectrum analyser to diagnose different types of
emission

11.00–11.30 Coffee & Visit to Exhibition Stands

11.30–12.30 Keith Armstrong
Cherry Clough Consultants
Presentation

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 EMC Banana Skins Peeled

Chairman
Tim Williams, Elmac Services

This is a panel session with the audience, from both
the technical conference & the training sessions to be
held in the training area, discussing any questions on
EMC design and compliance.
So please come along prepared to take part in an
interesting and interactive session.
This will include short presentations by 3 or 4
delegates, with EMC problems they have dealt with
and the solutions they found.  Each presentation to
be followed by a panel discussion and questions from
the floor.

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.

Organised by:
Nutwood UK Ltd., Eddystone Court, De Lank Lane, St Breward, Bodmin, Cornwall PL30 4NQ

Tel: +44 (0)1208 851530   Fax: +44 (0)1208 851630  Email: pam@theemcjournal.co.uk Web: www.emcuk.co.uk

Register online for the Conference and
Exhibition Visitor Tickets at

www.emcuk.co.uk/visitors/registration.asp
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Editor’s note: I receive many potential
Banana Skins, 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.  Even using
four pages in every EMC Journal I can’t
keep up!
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Conducted emissions from
HVAC motor drives cause false MRI
Scanner readings
Conducted emissions (CE) are currents
that travel on circuit wiring or conductive
portions of assemblies and structures. For
example, noise from a vehicle alternator
is conducted along primary vehicle
wiring to radio thus affecting radio
performance. CE may also be due to
conductive chassis as electrical paths
(sometimes unintentional). Example –
parasitic capacitance between a switching
transistor and heat sink completes current
path resulting in CE current. Depending
on the wiring length and frequency of CE
noise, this may result in a radiated
emission as well.

A deviation type of CE and can occur due
to the use of various types of
electromechanical devices (solenoid
relays). For example, variable frequency
electric drives (VFD) were installed on
a HVAC system in a renovation of an
older medical facility. During the
renovation, MRI machines were also
installed.

False readings from the MRI machines
were then taken by medical personnel.
The quickest solution was to install a
separate electrical service for the MRI
machines.
(Taken from “Chapter Chatter, Rock
River Valley”, compiled by Todd
Robinson, in the 2013 IEEE
Electromagnetic Compatibility
Magazine, Volume 2, Quarter 1, http://
i e e e x p l o r e . i e e e . o r g / s t a m p /
stamp.jsp?tp=&arnumber=6512209.)

New US Defense radios
interfered with tens of thousands of
garage-door openers
The military’s main concern was
interference. Microstimulators would
have to operate in the same spectrum as
high-power defense systems. “We’re
talking about megawatt radars,” says Fred
Moorefield, who was IRAC’s Air Force

representative and the main liaison
between the Alfred Mann Foundation and
the military.

No one worried, he says, about one-
milliwatt microstimulators wiping out the
military’s air-defense system. Rather, the
scenario Moorefield and others feared
most was that the radars would disable
the microstimulators, with the disastrous
outcome of both injuring patients and
inciting empathetic lawmakers to kick the
military out of the band.

At the time, the military was facing a
watered-down version of this very issue:
Since their rollout began in 2004, new
defense radios had reportedly impaired
tens of thousands of garage-door openers,
which used some of the military’s
spectrum on a secondary basis.
(Taken from “Peaceful Coexistence – The
trials of a small team of engineers who
set out to reanimate paralyzed limbs
demonstrate the virtues of dynamic
spectrum sharing”, by Ariel Bleicher, in
IEEE Spectrum (International Edition)
April 2013, http://spectrum.ieee.org/
telecom/wireless/peaceful-coexistence-
on-the-radio-spectrum.)

Electric and hybrid vehicle
chargers interfere with pacemakers
On 19th March, 2013, the Japan Ministry
of Health, Labour and Welfare issued a
notice about possible malfunction of
pacemakers and ICDs near chargers for
electric vehicles (EV) and plug-in hybrid
vehicles (PHV).

A summary of the experiment was
reported in the Pharmaceuticals and
Medical Devices Safety Information No.
302 issued in June 2013.

25 models of implantable cardiac
pacemakers and implantable
cardioverter-defibrillators (ICDs) were
tested with slow chargers (Mode 2 and
Mode 3) and a fast charger for EVs/
PHVs.

In the experiment, when those
pacemakers/ICDs were set to single-pole
detection mode, 12 models of tested 25
models of pacemakers/ICDs were
affected near the fast charger and 10
models of tested 25 models were affected
near each of the slow chargers.

The maximum distance where effects to
the pacemakers/ICDs were observed

were 53cm for the fast charger, and
12.5cm and 7.5cm for the Mode 2 and
Mode 3 slow chargers respectively.

When those pacemakers/ICDs were set
to two-pole detection mode, 2 models
were affected near the Mode 2 slow
charger. The effects observed include
inhibition of pacing pulses and generation
of unexpected pacing pulses. The
observed effects diminished when the
pacemakers/ICDs were moved away
from the chargers.

With the notice, users of pacemakers/
ICDs will be advised not to use fast
chargers and not to come near fast
chargers, and not to put their bodies close
to the slow chargers and its cables when
using those chargers.

Manufactures and importers/distributors
of chargers and EVs/PHVs will also
requested to warn the users about the risk,
through instruction manuals, warning
labels, etc.
(Kindly provided by Banana Skins’ long-
term correspondent in Japan, Tom Sato,
on the 29th June 2013. The Japan
Ministry of Health, Labour and Welfare
notice issued of 19th March 2013 can be
downloaded from http://
www1.mhlw.go.jp/kinkyu/iyaku_j/
iyaku_j/anzenseijyouhou/302-2.pdf, but
is in Japanese.)

Faulty fridge light caused
widespread interference a with
telephone network
A faulty fridge light is being blamed for
a network telephone problem in
Wangaratta, in northern Victoria.

The network has been plagued by
interference for weeks.

Telstra technicians used hand-held
antennas to track down the radio
frequency noise, that was causing
widespread drop-outs. They found static
from a faulty light in a fridge was to
blame.

Telstra’s Max Jennings says the home
owner was taken aback when told his
fridge was causing the interference. “I
don’t think he could believe that it was
his fridge that was doing it,” he said.
”But he was very good about it and once
we disabled the light, the interference
source disappeared. “He can still have his
cold beer.”
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Mr Jennings says an “enormous range”
of rogue appliances can cause
disruptions. “There’s things called
mercury vapour lamps which are often
used in retail premises, domestic TV
installations is a big one, even large
electronic advertising signs can cause
interference,” he said.
(From www.abc.net.au/news/2013-06-
04/fridge-light-blamed-for-phone-
interference/4732534, first posted Tue
Jun 4, 2013 2:23pm AEST, updated Tue
Jun 4, 2013 4:02pm AEST, which was
kindly provided by Banana Skins’ long-
term correspondent in Australia, Chris
Zombolas of EMC Technology Pty Ltd,
on the 6th June 2013.)

Study suggests Apple iPad 2
accessories could interfere with
implanted cardiac devices

A study presented at Heart Rhythm 2013
by high school freshman Gianna Chien
(pictured above) suggests that the
magnets in Apple’s iPad 2 tablet and
accessories could interfere with cardiac
devices.

Session: Poster Session II, Thursday,
May 09, 2013, 9:30 AM -12:00 PM
Presentation:PO02-17 - iPad Use Can
Cause Electromagnetic Interference in
Patients with Implantable Cardiac
Rhythm Devices
Location: Exhibit Hall
Author(s): Gianna Chien, Teri Kozik,
RN, PhD, Therese Connolly, RN, BSN,
Gurinder S. Grewal, MD and Walter
Chien, MD. Central Valley Arrhythmia,
Stockton, CA, St.Joseph Medical Center,
Stockton, CA

Abstract:
Introduction: Electromagnetic
interference (EMI), caused by an external
signal, is a transient disruption or
alteration in a cardiac rhythm device
(CRD). Multiple electronic devices have
been studied to determine if they create
EMI on CRDs. Magnets can create EMI
and the iPad manufactured by Apple, Inc.,
a recently introduced tablet, has magnets
imbedded in both the body and cover. We
are currently studying whether the iPad2
can cause EMI in various CRDs by either
introducing noise/oversensing and/or

triggering magnet mode in these devices.

Apple’s iPad 2 with magnetic “Smart
Cover.” (Image: Apple)

Methods: We first tested the effect of the
iPad2 on CRDs in their original
packages. Trigger of magnet mode was
noted by programmers supplied by
device manufacturers. If magnet mode
was triggered, the position of the iPad2
in reference to the device was noted. We
then studied human subjects with
implanted CRDs. These included
subjects with defibrillators, pacemakers
or loop recorders. The iPad2 effects were
studied with the cellular data on and also
off on the original programming settings
and again on the most sensitive
programming settings including unipolar
sensing configuration in pacemakers.
Subjects held the iPad2 at reading
distance and also on top of his/her chest
to mimic falling asleep while using the
iPad2.

