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Best in EMC testing:
More speed.

More insight.

More intelligence.

The R&S®ESR is the new test receiver for standard-compliant
EMC testing.

Save time

The R&S®ESR time domain scan makes EMC measurements faster than
ever before, allowing you to dedicate more time to your main mission.
Find everything

The realtime spectrogram and the persistence mode seamlessly display
the spectrum so you can detect and analyze sporadic or hidden emis-
sions and their cause.

Work flexibly

The R&S®ESR combines a test receiver and full-featured spectrum
analyzer in a single instrument, giving you all the tools you need for
your measurement task.

Simplify measurements

The R&S®ESR combines functionality with clear structure for easy
navigation on the convenient touchscreen.

Want to know more?
Convince yourself — visit www.rohde-schwarz.com/ad/esr.

u Please follow us on Twitter: Rohde_SchwarzUK
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Find the simple way through
complex EM systems

Components don't exist in electromagnetic isolation. They influence their neighbors’

performance. They are affected by the enclosure or structure around them. They
are susceptible to outside influences. With System Assembly and Modeling,

CST STUDIO SUITE helps optimize component and system performance.

Get the big picture of what's really going on. Ensure your product and components
perform in the toughest of environments.

Choose CST STUDIO SUITE -
.com/emc Complete Technology for 3D EM.



News

New Series by Richard Marshall

Richard Marshall, MA (Cantab), CEng.,
FIEE, FIET, FInstP

Thisissue seesthefirst in anew series of
articles to be written by Richard
Marshall. Ubiquitous within the EMC
fraternity Richardishighly qualified and
built his first Radio as long ago as 1946
he has since gone on to have over 50
patents to his name. See entry in EMC
Who's Who - http://www.compliance-
club.com/default.aspx?d=25. Richardis
an avid member of the EMCIA and a

regular participant in the EMCUK
Exhibition & Conferencewww.emcuk.co.uk

As a member of the |IEE’s professional
groups on Electronic Design and EMC
he has organised and chaired several
colloquia. He has lectured widely on
EMC and on Safety-Critical Systems.

Richard has published 40+ technical
papers.

He worked for Rank-Xerox Ltd for
twelve years, gaining considerable
expertise in photocopiers, facsimile
machines, and office computers and
networks. Later, he travelled widely,
working with design teamsinthe US and
Japan. He represented the company on
the council of the European Computer
Manufacturers Association and on its
EMC technical committee.

Richard Marshall Limited was founded
in 1996 to undertake rf and EM C-related
€lectronic design, consultancy & training.

Contact Email: richard.mar shall @ies.org
Tel: 01582 460815
Web: www.design-emc.co.uk

New series Titles

March/ April, Issue 105
Coresand Cablesin EMC design and
test: Agetitright first time guide

May/June, | ssue 106

Measurement of common-mode and
differential-mode current; How to do
it yourself

July/August, |ssue 107
Broad-band immunity testing; a non-
standard approach

September/October, | ssue 108
High power resistorsfor surgetesting;
a get it right first time guide

November/December, |ssue 109
Preamplifiers for low-level emission
measur ement
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News and | nformation

ETS-Lindgren appoints Martin Wiles as Director of Test
Solutions for Europe, Middle East and Africa (EMEA)

Martin Wiles of ETS-Lindgren has been
appointed Director of Test Solutions for
Europe, Middle East and Africa (EMEA) for
the company. In this role Martin will head
up a team of technical support engineers
providing customers with high quality
technical and applications support.

Hehas 25 years experience asan RF Engineer
specialisingin EMC. Hisexperienceincludes
design, technical sales, applications and
project management. In addition to the
technical and commercial skillsthat he brings
to the job he is multi-lingual having worked
with ABB in Switzerland, Philips
Semiconductorsin Franceand ETS-Lindgren
in France and Finland.

Particular expertise is in EMC testing,
especially anechoic chambers for radiated
emission and immunity testing for
conformance and pre-compliance testing.
Additionally he has comprehensive
knowledge of international standards and
measurement methods, antenna calibration,
chamber validation techniques and materials
technology as applied to EMC anechoic
chambers.

Martin represents the UK on CISPR sub-
committee A dealing with basic EMC
standards as well as representing the EMC
Industries Association on the UK National
committee dealing with EMC product
standards. In addition to his committee work
Martin haswritten many technical articleson
EMC and Wireless and presented papers at
conferences worldwide.

ETS Lindgren Ltd, the Stevenage based
subsidiary of the American parent, isaworld
leader in electromagnetic compatibility
providing customers with detection,
measurement, shielding and control. The
company also manufactures a wide range of
antenna measurement systems.

Ken Foan, Sales & Marketing Director
EMEA for ETS Lindgren announced the new
appointment, "Martin's experience, and the
roll-out of our EMEA arm of our Global Test
Solutions group, will provide our European
customers with unparalleled applications
support. The group will be able to give first
class support to our customers with their
EMC, RF, Microwave and Wireless projects.
Wewill help them from the consultation stage
right through to the final systemsintegration
of aproject.”

Martin isakeen road cyclist and is currently
half way through studying for an MBA.
www.ets-lindgren.com

emcia Member

Aerco to supply Oxley EMI filter solutions

Under the renewed terms of a trading
agreement with Oxley, the Cumbria-based
manufacturer of electronic components,
Aerco will supply awide range of EMI/RFI
filters to suit many different types of
applications.

Oxley supplies chassis and PCB filters that
include solder, threaded, press fit and taped
and reeled surface mount styles al available
either environmentally or hermetically sealed.
Oxley also offers a bespoke service under
which variants of standard products or
completely new-build products are devel oped
for special applications on a short timescale.

Paul Bandy, product manager at Aerco said:
“Oxley isaleading specialist in the effective
suppression of electromagnetic interference
supplying a comprehensive range of EMI
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filters and filter solutions. Our sales support
team work closely with Oxley engineers to
solve EMC problems quickly and
effectively.”

WWW.aer c0.co.uk

www.oxleygroup.com

emcia Member

Joseph DiBiase joinsAR RF/
Microwave Instrumentation as
Applications Engineer

AR RF/Microwave Instrumentation has
announced the addition of Joseph DiBiase
to its staff of Application Engineers. Mr.
DiBiasewill assist AR customersand provide
support to various AR engineering groups.
Mr. DiBiase joins AR with over 25 years of
EMC design and test experience. He most
recently held a position of Sr. Manager of
Compliance Engineering at Motorola
Mobility where he led product regulatory
qualification efforts, and managed an
accredited test laboratory.

Prior to thishe worked as a certified Tempest
Engineer, and EMC design and test engineer
for Radiation Sciences Inc. In this position
Mr. DiBiase led Tempest product
development efforts, and provided EMC
design analysis consulting to Military
customers.

He has a Bachelor’s degree in Electrical
Engineering from Villanova University, is a
member of IEC CISPR I, and isiNARTE and
Six Sigma Green Belt certified. His varied
and extensive experience will make him an
asset to AR’s worldwide organization

EM C Year book
2013

The latest edition of the EMC
Yearbook is now available.

To get your copy please email
pam@nutwooduk.co.uk with
your name and address.
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Since Hursley EMC was formed over 15 years ago in a management buyout from IBM, we have
continued to improve our service and facilities to our customers.

Investing in state of the art technology, equipment and staff we have steadily increased our
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Banana Skins...

Editor’s note: | receive many potential
Banana Skins, and no doubt they arejust
the topmost tip of the EMI iceberg. Keep
them coming — but please don’t be
disappointed if your contribution doesn’t
appear for awhile, or at all. Evenusing
four pagesin every EMC Journal | can't

keep up!

@ Disconnecting the battery to
recover from EMI

| wastesting acellphonefor immunity to
EMI, it failed, but | wasunableto recover
normal functioning by switching it off
and on—1| had to removeits battery, then
put it back in.

Thisis an increasing problem with cars,
their microprocessors get into astate that
can’t be recovered from, and — as they
are continuously powered (i.e. never off,
just in standby) — the vehicle battery has
to be disconnected to reset them properly.
(Kindly sent in by Dipl.-Ing. Werner
Grommes, on 14 June 2012. Also see
number 758 below.)

EMI
batteries
The first CAN busses were installed in
high-end automobiles (“limousines’),
which were often to be found parked at
airports.

flattens limousine

EMI from the airport radars caused the
CAN busses to wake up out of their
standby (low current) mode (see Number
757 above), and because the radar swept
over thecar park about onceevery second
the increased current demand from the
awakened CAN busses flattened the
battery very quickly.

(Told to the Editor by Wim Ophelders,
Océ Technologies' S and EMC expert,
on November 8" 2012. Also see number
757 above.)

@ Cellphones interfere with
photocopiers

When people with cellphones in their
pockets operate photocopiers, it is
sometimes found that the copier
malfunctions.

(An anecdote told during the “ citech”
meeting of IEC TC62A MT23 (Medical
Device EMC) held in Carlsbad,
California, 19-23 March 2012. The
generic and product immunity standards
listed under the EMC Directive all
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exclude “ the close proximity of mobile
radio transmitters’ and only test at 3V/
m or 10V/m at cellphone frequencies,
very much lower fields than a cellphone
can create near toit. However, to test for
close-proximity radio transmitters it is
not enough to use far-field methods such
as |[EC 61000-4-3 and merely wind up
the test level — because the ratio of the
electric and magneticfieldsisall wrong.
Thisiswhy the Ford Motor Company and
Schwar zbeck developed a near-field test
suitable for simulating the close
proximity of cellphones and other
portable radio transmitters, which Ford
added to their Component EMC
Specification in 2009 (download
ww.fordemc.com/docs/download/
EMC_CS 2009revl.pdf and read test
method RI115), which is now being
developed into 1SO and IEC radiated
immunity test methods — Editor.)

Lighting control system
interferes with washing machine

One member described how their new
washing machine suffers interference
from hislightning control system. Hehas
to switch both thelighting controller and
washing machine off, then switch the
washing machine on and get it washing,
then he can turn the lighting controller
back on again without upsetting the
washing machine.

(Another anecdote told during the
“ Sitech” meeting of IEC TC62A MT23
(Medical Device EMC) heldin Carlshad,
California, 19-23 March 2012.)

5V/m measured at 2m below
Hospital Emergency Room lights

These high field strengths—nearly double
the immunity test level in the Medical
EMC standard IEC 60601-1-2, all
editions up to 3 — are said to often cause
problems for ECGs (electrocardiograms
— i.e. heart monitors) connected to
patients who are under such lights.

The radiated noise spectrum from the
lamps is below 30MHz, presumably
caused by switched-mode lamp power
controllers.

Dimmer controls also create EMI
problems, it seemsthey aretested at their
“full on” position—whichisprobably the
least noisy setting — rather than tested at
theworst-case emissionsfound over their

8

operating range.

(Taken from a presentation describing a
survey of the EM environments in three
hospitals, by Hasnain Hassanali of
Intertek Semko AB and Magnus
Sridsman, at the “ Scitech” meeting of
I[EC TC62A MT23 (Medical Device
EMC) held in Carlsbad, California, 19-
23 March 2012).

Proposed wireless broadband
network may interfere with GPS
Freguencies used to track hurricanes
In an effort to emerge from bankruptcy,
wireless network company LightSquared
Inc. has proposed a new plan for sharing
radio signalsutilized by weather facilities
to accurately track stormslike Hurricane
Sandy. The new planissalvaged from an
earlier proposal for a satellite-based
wireless broadband network that was
blocked by the FCC over concern that it
would interfere with global-positioning
system navigation technol ogy.

According to Peter Minnett, a professor
of meteorology and physical
oceanography at the University of Miami,
the frequencies that LightSquared is
interested in sharing are a “really
important component of successful
hurricane forecasting, responsible for
producing the [satellite] imagery on al
the TV broadcasts.” A U.S. agency stated
that frequencies used for weather
forecasting should not be shared for
wirel ess mobile services purposes dueto
the potential for interference, while
weather forecasters are concerned that
the public could be deprived of critical
information if the frequenciesare shared.

The company aims to begin offering
limited high-speed data service over the
radio signalsit would share with weather
facilities and increase use over a wider
range of frequencies after the FCC
develops aplan to avoid the interference
concerns that stalled the wireless
company’sinitial proposal.

(Taken from  www.interference
technol ogy.com/proposed-wirel ess-
broadband-networ k-may-interfere-with-
gps-frequencies-used-to-track-
hurricanes/, 10/31/2012. For more
information, see“ LightSquared Looksto
Airwaves Tracking Sandy for Revival”
by Todd Shields and Tiffany Kary on
October 29, 2012, in Bloomberg News:



www. busi nessweek.com/news/2012- 10-
29/lightsquared-looks-to-airwaves-
tracking-sandy-for-revival)

@ Research proves tin foil hats
don’t provide good RF shielding for
your head

The longstanding mythol ogy around the
use of tin foil hats to block the
government and extra-terrestrials from
reading or controlling aperson’ sthoughts
using radio waves dates back to the late
1920s. The scientific logicisthat thefail
helmets act as a Faraday cage, an
enclosure comprised of a conducting
material that prevents external
electrostatic chargesand el ectromagnetic
radiation from entering by distributing
them around the exterior of the cage.
However, the typical foil hat does not
fully enclose a person’s head as an
effective Faraday cage would and is
ineffective at blocking radio frequency
electromagnetic radiation.

[ ]

In 2005, a group of MIT students tested
the effectiveness of foil helmets at
blocking various radio frequencies by
constructing three different helmet
designs out of layers of aluminum foil.
Using aradio frequency signal generator
and areceiver antennaplaced on various
partsof their subjects’ heads, the students
examined the strength of the
transmissions. The students discovered
that though the helmets shielded the
wearersfrom the majority of tested radio
waves, they amplified certain
frequencies, including those in the 2.6
GHz (allocated for mobile
communications and broadcast satellites)
and those in the 1.2 GHz (alocated for
aeronautical radio-navigation) bands.