Results: iPad2 caused triggering of
magnet mode on defibrillators in their
package suspending anti-tachycardia
therapy. A total of 19 subjects at this time
have been studied including: 16 subjects
with defibrillators, two subjects with
pacemakers and one subject with a loop
recorder. Devices tested were
manufactured by St. Jude Medical and
Medtronic. Two defibrillator subjects
showed magnet mode trigger and one
additionally had magnet mode trigger
followed by initiation of the non-invasive
program stimulation mode. Overall,
18.8% of the patients with defibrillators
had magnet mode trigger from iPad2. No
noise or oversensing was seen in
packaged or implanted CRDs. No effects
were seen in pacemaker or loop recorder
so far.

Conclusions: iPad2 can trigger magnet
mode in defibrillators and therefore
suspension of anti-tachycardia therapy.
Other devices with imbedded magnets are
likely to cause similar interference. To
date, this study suggests that interference
is possible and care should be taken by
individuals handling iPads with CRDs.

Disclosures:  G. Chien: None. T. Kozik:
I - Research Grants; 0; St. Jude Medical.

T. Connolly: None. G.S. Grewal: None.
W. Chien: A - Consulting Fees/Honoraria;
1; St. Jude Medical. I - Research Grants;
2; St. Jude Medical.
(The above is tken from Gianna Chien et
al’s study, which is available from:
www.abs t rac t son l ine . com/P lan /
ViewAbstract.aspx?mID=3068&sKey=
4 a 1 7 8 0 d 2 - d 9 9 a - 4 7 5 f - a 6 e 9 -
8228f59e7e2d&cKey=4df92828-f029-
492d-8e59-88cdd1e57823&mKey=
%7bCA11C8B6-ED27-4A20-953E-
64F913C9A29D%7d. The Medtronic
press release below is taken from a link
provided by an article on the above study
by Aliza Becker of Interference
Technology magazine on 05/14/2013,
which is available at  www.interference
technology.com/apple-ipad-2-could-
interfere-with-implanted-cardiac-
devices-study-suggests.)

Press Release: Medtronic Issues
Statement on iPad Interference Study

Medtronic’s current internal analysis and
testing shows iPad technology presents
no risk of electromagnetic interference
with Medtronic implantable cardiac
rhythm devices when used per
manufacturer’s instructions. However, as
a precaution, patients implanted with a
pacemaker or ICD are advised to follow
Apple and Medtronic labeling
recommendations and maintain a
distance of 6 inches (15 cm) between the
iPad and implanted device.

ICD Therapy suspension and
Asynchronous Pacing of IPG can be
triggered by exposure to a magnet with a
static magnetic field greater than 10
gauss. This is a standard functionality of
most ICD and IPG (pacemaker) devices.

Medtronic proactively communicates to
patients to avoid placing any magnet near
the device implanted area. Since the
covers of iPads often use magnets to
secure them to the tablet, the presentation
at Heart Rhythm 2013 is a good reminder
for patients to remain vigilant on new
technology and its accessories and
maintain a distance of 6 inches between
an iPad and implanted pacemaker or ICD.

At this time, Medtronic is not aware of
any incidence of iPad interference with
its implanted cardiac devices.
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792 Common circuit design flaws
that cause operational problems
(problems fixed long ago are still
showing up in designs)

Figure 1. Circuit board with common
design flaw

Abstract: Common circuit design flaws
at the board and system level cause many
operational problems. Some of these
flaws were understood and fixed years
ago, yet still show up in designs. A few
common problems of this type are
discussed and examples given.

Discussion: In my consulting work, I see
a lot of operational problems in systems
that are caused by common circuit design
flaws. In this Technical Tidbit, several of
these flaws are discussed and examples
are shown. A thread that runs through
many of these examples, and my
consulting work, are problems caused by
attempting to separate “grounds” into
different regions with “single point”
connections between them. An example
might be to separate a printed wiring
board, PWB, ground plane into analog
and digital areas.

There are a few relatively rare cases
where grounds must be split apart, but
when this is done a great deal of care must
be taken to avoid problems. In most cases
I have seen, separating grounds caused
operational problems in a system.
Grounds should be separated only if
absolutely necessary and with concrete
evidence (preferably based upon
measurements) that doing so is required.
Application notes in device manuals
sometimes give incorrect advice on this
topic.

So, let’s start with my favorite problem,
ground plane breaks on a PWB.

1. Ground plane breaks:

Figure 1 above shows a small section of
a PWB with a light shining through the
board so breaks in the power/ground
planes can be easily seen. Notice paths
crossing a break in the power/ground
planes at random. There are many effects
of doing this covered in the linked articles

at the bottom of this page. The situation
is illustrated in Figure 2.

Figure 2. Drawing of Test Board With
Slotted Ground

Figure 2 shows a layout diagram of a
small test board, about 10 cm by 15 cm,
that is used in a number of my Technical
Tidbits. The bottom signal path is over a
continuous ground plane whereas the top
path crosses a 5 cm slot in the solid
copper planes. The board has two planes
with an identical break in each. The plane
on the back side of the board is not used
but is shorted to the top plane by the BNC
connectors on the left end of each path.

All signals form a loop, from source to
load and back again and it is the “back
again” that often leads to problems. In
this case, the returning current for the
bottom path forms a long (the length of
the signal path) but very thin loop, just a
few mils in height. However, for the
upper path, the returning current to the
source must pass around the end of the
slot in the ground plane and in doing so
forms a substantial loop.  The many bad
effects of this loop are described in the
Technical Tidbits linked at the bottom of
the page and include slowed risetime,
increased crosstalk to other paths, EMI
emissions, and susceptibility to ESD and
radiated RF fields. Figures 3 and 4 show
two more examples of paths crossing
plane breaks that cut all the way through
the board. It is amazing to me that such
features still show up in board designs
today.

Figure 3. Another Circuit Board Example
of Signals Crossing Plane Breaks

Figure 4. Third Circuit Board Example of
Signals Crossing Plane Breaks

In Figure 4 there are two interesting
features. The smaller one is the vertical
field of vias near the lower right corner
of the picture. The cutouts in the power
and ground planes for these vias are large
enough to overlap and form a slot in the
planes. If there was enough room to get
the horizontal signals in-between the vias,
then there is a good chance that paths
could also pass between the vias on the
power and ground layers to slice up the
slot into smaller pieces. Although I can’t
tell if this was done on this board, I doubt
those paths were added.

The larger feature to note in Figure 4 is
the horizontal slot between the digital and
analog areas of the board (complete with
a few signals paths in the break!).  The
designers thought the break was
necessary to avoid digital noise getting
into sensitive small signal analog circuits.
Needless to say this board had a lot of
problems including excessive emissions.
When all plane breaks were filled in, the
board worked perfectly (no analog
problems) and emissions were reduced.

2. Single point grounding of printed
wiring boards:

This feature of system design is more
common than I would expect and often
causes operational problems. Figure 5
shows a board from an old disk drive
mounted on a copper clad board for test
purposes. The results of injecting ESD
at the lower left are described in my May
2002 Technical Tidbit and they are not
what many engineers expect. Single point
grounding of the board (the upper right
connection was used in the test) resulted
in a lot of current ringing at about 200
MHz due to the ESD hit. The board and
copper plane formed a nice parallel plate
capacitor and with the single connection
point inductance formed a high Q tuned
circuit at 200 MHz, not a desirable thing
to do. Adding the other three connections
to the copper plane raised the resonant
frequency to about 500 MHz and the
upper right corner connection became
very quiet compared to the case where it
was the only connection.
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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

Figure 5. A Disk Drive Board Mounted
Over a Copper Plane

Figure 6 shows a related example that
occurs in a lot of the equipment I see. All
the boards in a system are isolated from
chassis except for one at a single point.
This is even worst than the case shown
in Figure 5. ESD to one board travels
through all boards on the way to the
chassis with the current path modified the
the capacitance between the boards and
the chassis. This case is discussed in
greater detail in my March 2007
Technical Tidbit.

It is a very rare case where this system
architecture is really necessary.  In every
case I have seen, a better alternative was
available to meet system requirements.

One example would be the use of an
isolated interface for those connections
that really need isolation and then
connect the boards securely to the chassis
in many places. In rare cases, one of the
chassis connections may cause a problem,
and when it does, treat that case as an
exception and analyze what is happening.
It is a lot easier to remove an existing
connection than to add a new one to a
design.

Figure 6. Circuit Boards Isolated From
Chassis Ground Except at a Single Point

3. Processor reset lead routing:
This one occurs too often for comfort. I
have seen processor reset leads routed all
over a processor board, bad enough in
itself, and then extended to a noisy I/O
board as well! Recently, I worked on a
case where a 10 cm reset trace on a four
layer board caused the circuit to reset in

response to an ESD event across the room.

The fix was to filter the reset with an RC
filter near the processor. Remember,
when it comes to ESD, lead lengths of
one cm can be too long, for example in
the RC filter example.