(Taken from  www.interference
technol ogy.comyresearch-proves-tin-foil-
hats-do-prevent-increase-ease-of-mind-
control/, 11/01/2012. For more
information, visit The Atlantic, http://
www.theatlantic.com/health/archive/
2012/09/tin-foil-hats-actual ly-make-it-
easi er-for-the-gover nment-to-track-
your-thoughts/262998/. Please note that
reading or controlling mindsusing radio
frequenciesis an urban myth that should
not be taken seriously — however, this
research shows that if it was possible

(which it isn’'t!) wearing a tinfoil hat
would only make it easier — Editor.)

Helicopter overflight triggers
implanted defibrillator

A colleaguein Norfolk iskeen on football
and together with afriend was watching
a match in which his two boys were
playing. Suddenly the friend was lifted
violently up and backwards, falling on
the grass well behind him, clutching his
chest. Thosewho saw this collapse were
sure he had been shot. He had not been
shot, but his cardiac defibrillator had
gone into overdrive for some reason.
Why? The football pitch was near an
RAF base in Norfolk - a MATZ where
both planes and helicopters were
stationed. Thefootball ground was under
theflight path, and ahelicopter wasflying
overhead at just that moment. This
happened to the same person on two
occasions, both of them seen by my
colleague. Cardiologists found nothing
wrong with him.

We should not be surprised at this effect
asfor many years cardiol ogistshave been
drawing attention to the effects of
magnets and magnetic fields on
pacemakers. A most important Editorial
waswritten by Krit Jongnarangsinin the
journal ‘Heart Rhythm’ in 2009. His
team at the University of Michigan also
drew attention to the hazards of
commercially available Neodymium
magnets. Jewellery and objects that
contain this type of magnet can be
inadvertently placed over an implanted
device and may cause interaction. In
trials, al 41 patientswith pacemakersand
29 with 1CDs experienced interference
when neodymium magnets were placed
only 3 cms from the implanted device.
(Kindly sent in by Anne Silk on 25"
February 2013.)

EMI to airbags causes Toyota
to recall over 1 million vehicles
Toyota has recalled more than 1 million
Corolla, CorollaMatrix and Pontiac Vibe
models across the globe due to faulty air
bags that could deploy accidentally
without warning.

According to a “defect information
report” submitted to the National
Highway Traffic Safety Administration
(NHTSA) by Toyota, the air bag control
module can experience a short circuit
“when exposed to high inductive
electrical noise from various vehicle
electrical components.”

Toyota has confirmed 18 U.S. cases of
abrasion-typeinjuries resulting from the
faulty air bag deployment. Two accidents
have also been reported by customersin
Japan, but Toyota has not confirmed the
authenticity of the reports.

Toyota plansto add afilter to the airbag
control modulein all recalled vehiclesto
prevent interference.

(Taken from: Interference Technology's
on-line news report, www.interference
technol ogy.com/toyota-i ssues-vehicle-
recall-due-to-electrical-interference/,
02/01/2013. For more information visit
the New York Times: http://
wheel s.blogs.nytimes.com/2013/01/30/
toyota-recalling-1-million-vehicles-for-
air-bag-and-wiper-problems/
?ref=automobiles, January 30, 2013,
11:11am; and the NHTSA: http://Mmww-
odi.nhtsa.dot.gov/owners/
SearchResultsaction?searchype=1D& target
Category=R& searchCriteria.nhtsa_ids=
13V029& refurl=email.)

Passenger electronics cause
flight changes

Disturbances of flight instruments
causing trajectory deviations appear
when one or several passengers switch
on electronic devices.

FAA Aviation Safety Reporting System
has reported 12 cases of interference in
aircraft dueto personal electronic devices
since 2002.

(Taken from “ EMC Part3 measurement
methods Oct12” by Alexandre Boyer,
http://www.alexandre-boyer.fr/alex/
enseignement/EMC_Part3_
measurement_methods _Oct12.ppt.
Alexandre reports the first sentence as
being originally published in “Air et
Cosmos” , April 1993.)

Vacuum cleaner interfereswith
Spacelab

During a Spacelab mission in 1985, the
crew decided to use the middeck vacuum
cleaner instead of the one in the lab.
Switching the middeck vacuum on caused
the voltage to drop and the Remote
Acquisition Unit to shut off. In preflight
EMI tests, the vacuum cleaner had not
been tested and should not have been
used in the lab. This case shows how
careful and attentive one must when
dealing with EMC.

(Copied from NASA Reference
Publication 1374 “ Electronic Systems
Failures and Anomalies Attributed to
Electromagnetic Interference”, by R.D
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Leach and M. B Alenxander, Editor,
available from: http://ntrs.nasa.gov/
archive/nasa/casi.ntrs.nasa.gov/
19960009442_1996109442.pdf, and
also from: http://mww.cvel .clemson.edu/
pdf/nasa-rp1374.pdf)

50 billion Machine-to-Machine
(M2M) cellphones by 2020

Developer Community: |deas catalyst for
M2M devel opers

Q: Why is Deutsche Telekom placing so
much emphasis on M2M innovation?

A: We are convinced that the M2M
market will boom over the coming years.
According to information from the
OECD, the number of networked
machines will rise to approximately 50
billion in 2020.

(Taken from: Connectingindustry.com/
electronics, September 2012. The answer
was attributed to Jurgen Hase, Head of
Deustche Telecom's M2M Competence
Centre. Editor’s note: M2M essentially
means cellphones embedded in items of
equipment to provide themwith full-time
datacommunications, and 50 billion of
them are going to make a considerable
addition to the noise in the EM
environment.)

Neutron susceptibility of chips
used in avionics

In addition, when designing systems,
engineers could look at building in
greater redundancy and being more
selective with components. Research has
shown that microprocessor chipsvary in
their neutron susceptibility by up to 10-
fold.

“The tricky thing is that manufacturers
can change their processes quite a lot
without avionics engineers even knowing
about it; electrically they’ll do the same
function but from this point of view
[neutron susceptibility] they change quite
dramatically.”, said Ryden.

(Taken from: “Weather Warnings,
Quinetiq gauges effects of storms on
airliners’, by Andrew Czyzewski, in The
Engineer, Aerospace Special, October
2012, page 6, www.theengineer.co.uk.)

ESD effects on oscilloscopes —
time goes backwar ds!
When debugging designs or making
electrical measurements of noise,
especially ESD, weoften assumethe only
equipment in the room that works
perfectly isour measurement equipment.
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This assumption can be wrong and when
it is, the bad data that results can add
significantly to the time needed to get to
the cause of adesign problem. Examples
of ESD interference to oscilloscopes are
described and one innovative approach
to minimizing EMI induced error is
shown.

Figure 1 shows an attempt to measure a
waveform associated with an ESD event
using a high bandwidth analog scope
many years ago. Almost every engineer
or technician trying to make such a
measurement in that time frame obtai ned
aplot like Figure 1. The plot was taken
using a1l GHz bandwidth Tektronix 7104
anal og scope with a camera mounted on
the scope to capture the waveform. The
7104 wasthe last of the analog scopesin
general use just before digital scopes
becamefast enough to take over most lab
measurements.

HIMHMi@h |
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Figure 1. Example of ESD Induced Error
in an Analog Oscilloscope

In the plot of Figure 1, time appears to
go backwards! What really happened was
that the very strong fields generated by
the ESD simulator interacted directly
with the electron beam in the
oscilloscope, overriding what the scope
deflection systemsweretrying to do. The
result drove the electron beam all over
the screen, resulting in the strange
waveform in the figure. People quickly
learned to put these scopes in a Faraday
Cage when making ESD measurements.
The Faraday Cage shielded the scope
from the ESD generated fields, and the
desired waveform was obtained.

These days we use digital scopes with
solid state displaysthat don’t use electron
beams the way analog scopes did, but it
istill possibleto get EMI induced error
in scope measurements. One example can
be seen in my Technical Tidbit article
September 2004, Mobile Phone
Responseto EMI from Small Metal ESD.
One of the figures from that article is
reproduced in Figure 2.
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Figure 2: Example of ESD Induced Error
in a Digital Oscilloscope
(Vertical scale = 5 Voltg/div,
Horizontal scale = 5 ns/div)

The plot in Figure 2 was the voltage
induced into asmall dipole antennatuned
to about 1800 MHz in response to
jingling coins in a plastic bag. The
desired signal is the tall spike in the
middle of the plot. But notice the “hash”
noise starting about 10 ns before the
spike. Thisnoisetraveled over the direct
path through the air from the ESD events
into the scope el ectronics. The hash starts
earlier because the propagation time is
faster for theair path than through several
feet of coax cable the desired signal had
to travel through. To fix thisand similar
problems one can use a Faraday Cage
around the scope or simply move the
scopefurther away from the source of the
EMI, jingling coinsin this case.

Figure 3 shows one solution by afriend
of mine, Jon Barth of Barth Electronics
in Boulder City, NV, to the problem of
ESD interference to his scope and PC
while trying to measure the calibration
waveform of an ESD simulator. ESD
noise was getting into the connection
between his PC and the scope, making
data acquisition nearly impossible. The
copper tape and aluminumfoil shield did
the job for him and is much simpler to
implement quickly than a Faraday Cage.

Figure 3: Makeshift Shield to Prevent ESD
Induced Measurement Error

EMI can manifest itself in other ways as
well including crosstalk between scope
channels when trying to measure a high



amplitude signal and a small one on
different channelsat the sametime. | have
even seen, back in the early 1990s, a
scope changeits state because its control
circuits were not immune to the effects
of ESD. Theresultsof this problemwere
quite evident though so there is little
danger of bad data from this cause.

The effects of EMI on analog and digital
scopes are quite different, but in both
cases, significant measurement error can
occur if care is not taken.

Don’t assume your measurement
equipment is working perfectly,
especially around ESD. Be on thelookout
for error creeping into your
measurements.

(Taken from: “ Electromagnetic
Interference (EMI) Effects on
Measurement Equipment - ESD Effects
on Oscilloscopes’ , by Douglas C. Smith,
in Incompliance Magazine, Nov 2012,
http://www.incompliancemag.com/
indexphp?option=com _content& view=artide
&id=1251:electromagnetic-
interference-emi-effects-on-
measurement-equi pment-esd-effects-on-
oscilloscopes& catid=71:technical-
tidbits& Itemid=215. For more Technical
Tidbits, please visit Doug’s site, http://
emesd.com.)

@ Lightning interferes with high-
speed trains, killing 40 and injuring
191

Forty people died and 191 were injured
in the crash near Wenzhou, on a high-
speed line connecting cities along the
south-east coast. A train that had stalled
on a viaduct after losing power in a
lightning strike was hit from behind by
another. Some coaches plunged from the
bridge to the ground below.

The head of Shanghai Railway Bureau,
An Lusheng, said the signalling system
at Wenzhou South failed to turn the green
light to red, after it was struck by
lightning. He failed to explain why the
second train was not warned that there
was a stalled train in its path or whether
the system had aback-up to automatically
issueawarning to stop in such situations.
(Taken from* China backpedals on high-
speed rail expansion plans’ by William
Dennis, in Engineering & Technology
magazine, Sep 2011, page 16,
www.EandTmagazine.com.)

EMI may stop people from
using their cars
As cars feature more and more
electronics, EMC testing is becoming
more stringent.

But while there is an understandable
focus on the el ectronicswhich control the
car, spare a thought for the humble key
fob. “It'sgoing to be an areawhere there
will be much more testing,” he
concluded. “There's so much going on
inthe 433MHz band that people may not
be able to get into their cars because of
all the interference.”

(Taken from* Eliminating interference”
by Graham Pitcher, in New Electronics
magazine, 27 Sep 2011, pages 21-22,
www.newel ectronics.co.uk.)

TV switch-over triggersrush to
see emissionsfrom rare stars
US skies are clearer than usual after the
switch in June from analogue to digital
TV freed up a chunk of the radio
spectrum. Astronomers are now rushing
to see what they can find before
transmissionsfrom cellphone companies
and othersfill the space.

Prior to the switch-over, naturally
occurring radio waves at frequencies
between 700 and 800 megahertz were
obscured by analogue TV signals,
preventing  astronomers  from
investigating the universe using thisband.
Now areceiver has been installed at the
Arecibo Observarory in Puerto Rico to
take advantage of the new-found clarity.
The window is giving astronomers their
first radio views of galaxies that thrived
when the universe was about half its
present age. They hope to measure how
much hydrogen — the raw material for
new stars—the galaxieshad. “It'saonce-
in-a-lifetime opportunity to see galaxies
in that range,” says Arecibo researcher
Chris Salter. “We' re able to see an epoch
that hasn't been observed before with
radio eyes.”

The new window may also help in the
hunt for pulsars — neutron stars that emit
beams of radio waves from their poles.
In this part of the spectrum, their beams
arelessimpeded by interstellar electrons,
which can scatter radio waves.

This boosts the chances of spotting rare
examples of these stars. “We're looking
for pulsar exoctica,” says Duncan
Lorimer of West Virginia University in
Morgantown. He and his colleague Mitch
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Mickaliger are hoping to find a pulsar
orbiting a black hole, as as-yet-
undiscovered pairing that could be used
to test general relativity.

This radio window won't be open for
long, though. Much of the new band has
already been auctioned off, and
astronomers at Arecibo might only get a
year of clear skies, says Donald Campbell
of Cornell University inlthca, New York.
(Taken from: “ TV switch-over triggers
rush to see rare stars” by Rachel
Courtland, in New Scientist, 7 Nov 2009,
WWW.Newsci entist.com.)

@ Spacecraft EMC —* Traditional
Anomalies’

During the first Space Shuttle mission
(STS-88) to the International Space
Station, VHF transmissions from ground
stations interfered with radio
communications of crew performing
extravehicular activities.

(Taken from: “ Space Environmental
Effects and Spacecraft EMC”, by
Matthew McCollum, NASA, Marshall
Space Flight Center, http://ntrs.nasa.
gov/archive/nasa/casi.ntrs.nasa.gov/
20040120952 _2004116614.pdf)

@ Marine radio transmissions
stop traffic

Boat owners in Dartmouth made
themselvesvery unpopular with motorists
in November. Every time they broadcast
on marine radio, it caused a set of
temporary traffic lights on North
Embankment Road to reset to red in both
directions, causing massive traffic jams.
Engineers had to be called to manually
restore the lights each time it happened.
So power does give way to sail, after all.
(Taken from: “ The power of radio”, in
the Bosun’s Bag column on page 168 of
Practical Boat Owner, |ssue 483, March
2007, which was very kindly sent in by
Harold Smart of Harold Smart &
Associates, on 27 September 2007.)

Banana Skins

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
innoway isintended totrivialise the subject.
Malfunctions due to incorrect EMC
procedures could be life threatening.
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John Woodgate’s Column

Electrostatic discharge

There has been renewed discussion of ESD (electrostatic
discharge) recently, triggered, as is often the case, by asingle
query to amailing list. The Basic standard is IEC/EN 6000-4-
2, and there was a great deal of discussion during the
development of the 2009 edition. Thisisthefirst version whose
provisions could beinvestigated with oscill oscopes of sufficient
bandwidth (at least 6 GHz). But apart from the possibility of
improved science, there were strong non-technical
considerations in evidence. First, the previous edition wasn't
causing noticeable field problems by ‘passing’ products that
failed dueto ESD inthefield. Of course, this could be because
the test regime was far too stringent. Secondly, the test
equipment needed acquired expertise to produce even
reasonably consistent results and was not by any means budget-
priced, so the prospect of having to replace it by new products,
and learn their little ways anew, was quite unattractive.

Discharge resistors

For applying the smulated ESD discharges from the simulator
to EUTs without a conducting enclosure, the test jig include
horizontal and vertical coupling planes (HCP and VCP),
insulated from the ground reference plane(GRP), to which the
discharges are applied and which induce energy capacitively
into the EUT. Being insulated, these planes retain charge after
the test, which is considered to make the simulation more
realistic, but the retention time of the charges needs to be
controlled, otherwise results are not repeatable. So discharge
wires with 470 kohm series resistors are required, preferably
one at each end of the wire, connected between the CPs and the
GRP.

The standard says quite clearly that these resistors must
withstand the maximum discharge voltage, which in most cases
is 8 kV but may be 15 kV. It appears that all sorts of
unenlightened arrangements are in use, such as potted SMD
resistors (probably rated at ho more than 250 V). Another
‘solution’ is large carbon-composition resistors, but those of
us who remember TV sets from long ago know that these
resistors frequently go very high in value when subjected to
high voltages, and this might well not be noticed in the ESD
test jig, unless someone remembersto measure them regularly.
This seems very strange, when high-voltage metal-glaze
resistors are readily available at quite low cost and have been
for many years.

Having said that, the standard seems overly prescriptive in
specifying just two resistors; there seemsno reason why achain
of lower-valued parts should not be used, with each thus
subjected to lessvoltage. It istrue that, because of the complex
issues involved, the standard has, for the most part, to specify
construction, the least desirable member of the * performance,
design, construction’ trio of bases for provisions, but a
relaxation in this area does not seem too hazardous and would
give advantage.
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The original question related to the third discharge wire which
is required when testing a safety class Il EUT (no protective
earth required) which has a conducting enclosure. The standard
shows this wire terminated on the HCP, not the GRP, which,
eventhoughitisexplicitly mentioned inthetext of the standard,
might be an error (but probably not one of great significance).

Incidentally (which may be an apt word), the standard doesn’t
mention that the discharge wires themselves must be insulated
to withstand the high voltage. A failure of this insulation is
very likely to affect the test results, especially if it resultsin a
discharge through the test person.

Thelong route home

The standard specifies the current waveform of the simulated
ESD discharge fairly tightly, in order to obtain good
reproducibility, but it has in the past been difficult to measure
the very short rise-time accurately. The current waveform is
measured with avery low-inductance 2 Q earthed load applied
to the ssimulator. However, the return path for the discharge
current, whichisof the order of 10A, flowsthrough a2 mlong
cable (can be 3 m in some circumstances) from the ground
plane to the ESD simulator. Different makes of simulator use
different cable constructions; one is (or was. information on
what is currently used seems unavailable) a transmission line
with acharacteristicimpedance of 2 Q, but othersarelesseasily
described. While a transmission line may be reasonably
unaffected by how it is physically arranged, other cables may
be much more subject to variations in transfer function, and
this may not only affect reproducibility but the magnetic field
caused by the discharge current flowing in the cable may itself
induce disturbing currents into the EUT, causing malfunction
or even damage.

It is prudent, therefore, to try to keep the position of the cable
asfixed as possible, and as far from the EUT asis practicable,
even though thismay increase theinductance of the return path.

Condensation

Another issueiswhat we might call ‘ crypto-condensation’ (not
dampnessin a church cellar). Consider an EUT transported in
an ambient of 35° C (inside avehicle) and 60% RH (consistent
with the test conditions specified in the standard), being taken
into an air-conditioned test room at 20° C and 30% RH, (also
consistent with the specified test conditions). Theair inside the
EUT is bound to dump its excess water-vapour somewhere,
even if you can’t seeit, and the presence of this humidity may
well affect discharge paths, but whether for better or worse is
not determinable. Consequently, it would be good to keep the
EUT in the test room for several hours before carrying out the
tests, especially if thereis polyamide (nylon) insulation present,
asthistends to hang-on chemically to surface humidity.



Sandards activity

There are fewer standards meetings these days, probably
because of their cost, but there is a steady flow of documents,
some more equal than others, for our delight.

European Commission EM C consultant

The secretary of CENELEC TC210 has been appointed the
new EMC consultant for the Commission, which meansthat a
new secretary has to be appointed. BSI has made a proposal.

|EC web site

Asfrom 1 April, IEC has a new web site, which is somewhat
easier to navigate than the previous one. There is a lot of
information about standards committees and individual
standards and their development freely available on the
site. Many questions are asked in other places, when the
information is easily found on the |EC site.

IEC/EN 61000-6-5

This is the Generic immunity standard for power station and
substation environments, and was issued as a TS (Technical
Specification), with the intention of promoting it to a full
standard. This process has now begun, and a BSI Draft for
Public Comment isavailable until 30 June 2013. It'sextremely
wordy and contains a lot of ‘textbook’ material, but this may
be justified since the characteristics of the environments are
probably not well known to others than electricity suppliers.
Naturally, there are special test levelsinvolved as well.

Maintenance of CISPR 11

Thereisalot of activity on this. Proposals include:

e a'general maintenance’ project in parallel with another
project to be merged with it at the first voting stage
(CDV);

introduction of a5 m measurement distance and factors
for converting limits specified at 10 m to values
applicableat 5mand 3 m;

addition of requirements for grid-connected power
converters, including emissions from d.c. power ports;
this involves two projects, one for converters of over
20 kVA throughput and one for other converters;

introduction of the APD (amplitude-probability
distribution) method for ng fluctuating emissions
above 1 GHz;

e consideration of the issues posed by wireless charging.

L ow-frequency conducted disturbances

We don’t get document on this subject very often, but, like the
proverbial buses, four have come along at once. Three of them
are CDV Sfor ‘fragment’ amendments of IEC/EN 61000-3-2,
which, if approved by national committees, will be combined
inasingle FDIS. There is afourth amendment in progress, but
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itison thedifficult subject of requirementsfor solid-state lamps
and luminaires, so it will probably form the first amendment to
the new edition of the standard created under I1EC rules by the
other three fragments and the two previous amendments. I'm
sure that’s crystal-clear to all. The three fragments deal with:
e test conditions for high-pressure cleaners, vacuum
cleanersand household applianceswith built-in lighting;

test conditions for refrigerators and freezers with
variable-speed drives (VSD);

test conditions for non-professional arc welding
equipment, prompted by a revision of the product
standard IEC 60974-6.

The fourth document is the final voting draft (FDIS) for IEC/
EN 61000-3-3. It is aligned with IEC 61000-4-15:2010, the
specification for the flicker meter, which has been improved
significantly. Someeditoria improvements have also been made
inthe FDIS.

Next time

It's always difficult to predict what will happen, especially in
the future. But no doubt there will be many new devel opments
to keep us fascinated.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
Email:desk @nutwooduk.co.uk

Web: www.jmwa.demon.co.uk
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Know Your Standards

We are working through the IEC 61000-series standards, but
not in numerical order of the Parts (the single number following
61000). Even so, the next Part is|EC 61000-5: Installation and
mitigation guidelines. The Sections of this Part are a mixed
bag, but, contrary to what can be inferred from the Part title
including ‘guidelines’, some of them are true standards, i.e. a
document having requirements, with which conformity can be
determined by specified methods. (This isn't the official
definition of a standard but a discriminator between true
standards and other types of standards publication, such as
guides and reports.) The other Sections are either Technical
Reports or Technical Specifications (a misleading term for a
sort of ‘ pre-standard’ or try-out’: unlike |EC, BS| uses' standard’
as a general term and ‘specification’ to mean what I’ ve just
described as a ‘true standard’) Only the true standards have
been adopted by CENELEC as ENs.

I[EC 61000-5-1:1996

This concerns ‘ General considerations', and is published also
asBSIEC 61000-5-1, but has not been adopted by CENELEC.
It's atextbook, like many of the other Sections, and |EC really
shouldn’'t be writing textbooks, but back in the 1990s there
was such alot of unreliable folklore about EMC in circulation
that there was seen to be a need to promote the truth.

It is actually a Technical Report (formerly ‘technical report
type 3') and if revised would be designated TR 61000-5-1.
IEC sells it at CHF190, which at present is about £133, and
you can buy several good EMC textbooks for that sum. The
other Sections are equally costly.

It may be important to note that the IEC editorial rules were
not applied consistently in some of these documents. In
particular, the word ‘ shall’ appears in some Technical Reports,
and in non-normative contexts elsewhere. The relevant texts
should be interpreted as if the word were changed to ‘should’.

|[EC 61000-5-2:1997

ThisSectionis'Earthing and cabling’ and had avery chequered
career in development. It isa Technical Report, and originally
recommended only those techniques used in the telecoms
industry, which actually don’t necessarily suit every other sector
of the electrical-electronics business. The history of the
controversy can be detected in this statement in the I ntroduction:

It is important to note that the recommendations presented in
thistechnical report do not seek to preclude existing installation
practices, when they have been shown to perform satisfactorily.
Special mitigation methods might not be necessary when the
equipment satisfy [sic] applicable emissions and immunity
standards. In particular, someinstallation practicessuch asa*“ Star
Network” or “Isolated Bonding Network” for earthing are based
on different approachesto EMC that have been found satisfactory
for specific installations when correctly applied and the topology
maintained by competent specialists. Neverthel ess, the approach
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recommended here is more generally applicable to all types of
facilities, especially when signal s are exchanged between different
apparatus.

It should be understood that the document deal swith its subject
very thoroughly, but the same or similar information is now
available elsewhere more accessibly. Note the emphasis on
‘topology maintained’ —inadvertently introducing ameshinto
a star network or a star point into a mesh can ruin everything.
Thiswasthe cause of much of the controversy; people foresaw
being required to implement mesh earthing when updating
existing installations that used star earthing. This could very
well be an extremely costly and difficult process, for no actual
advantage other than conforming to a new orthodoxy.

IEC TR 61000-5-3:1999

This Section is again a Technical Report; it is called ‘HEMP
protection concepts’ andisthusof very specialized interest (but
is not about protecting plants from frost with sacking). HEM P
is High-Altitude Electromagnetic Pulse, and the report is
associated with HEMP due to nuclear weapons, but it's also
possible that rare astronomical events can produce similar
pulses. We may find out at some point. The high intensity EM
radiation can seriously damage wired networks, both for power
and telecoms. The report includes a comparison of HEMP and
pulses caused by lightning (LEMP).

IEC TS 61000-5-4:1996

This is a Technical Specification (formerly ‘technical report
type 2'), but it hasn’t been converted to astandard in 17 years!
It deals with immunity to HEMP and discusses protective
devices of the following kinds, but without performance
requirements. barrier materials, shielded cables and conduits,
gasketing materials and shielding components

It also includes an Annex on ‘ General theory’, which is about
as ‘textbook’ asthey come.