4. Ground bounce induced emissions
problems:
Most chip packages with large chips
within, such as a processor, have ground
bounce on the chip relative to the board
of tens of millivolts. This is enough to
make all circuit traces on the board
leaving the IC package RF hot to the point
of causing excessive emissions.

The typical scenario is where a processor
is driving an LED. Being a dc signal, the
LED path is routed with no regard to high
frequency effects, such as crossing
ground plane breaks. However, the IC
package ground bounce makes the LED
signal hot enough to radiate and cause
emissions failures during compliance
testing.

Don’t do this! Buffering or filtering the
LED signal will solve the problem.

5. Off-spec use of protection
components:
My final example is using components
that are not specified for the application,
My August 2005 Technical Tidbit
describes an example of a lighting TVS
protection device used for ESD
protection. Small surface mount and
leaded inductors have their
characteristics specified at a few MHz
and then we use them at hundreds of MHz.

My May 2000 Technical Tidbit shows a
method of evaluating small inductors to
mitigate the effects of ESD. In that article,
it was shown that the best effect was
obtained by placing a smaller inductor
in series with a larger one.

Summary:
Some of the most frequent circuit design
flaws I see in my consulting work have
been described. In some cases, the
problem was understood and solved years
ago and yet still shows up in current
circuit designs.
(This June 2007 article was copied with
Doug Smith’s permission from his
webpage: www.emcesd.com/tt2007/
tt060207.htm. Links to Technical Tidbit
articles with more information on
common circuit design flaws – and much

else – are  provided by his wonderful
website http://www.emcesd.com.  But
beware: a quote from a visitor to this site
is: “Every time I browse your site, I never
get any work done. I spend hours on it
and get in trouble”. Doug Smith is based
in Los Gatos, California, and his email
address is doug@dsmith.org.)

Illegal cordless phones cause
interference with mobile phone networks
A South African telecommunications
company has reported that an influx of
unapproved cordless phones into the
country is a cause of “deteriorating
service” with mobile phone networks.

According to Steven Barnwell,
Vodacom’s managing executive for the
Western Cape, “people complain about
the network deteriorating, but what we
find – and it seems to be an increasing
trend – people go overseas, buy a cordless
phone and bring it back here, not realizing
its illegal because it’s not ICASA
[Independent Communications Authority
of South Africa] approved.”

Non-approved cordless phones can
interfere with nearby base stations,
affecting all related wireless
communication in the surrounding area.

Vodacom is actively engaged in tracking
down illegal phones, an expensive and
time-consuming process because it
requires three specially equipped
vehicles to triangulate where each
interfering signal is coming from.
(Adapted from an article originally
published by Interference Technology’s
on-line magazine: www.interference
technology.com/influx-of-i l legal-
cordless-phones-cause-interference-
deteriorating-service-in-south-africa,
dated 02/20/2013. For more information,
visit: www.news24.com/Technology/
News/SA-i l legal-phone-problem-
growing-20130212)
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Crossing borders

Recently there have been two instances of IEC committee
crossing borders into the territory of other committees. This is
not exactly a rare occurrence; it is usually minor and inadvertent,
but not so in these cases.

Safety testing of products in service

While the Journal is mostly about EMC it does cover
‘compliance’ in general, so safety issues are not off-topic.

An IEC committee noted that there were problems with the
continuation in service of measuring instruments for electricity
(its remit) caused by various ‘authorities having jurisdiction’
(not only in the Americas but world-wide) imposing different
requirements for the on-going safety of products in service.
This applies to ‘recurrent testing’  (such as the beloved PAT)
and testing after repair.

So it decided to write an IEC standard on the subject, initially
applying to everything, but then exempted obvious things like
medical equipment (which already has IEC/EN 62353) and
equipment for use in explosive atmospheres. Unfortunately, its
list of exemptions was too short and when that was pointed
out, it refused to change. When it was pointed out that some
products were excluded from its Scope, it changed the Scope!
However, it left a Note to the Scope that says that the relevant
safety committee is TC66, which is consistent with its remit,
and highlights that the committee should not have tried to deal
with products in the remit of other safety committees, notably
TC61 and TC108.

The protesting committees were in fact rather tardy in escalating
the issue to the Standards Management Board and ACOS, the
Advisory Committee on Safety, but with the offending draft at
the final voting stage, its progress has been suspended and
negotiations are in train.

Low-frequency conducted emissions of active in-feed
converters

The IEC committee concerned has drafted a Technical
Specification whose title is: Power electronics systems and
equipment – Operation conditions and characteristics of active
infeed converter (AIC) applications including design
recommendations for their emission values below 150 kHz.

Negative comments at an earlier stage led to the above wording,
which is still not accepted. Product committees are not permitted
to produce EMC emission standards without agreement from
CISPR and/or TC77.  In this case, the committee has argued
that since no generally-applicable standards apply to the
frequency range below 150 kHz, it should be permitted to issue
guidance. This would be all very well, if the guidance were
consistent with the standards that do cover that range (CISPR
11 and 15), but the emission levels suggested are much higher.

The main objections come from committees concerned with
systems and products (including smart meters) that use the
frequency range between 3 kHz and 150 kHz for signalling
and control - the same committees advocating the acceptance
of high emission levels for PLC! The situation is in fact that
mains signalling and power electronics switching technology
have both developed over the past decades, resulting in
emissions in the same slice of the electromagnetic spectrum.
Conflict was inevitable, and it seems likely that the solution
will be to divide the spectrum between the two technologies.

Cables, particularly TV antenna cables

There is increasing concern about the market for cables being
flooded with poor-quality and counterfeit cables. This is not
only an EMC issue but also a safety issue.  Standards exist for
coaxial cables, notably EN 50117 (multi-part), of which Part 1
deals with coaxial cables generically, but EN 50082-2 explicitly
excludes cables. IEC/EN 60966-2-4 and -5 deal with cables
for household use fitted with ‘Belling’ plugs while Section 6
deals with cables fitted with ‘F-connectors’. But the vast
majority of cables on the British market do not conform to these
standards. In the Netherlands, there is a marking scheme for
such cables (based on unpublished requirements), but it is
voluntary and anyway the marking is widely faked.

It is proposed that CENELEC develops some sort of publication
to address this issue, but it is far from clear what an additional
publication would achieve. The real issue is the failure of market
surveillance to keep poor-quality cables, with fake credentials,
off the market. (This, too, is about ‘crossing borders’ but in
quite another context!)

Low-frequency conducted emissions (0 Hz to 9
kHz)

One might think that after about 40 years this subject has been
fully dealt with, but that is far from true. New issues continually
arise and many take years of study and negotiation to resolve
(or abandon – unfortunately that does happen). Three
particularly hot topics at present are :

• extension of control of  emissions into the range 2 kHz
to 9 kHz;

• control of interharmonic emissions up to 2 kHz;

• potential change of the ‘prevailing phase angles’ of
harmonics.

Emissions 2 kHz to 9 kHz

The groundwork has already been published as informative
annex B of IEC 61000-4-7, but there is quite a way to go before
a standard can be produced. Outstanding issues include:



17

• whether to base limits on emitted current (as for below
2 kHz) or voltage distortion at the mains input port (as
for above 9 kHz);

• how to model the source impedance of the mains, taking
into account the very different characteristics of
underground and overhead supplies;

• whether it is possible to avoid abrupt changes in the
emission limits at 2 kHz and 9 kHz;

• how to set acceptable limits, taking into account the
difficulties of minimising or filtering out emissions in
this frequency range.

With regard to the last point, LC filters in the mains circuits of
higher-power (over 16 A rated current) equipment are
impracticable; only high-value (in farads and dollars) shunt
capacitors can be used, and this capacitive load on the network
itself causes problems; apart from power-factor issues, the
capacitance reflected into the MV network can cause damaging
resonances.

Control of interharmonic emissions

A method of doing this (‘grouping’) is embodied in the current
IEC 61000-4-7, but it does not have to be implemented (clause
7 allows this). This was supposed to be a temporary measure,
but it has proved to be an issue very difficult to resolve.
Meanwhile, the grouping method itself has been found to be
less than ideal. For example, emissions close to 175 Hz can
interfere with mains signalling used for tariff control, so the
consequences would be serious. But the grouping goes in steps
of 5 Hz in the frequency domain, so 175 Hz falls at a boundary
and emissions at this frequency and other exact multiples of 5
Hz are not measured correctly.

 A more refined study is now in progress. Interharmonics can
be generated in two ways:

• the equipment may produce energy internally at a
frequency completely independent of the mains
frequency (and the frequency may vary with time). This
is an ‘independent interharmonic’;

and/or
•  the input current may change fairly rapidly (over less

than 200 ms), which inevitably generates pairs of
‘sidebands’ around each harmonic frequency, just as in
AM radio; these are ‘dependent interharmonics’.

It is likely that these two phenomena need to be treated
differently, although any limits would not be vastly different.
Luckily they can be distinguished, because dependent
harmonics come in pairs of substantially equal amplitude,
spaced equally on either side of the harmonic on the frequency
axis, whereas independent interharmonics are not constrained.

Potential change of the prevailing phase angles of
harmonics

It was found many years ago that each voltage harmonic on the
public networks bore a fairly constant phase angle with respect

to the fundamental, due to the cumulative effect of similar non-
linear loads, notably switch-mode power supplies. It was
therefore possible to allow some relaxation of emission limits
for equipment that reliably produces harmonic currents that
substantially tend to oppose the prevailing phase angle of the
5th harmonic (which is troublesome on the MV network as the
network tends to resonate at a nearly frequency), and these
relaxations are embodied in Table 4 and 5 of IEC 61000-3-12.
However, with the introduction of active power-factor
correction and other new technologies, the prevailing phase
angles may be changing. A survey carried out late in 2012
suggested little change, but of course the network carries a huge
mass of legacy equipment, so change must be slow. It is
necessary to try to predict any change before it shows up as a
problem.

Next time
Unfortunately, the annual IEC/CISPR meetings are taking place
in Ottawa from 23 September to 4 October, which is most
inconvenient for the Journal’s publication deadline. Maybe there
will be a sufficient number of input documents available before
the meetings to provide fuel for the next Column.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2013
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Revision time
Having completed the reviews of the CISPR and IEC 61000
series EMC standards, it’s time to go back to the beginning to
see what has changed since late in 2011.

CISPR 16
Because this standard now has so many Parts and Sections,
always something is changing. About 10% of all BSI committee
documents about EMC Basic standards are actual CISPR
comment or voting documents on some piece of CISPR 16,
and the total number of CISPR 16-related documents, including
collated National Committee comments, voting reports and
Information documents, represents about 40% of all such
documents relating to EMC Basic standards! Not everyone
agrees that this is a good thing.

Transferring methods of measurement to CISPR 16
In the past, CISPR committees other than CISPR/A have
developed methods of measurement and put them into their

own standards, such as CISPR 22/EN 55022, produced by
CISPR/I. CISPR policy is now that almost all such texts should
be in CISPR 16, particularly as CISPR 13 and 22 will be
superseded by CISPR 32, and CISPR 20 and 24 will be
supersede by CISPR 35. This has resulted in a very large number
of changes to the standards, with very little actual change as
far as testing and conformity are concerned.

Addition of new methods of measurement
New methods of measurement are continually being introduced,
some in attempts to increase accuracy and/or improve
repeatability, and some intended to reduce test time. There is,
however, resistance to changes that appear to offer less benefit
than can be reconciled with the cost of new test equipment.

Table 1 is a list of the main new documents on CISPR 16
circulated to National Committees since November  2011.
Reports of voting, Documents for Comment and Information
Documents are not included.

Table 1 CISPR 16 documents
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Some abbreviations in the Table need explanation:

Amd – amendment
f1, f2 – ‘fragments’. These are individual proposals for change
which are progressed to the CDV stage and then, if accepted,
consolidated into one amendment at the FDIS stage.
CD – Committee Draft for comments by National Committees
CDV – Committee Draft for Vote; the first stage voting
document.

It isn’t practicable to discuss each of these documents in detail,
and it would be pushing the envelope of what is allowed by
BSI to appear in a publication anyway. Documents can be
obtained through trade associations that are represented on the
BSI committee, which in this case is GEL/210/12 (but it doesn’t
cover all EMC matters).

Drafts for Public Comment
BSI’s Charter and CENELEC rules require that the public is
given an opportunity to comment on standards before the final
vote.

Drafts for Public Comment (DPCs) on British Standards of
national origin (i.e. not BS EN, BS IEC and BS ISO) can be
reviewed free-of-charge on-line by registering at http://
drafts.bsigroup.com/ Other DPCs can be discovered in BSI’s
on-line monthly magazine Update Standards, which is available
at http://shop.bsigroup.com/en/Navigate-by/Membership/
Update-Standards-PDF/ and you can buy the drafts as hard copy.

How the voting documents and comments on them are
processed
These procedures are less well-known and understood than is
desirable.

Comments can be submitted with either a positive or a negative
vote. The rules are in Part 1 of the ISO/IEC Directives, which
are downloadable free from the IEC web site www.iec.ch:
A positive vote may be accompanied by editorial or technical
comments, on the understanding that the secretary, in
consultation with the chairman of the technical committee or
subcommittee and project leader, will decide how to deal with
them.

If a national body finds an enquiry draft unacceptable, it shall
vote negatively and state the technical reasons. It may indicate
that the acceptance of specified technical modifications will
change its negative vote to one of approval, but it shall not
cast an affirmative vote which is conditional on the acceptance
of modifications.

FDIS – Final Draft International Standard; the final voting
document for National Committees to register their approval
or otherwise. The rules about comments are:
Technical reasons for negative votes are submitted to the
technical committee or subcommittee secretariat for
consideration at the time of the next review of the International
Standard.

However, this is modified by a later text, indicating that the
comments are considered immediately if the vote is not passed;
If the final draft International Standard is not approved, the
document shall be referred back to the technical committee or
subcommittee concerned for reconsideration in the light of the
technical reasons submitted in support of the negative votes.

Errors identified in the FDIS text are dealt with in this way:
The secretariat of the technical committee or subcommittee
has the responsibility of bringing any errors that may have
been introduced in the preparation of the draft to the attention
of the office of the CEO by the end of the voting period; further
editorial or technical amendments are not acceptable at this
stage.

Next time
We will start to look at the changes in the huge IEC 61000-4
series since the original reviews began in March 2012.
J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2013

Missing table from Know Your Standards
in the May issue can be found on Page 6

The EMC Journal July 2013



20

Product galleryProduct galleryProduct galleryProduct galleryProduct gallery

   Member

The EMC Journal July 2013

AR UK now offers a range of
Handheld Meters and Probes from
Microrad, a company providing
specialist instruments for
Electromagnetic Safety (EMS) and
Compatibility (EMC).
Microrad’s expertise is in the
design and manufacture of electric,
magnetic and electromagnetic field
sensors ranging from DC to
millimeter waves. They provide
cutting-edge solutions in all areas
of broadband and selective
measurements both in real-time
mode and stand-alone.
The current product range includes:

• Interchangeable isotropic
probes for electric, magnetic
and electromagnetic fields;

• Wide band handheld meter
(DC-40GHz) with data logging
and GPS;

• Time / Frequency Analyzers for
Complex Signals ( from DC to
400KHz)

• Software for data logging and
analysis

With the emphasis on EMS this
range of instruments is designed for
monitoring exposure levels of
workers and the general public in
such applications as:

• Industrial ovens, RF heating &
welding systems

• Diathermy, NMR and other RF
medical devices

• Sensitive sites (imaging and
NMR)

• Power plants

• Railway and ground transport
systems

• Wireless telecommunications,
base stations, broadcast
equipment etc

• Power lines

• TV & radio transmitters and
base stations

Electromagnetic Safety Solutions from Microrad

Key market sectors include:

• Energy

• Transport

• Safety

• Telecommunications (TLC)

• Industrial – Scientific - Medical
(ISM)

• Military

Microrad products have been
designed to conform and operate in
accordance with EN-CENELEC
standards.
For more information on the range
of meters and probes offered by
Microrad or to arrange a product
demonstration or evaluation please
contact a member of the sales team
at AR UK Ltd
Tel: 01908 282766
aruksales@arworld.us
www.arukltd.co.uk
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Designed for high accuracy timing
and synchronisation applications in
defence and professional systems,
the LNRClok-1500 from Aspen
Electronics is a low noise rubidium
primary reference clock source.
Manufactured by Swiss company,
SpectraTime, the oscillator is
optionally available with integrated
GPS/GNSS receiver, and utilises
the proprietary innovative
SmarTiming+ ™ technology.
Spectratime’s SmarTiming+ ™
technology has been developed to
perform a number of
synchronisation, discipline and
control functions that would
previously been implemented
externally on a separate circuit
board. These include:
• Auto-adaptive Stratum-1

reference disciplining and jitter/
wander/noise filtering between
0-100,000 at 1nS resolution,
exceeding MTIE/TDEV G.823/
T1.101 standards for T1/E1
reference.

• Multi-vendor GPS interface
with auto-adaptive reference
filtering, disciplining, control
and Time RAIM/Position Hold
signal optimisation.

• Auto-adaptive frequency
stability over fast temperature
changes at 0.1° resolution.

• Sync/Track setting mode to
either a) phase align 1PPSout
from a 1PPS GPS reference
through the Sync mode or b) to
frequency track 1PPSout from
a Stratum-1 reference thru
Track mode.