IEC 61000-5-5:1996

Thisisatrue standard and has been adopted by CENELEC. It
contains actual specifications for HEMP protective devices,
with references to the relevant IEC (component) product
standards, but, not unexpectedly, after so many years these
references are now out-of-date. It deals with:

Gas discharge tubes

Metal oxide varistors (MOV)

Expulsion-type arresters (not immigration officials, and not
recommended for HEMP protection)

Non-linear resistor type arresters

Avalanche-junction transient voltage suppressors (protective
diodes)

Filters



|EC 61000-5-6:2002

This is another Technical Report alias textbook, ‘Mitigation
of external EM influences'. It should have afront cover picture
of abig switchinthe*off’ position. It describes, in very general
terms, screening, filtering, decoupling and the use of surge-
protective devices.

|EC 61000-5-7:2001

This is a true standard (thereby contradicting the word
‘guidelines’ in the Part title). It deals with the degrees of
protection by enclosures against EM disturbances, similarly to
themorefamiliar IEC 60529 ‘| P code’ about protection against
mechanical penetration. It would be good to look at this in
conjunction with |EC 61587-3 (prepared by SC48D).

|[EC 61000-5-8:2009

Thisis another Technical Specification, on ‘HEMP protection
methodsfor the distributed infrastructure’ . The effectsof HEMP
could be disastrous over avery wide area; the standard shows
that apulse generated at 170 km altitude would cover acircular
area traced by Winnipeg, Quebec, Miami and Dallas, with an
electric field of up to 50 kV/m.

|[EC 61000-5-9:2009

This is also a Technical Specification, and describes how to
assess the susceptibility of large systemsto HEMP and HPEM.
HPEM is ‘High Power Electromagnetic’, which seems an
incomplete phrase, but the word ‘environment’ is meant to be
understood. That's extremely obvious, isn't it? It's a large
document and contains a great deal of information, but it still
seems useful only to a small specialist group. Let’s hope so,

anyway.
Simulation

There are certain objectionsto creating HEMP, and, to alesser
extent, HPEM, in order to test equipment and systems for
immunity. Sothereareafew (very costly indeed and very large)
simulation facilities around the world. These include attractive
‘boys’ toys', such as helicopters, fixed-wing aircraft, balloons,
300 MW magnetrons and Marx generators. Who said EMC
testing was dull and boring?

Next time

We shall look at the remaining Part 6 of IEC 61000; a Part 9
was planned (what happened to Parts 7 and 8 is not disclosed),
but nothing is currently planned for that Part.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
Email:desk @nutwooduk.co.uk

Web: www.jmwa.demon.co.uk
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Rohde & Schwarz designed the
new R& S ESRP for diagnostic and
precompliance measurementsin the
frequency range from 10 Hz to 7
GHz. The R&S ESRP is not only
an extremely fast EM| test receiver
with standard-compliant band-
widths and detectors but a full-
featured spectrum analyzer aswell.
The R& SESRP offerstwo methods
for measuring disturbance signals:
the fast, FFT-based time domain
scan and thetraditiona —but slower
— stepped frequency scan. Both
methods comply with the CISPR
16-1-1 standard for EMC
measurements. In the time domain
scan mode, the R&S ESRP
measures conducted disturbances
in the CISPR band B with quasi-
peak weighting faster, by many
orders of magnitude, than
conventional EMI test receivers
using the traditional method.

The R&S ESRP allows manu-

PRODUCT GALLERY

New R& SESRP EMI Test Receiver speeds up precompliance measurements

facturers of modules, boards,
instruments and systems to detect
and eliminate EM C problems early
in development. The receiver
measures conducted and radiated
electromagnetic interference
(EMI). The preselection option
protects the frontend against
overloading and delivers
reproducible measurement results.
No other precompliance measuring
instrument on the market offersthis
advantage. Asaresult, certification
in EMC test labs no longer results
in unpleasant surprises.

The fast time domain scan mode
significantly reduces measurement

times. This makes the R& S ESRP
ideal for testing DUTs with
function-specific short operating
timesin the automotiveand lighting
industries, such as starters and
window liftersor fluorescent lamps
in the warm-up phase. In addition,
the R&S ESRP is a full-featured
spectrum analyzer that offers many
other useful functions that allow
users to better identify
disturbances. The spectrogram
function displays and records the
analyzed spectrum versustime. The
field-tested IF analysis function
displays the spectrum around
disturbance signals.

The R&S ESRP is operated by a
touchscreen and has clearly
structured measurement modes.
Users can switch between modes by
simply pressing a button and easily
configure complex measurements
and automated test sequences right
from the touchscreen. The R&S

ESRP can remotely control simple
automatic tests with the help of the
R&S ES SCAN EMI software,
which reliably records, evaluates
and documents data. The R& S
EMC32 application software for
automated test routines, including
report generation, can be used to
integrate the receiver into large-
scale EMC systems with additional
components such as mast, turntable
and absorbing clamp/slideway
systems and for the remote control
of these components. The R& S
ESRP can even be operated in
environments without any AC
supply because it also runs on DC
power, making it suitable for
mobile use in vehicles or battery
operation during open area testing.
Tel: +44 (0)1252 818888

contact.uk @r ohde-schwar z.com
www.r ohde-schwar z.com

Syfer Tuning Rod Kits aid Capacitor selection for RF designs

Announced by capacitor manu-
facturer Syfer Technology, isa set
of tuning rod Kkits created
specifically to help RF engineers
determine more efficiently and
precisely the capacitors they need
for their next design. They are
classed as design aids and can be
supplied free of chargeto RF design
and test engineers on application.
These kits are based on Syfer’s Hi-
Q range of capacitors and help
speed up the selection of the correct
surface mount capacitor for any
particular circuit or application.

The RF design or test engineer can
select a tuning rod, which has
attached to it a Syfer High-Q
capacitor, from a range of
capacitance values, (from 0.1pF to
100pF). Typically, an RF engineer
might need to “fine tune” a circuit
such that he adds or removes
capacitance from his circuit by
substitution, or by the use of a
variable capacitor (trimmer). This
isnot always practical for anumber
of reasons, specifically the effort of
soldering and de-soldering devices.
Through trial and error, using
tuning rodswith arange of different
capacitor values around the
nominal value, a single Syfer
surface mount capacitor of the
optimum value can be determined
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and eventually installed in the

application. One of the easiest
ways to check what the optimum
value should be is to place another
capacitor on top of the existing
printed circuit board mounted
device, effectively running themin
parallel, at the combined
capacitance value. This is most
efficiently achieved today by means
of the Syfer tuning rod kits. The
short probe connections on each
side of the chip termination make a
solid connection by firm pressure
applied by hand.

Syfer’'s Hi-Q capacitor range is
available in avariety of case sizes,
with exceptionally Hi-Q and low-
ESR, designed specifically for high
frequency applications, including
tuners, resonators, filters,
oscillators, RF power amplifiers
and tuning networks.

Tel: +44 (0)1603 723310
sales@syfer.co.uk
www.syfer.com
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Teseq Develops Coupling/Decoupling Network for Telecom
Surge Testing

Teseq, a leading developer and
provider of instrumentation and
systems for EMC emission and
immunity testing, has designed a
new CDN (coupling/decoupling
network) for surge testing on
unshielded symmetrical high speed
telecommunication lines including
Ethernet. The CDN HSS-2 enables
convenient surge testing with 1.2/
50 us pulses on active telecom
lines.

Ideal for usein laboratories, Teseq's
CDN HSS-2 iscompliant with IEC
61000-4-5 and is compatible with
all industry standard surge
generators. It can be used for surge
testing on lines with up to 8-wire
unshielded twisted pair (UTP), with
integrated service digital networks
(ISDN) as well as with 10/100
BaseT and 1000 BaseT.

Teseq's CDN HSS-2 is compact,
relatively lightweight and easy-to-
use. It features selectable common
mode coupling to 1, 2 or 4 pairs
depending on the jumper settings
on the CDN, and is coupled with
40 U in series with a coupling
capacitor.

The new network features a
maximum surgetest voltage of 2kV
with a maximum peak surge test

\".

current of up to 50 A and a
maximum residual voltage at the
auxiliary equipment (AE) of only
65 V.

The device has a maximum
operating speed of 1000 BaseT,
maximum operating voltage of 100
VDC between pairs and maximum
operating current of 1A that israted
for power over Ethernet (PoE).
Additional decoupling elementsare
not required to protect the AE. The
unit’s high decoupling providesthe
AE independent pul se shapefor the
EUT.

The new CDN HSS-2 weighs
approximately 15 kg (33 Ibs) and
is 200 mm (7.8") wide, 200 mm
(7.8") high and 470 mm (18.5")
deep.

Tel: +44 (0)845 074 0660

uk sales@teseq.com
www.teseq.com



Aim-TTi have launched a new
series of handheld RF spectrum
analyzers, the PSA Series I1.
Available in 1.3GHz and 2.7GHz
versions, the new instruments are
smaller, lighter and have longer
battery life than other handheld RF
products.

Whereas a typical “handheld”
spectrum analyzer weighsover 2kg
(4.41b) and is considerable wider
than a hand width, the PSA Series
11 weighsonly 560 grms (200z) and
is just 9.2cm (3.6”) wide, fitting
perfectly into the hand.

Despite their small size, the
analyzersincorporatea4.3” (11cm)
backlit TFT colour display with
touch screen. A high capacity
rechargeable Li-ion battery gives
more than 8 hours operation from
acharge.

The PSA1302 has a frequency
range of IMHz to 1300MHz whilst
the PSA2702 operates up to
2700MHz. Dynamic rangeis 80dB
with a noise floor approaching -
100dBm. Resolution bandwidth is
selectable down to 15kHz. Sweep
modes include continuous, single,
peak hold and sweep average.
Sweep parameters can be set in
terms of centre plus span or start

PRODUCT GALLERY

RF Spectrum Analyzersare Truly Handheld

plusstop to 1kHz resolution. A zero
span mode with AM or FM audio
demodulation is also provided
using a built-in speaker.

Dual markersareincorporated with
simultaneous readout of absolute
amplitude and frequency plus
difference values. Markers can be
scrolled manually, or set to
automatically find or track peaks.
Up to three traces can be displayed
(Live, View and Reference) clearly
differentiated by colour. Traces or
complete screen images can be
saved to files.

Advanced features include data
logging for traces, data points or
screenimages. Up to 10,000 entries
per filecan be stored with triggering
from a manual key press, interna
timer, external trigger, or the limits
comparator. The 1.8GB of internal

memory enablesmany largefilesto
be stored.

Limit lines and limit patterns can
be displayed with a full limits
comparator enabling audible
warnings, output pulses, halting of
the trace, or entries into logging
files. Compensation tables for
antennae or other external
transducers can be created and
|oaded.

The instruments have a full filing
system capable of storing up to
1,000 each of traces, screenimages,
set-ups, logging files, limit patterns
or compensation tables under auto
incrementing names or user-defined
names. USB host and device
connectors allow the connection of
USB Flash drives or direct
connection to a PC.

Control of the analyser is provided
by finger operated soft keys created
on the touch screen. These form a
hierarchical menu system that gives
rapid access to the menu functions.
Alternatively, all functions can be
operated using the hard keys alone.
Theruggedized casing incorporates
rubber protection buffer and
includes a bench stand and screen
protector. For bench-top use, the
instrument can be operated

continuously from its AC charger.
For portable use, the long battery
life of eight hours can be further
extended by selecting auto-off
which turnstheinstrument off after
adelay of 5 to 60 mins. from the last
key presswhilst retaining all data
The PSA Series |1 will offer RF
service engineers a cost effective
and highly portable tool that will
make it practical to a carry a
spectrum analyzer to areasthat have
traditionally been difficult to access
with bench top instruments and not
cost effective when using existing
portable products offered by other
manufacturers. This can reduce the
need for a return visit when it is
suspected that a spectrum analyzer
is required.

Other engineers working on the
bench will appreciate the low cost
of the products enabling them to
justify the purchase of an RF
spectrum analyzer for tasks where
the cost would have been
previously been difficult to justify.
The PSA Series Il is priced from
£795 in the UK and from €995 in
Europe and is available now.

Tel: +44 (0)1480 412451
info@aimtti.com
www.aimtti.com

ETSLindgren introduces innovative power meter for EMC testing of wireless links
according to the new ETSI directive

Manufacturers of wideband data
transmission systems used in
wireless local area networks must
prove compliance with ETSI
(European Telecommunications
Standards Institute) specifications.
For 2.4 GHz systems compliance
tests for  electromagnetic
compatibility (EMC) are specified
in document EN 300 328 but new
measurement challenges have
arisen with the introduction of the
new version 1.8.1 which supersedes
1.7.1.

New complex test methods for
measuring output power are
specified which are significantly
different; they include duty cycle,
transmitter sequence, transmitter
gap and a completely new concept
‘'medium utilization'. New
measurement instruments are
needed to carry out the latest
mandatory tests.

ETS-Lindgren is introducing a
new power meter to enable pulse
power testing to this rigorous new

e

standard. The innovative USB RF
Power Sensor, model 7002-006
covers a frequency range from 9
kHz to 6 GHz, the key parameter is
an exceptionally fast sampling rate
of 5 Mg/swhich is essential for the
new tests. A significant feature is
the trigger input/output on the
probefor synchronoustriggering of
multiple EMPower meters for
power measurements on MIMO
(multiple-input and multiple-
output) devices.

The sensor's USB connector
provideseasy and direct connection
to a PC to enable ETSI 300 328
power measurements to be
performed on MIMO devices in
conjunction with test software. The
software, supplied at no charge,
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automates and  simplifies
simultaneously triggered ETSI 300
328 MIMO power tests when used
in conjunction with the new sensor.
Ken Foan, of ETS-Lindgren
remarked, "The new power meter
features a fast sampling rate of 5
Ms/s which is vital for the new
EMC tests, additionally we provide
the capability for synchronous
triggering of multiple power meters
which is also required. We are
delighted to announce this new
equipment to allow EMC test
engineersto make the sophisticated
new EMC tests."
ETS-Lindgrenistheworld'slargest
provider of integrated solutions for
wireless, electromagnetic
compliance (EMC), microwave,
and acoustic measurement systems.
Tel: +44 (0)1438 730700
info@ets-lindgren.com
www.ets-lindgren.com

emcia Member

Profibus connector products
from KEC

AsaUK saes partner of Provertha
Connectors, KEC, theAldermaston-
based EM C interconnect specialist,
now suppliesthe complete range of
Provertha ‘plug and play’ bus
connector products for Profibus
networksthat meets the demands of
modern field-bus connections.
Ideal for a broad range of
applications in  industrial
communication and automation
markets, the Profibus connectors
offer simple, fail-safe connection
and fault-free data transmission
thus minimising costs due to
production downtime.