The ultra-low phase noise
characteristic of -130dBc/Hz at 1Hz
on a 10MHz signal is crucial for
very high frequency up-converters
in advanced radio communications
applications, in both commercial
and military sectors.  The feature is
important also for complex,
advanced test and measurement
instrumentation.
The LNRClok-1500 features
exceptional low aging, and
excellent short-term and mid-term
frequency stability, thanks to the
rubidium technology.  An optional
SMA connector is available for a
GPS/GNSS antenna kit.
Tel: +44 (0)20 8868 1311
sales@aspen-electronics.com
www.aspen-electronics.com

Smart Oscillator from Aspen integrates GPS Receiver

The number of electronic systems
in today’s automotive vehicles has
had a dramatic increase over the last
few years.  This growth has
triggered increased demand for
MLC capacitors that can not only
operate up to 3kV, but also meet the
stringent environmental standards
required in this sector.
To meet these design requirements,
Syfer Technology , Europe’s
leading capacitor manufacturer, has
expanded its X8R dielectric range
of multilayer chip capacitors
(MLCCs).  The range has been
extended, from a working voltage
of 250V DC, up to 3kV DC and will
now be available in capacitance
values from 270pF to 1.8µF, with
tolerances of ±5%, 10% and 20%
dependant on C/V value.  Package
sizes offerings of 0805 to 2225 have
not altered.
The X8R dielectric is formulated
specifically to withstand the harsh
‘under the hood’ environment of
high temperature, in that it can
operate across the extended
temperature range from -55°C to
+150°C, with a maximum
capacitance change of ±15%
(without applied voltage).  Add to
that Syfer’s specially formulated

Syfer’s X8R Chip Capacitors extended with Automotive
applications in mind

FlexiCap™ flexible polymer
termination, with a nickel barrier
finish as standard, and these X8R
devices exhibit the enhanced
mechanical performance needed for
automotive applications.
Syfer’s X8R parts are also ideal for
other industrial sectors where
electronic equipment is exposed to
high temperatures, such as oil and
gas exploration, aerospace and
defence applications.
The nickel barrier terminations on
these parts ensure compatibility
with the RoHS Directive of lead-
free solder processes.
Samples of Syfer X8R dielectric
MLCCs are available now, with
production quantities available on
a 12 week lead time from Syfer’s
Norwich facility.
Tel: +44 (0)1603 723319
sales@syfer.co.uk
www.syfer.com

Chomerics Europe, the specialist
manufacturer of electromagnetic
interference (EMI) shielding,
thermal management and optical
display filter products and materials
has introduced a new handbook for
its CHOFORM and ParPHorm
ranges of form-in-place (FIP)
gasket solutions.
ParPHorm silicone and
flurosilicone elastomeric sealing
compounds provide environmental,
dust, and fluid sealing of small
enclosures. CHOFORM silicone-
based materials meanwhile
incorporate a conductive filler to
combine EMI shielding with an
environmental seal. The provision
of enclosure sealing, either with or
without shielding capability, is a
growing challenge for engineers
developing a wide range of

electronics equipment as they seek
to ensure reliable performance in
what are often very challenging
operating conditions.
The comprehensive new
CHOFORM and ParPHorm
European handbook provides
detailed information to help design
engineers develop and implement
the optimum sealing and shielding
solutions. In addition to detailed

specifications for the, environ-
mental, mechanical and shielding
performance of the complete range
of FIP materials, the new handbook
also gives comprehensive and
valuable design guidance. This
includes information on how to
optimise the housing design onto
which the FIP material will be
applied in order to maximise quality
and production efficiency, and
design considerations relating to
gasket bead profiles and material
application.
CHOFORM and ParPHORM FIP
technology allows the precise
dispensing of conformable gaskets
onto equipment housings. Small
enclosure compartment cross
sections enabled by employing
dispensed FIP materials can free

valuable package space, this can
help designers realise smaller form
factor products with greater
included functionality. FIP gaskets
are also extremely cost-effective
giving a very low total cost of
ownership.
The dispensed pattern of
Chomerics’ FIP gasket materials is
primarily software driven. This
allows for fast and easy prototyping
as well as the easy, low cost
accommodation of changes in bead
profile necessary when the housing
design is changed.
Tel: +44 (0)1494 455400
chomerics_europe@parker.com
www.chomerics.com

New form-in-place gasket handbook
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Rohde & Schwarz FSW high-end
signal and spectrum analyzers are
typically used in the development
labs of aerospace & defense
companies as well as in the
telecommunications and auto-
mobile industries. To better serve
all these users, the new R&S FSW-
K54 software option supports EMI
bandwidths in compliance with
commercial as well as military
standards. In order to analyze
disturbances, the option contains
EMI detectors such as peak, quasi-
peak, CISPR-average and RMS-
average in line with CISPR and
MIL standards. It also includes a
database of predefined limit lines
as specified by international
standards, as well as correction
factors (transducers) for typical
measurement tasks. The limit lines

and transducers can be modified to
match the customer’s requirements
and EMI accessories.
The EMI option allows users to
optimize shielding design features
(e.g. in devices or components)
making it easy to test how design
and circuit modifications will affect
EMI performance. To reliably
capture all disturbances, the R&S
FSW uses a high maximum number
of sweep points – 200,001 -- for this

The R&S FSW high-end signal and spectrum analyzer moves EMI diagnostic and
precompliance test into the design phase

application. Up to six traces with
different EMI detectors can be
active at the same time. A maximum
of 16 separate markers analyze any
disturbance that may be present.
The instrument displays measure-
ment results on either a linear or
logarithmic frequency axis. The
spectrum display using a
logarithmically scaled frequency
axis makes it easier to diagnose
results and also allows limit lines
to be displayed in conformance
with standards. Amplitude- and
frequency-modulated signals can
be demodulated using markers.
They are then output to speakers or
headphones via the audio channel
to help clearly identify
disturbances.
In addition to the new R&S FSW-
K54 option, Rohde & Schwarz

offers the Windows-based R&S ES
SCAN EMI software for the remote
control of simple, automatic EMI
tests. The software records
measured data, analyzes it and
documents the results.
The new R&S FSW-K54 EMI
measurement option for the R&S
FSW is now available from Rohde
& Schwarz. The high-end spectrum
analyzer comes with several other
options for measuring RF
parameters and analyzing digitally
modulated signals such as LTE,
WCDMA and WLAN. For detailed
information on the R&S FSW and
accompanying options, visit
www.rohde-schwarz.com/product/
FSW.
Tel: +44 (0)1252 818888
contact.uk@rohde-schwarz.com
www.rohde-schwarz.com

EMCUK 2013 Conference and Exhibition, 8 & 9 October 2013
See Pages 8 to 11
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Suppressing ICs which have BGA packages
and/or multiple DC power rails

By Keith Armstrong, Cherry Clough Consultants Ltd

In the good old days all digital circuits were large black
integrated circuits (ICs) with a row of 7, 8 or 10 pins on a 0.1
inch (2.54mm) pitch spread along each of their long edges.
And they all ran on 5V DC power.

Well, there were exceptions to these rules even then, but the
above statement will do to describe the devices most digital
logic designers used on most days.

These days, ICs are still black(ish) but are often larger, can
have 1000 or more pins in a gridded array covering most/all of
one surface – where they cannot be reached by a soldering iron
– known as Ball Grid Array (BGA) packaging. And they often
need to be provided with several DC power rails.

These ICs can contain more than a billion transistors, and may,
for example, be:

• Volume-manufactured multi-core microprocessors such
as the Intel Core™ i5 pictured in Figure 1

• Volume-manufactured memory ICs (DRAM, SDRAM,
DDRAM, etc.)

• Volume-manufactured field programmable gate arrays
(FPGAs) such as the Xilinx Vertex–7 pictured in Figure 2

• Custom-design application-specific integrated circuits
(ASICs) such as the one codenamed JEKYLL developed
by ON Semiconductor in collaboration with Airbus for
their A350 XWB Flight Control Computer, see Figure 3.

Figure 1  Example of an Intel Core™ i5 microprocessor BGA

Figure 2  Example of a Xilinx FPGA in BGA packaging

Figure 3  ON Semiconductor’s internal 110 nanometer (nm)
process technology, using BGA packaging, that they use for

ASICs

Most EMC design textbooks that cover printed circuit board
(PCB) design (including mine [1] [2]) do not cover the EMC
issues associated with BGAs, so I thought a brief article on
suppressing them to reduce their emissions and increase their
immunity might be of some interest.

Use HDI to ensure solid 0V and Power planes
under BGAs
When using through-hole-plate (THP) PCB technology, the
array of through-holes under BGAs makes it impossible to get
solid (i.e. continuous, unbroken) copper planes under them –
but the one place on a PCB where solid planes are needed the
most for their EMC benefits is underneath the ICs!

The ideal solution is to use High-Density Interconnect (HDI)
PCB technology because it does not use holes drilled through
the entire thickness of the board – just those layers that need
them – so 0V and Power planes can pass underneath an IC and
remain solid, continuous, unbroken and unperforated by
through-holes.
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HDI board technology was originally developed so that 0V
planes in cellphones could be solid copper sheets with no (few)
perforations, and seems to be more often called ‘Microvia’ PCB
technology. Other names for it include ‘Build-up’, because each
layer is drilled and plated before lamination to create the
complete PCB.

The basic standard on HDI is IPC-2315  (from www.ipc.org),
and its benefits for EMC are discussed in section 7.5 of [2].
Figure 4 is a cross-section of an example six-layer board using
this technology, showing its major features.