Tel: +44 (0)1189 811571
sales@kec.co.uk

www.kec.co.uk

The EMC Journal March 2013



Rohde & Schwarz adds the R&S
BBA150 for the microwave range
to its EMC portfolio. These
compact, lightweight amplifiers
withtheir state-of-the-art design are
optimized for high frequencies
starting at 0.8 GHz. Thefirst model
in the R& S BBA 150 family covers
the 0.8 GHz to 3 GHz frequency
band and isavailablewith an output
power ranging from 30W to 200W.
TheR& SBBA150 amplifier family
coversawiderange of applications.
The amplifiers can be used for
EMC testing up to 3 GHz in line
with common standards, for
instance for EMS measurementsin
line with the basic EN 61000-4-3
standard and referencing product
standards. Manufacturers can aso
use these amplifiers for non-EMC
applications in component
production and quality assurance.
The amplifiers are suitable for
research, physical engineering and

PRODUCT GALLERY

Compact broadband amplifier from Rohde & Schwarz enables EM C testing in the microwave range

-2
-~

communications applications as
well.

The compact, modular design of the
R&S BBA150 amplifiers enables
the flexible setup of complete
systems. The 200 W model, for
example, requires only four height
units—ideal for desktop use or rack
installation. These broadband
amplifiers feature high availability
thanks to their outstanding
mismatch tolerance and ability to
handle both short-circuiting at the
RF end and an open RF output. The

result is fewer downtimes and cost
savings.

When used in combination with the
well-established R& SBBA 100, the
R& S BBA150 can take advantage
of the available RF switching
options. If desired, the R&S
BBA100 can act as a master to
control the R&S BBA150 and
integrate it like an additional RF
path. The overall system then
functions as a multiband amplifier
that optionally has a common RF
input, common sample ports and
RF switches. Additional, external
switching components are
unnecessary.

Depending on the setup, the R&S
BBA150 can be manually operated
viaits display and buttons or it can
automatically controlled via a
remote control interface or a web
browser.

The R&S BBA150 can be scaled
and configured to optimally meet

test setup requirements. All of the
amplifier’'s components are
designed as modules. This modular
concept protects customer
investments and makes it possible
to extend the amplifier’s power and
frequency range. The worldwide
service network isareliable source
of modules and spare parts that
promotes the trust and confidence
of customers.

The R&S BBA150 broadband
amplifiersare produced in serieson
aproductionlinein oneof Europe’'s
most advanced manufacturing
plants. The award-winning Rohde
& Schwarz plant in Teisnach,
Germany, offers  superior
manufacturing depth. Automated
final test rigs ensure that only
products that comply with
specifications leave the plant.

Tel: +44 (0)1252 818888
contact.uk @r ohde-schwar z.com
www.r ohde-schwar z.com

AR’sversatile 350 Watt Model 350AH1 Amplifier servesa
variety of applicationsin the 10Hz - IMHz frequency range

AR RF/Microwave | nstrumenta-
tion has introduced the Model
350AH1 solid state amplifier. This
portable, self-contained, 350 watt/
10Hz- 1 MHz unit provides power,
durability and dependability along
with the versatility for awiderange
of applications.

Designed for test and other
laboratory applications where
instantaneous bandwidth, high gain
and moderate power output are
required, the potential uses for
Model 350AH1 are many and
varied. When configured for IEC
61000-4-16 testing, the 350AH1
functions as the RF section of the
test setup, making it ideal for test
levels 1 through 4, for Continuous
Disturbance testing; and levels 1
through 3 for Short Duration
Disturbance. In addition, the
350AH1 may be used to perform
magnetic susceptibility testing
defined by CS114 (4 kHz to IMHz
range) of MIL-STD-461F, antenna
and component testing, watt-meter
calibration, or asadriver for higher
power amplifiers.

The unit has both over current and
over-voltage protection to avoid

The EMC Journal March 2013

damage. The RISC microprocessor
controller board provides |EEE-
488 (GPIB), USB, Ethernet and
asynchronous full duplex RS-232
communication control of all
amplifier functions.

Two 350AH1 amplifiers may be
used together in a bridged output
configuration by supplying the
same signal to both amplifiers and
using the internal signal inversion
feature of one amplifier. The
amplifier output grounds are
connected and the load is placed
across the two amplifier outputs.
Tel: +44 (0)1908 282766
aruksales@arworld.us

www.ar ukltd.co.uk

emcia Member
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150 W DC-DC converter suits micro cell transmitter and
power amplifier applications

Murata have announced the
availability of the Murata Power
Solutions PAQ series of 150 Watt
isolated DC-DC converters.
Packaged as an industry standard
open-frame quarter brick module
with through-hole mounting, the
converter has a 2:1 input range of
36 — 75 VDC around a nominal 48
VDC input. The single 29.8 VDC
nominal output can be trimmed
from 23.83 (-20%) to 32.78
(+10%)VDC in order to
accommodate an application’s
specific voltage requirements.

This highly efficient DC-DC
converter, typically 92.5%, can
deliver up to 5 Ampsoutput current
from the fully regulated output. An
optional base plate is available for
use in conduction-cooled designs
such as sealed box RF power
amplifiers that are often mounted
on radio masts. For these
applications the converter and base
plate are fixed directly to the host
equipment chassis. In this way the
operation of end-equipment is
efficiently maintained despite being
situated in a potentially demanding
physical environment. The high
efficiency of the PAQ converter
greatly assistsin reducing operating
costs dueto less waste power being

generated and helps maintain the
unit'sreliability. Protection features
include output over voltage, over
current protection, input under
voltage and over temperature
shutdown. A remote On/Off control
option offers negative or positive
logicinput. Input / Output isolation
is provided by 2,250 VDC Basic
insulation.

The PAQ is ideally suited for use
in abroad range of radio frequency
power amplifier applications such
as telecommunications infra-
structures, CATV systems, satellite
communications, RF test and MR
imaging equipment. With its 150
Watt power output rating, the PAQ
seriesisideally suited to the latest
generation of micro cell
transceivers and indoor Wi-Fi
installations.

Tel: +44 90)1252 811666
enquiry@mur ata.co.uk

Www.mur ata.eu



Coresand Cablesin EMC design and test:
A get it right first time guide

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

Richard Marshall built his first radio in 1946. This was
followed by more complex radios and a TV, all built from
“ Government Surplus’ electronics readily available at that
time. A couple of years later he had to solve his first EMC
problem: His 40 watt disco amplifier was found to oscillate in
the medium wave band.

He went to University at Cambridge and gained a degree in
Science (part 1) and Engineering (part 2) and thence into the
electronicsindustry which has been his second home ever since
— despite a couple of attempts to retire.

Ferrite application highlights have been the design of a filter
for a 4-wiretelephone line. This secured connection approval
in Germany for Rank-Xerox international facsimile machines
despite the exacting local emission requirements. Then there
was the introduction of the clamp-on ferrite core by EMC
Datacare Ltd in 1986 [1].

Thisarticleisthefirst of an occasional seriesinwhich Richard
will explorethe boundary between theory and practicein EMC
from the viewpoints of both product design and test.

1) Introduction

In the present context “cores’ are magnetic materials that can
be used to make EMC-critical transformers and chokes for
electronic systems. Mostly these cores are ferrites, but
powdered iron and cores wound with very thin metal strip are
also useful at low frequencies.

These components can be designed to make things happen —
or to stop things happening. This start-stop capability arises
because below their critical frequencies ferrites are low-loss
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magnetic cores and allow the construction of efficient
transformers, whilst above the critical frequency the loss
becomes very high, and the inductance falls. The core then
becomes an efficient absorber of unwanted high-frequency
power. Ferritesare available with critical frequenciesranging
from afew hundred kilohertz to afew tens of Megahertz, and
so are available to perform either function in many EMC
situations.

These materials can makethings happenin EM Ctest by helping
definethetest environment (tilesto provide non-reflectivewalls,
filtersto provide cableswith defined chamber exit impedances)
and by enabling coupling transformers or Inductor-capacitor
networksto measure emission and immunity (Coupling Clamps,
CDNs, LISNS) In equipment design they can magnetically
couple resistive damping into circuits that may perhaps have
been designed with insufficient attention to what happens
outside the intended operating frequency range. Perhaps the
most important use of ferrites is the reduction of emission/
pickup from “electrically long” cables — whereby is meant at
least atenth of awavelength long at somefrequency of interest.
More on this later. Of course, below their critical frequencies
ferrite cores are important for power and signal transformers
and inductors — but these are outside the scope of this article.

2) Ferrite material properties

Ferrites are heavy, dark, brittle ceramic objects comprised of
small crystals of mixtures of sintered metal oxides. They have
moderate or high resistivity —and exhibit usefully high magnetic
permeability. The inductance of a conductor associated with a
ferrite coreisproportional to thispermeability, and Fig. 1 shows
the permeability of a selection of ferrite mixes.
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Fig. 1 Inductive performance of ferrites
(Data courtesy Ferroxcube)
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Note in every case the rapid fall off above the frequency of
“ferromagnetic resonance” — and that this frequency is highest
for the compositions with the lowest low-frequency
permeability. The highest permeabilities are obtained with
Nickel/Zinc ferrites — the upper three plots starting in the top-
left corner — but these are only manifest at relatively low
frequencies. The best high-frequency performance is obtained
from Manganese/Zinc materials — the two plots in the lower
left-hand area.

However, permeability is not the only important parameter:
Near to and above the frequency of “ferromagnetic resonance”
the resistive loss in the material rises sharply, and instead of
behaving like an energy storage device the core becomes an
energy absorber. Ideal for most emc work: Disastrous for most
transformer applications.
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Fig. 2 Ferritesareresistively damped at and above
“ferromagnetic resonance”
(Data for SMD bead courtesy Wirth Elektronic)

Fig. 2 shows a composite plot of inductance, resistance, and
composite impedance (= V{R? + X, %) for an SMD ferrite
inductor. If thisinductor were to be used in a power supply or
telecomms circuit where low loss is important, then it would
be limited to frequencies below 1MHz. In a suppression
function whereit does not matter whether the added impedance
isinductiveor resistive, then it isuseful from—say - 1I0MHz to
1000MHz. However, in asituation such as an electrically long
cable where the inductive component may be valueless this
inductor may only be useful from 30MHz to 1000MHz. This
dual use; power transformer at low frequencies, EMC
suppressor at high frequencies, allows Radio Amateurs to use
aTV Line Output transformer core to suppress currents on the
outer of acoaxia cables feeding an antenna, and givesriseto
the notion that any piece of ferrite will do as an EMC filter —
but the varied characteristicsin fig. 1 show that thisisfar from
thetruth. The various cores shown there are recommended for
EMC use primarily on the high-frequency curved regions of
their permeability plots.

An overview of the correct choice of ferrite for suppression of
short cablesis givenin Fig. 3 below.
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Fig. 3 Choice of core material
(Courtesy Wirth Elektronic)

Other ferrite characteristics important for high-power
applications including mains filters, LISNs and surge test
networks are;

e Saturation: Ferrites can be overloaded by excessive
magnetic fields, and as for other magnetic materialsthe
remediesare careful material choiceand theembodiment
of air-gaps. However there are special constructions
for mainsfilters as discussed later.

e Curie point: The temperature at which the magnetic
propertiesdegradedrastically. Thisisintherange 120°C
to 350°C, and so needs checking in power applications
and hostile environments.

e Magnetostriction is the flexing of the material under
magnetic stress. It isoften the cause of “buzzing” noise
from mainsfiltersand TV line scan circuits.

3) Powder Iron cores

Powder iron cores make good inductors below a few hundred
KHz, and are useful suppressors up to several megahertz. They
offer quitelow permeability (u=40to 90) but their outstanding
feature is that they do not saturate easily because of the
“distributed air gap” that is inherent in their powder/binder
composition.

4) Tapewound cores

Toroids wound with very thin metal tapes offer very high
permeability at Hz and KHz frequencies, and so are useful for
audio frequency test equipment to EN 55103-2. See reference

(2]

5) Winding and cor e shapes

Many EMC applications involve the provision of common-
mode impedance to suppress common-mode current on cables
(For an explanation of “common mode” see box opposite).



COMMON-MODE vs. DIFFERENTIAL MODE

For shielded and multi-core cables we have to distinguish
between the flow of differential-mode current —whichisthe
functional current that carries power or information and
which isthe prime concern of the equipment designer —and
the flow of common-mode current —which generally occurs
by design mistake or negligence and is the prime concern of
the EM C engineer. ThisFigure comparesthevoltageswhich
drive these currents in the simplest case — that of a single-
core coaxial cable. It will be seen that the common mode
current returns via the ground connection, enclosing alarge
area. In the particular case of a well-shielded cable eddy-
current considerations force this current to flow along the
outside of the cable shield.
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Common-mode current flow can arise by many mechanisms
— capacitance from live parts of apparatus to ground,
unbalance within cables or connectors and excitation of
current loops formed by multiple cables serving a single
apparatus to name but afew — and it is the common-mode
current in equipment cables that causes most unwanted
radiation of interference.

Common mode filters seek to include shared impedance for all
the conductors in a cable, and so, when applied at a late stage
in product development, have to fit the target cable.

Two factors determine the shape of ferrite EMC components
for this purpose; the desired frequency range and the
dimensioning of the target cables or circuitry.

There is amost always pressure to get the very best possible
high-frequency performance, so as to achieve conformance to
standards, to maximise safety, to respect the environment, or
just to score brownie points. Good HF performanceisachieved
by minimising the capacitance between input and output wiring,
which requires maximum separation. We have all seen mains
filters with the input and output wiring carefully bundled
together!