Figure 4  Example of a 6-layer HDI (‘microvia’) Xilinx FPGA
in BGA packaging

The usual reaction when I suggest using HDI is horror at the
cost of it – but this is an old-fashioned reaction that hasn’t been
true for well over a decade. An IPC (Institute of Printed Circuits)
survey in 2000 found that HDI boards could be purchased for
the same cost as THP, and if you can avoid the use of buried
vias it helps reduce costs further.

Advice in recent years from Mentor Graphics’ HDI expert
Happy Holden is that boards needing more than 8-10 layers
should cost less if made in HDI, for example a high-density 18
layer THP board would only need 10 layers if using HDI. But
with even lower densities and with fewer layers, the EMC, signal
integrity (SI) and power integrity (PI) advantages of HDI PCB
technology can make it more cost-effective than boring old THP.

In May 2008 there were 32 manufacturers of microvia boards
in the UK alone. HDI requires a different approach to PCB
layout than THP, and some PCB EMC techniques might not be
able to be used. Manufacturing techniques can vary between
board manufacturers, and may need different layout techniques,
so it is important to always check with the chosen manufacturer
before starting board layout.

An important EMC advantage of microvia (HDI) PCB
technology is that it’s very small diameter individual-layer-
piercing holes are closed off, so do not suck solder away from
the joints on the top or bottom sides of the board, meaning they
can be placed right in the middle of the BGA solder pads.

However, it is possible to use ‘via-in-pad’ techniques when using
BGAs on THP PCBs, to save board area by avoiding the
traditional ‘dog-bone’ pads, by filling or capping those vias
with copper. In volume production this should add no more

than 10% to the bare-board cost. To keep the price of prototypes
down, these vias can be manually filled with high-melting-point
solder before the board has its solder paste printed, components
placed, and is passed through the solder reflow ovens.

At least use small enough track-and-gap rules to
ensure meshed 0V and Power planes under
BGAs
Using THP PCB technology inevitably means massive
perforation of all 0V and Power planes under a BGA, which is
bad for EMC.

I often see PCB designers using track-and-gap board layout
rules that entirely remove all of the plane areas under BGAs –
making SI, PI and EMC very difficult and costly to achieve
and often delaying projects significantly (since 2000, delay is
more important for a project than increases in BOM cost, see
[3] and [4]) (BOM = Bill of Materials).

It is vital to at least achieve a continuous mesh (grid) in the 0V
and Power planes under every BGA, to connect to all of the
IC’s 0V and Power pins to their respective DC supplies and
decoupling capacitors (‘decaps’) with the lowest practicable
impedance.

To create complete meshes or grids in planes underneath BGAs
with ball pitches down to 1mm requires 175µm (7 thousands
of an inch, or ‘thou’) or less track-and-gap rules.

Ball-pitches between 1mm and 0.8mm need 100µm (4 thou) or
less track-and-gap; and 0.5mm pitch needs 50µm (2 thou) track-
and-gap to maintain a complete mesh.

Figure 5 shows part of a signal layer under a BGA, in a multi-
layer PCB with several 0V and Power planes. The BGA’s 0V
vias are shown as violet dots on the 0V plane fill, whereas power
and signal vias are shown surrounded by a 100µm (4 thou)
clearance holes in the 0V fill – sufficient to ensure that the 0V
plane fill forms as complete a mesh (which has the lowest
obtainable impedance) as practicable.

Figure 5  Example of a signal layer with a meshed 0V fill
under a BGA

The problem with using too-large clearance holes in a plane is
that they break into each other creating large gaps in the plane,
considerably increasing its impedance. Figure 5 appears to show
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some pairs of clearance holes merging into each other to
produce ‘dumb-bell’ shaped plane gaps, but this is due to the
pixellation of the view I have chosen to use in this figure.

However, zooming in closer reveals that the 100µm (4 thou)
clearance holes in the 0V fill do not break into each other, and
a copper web of manufacturable thickness (at least 100µm (4
thou) wide) exists between any pairs of vias.

Once again, when I suggest using 175µm (7 thou) or less track-
and-gap rules I often find people complaining about the price
– but this size track-and-gap has been available with no price
premium since before 2000.

And since about 2009 it has been very easy to purchase PCBs
using 100µm (4 thou) track-and-gap from offshore volume-
manufacturer with no price premium.

My experience seems to reveal that most company buyers form
long-term relationships with their PCB suppliers, so that when
a designer asks for a quotation based on 100µm (4 thou) track-
and-gap they are given a higher price than they would expect
for their normal design rules, which their manager then vetoes
because he or she is still under the misapprehension that BOM
cost is the most important issue.

As regular readers of my articles will know, such a veto is
wrong in two major ways:

a) Suppressing EMI at PCB level is at least ten times less
costly to the BOM of the final EMC-compliant product,
and possibly 100 times or more less costly.

b) As already mentioned, time-to-market now dominates
the financial success of a product [3].

For several years now, every customer suffering a delayed
project because of poor EMC at least partly caused by gaping
holes in the planes under their BGAs, to whom I have
recommended the use of 100µm (4 thou) track-and-gap PCB
design rules, has replied that it would be too expensive (but
see a) and b) above). In every single case I strongly suggested
they make their company buyer do his job properly and shop
around, which they did, and found they could purchase such
PCBs for no extra cost.

Everyone should realise by now that in this world as it is we
can’t get the best price unless we shop around. Sometimes the
best price is from the very same supplier we have been using
for years, who was hoping to rely on our loyalty to stay with
them whatever price cuts they ‘forgot’ to offer us.

(Of course, this is not an argument for buying from non-
approved suppliers, and especially not from the grey market!
As an ancient Chinese proverb says (or so I have been told):
the sweet taste of low cost does not last as long as the sour
taste of poor quality. And when Confucius (or whoever) coined
that saying, company buyers did not have to contend with the
massive global fraud of counterfeit components that is run by
organised crime that we have today.)

As for prototypes, there are UK PCB manufacturers who can
cope down to 50µm (2 thou) track-and-gap (e.g. Merlin Circuit

Technology), and I receive many emails each day from Chinese
PCB manufacturers who used to only be interested in high
volumes, but now offer very quick turnarounds and reasonable
prices for prototype quantities of boards with almost any number
of layers.

Suppressing ICs that have multiple power rails
Many microprocessors, FPGAs and ASICs now use multiple
power supplies, such as 3.3V (for ‘glue logic’ I/Os), 2.5V and
2.7V (for different kinds of memory and other ICs) and between
1.2 and 0.9V for their core processing logic. They also use
BGA packaging.

It helps a great deal if all of the different Power planes associated
with an IC can be placed on a single PCB layer, with at least
one adjacent ‘solid’ 0V plane in the PCB’s layer stack, as shown
in Figures 6 and 7.

Figure 6  Overview of a Power plane layout for a BGA with
four DC rails

Note that all of an IC’s pins that are associated with the circuits
that are powered from a given power rail voltage (e.g. 3,3V)
are contained within that Power plane’s area. This also applies
to any unprogrammed pins on FPGAs, so that any future
changes that bring these pins into use, doesn’t require too many
modifications to the layout and increase the risks of large
changes to its EMC characteristics.

The spacing between the 0V plane and its adjacent split Power
plane layer should be as small as is practicable. 50µm (2 thou)
spacing is increasingly common, as is the use of proprietary
double-sided copper laminates having much smaller dielectric
thicknesses, even as low as 8µm (e.g. ‘Faradflex’,
www.faradflex.com).

Such small 0V-Power plane spacings maximise their distributed
decoupling capacitances, which helps maintain low power
supply impedances above 300MHz (which can’t be done with
discrete decaps alone, see sections 7.5.3 and 7.5.4 in [1] and –
for more detail – section 5.3 in [2]).

They also help ensure that return currents in the 0V plane flow
very locally to the area covered by that Power plane area,
helping to maintain segregation (reducing noise coupling, or
crosstalk, between different circuit areas).

The adjacent 0V plane (and all other 0V planes in the board’s
layer stack) should extend beyond the perimeters of all Power
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planes – and also beyond all traces, pads and PCB-mounted
components – by at least 3mm and preferably much further,
whilst also keeping all PCB-mounted components as low-profile
as possible (see [5], also sections 7.4.1 and 7.4.6 in [1] and –
for more detail – 4.2.1 in [2]). A 0V plane ‘moat’ of 10mm or
more width would be a good idea for suppression of EMI.

If there is a large hole routed in a PCB (never a good idea for
EMC) it should also have a moat of at least 3mm of 0V plane
around its inner perimeter.

This is another example of a good EMC technique that costs
little when implemented at the bare-board level of assembly,
which gives EMC benefits that are often much more costly to
achieve at a higher level of assembly (e.g. the assembled PCB)
but are often vetoed by managers who don’t understand that
what matters is the overall cost of manufacture of the EMC-
compliant product, not the BOM for the assembled PCB prior
to EMC testing.

Of course, I realise that the use of 0V plane moats means
increasing PCB size overall, and/or increasing component
density by using smaller components, more board layers, HDI
technology, etc., all of which add cost. But this cost increase is
acceptable as a way of reducing the overall design project’s
financial risks and (most probably) reducing the overall cost of
manufacture too.