Leakage inductance is just absorbed into the cable impedance
in most suppression applications. However, the smaller the
core path length the larger the inductance for a given cross-
section, so there is an economic advantage to using a close-
fitting core. Leakageinductance may be animportant factor in
components for test equipment and here compact component
design needs to be combined with minimum lead length.

Remember that at 300MHz the free-spacewavelengthis 1 metre
—s0 1cm of cable presents the impedance of a transmission
line at least one hundredth of a wavelength long.

6) Sleeve coresand toroids

Fig. 4 Sleeve core and two toroids
(Courtesy Wiirth Elektronic)

To take a cable once through a sleeve core such as that on the
left of Fig. 4 gives very good high-frequency attenuation — but
the resulting low-frequency impedance is severely limited.
Providing three turns increases the low-frequency impedance
nine-fold {Inductance is proportional to {turns}?) but
considerably increases the winding capacitance and so degrades
the hf performance. See Fig.5.
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Fig. 5 Impedance of single-turn and 3-turn windings

If that is what is needed, then fine. However, if the UHF
degradation — above 400MHz in this example —is intolerable
then a toroidal core will allow the ends of the winding to be
kept further apart. One useful winding layout is that of the
“Supertoroid” in Fig. 6 originally described by Gross|[3].

MX

Fig. 6 Thesupertoroid
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The winding crosses the centre hole at the middle turn. This
causes most of the stray capacitance to fall across just half of
the winding — but there are now two points of capacitive
proximity and the net benefit depends on many dimensional
details. 1t may be best to regard this winding method just as a
tidy arrangement that doesn’t come loose easily.

For retrofitting to existing cables with connectors at their ends,
neither of the above are convenient: Split clip-on ferrite sleeves
deservetheir popularity but their performance below afew tens
of MHz isnot usually adequate unless multi-turn windings are
used, and it is fortunate that split ring cores as in Fig. 8 are
available that will accommodate multi-turn windings with
minimal stray capacitance.

When the requirement for awide-bandwidth impedanceisrealy
pressing — as in many items of EMC Test Equipment — it is
tempting to propose two ferrite chokes in series, one for low
frequencies, one for high. It is difficult to achieve smooth
attenuation in this configuration, because there is likely to be
some transition frequency where the If choke impedance is
declining, that is, it has a capacitive reactance and the hf choke
is inductive. These two elements may then form a series-
resonant circuit that has alow-impedance - whichisnot what is
required! The effect can be overcome with some difficulty by
introducing resistance to damp out the resonance. However, it
it possible: The data cable choke in Fig.7 is one example,
exceeding 15dB attenuation from 150K Hz to 250MHz [4].

Fig. 7 Data cable choke

7) Split Cores

Fig. 8 Split toroids
(Courtesy Wiirth Elektronic)

Split coresare convenient for assembly with cablesthat already
have connectors fitted — and they are available as toroids with
larger inside diameter than most clip-on sleeves. See Fig. 8
above.
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8) Chokes on electrically-long cables

An antennais most effective when it is resonant — that iswhen
the radio-frequency current returns in phase upon reflection
from either end to add to the effect of the original current.
Consider the analogous medium-wave transmitter antenna
tower. Thisis commonly a quarter-wavelength high, so that
this reflection leads to the current distribution shown in the
diagram in the middle of Fig. 9.

Three-quarter wave
at 3 x frequency

— e gmund
RC2

Fig. 9 Conductor resonance: one end free

It is easy to see that the current must be zero at the top: From
there it has nowhere to go.

As EMC engineers we need to be aware that resonance also
occursat approximately 3, 5, 7....timesthe basic quarter-wave
frequency: The three-quarter wave case is shown at the right
hand side of thefigure: Onceagain the currentisat amaximum
at the bottom and zero at the top but there is now an additional
zero-point one third of the way up.

Since aferrite choke adds arelatively small seriesresistanceit
will have the greatest effect wherethe current islargest. Inthe
case of the above antennathat would be at ground level. Itis
easy to perform an experiment to demonstrate this scaled to
match an EMC situation by plugging two identical lengths of
coaxial cableinto aspectrum analyser with atracking generator,
asshownin Fig. 10.
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Fig. 10 Damping cable resonance

Here the common-mode current injection and detection is
provided by the capacitance to ground of the 12mm length of
co-axial cable inner exposed at the open end of each cable. It
will be seen that ferrite sleeves at the bottom of each cable
reduce coupling by 15dB for each sleeve, whilst sleeves at the



top have negligible effect. Thisillustrates, for example, that it
is difficult to improve the medium-wave susceptibility of
telephone subscriber instruments by placing ferrite sleeves upon
the instrument cable.

More commonly, electrical cabling extends between two
relatively massive objects both of which may be seenin antenna
terms as ground mats. In this case the resonanceisthat of two
antennae as discussed above joined at their tops. The current
distribution at the first and third resonancesisthen asshownin
Fig. 11.
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Fig. 11 Resonances with both cable ends “ grounded”

Resonance occurs when the cable has an el ectrical length equal
to any multiple of ahalf wavelength. At every resonancethere
isacurrent maximum at each end, but other maxima occur in
various places at the various frequencies. It should be noted
that the electrical length of a cable is greater than its physical
length because of the dielectric of the cable insulation.

In general the only place wherewe may be sureto find acurrent
maximum at all resonant frequencies is adjacent to a low-
impedance connection to a substantial object. Ferrite chokes
should be positioned accordingly, and it should be recognised
that galvanicisolation (using for example an opto-isolator) may
nullify the effect of an adjacent ferrite choke. However, ferrite
chokes at specific positions along a cable may be effective at
dealing with resonance at a specific frequency such as a data
transmission clock frequency.

The treatment of cables within emc test environments is
discussed further by Marshall [5], [6] and [7].

When cables are in close proximity to other cables, or in ducts
or cable trays, the resonance effects discussed above are
qualitatively similar although the common-mode characteristic
impedance (or voltage/current ratio) will belower. Theradiation
efficiency relative to an antenna will be much lower but there
will be the strong possibility of energy transfer to other cables
that may themselves then radiate.

9) Avoiding saturation

We have aready mentioned the core saturation problem. In
EMC situationsit is usually the result of mains-frequency or
dc current flow through an inductor designed having only taken
account of the high-frequency requirements.
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Mainsfiltersin which separate chokes areinstalled in the Line
and Neutral wires are the classic case: The 50/60Hz current
flow can saturate the cores, allowing bursts of conducted
emission at the crests of the mains current waveform. (Studying
emission with an oscilloscope whose time-baseislocked to the
mainsfrequency isofteninteresting and instructive.) Theclassic
cure to this problem is to replace the separate inductors by a
“current compensated choke”, in which the Line and Neutral
windings share asingle magnetic core, but are arranged so that
the resulting core magnetisation is cancelled. Thisturnsout to
be a“common mode choke” providing its usual advantage that
the core does not interact with differential mode current. In
this application the d-m current is the power input to the
associated load and is usually the only If or dc current that
poses any threat of saturation. However, the balancing of line
and neutral current is critical: | have seen a power controller
in which gate-controlled rectifiers were solidly connected to
the Neutral input. Therectifier gateswere controlled by atimed
drive circuit that was connected both to the neutral input and
to the neutral on the load side of a compensated choke, thus
short-circuiting this choke's neutral winding and exposing its
line winding to an unbalanced current that was able to saturate
the core. Thiswas easily done, with the schematic spread over
several sheets of paper, but it rendered the choke useless.

Fig. 12 shows some examples of current —compensated chokes.

L A LN O

Fig. 12 Current-compensated chokes
Note particularly the right-hand choke on the small pch. The
two windings are on opposite sides of the toroidal core — an
arrangement that maximises the leakage inductance between
them. Thisisagood design feature. Not only isit cheaper to
wind and provides better mains insulation, but the resulting
high leakage inductance provides d-m filtering at high
frequencies. Thisleakage inductance hasalarge airgap and so
will not be easily saturated.

10) Flat cores

It is sometimes necessary to add common-mode impedance to
ribbon cables or to printed cable strips. This can be achieved
with appropriate one-piece or split ferrite cores as shown in
Fig. 13.
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Figl3 Flat ferrite cores
(Courtesy Wirth Elektronic)

This is not an ideal arrangement: The cores are necessarily
heavy and multi-turn “winding” is impossible. This limits
attenuation and it is much better to pay proper attention at the
design stage to the ground return paths.

11) Summary

Chooseferrite material & gradefor maximum resistance
— inductive impedance is less beneficia

Use a dleeve or tube for a single “turn” to maximise
very high-frequency bandwidth

Useatoroid with roughly square cross-section for multi-
turn winding with winding ends spaced apart to
maximise overall bandwidth

Ensure aclosefit to the cable to minimise material cost
and maximise bandwidth

On “long” cables locate ferrites at current maxima —
usually next to major equipment

Check for no net (Common-mode) current flow —
otherwise core magnetisation might be a problem.

In the next issue it is hoped to discuss further applications of
magnetic coresin EMC engineering, including a high-quality
wide-band transducer for measuring common-mode and
differential-mode current on cables.
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Measuring DC Resistance

By Dr. Howard Johnson

So, you perforated the power and ground planes underneath
your fancy new processor chip with hundreds of little via
clearance holes. It looks like a piece of Swiss-cheese. At the
voltage regulator output you are getting 1.10 Volts, but at the
CPU only 1.03 Volts. How can you tell what portion of the
observed DC drop isdueto the perforated section of the planes
and how much due to their general shape and distance to the
voltage regulator module?

The DC resistance of any conductive object equalstheratio of
the voltage across the object divided by the current passing
through it. For a two-terminal discrete component, the
measurement procedure seemssimple: connect the component’s
external leads to a source of current and measure the voltage
across the component.

But, isit really that simple? Consider a 1/4-watt axial resistor.
If theleads stick out 1 inch on either side, what length of leads
do you includein the measurement? Do you measure with your
voltage probes touching directly adjacent to the component
body, or at the tips ends of the fully-extended leads? In this
example, the difference amounts to approximately 1 mW. If
you are measuring a 10-KW resistor, that difference seems
negligible, but if you are measuring aresistance of only 1 mw,
the difference becomes quite significant. Asageneral rule, when
measuring axial components, you should perform the
measurement using the same length of leads, and height above
the reference plane, as will be used in your finished product.

When measuring the DC resistance of distributed power and
ground planes similar considerations apply. You must distribute
current into the planes the same way it will occur in actual
product use. This is best done using the processor itself,
operating in atest mode optimized for power-system debugging.

Unfortunately, the operating-system software in most systems
draws fluctuating amounts of current, complicating your
measurements. To circumvent thisdifficulty, program your CPU
to run in a tight repeating loop. If it operates continuously
without interruption, executing precisely the sameinstructions
over and over, the current drawn by the processor will fall into
an exactly repetitive waveform. The power spectral density of
that waveform will include a spike at DC, following by afirst
harmonic at the rate of repetition, followed by subsequent
harmonics at multiples of the rate of repetition. The spike at
DC will not waver. If the test loop is sufficiently speedy, the
low-passfilter built into any ordinary digital multi-meter easily
rejects all the harmonic content and shows you a very stable
result. Of course, if your CPU draws a significant degree of
static current when held in RESET, just do that.

During testing, | recommend measuring the voltage dropsacross
each individual plane, not the voltages between the planes.

When you measure voltages between the planes, first looking
at the output of the voltage regulator and comparing that to the
voltage at the input to the CPU, the numbers may show a
difference between 1.10 and 1.03 Volts. The degree of voltage
drop appears in the third significant digit of the multi-meter
output, limiting your accuracy. When you measure the drop
directly across the power plane by itself, measuring from the
voltage regulator positive output pin to the CPU power input
pin (Figure 1), the same meter set to a more sensitive range
may show adrop of 46.7 mV, with acorresponding drop across
the ground plane of 23.3 mV, making atotal drop of 70.0 mV.
Measuring the drops individually across each plane is a very
sensitive and accurate procedure. With this technique you can
see individual drops across the planes, the BGA balls, and, if
your processor comes equipped with externally-accessible
power sense connections, the drop across the BGA substrate
possibly including the die wirebonds or balls all the way to the
silicon.

BGA
balls

\

Wirebonds
or balls

BGA
substrate CPU

Power and
ground planes

Bulk A ]
Decoupling
R
Die

BGA
— package

———

PCB

Figure 1. A direct measurement of the voltage drop
longitudinally across the power system is more accurate than an
indirect comparison of voltages between power and ground at
disparate points.

Sofar, I’ vetalked about voltage drop, but how do you determine
the current? That requires some form of calibration. | like to
work with abare board and intentionally inject aknown current
into some portion of the power-plane layout. | pick a section
near the voltage regulator, preferably something where the
current necks down through one skinny connection. At the neck-
down points you know where the current is flowing just by
looking at the layout; you needn’t worry about current spreading
out around a Swiss-cheese array of clearance holes. Measure
the voltage drop across your skinny feature. Recognizing that
the voltage drop across this feature varies in direct proportion
to current, you can now correlate measurements taken in the
real system with actual current. If your layout lacks a suitable
skinny feature, then cut the connection at the output of your
voltage regulator and insert in series with it a short piece of
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wire. Sixteen gauge copper wire has a DC resistance of
approximately 0.8 mW per inch.

Inlow-power systems, you will need avery sensitive voltmeter
to seethedrops. Ordinary handheld voltmetershave aresolution
of about 0.1 mV (millivolts). Specialized micro-volt meters
made for use in strain gauge applications are commonly
availablewitharesolution of 1 pV (microvolts), ahundred times
better, and they come with excellent noise-rejection input filters.
A meter likethat would vastly improve your testing capabilities.

Howard Johnson, PhD, of Signal Consulting, frequently
conductstechnical workshopsfor digital engineersat Oxford
University and other sites worldwide. Visit his Web site at
WWW.Sigcon.com.
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EMC design of high-frequency power “switchers’ and “choppers’

Suppressing emissions of voltage fluctuations and flicker
plus. some miscellaneous issues

Thelast of a number of “Sand Alon€e” articles on the EMC design of switch-mode
and PWM power convertersof all types

By Keth Armstrong, Cherry Clough Consultants Ltd, www.cherryclough.com

I ssues 93-104 of The EMC Journal carried the preceding twelve
parts of this “Stand Alone” series — my attempt to cover the
entire field including DC/DC and AC/DC converters, DC/AC
and AC/AC inverters, from milliwatts (mW) to tens of
Megawatts (MW), covering the control of electromagnetic
emissions from all power converter applications, including:
consumer, household, commercial, computer, tele-
communication, radiocommunication, aerospace, automotive,
marine, medical, military, industrial, power generation and
distribution, in products, systems or installations.

Hybrid & electric automobiles, electric propulsion/traction;
“green power” (e.g. LED lighting); and power converters for
solar (PV), wind, deep-ocean thermal, tidal, etc., are also
covered.

Issues 93-95 used a different Figure numbering scheme from
therest, for which | apologise.

This is the fina article in this ‘stand-alone’ series. Previous
articles, and much else, is available from the archives at
www.theemcjournal .com.

8 Suppressing emissions of voltage
fluctuations and flicker

8.1  Causes of emissions of voltage fluctuations and
flicker

Thereisawaysimpedancein an AC or DC power distribution
network, so fluctuating mains load currents cause fluctuating
mainsvoltages. Figure 8.1-1 sketchesthiseffect for anAC mains
supply, but the effect of supply impedance isjust the same (of
course) for DC supplies.

[ Inevitable impedance in |

T
Supply distribution | |
|the AC mains distribution 1

V !/ g \‘

Gom | vioaﬁ )
— \ I’
Product draws a D

fluctuating current
from its supply
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f | e
The supply voltage
ﬂuc:tuati?:ln caused

by the product

Figure 8.1-1 How supply voltage fluctuations occur
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[The generated voitage|

‘Flicker’ is the term used for rapid fluctuations in the mains
voltage, which makes traditional filament lighting suffer from
visible “flicker”. Fluorescent and LED lighting can also cause
visible flicker when its supply voltage fluctuates, but their
interactions are more complex than those of filament lights.

Emissions standardsfor voltage fluctuationsand flicker measure
the actual fluctuations in voltage in an electrical supply that
hasaspecified impedance. Infact, what isreally being measured
(although indirectly) by their tests are the variations in the
product’s current demands from its electrical power supply —
the variationsin itsload current.

So the design techniques for controlling emissions of voltage
fluctuations and flicker centre on controlling therange and rate
of variation in a product’s supply current.

Some standards permit greater fluctuationsin aproduct’ssupply
current where the supply has lower impedance than usual. So
sometimes it is possible to comply simply by specifying the
characteristics of the electrical power supply that should be
provided by the user. Of course, this must be reasonable — it
would not be acceptable for the manufacturer of acoffee maker
intended for domestic use, to specify that it must be connected
to an industrial-strength 100A supply!

8.2  Suppressing inrush currents

The inrush current at switch-on is a major cause of emissions
of voltage fluctuations. The standards generally alow slightly
higher values at switch-on (whether manual or automatic), and
they generally do not apply any limits at all for the inrush
currents during an uncontrolled power-up dueto the resumption
of mains power after an unanticipated interruption or failure of
the mains supply.

Although the standards may not set limitsfor inrush following
mains interruptions or failures, in practice it can be very
important to limit them too. Consider the example of abranch
of a mains distribution network that is heavily loaded — an
insulation failure somewhere on the branch could cause the
overcurrent protection to trip, removing power to all the
equipment.

But if the power is restored when all the loads on the network
are switched on, their combined inrush currents can cause the
overcurrent to trip again. It may be impossible to restart the
mains power to that branch without going around and manually
switching off many items of equipment, restoring the power
and then going around switching them back on again one at a
time. So unless automatic sequential mains switching is used
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(seelater) on that branch, there could be significant benefitsin
limiting the inrush currents during uncommanded power-up
events, even where not required by standards.

Most electronic equipment hasahuge ‘ spike’ of inrush current
into their smoothing capacitorsfollowing their bridgerectifiers,
at the instant of switch-on. Even on power supplies rated at
just a few watts, with normal current consumptions measured
in tens of milliamps, the peak inrush current at switch-on can
betens of Amps, causing very high levelsof voltage fluctuations
at that instant.

However, flickermeters integrate voltage fluctuations over 10
millisecond periods, whilst charging the smoothing capacitors
of low-power equipment might only takes a few tens of
microseconds, so the very high but very brief voltage
fluctuations caused by capacitor charging get averaged over
10msand are generally measured as having much lower values.

Wheretheinitial charging of capacitorswould cause emissions
to exceed the limits, Figure 8.2-1 shows one technique for
limiting the inrush current. At switch-on the relay contacts are
open and the capacitors charge up more slowly, their peak
charging currentslimited by asuitable power-rated and voltage-
rated series resistor. After a short time (usually under two
seconds) the capacitor should be substantially charged and the
relay contacts (or triac) switched on to ‘short out’ the series
resistor.

Series resistor limits the
inrush current

Could use a series inductor
instead, for AC supplies

Must be suitably rated for
power dissipation and voltage

Relay contacts short out
the resistor after a few
seconds

Could use a triac instead

T

xs ! Rectifier- |
Manual On/Off i capacitor |
B e
T : converter !
O 1 R

_________________

Figure8.2-1 An example of a technique for reducing the
inrush current

In many real products, the electromechanical relay contacts
shownin Figure 8.2-1 arereplaced by atriac. But triacs are not
true short-circuits, and in some applications their heating and/
or emissions of noise around the zero-crossings might have to
be suppressed.

For electronic loads it is usually very important to ensure that
theload isnot permitted to begin to operate until the unregul ated
voltage on the smoothing capacitor has ramped up to within
specifications for correct operation of the load. In
microprocessor circuitsthisisusually donewith acombination
of ‘power-on reset’ and ‘voltage monitor’ devices that hold all
the devices in reset mode until they are both satisfied that the
power supply conditions are acceptable. Many switch-mode
controller | Cs have soft-start functions, which a so help reduce
inrush currents at switch-on and so reduce emissions of voltage
fluctuations.
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Analogue circuits might need to actually monitor the DC power
characteristics and switch DC power to the circuits using relay
contacts, SCRs or power transistors. For example, power
amplifiersthat are connected to their voltagerailsasthey slowly
ramp up to limit inrush currents, can often suffer instability
and output false signals that might even damage their output
transducers. Inthe case of audio systems, thefal se output signals
can cause very loud and unpleasant noises.

Figure 8.2-2 shows a similar scheme to Figure 8.2-1, but this
time the relay contacts (or a thyristor or power transistor) are
installed after the bridge rectifier and before the capacitor, in
the raw unregulated and unsmoothed DC supply. The
operational principles are just the same.

Series resistor limits
the inrush current

Could use a series inductor
instead, for AC supplies

Must be suitably rated for power
dissipation and voltage

Relay contacts short out the
resistor after a few seconds

Could use an SCR or power
transistor instead

Manual On/Off
switch

O—Or ¢

O

Figure 8.2-2 Another example of a technique for reducing the
inrush current

Figure 8.2-3 shows anegative temperature coefficient thermistor
(or ‘NTC') replacing the seriesresistor. NTCs are temperature-
dependent resistors with a non-linear relationship between
temperature and resistance.

When they are at ambient temperature they have quite a high
resistance, allowing the smoothing capacitors to charge up
slowly and limiting inrush current. As charging current flows
in their high resistance they heat up, and when they are hot
enough their resistance very rapidly changesto alow resistance
value. The NTC should be carefully chosen so that the flow of
the normal load current through it is sufficient to keep it hot
enough for it to remain ‘ switched on’.

Negative Temperature
Coefficient (NTC) device
Has a high resistance when cold,

so limits the inrush current while
it heats up

N e

mains  [Manual On/OF . Load
supply switch
O i

Current in NTC heats it up, causing its resistance to fall after a
second or two and permitting full operation of the load

Figure 8.2-3 Reducing inrush current with an NTC



NTCs run hot all the time when in normal operation —so it is
necessary to design appropriate precautions to make sure they
don’'t damage PCBs or nearby components, or soften a plastic
enclosure and cause safety hazards. It is also important that
they are protected from accidental contact so as not to burn
service engineers who might have the covers removed.

It takesanumber of secondsfor an NTC to cool down by enough
for itshigh-resistance state to be re-established, so if the power
goesoff and returns quickly they will not limit theinrush current.

Some designers have been known to take advantage of the use
of inrush current limiting techniquesto specify bridgerectifiers
with lower surge current ratingsto save space and reduce costs.
Wheninrushislimited by NTCs, they can be caught out because
short interruptions in the mains power — or users who switch
off and then on again — can defeat the NTC, permanently
damaging the bridge rectifier due to the peak inrush currents
being much higher than it can handle.

Similar problems can occur for the inrush limiting schemes
shownin Figures8.2-1 and 8.2-2, unlessthey are appropriately
designed so they cannot be defeated by brief interruptions in
mains power.

Large transformers (or any other inductors, such as motors)
can draw larger than normal inrush currents for many cycles
after switch-on —when switched on at some point in the mains
cycle that is not close to the voltage peaks. Switching on at
zero-crossing causesthelargest inrush currents, especially when
magnetic saturation occurs, as shown by Figure 8.2-4.

The issue is the establishment of the load’s steady-state AC
magnetising current, which if allowed to overshoot by too much
could saturate the magnetic circuit. Magnetic saturation reduces
theimpedance of theload to that of the resistance of thewinding,
effectively short-circuiting the mains supply and causing huge
inrush currents. Figure 8.2-4 shows some examples of inrush
currentsin inductive loads.

— MWW

Supply current when switched-on at the positive
or negative voltage peak of the AC supply

Supply current when switched-on at the positive- |

going zero-crossing of the AC supply

Supply current when switched-on at the positive-
going zero-crossing of the AC supply,
with very high-current magnetic saturation events

Figure 8.2-4 Inrush current for inductive loads

One obvioustechniquefor reducing switch-on surgeininductive
loadsisto ensurethat power isonly applied at theinstant when
the AC supply is near a positive or negative voltage peak, and
some manufacturers make triacs with the appropriate controls.

AC motors draw more current the greater their “ slip speed”, so
whilethey are spinning up with high slip speedsthey can draw

29

more current than is allowed by the emissions standards or is
desirable for the power distribution network. Variable speed
motor drivesdriving such motorscan use ‘ soft-start’ techniques
to slowly bring the motor’s drive frequency up to the desired
operating speed.

By maintaining the slip speed at no more than afew percent as
the motor speed isramped up, sudden and/or large fluctuations
in the mains supply current are avoided.

It can also help meet emissions limits if the load current is
reduced slowly instead of abruptly stopping at the instant of
being switched off. So aswell asramping motor speed up slowly,
the variable frequency drive can ramp it down slowly too.

Similar “soft start” and “soft stop” techniques are appropriate
for all types of variable-speed motor drives and other loads
(unless their application cannot cope with it, which israre).

In the case of AC-AC power converters used to link different
AC supply systems operating at different frequencies, or used
to connect wind, wave, tidal, etc. AC generators to a power
supply network, inrush currentsat switch-on could be enormous
and cause damage to the supply systems if not managed
correctly, never mind emissions standards. Such converterswill
match the frequency and voltage of the load power network
whilst maintai ning an exact phase match so no power issupplied
at first. To supply power to the load network, the phase angle
of the AC source is slowly increased with respect to the load
waveform, dowly increasing the converted power supplied until
the desired level is achieved.

As for the motor drive discussed earlier, a “soft stop” is also
generaly required for AC-AC power supply converters, so they
should also ramp down their source phase angle before
disconnection.

There are many other applications of AC-AC, AC-DC, DC-
DC and DC-AC power converters, and they generally benefit
greatly from the use of soft-start and soft-stop functions.

Where several items of equipment are assembled in one unit,
cabinet or system with a single master on/off power switch,
their inrush currents will all occur simultaneously. The result
can be emissions of voltage fluctuations that exceed the limits
in the relevant standard, and/or practical problems of
interference with other equipment. Sometimes, as mentioned
earlier, the combined inrush currentswill cause the overcurrent
protection (fuse or circuit breaker) to open, although in such
casesitisoften possibletofit time-delay fusesor inrush-resistant
circuit breakers.

One way to deal with the problem of simultaneous inrush
currents is to power each item of equipment via a time-delay
relay or contactor, a common industrial component, with the
timedelaysall set to different values. Some manufacturersalso
offer mains distribution products (‘ socket strips') with built-in
sequential switching, such as the units shown in Figure 8.2-5.
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Courtesy of Qlson Electronics Ltd
www.olson.co.uk
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Figure 8.2-5 Examples of a sequentially-switched mains
socket-strip

8.3  Reducing the voltage fluctuations caused by load
current fluctuations

Time-proportioning on/off control is often used to provide
power control of resistive loads such as heaters by varying the
mark/space (on-time/off-time) ratio. It is sometimes called
‘bang-bang control’ because the load is switched on and off
repetitively, and isarather crude technique that is very unkind
to the voltage that the distribution network supplies to other
loads.