This is because this approach helps ensure that we don’t find
ourselves in the potentially financially ruinous situation of
failing EMC compliance tests where the only solutions that
can possibly work will cause time-to-market delays which could
quite possibly kill the entire project (see [3] and [4]).

When using 0V/Power plane pairs as suggested above, the
components associated with each of the DC power rails should
be placed, and all their traces routed, over their associated
Power plane areas, as Figure 7 tries to show.

Figure 7  Example of segregating components and traces
when a single Power plane layer is split into several

DC plane areas

No traces that are routed on layers adjacent to any split Power
plane layer(s) must ever cross any splits between plane areas
on that layer, because the proportion of their return current that
is flowing in the Power plane areas will not be controlled and
will cause SI and PI problems, as well as problems for emissions
and immunity.

(Almost all good EMC design engineering practices at RF can
be reduced to the simple rule of providing paths for all ‘return’
currents (including those caused by stray couplings) that are
physically very close indeed to the path taken by their ‘send’
currents, see [9], [6], [7] and [8].)

Just as for 0V planes, no traces should come too close to the
edge of any Power plane area they are routed adjacent too (as
shown by the double-headed arrows in Figure 7).

All traces that have to cross any plane splits (whether the splits
are in 0V or Power planes) may need suppressing with filters,
galvanic isolation, etc., see 4.4 in [2].

Segregating circuits into different areas of a PCB is a very
important EMC technique, second only to the provision of solid
(continuous, unbroken) 0V planes, and is described in section
7.2 of [1] and section 2 of [2].

Unfortunately, an IC with multiple DC power rails belongs to
each of the segregated PCB areas associated with its split Power
planes, which rather limits the usefulness of PCB-level shielding
of those areas. But in real life engineering we can’t have
everything (unfortunately)!

Sometimes it is impractical to confine all of the Power planes
to a single layer in a PCB, for example when a board has
multiple-power-rail ICs mounted on one or both sides. For
example, one of my customers had so many large FPGAs on
both sides of a PCB that it needed four Power plane layers,
each layer being split into several Power plane areas.

A problem here is that stray capacitance and stray inductance
between plane layers causes noise to be coupled between them
(crosstalk). So, for example, very high frequency noises
associated with 2.5V DDR memory busses could couple into
the ‘ordinary’ 3.3V Power planes and circulate in their
associated circuitry, causing bad PI which leads to bad SI, and
worse EMC.

Core logic Power planes (typically between 0.8V and 1.2V)
are often the principal culprits in such situations. The current
and voltage noises in these planes are usually extreme in both
magnitude (Amps, sometimes tens of Amps) and frequency (at
least up to 10GHz), and a physically small core logic Power
plane can easily ‘pollute’ an entire PCB and all the cables it is
connected to with RF noise, causing major problems for SI
and PI, and of course for EMC.

To help prevent RF noise in a ‘noisy’ Power plane layer (e.g. a
processor core logic supply) from coupling noise into a parallel
Power plane layer and spreading more widely, causing higher
emissions – place a 0V plane between them in the layer stack,
as shown in Figure 8.
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Figure 8  Example of adding a 0V layer to reduce the noise
coupling between parallel Power plane layers at different

voltages

‘Sandwiching’ each board layer that contains split Power plane
areas between two solid (i.e. continuous, unbroken) 0V planes
(e.g. as was done for layers 7, 8 and 9 in Figure 8) also has the
benefit of increasing the Power planes’ buried decoupling
capacitances. And a still further benefit is that no signal traces
have to avoid any splits in any planes, easing the constraints on
signal layer routing at the cost of additional board layers.

I can see a day in the near future when it becomes standard
board layout practice to sandwich every layer that contains split
Power planes between two solid 0V planes.

Conclusions
ICs with BGA packaging and/or multiple DC power supplies
are now unavoidable for many product designs, but attention
to several issues associated with the 0V and Power planes in
their PCB layouts will reduce their negative effects on SI, PI
and EMC.
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Unusual applications of ferrite-cored transformers:
A Connoisseur’s  guide

By Richard Marshall, MA, CEng., FIEE, FIET, FInstP, Richard Marshall Limited

The EMC Journal July 2013

In this issue Richard describes
four relatively uncommon
applications of ferrite
transformers, using  the
methodology of the previous two
articles [Refs. 8,10].

 The first shows how to create
and use a “switched

impedance”.  The second offers a controlled wide-band
impedance. Then we describe a wide-band current immunity
test tool.  In each case specialised winding designs have been
used to maximise high-frequency performance.

The last example extends the low-frequency performance of a
ferrite core – and illustrates a potential pitfall when using
ferrite at the low frequencies where it offers low-loss
inductance.

Since this contribution follows on logically from its predecessor,
the paragraph, figure, and reference numbers also follow on
from those in the May issue of The EMC Journal.

19) Automated “cable placement” in EMC
testing
The radiation pattern of an Equipment under Test (EUT) with
attached cables is made complex by the interaction of the
emission from the EUT itself with that of the connected cables
acting as antennas.  The effect is particularly evident at
frequencies where there are two connecting cables.  There are
modest increases due to emissions towards the measuring
antenna adding in-phase, and  sharp reductions of emission when
the emissions are of equal amplitude and out-of-phase. These
degrade the accuracy and repeatability of measurements since
they are critically dependent on the cable layout.  Accordingly,
EMC test Standards do require the test engineer to adjust the
cable positioning so as to maximise the measured values.
However, this is impossibly hard to do since the optimum
position will vary with frequency.

 A “Switched Cable Decoupler” (SCD) can be made from a
ferrite sleeve that carries a secondary winding that can apply a
short-circuit as in figure 22.

Fig. 22  Operating principle of Switched Cable Decoupler.

With this device it proved possible to make near worst-case
measurements without recourse to moving the cables.  See refs.
[11], [12], and figure 23 below.

Fig. 23  Effect of switched decoupler on FAR measurements.
(Data courtesy NPL)

Figure 23 shows the emission from a “dummy EUT” in a fully-
anechoic room.  This EUT had two connected cables - mains
and a 0.7metre “Accessory” cable.  The latter was connected
to the EUT case with an SCD installed close to the EUT.  Both
cables fell vertically from the EUT as may be seen in figure 24.
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Fig. 24 Two cables connected to a “dummy EUT” in a fully-
anechoic chamber before the installation of the switched cable

decoupler.  (Courtesy NPL)

The blue plot is of the emission with the SCD switch open, so
that the accessory wire was largely isolated from the EUT by
the high impedance of the ferrite.

The red trace shows the emission with the SCD in its low-
impedance state.  The accessory cable then exhibits its quarter-
wave resonance at about 120MHz – see box. The resulting
radiation largely cancels the emission from the mains lead and
produces the substantial notch that can be seen in the plot.  At
lower frequencies the accessory lead just adds to the EUT
capacitance to ground, increasing the interference current in
the mains lead and so increasing the total emission.

The SCD has brought into view the considerable variation in
measurement that results from interaction between EUT cables.
It can be seen from figure 23 that there is no unique worst-case
configuration:  Below 114MHz one set up is worst: Above this
frequency the converse is true.

The switch of the SCD shown in figure 22 can be a PIN diode
switched remotely – ON/OFF/Pulsed - via a fibre optic cable.
By pulsing the SCD between the two states, with the measuring
receiver detector set to “peak” the overall worst case will be
automatically chosen.

Fig. 25 shows the effect of the pulsed SCD upon the display of a
spectrum analyser in another test situation, with the two

different emission measurement levels clearly distinguishable.

The “winding” of the SCD is an adhesive copper tape, and to
achieve the lowest possible leakage inductance the winding and
switching diode are duplicated on the other half of the split
ferrite core.

The SCD and its controller are shown in figure 26.

Fig. 26  A prototype SCD (left), its control unit (right) and the
connecting length of plastic optical fibre.

The left-hand unit is the SCD itself: the EUT cable is to be
threaded through the hole at the extreme left.  The right-hand
box contains the pulsing circuitry and selector switch.

This innovation has not been adopted widely – but the principle
of controlling the impedance of a ferrite sleeve has been
extended to the provision of components whose impedance
remains constant over a wide frequency range as will be
discussed next.

20) Tailoring the impedance/frequency
characteristic of a ferrite choke
There have been many attempts to standardise the impedance
of an EUT cable at the point where it leaves the test area.  For
example; LISN, AMN, CDN, CMAD, CDNE and Absorbing
Clamp. The definition and design of such devices is  subject to
some controversy ( see Ref. [13]) , but we can note that a defined
common-mode series impedance that is easily attached to a
cable is often useful.  In the first article in this series, figures 1
and 3 showed how the impedance of ferrite cores varies
considerably with frequency. However, the principle of the
Switched Cable Decoupler can be extended to provide clip-on
ferrite devices with much improved control of impedance.  See
figure 27.
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Fig. 27  A defined impedance over a wide frequency range can
be obtained with suitable transformer-coupled components.

The black plot shows the impedance of the ferrite sleeve, and
the blue plot shows how it may be stabilised by a shunt resistor
– albeit at a lower value.  The red plot shows how the addition
of a capacitor in series with the resistor can extend the
impedance stabilisation to a lower frequency.

Fig. 28  Construction of a wide-band defined impedance device.

Figure 28 shows the two halves of a split ferrite core loaded as
in the previous figure.  To achieve the best possible coupling at
high frequencies the load is split between windings on each
half-core.

The secondary conductors are self-adhesive tinned copper tape,
cut with a sharp knife to allow the insertion of surface-mount
components.  One resistor is visible on the right-hand half-
core, in the centre of the back face.  Likewise, the tapes are cut
at the near ends of the windings to accommodate surface-mount
capacitors.

There is of course a trade-off between impedance and
bandwidth.  However, these devices can be made to cover the
frequency range 30 to 300MHz with impedances of 50 or 75
ohms.  Two 75 ohm devices in series can provide the 150 ohms
series cable impedance that is generally considered best for
damping common-mode cable resonance. See refs. [14] & [15]

21) Broad-band testing of conducted immunity
Current-injection immunity testing is a widely recognised
technique. However, formal test methods have only been
Standardised for essentially single-frequency injection, despite
the potential benefits of greater realism and reduced test time
that can result from the simultaneous injection of many different
frequencies. Multifrequency injection is technically challenging
because of the need to establish known injection levels and

other test conditions over a wide frequency range.

However a Current Injection Tester that largely overcame these
problems by novel use of ferrite-cored transformers has been
produced [16] .  This was manufactured and marketed by
Schaffner Instruments as their NSG420, and found favour for
use in development laboratories and for troubleshooting in the
times when conformance to EC Standards was not as strict as it
is today. Although manufacture ceased in 1999, this tester can
still be hired or purchased second-hand, and is available in
certain test houses.  There has been particular interest [17] in
its application to the testing of professional audio equipment.

Fig. 29 shows an early prototype.

Fig. 29  Wideband current injection tester.

This instrument is built around a current transformer (the tilted
box at top right) that clamps around an EUT cable and injects
a wide spectrum “comb” signal derived from a pseudo-random
sequence generator. The injected spectrum is shown in Figs.
30 and 31.  This can be subject to additional low-frequency
AM or FM to fill in the remaining gaps and excite further EUT
failure modes.

Fig. 30  Low-frequency band emission into 50 ohms.

Fig. 31  High-frequency band emission into 50 ohms.
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Note that the two charts do not join smoothly at 30MHz because
of the change in measuring bandwidth: This is a broadband
emission!

The key component of the Tester is the ferrite current
transformer assembly, which is detailed in Fig. 32.

Fig. 32  Construction of the clamp-on dual transformer. The
EUT cable is omitted for clarity.

The coupling to the EUT cable is via two split-cored
transformers, one of which applies voltage in series with the
cable, whilst the other monitors the resulting current flow.  The
injection transformer uses multiple cores to achieve the
necessary power rating at low frequencies, and duplicate
copper-tape primary windings on each half to maximise the
response at frequencies above the ferromagnetic resonance (See
section 2 in the March 2013 article).  The single-turn primary
windings are driven in push-pull by paralleled digital bus-driver
circuits so as to secure the fastest-possible transition times for
the rectangular drive waveform.

The monitor transformer carries a multi-turn secondary whose
output is rectified and applied to an LED bar display calibrated
in dBmA.  The transformer design requirements are similar to
those for the current transformer described in section 15 of the
May 2013 issue,  except that the split core was a necessity in
this application.

The combination of the two transformers actually produces a
non-contact impedance measuring device, which the author has
sometimes found useful!

22) Suppressing medium and high frequency
interference with a tuned ferrite choke
In the March issue, figure 5 showed that multi-turn windings
could be used to provide a useful choke effect down to a few
MHz.  However, there are cases of interference from long-wave
and medium-wave broadcast stations that could not be
suppressed by this method without the use of very many turns
on very large cores.  In these circumstances it is worthwhile to
consider tuned ferrite chokes.  These use ferrite at frequencies
well below ferromagnetic resonance, so that well-behaved
inductors may be constructed whose “Q” factor can be used to
multiply the impedance at one specific frequency.

As the crow flies, the author’s office is about 17 kilometres
from Brookmans Park, from whence the 200KW “Radio 5 Live”

transmitter produces a dominant signal in the medium-wave
band on 909KHz.  It is not the only strong signal here but it is
a good candidate for the following example of  a tuned choke
that is inserted at the lower end of an elevated wire 15 metres
long.

The evaluation was set up as in figure 33.

Fig. 33  Evaluation of a tuned ferrite choke.
Before installing the blue ferrite toroid and the variable
capacitor, the elevated wire (which is the grey wire coming in
to view at the upper right-hand side) was routed through the
current transformer (that is characterised in figure 21 of the
March issue) and thence to the local ground bus.  Heavily
filtered to remove the “Radio 5” modulation, the spectrum
analyser in the background recorded 62dBµV in 10KHz at
909KHz. This reading is equivalent to 42dBµA or 126 µA.
See section 24 below.

A grade of ferrite that is inductive at 1MHz is type 3F3 (see
figure 1 in the March issue). A 36/23/15 toroid of this material
was available, so a 6-turn winding of the “elevated wire” was
wound on it adjacent to the current probe.  The analyser reading
increased to 71dbuV!

This is a rarely recognised but very common situation where
ferrite loading makes things worse.

The elevated wire is considerably shorter than a quarter-
wavelength at 909KHz, and so presents a capacitive source
reactance. See box. The added inductive reactance of the toroid
winding subtracts from this,  resulting in a lower impedance
and hence a higher current.  The maxim is “Do not be confident
of benefit at low frequencies from a common-mode inductor
on a cable whose remote end is isolated from ground.”

However, this problem goes away when a shunt capacitor is
added to turn the inductor into a parallel resonant circuit. To
avoid direct connection to the elevated wire, a white wire is
inter-wound with it, and connected to the tuning capacitor as
shown in figure 33.  With the capacitor adjusted to what was
later measured as 390pF, the analyser reading fell to 45dBµV.
This represents a 17dB improvement from the device without
any serious attempt to optimise the ferrite core or winding
details.

Tuned ferrite has solved problems for the author that would
have been quite insoluble by any other external method.

The EMC Journal July 2013
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23) Conclusion
Together, these topics complete this review of ferrites and
cables in EMC.

The author will be happy to discuss and add detail to any of
these designs, either by email to richard.marshall@iee.org
or face-to-face at the forthcoming EMC-UK Exhibition and
Conference.

24) Addendum
In the May issue [ref.10] figures 19, 20, & 21 gave calibration
factors for current probes.  These factors were expressed in
plain dB, because they referred to a calibration test (figure 18)
in which the input current was measured in terms of a voltage
source via a 50 ohm resistor.

In practical use the input current needs to be derived from the
measured output voltage. This conversion may be derived as
follows.  Assume 1mA (=0dBmA) input current through the
primary “turn”.  Since the secondary has 5 turns, the current
induced there will be 1/5 mA.  Since the output voltage
measuring device will have an input impedance of 50 ohms,
its reading will be  50 x 1/5 = 10 millivolts (=20dBmV).
Therefore conversion from dBmV output to dBmA input may
be achieved by subtracting 20 from the output number.
Likewise for conversion from dBµV to dBµA.
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A medium wave antenna tower does not support a wire antenna:
The tower itself is the antenna.  It is dimensioned and tuned to be
an electrical quarter-wavelength so that energy may most
effectively be delivered to it at the earthy end. If the antenna is
too short its impedance is capacitive:  If it is too long it is inductive.

The tower stands on an insulator as shown at the left in the lower
inset picture. The low-potential transmitter terminal is connected
to an extensive earth mat.

To achieve the necessary electrical length without impractical
physical height the mast often includes an inductor across an

insulated neck part-way up, as illustrated in the middle inset picture.  For the same reason a “hat” of rods and wires may provide
extension by capacitive loading at the top of the mast as may be seen in the right-hand insert.

In principle the current distribution of the transmitting antenna
is zero at the top and maximum at the bottom, as shown here.

Only the scale is different in an EMC common-mode situation.
If the antenna is translated into its equivalent circuit this is
similar to that of a computer mouse plugged in to its
computer. The mouse itself is the “top hat”, the curly cable
is the tower with its inductive loading, and the conductive
material of the computer provides the earth mat.

The mouse cable is perhaps one-hundredth of the length of the
transmitting antenna, so its most effective frequency of radiation
is about one hundred times higher:  100 MHz instead of 1MHz.

A microphone cable might be one-tenth the antenna length and so its optimum reception frequency - and worst immunity frequency
– may be of the order of 10MHz.

This analogy leads easily to some EMC rules.  Add ferrite damping where the current will be highest.  Adding inductance rather
than resistance may be good or bad.  Accessory cables – like a “top hat” - can make a significant difference to measurements.

THE BROADCAST ANTENNA ANALOGY
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