One way of reducing emissions of voltage fluctuations and
flicker from bang-bang controlled loadsisto split the load into
two or more smaller loads, and switch them at different times,
sothereisafaster rate of smaller voltage fluctuations. Figure 5
of EN 61000-3-3 and its associated text gives some guidance
on this technique. Another method is to use the soft-start/stop
techniques described in 8.2.

It is very important to avoid using bang-bang control (or any
other kind of power control) that results in voltage flicker in
the range 100 to 2000 voltage changes per minute (1.7 - 33Hz)
because thisiswherethe human eyeismost sensitiveto lighting
flicker from amains-powered 60W filament bulb, so theflicker
limits are much more severe.

(Because filament lightbulbs are being phased out, the limits
in the voltage fluctuation and flicker standards need to be
changed to achieve similar results for the types of lighting that
arereplacing them. But at the moment we are stuck with limits
based on coiled-coil 60W filaments.)

The best suppression of emissions of voltage fluctuations is
achieved by replacing bang-bang control with some type of
continuous power control, such as variable transformers or
phase-angle-controlled triacs (or similar IGBT circuits).

Variable transformers are a traditional remedy for controlling
the AC power delivered to heating and similar loads, and
although they are large, heavy and expensive they are aso
reliable, rugged, have no emissions, have very high levels of
immunity, and when fitted with motors can be electronically
controlled by analogue signals, or data from a compuiter.

All electronic circuits have other EMC problems, such as
emissions of harmonics and RF conducted and radiated noises,
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as discussed in the earlier parts of this series, and they also
have EM C immunity issues not discussed in this series (see[5]
[47] and [48] for immunity design of electronics).

But — providing their maximum rate of change of power is set
low enough —they will not cause significant emissions of voltage
fluctuations or flicker.

Sometimesit is possible to design electronic loads so that their
fluctuating current demands are not as severe, for example by
using ClassA or AB anadogue power amplifiersinstead of ClassB.

8.4  Filtering, and active filtering

We often need to filter the emissions caused by |oad fluctuations,
especially to increase transient rise-times to 10us or more to
reduce the amplitude of spike emissions. Thisis usually easy
enough to do with adequate decoupling capacitance, plus
(perhaps) a small series inductor, but to low-pass filter with a
corner frequency of less than 1Hz, to reduce emissions of
voltage fluctuations and flicker, would requirelarge, heavy and
costly components, especialy if carrying large currents.

However, ‘supercapacitors’ are now available with values
measured in Farads and peak current ratings measured in kA,
which can provide huge energy storage and ‘smooth out’ the
load's current demands very considerably. They are much more
reliable than batteries, have much lower ESR, and can handle
very much larger short-term currents, but cannot store as much
energy.

Supercapacitors can
chargel/discharge at very high
current rates an unlimited
number of times

(example shown is
EPCOS “UltraCap” 450F 80V)

Figure 8.4-1 Example of a supercapacitor suitable for large
fluctuationsin power

With an AC mains supply source impedance of, say, 1Q and a
load impedance of 0.1 Q, apassive low-passfilter with acorner
frequency of, say, 0.5Hz would require the unregulated DC
storage capacitor following abridgerectifier to have avalue of
about 3F, which is not unreasonable.

For example, a stack of 27 series-connected capacitors of the
450F 13.8V types shown in Figure 8.4-1 would have avoltage
rating of 372V and a capacitance of just under 17F — giving
(with the example impedances above) a -3dB point of around
0.1Hz.

So, supercapacitor-based passive filters are feasible, and don’t
require series inductors, and may well be the easiest way to
deal with excessive emissions of voltage fluctuationsand flicker
from legacy equipment. However, when designing new products



wewould generally prefer something smaller, lighter, and less
costly, and active filtering can provide this.

DC-DC switch-mode power converters, whether step-up or step-
down are generally followed by DC storage capacitors, and act
asactivefiltersfor frequenciesabovethe converter’sbandwidth
(the frequency above which the response of its feedback loop
to changes in output voltage is reduced by 3dB).

Thereisatrend to reduce decoupling capacitance and use fast-
reacting convertersinstead, but the oppositeis needed to reduce
emissions of fluctuating current from the load back through
the DC-DC converter and the AC-DC bridge rectifier and
unregul ated storage capacitor to the AC mains supply —agreat
deal of capacitance to support the load voltage, and a slow-

responding converter.

For example, a DC-DC converter with aresponse time of 0.5
secondswould act asalow-passfilter having a-3dB frequency
of about 0.3Hz, and would need a sufficiently large output
capacitor to supply the load current without creating excessive
voltage ripple on the DC supply, see Figure 8.4-2.

For example, with a 0.5s DC-DC converter response time, a
load current that fluctuated regularly by 10A for periods of
0.5s or more would create a DC voltage ripple of 1V or less—
if the regulated DC storage device was a supercapacitor of 5
Farads or more.

Where fluctuating electronic loads run at lower voltage
than the unregulated DC rail, increase the size of their
regulated storage capacitors without limit

325V (fore.g.)

— 48V
(fore.g.)
AC
mains &
su;fp'_v
(O——— ! | — in conjunction with the regulated storage capacitor

‘ Acts like an active filter

(step-down shown, step-up works the same way)

Figure 8.4-2 Suppressing mains voltage fluctuations from a
fluctuating low-voltage load

It may also be possible to design the load so that is can stand
greater variation of its regulated voltage supply, to be able to
useless decoupling capacitance with asl ower-responding power
converter.

The slow responsetime of the DC-DC converter can cause new
problemsto arise. If thefluctuating load current suddenly drops
by a large amount, for example if the load is removed (e.g.
switched off) the converter will keep supplying much the same
current for a significant fraction of its response time-constant
until it starts to reduce its current output. During this period,
the DC voltage on the storage capacitor could rise by so much
that it (or the load) could be damaged by overvoltage.

To prevent this from happening, we could sense the DC output
voltage and abruptly switch off the converter beforethe voltage
rises by too much — but thiswould cause asignificant emission

of voltage fluctuation in the AC supply, and if it happened
repetitively could cause excessive flicker.

This is obviously undesirable so — although we should keep
the over-voltage shut-down protection circuit — we should
choose converter response times and storage capacitor values
to make sureit isonly triggered in exceptional circumstances,
and not during even extreme val ues of what might be considered
normal operation.

Where an ‘Active PFC’ boost circuit, such as described in
Section 10.6 of [5] is used to reduce emissions of mains
harmonics, we can also use them as active filters because they
generally aready have a slow response time to variations in
load current, typically about 0.5 seconds. See Figure 8.4-3.

Increase the size of the regulated storage
capacitor without limit, to reduce mains
current fluctuations caused by the
fluctuating load

|

l 325V (fore.g.)
)
Active PFC boost
O converter — Fluctuating|
t Has a slow response — oad
AC time, about 0.5sec
mains
supply
T \ ©
(_p—

|
Acts like an active filter
= in conjunction with the regulated storage capacitor

Figure 8.4-3 Suppressing mains voltage fluctuations
with an active PFC

All of the same issues for active filters of the type shown in
Figure 8.4-2 apply when using Active PFC circuits aslow-pass
filters to reduce emissions of mains voltage fluctuations and
flicker.

So we can see that appropriate design of Active PFC boost
circuits can provide a wide range of benefits...

e Comply with harmonic emissions standards (see Section
10.6 of [5])

e Achieveuniversa’ operation from 84 to 260V AC rms,
and DC to 400Hz, helping to sell the same product
world-wide (only need to ship it with appropriate mains
lead)

e Reduceemissions of voltage fluctuations and flicker by
acting as an active filter

e Improveimmunity to voltage variations, fluctuationsand
dipsin the electricity supply

8.5 System and Installation-level fixes
Motor-flywheel-generator sets and continuous on-line doubl e-
conversion UPSswill “smooth out” the current demandsto the
mains distribution. In the case of the M-G set, the degree of
smoothing depends on the mass of the flywheel. See [7] [8]
[60] [68] [69] [70] and [114] for more on these and other
installation-level approaches.
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9 Some final miscellaneous switcher/chopper

EMC issues

9.1 Ferrite-loaded PCBs?

Even though wedesign PCBsvery carefully, viaholesand traces
aredl “accidental antennas’ and so cause emissionsand worsen
immunity. Ferrite-loaded PCB material might be asolution for
some circuits, but such materials are not yet available, asfar as
| know.

However, in 2010 Murata announced a DC/DC converter (the
LXDC2HL series) that usesaferrite substrate instead of normal
PCB material. It has much lower radiated emissions, plus it
uses planar coilsburiedinits“PCB”. Solid ferriteisaceramic,
so | imagine that this converter ismade like ahybrid circuit on
an insulating ceramic such as alumina. Murata already make
RF chokes out of through-hole plated “PCBS’ made on slices
of unfired ferrite instead of PCB material, stacked together to
create alarger coil and then co-fired, so | supposeit is a short
step to assembling other components onto these hybrid ferrite
circuits and creating a DC/DC converter with coils embedded
inits substrate.

A significant problem with using ferrite-loaded fibreglass PCB
materials must be that through-hole plated types are either
drilled or punched, and adding ferrite would surely cause these
toolsto wear out very quickly indeed. But micro-viaPCBsare
drilled using lasers or plasma beams, which have no partsin
contact with the substrate, to wear out. So perhapsfuture PCBs
will be able to use ferrite-loaded substrates that dampen down
their RF emissions.

| recently met a university researcher whose project was to
design a 100W power converter operating at a switching speed
of 30MHz. No doubt the RF emissions of such a converter
would benefit greatly from the use of UHF and Microwave
absorbing ferrite particlesin its PCB substrates.

9.2 Good EMC emissions and immunity practices for
systems and installations

Cabling techniques are very important, because switcher noise
will couple (crosstalk) from one cable to another in asystem or
installation, possibly causing interference with other equipment.

“Earthing/grounding” techniques are also very important, and
itisimportant to understand that single-point (or “ star”) systems
are nothing more than resonant antennas at the frequencies
emitted by power converters.

Both of the above issues are covered by |EC 61000-5-2 [115],
on which standard the guides [68] [69] and [70] are based.

Good EMC practices for cabinets, systems and installations
aredescribed for “Industrial Cabinets’ in[68] (equally relevant
for anything that is a metal box with two or more items of
interconnected electronics inside, e.g. a vehicle) and for
“Systems and Installations” in [3] [7] [8] [60] [69] [70] and
[114].

Additional references associated with for proprietary solutions
for suppressing mains harmonics include [1],
www.mirusinternational.com/pages/lineator.htm and
www.harmonicsol utions.co.uk/sol utiong/solutionsl.html.
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9.3 QA in series manufacture
It is necessary to control serial manufacture to maintain
compliance with the EMC Directive.

Simple EMC checks should be designed and easy-to-use test
gear made with enough sensitivity to detect significant problems
to maintain EM performance in serial manufacture.

Close-field probes and clamp-on current monitoring clamps
can be used to great effect in serial manufacture, to check the
EM emissions of every product that is made while it is
undergoing its final functional testing. If these EMC checking
systems are designed well, they will not add any time to the
manufacturing process.

Itisnot merely aquestion of shipping legally compliant products
—apower converter with excessive emissionsislikely to cause
claims under warranty, or visits by field service personnel, and
quickly eat-up any profit that was made by selling it. In fact, it
is possible for a warranty claim on one product to eat up the
profitsfrom several other products—making EMC compliance
asignificant financial risk factor that must be controlled.

9.4  Controlling suppliers

When we purchase parts with which to construct power
converters, or purchase complete power convertersto use with
our own products, we should never rely on our suppliers own
certificates and/or “buying in good faith”. UK “Trading
Standards Law” — the case laws that the Trading Standards
Officers use to guide their enforcement of EU Directives —
recognises that some suppliers lie about their products. Thisis
the reason why suppliers’ certificates, such as Declarations of
EU Conformity, cannot be relied on for legal compliance, and
a so thereason why buyingin good faith is not adefence against
prosecution under UK Law (and possibly the laws in other
countries too).

The law assumes that we are “professiona integrators’ who
know enough to ensure that the parts and products we purchase
to either make, or supply with, our products are appropriate. If
our products are found to be non-compliant, we cannot pass
the blame onto our suppliers.

Anincreasingly important issuein this context iscounterfeiting,
which is run by organised crime and has been increasing for
years to the point where it has become such a problem that the
US Military is now starting to require its suppliers to prove
they are not using counterfeit components [115].

| have recently read of a large electronics sub-contract
manufacturing company that has had to start X-raying every
single one of the componentsit takes in, comparing the image
with aknown good image, and rejecting any that don’t match.
Even thisis not enough on its own, but it helps!

Althoughthisarticleisabout EMCissues, itisworth digressing
alittleto say that theissue of counterfeiting isavery important
one for power converters for safety compliance, for example
to EU safety directives such as the Low Voltage Directive,
Machinery Directive, Medical Devices Directive, etc.

The IET’s magazine “Wiring Matters” contained an article
about counterfeiting in its Spring 2013 issue [116] which



mentioned the sad case of the young boy who, in 2007, was
fatally electrocuted by afake Nintendo Gameboy charger.

The article went on to say: “The tragic accident prompted a
UK Trading Standards investigation that led to a Europe-wide
recall of dangerous charger and adapters, but six years on sub-
standard and counterfeit chargers are still on sale. According
to UK-based Plugsafe, avoluntary group of electrical engineers,
anumber of major retailers are currently selling chargers that
areillegal inthe UK.”

| have also worked with customers who were buying cheap
mains battery chargers or power convertersto bundlewith their
products, who suffered very expensive problems when
customers reported that they had exploded or caught fire. The
manufacturers had thought they could trust their suppliers to
provide safe products, and had been caught out.

| always recommend everyone to treat al their suppliers, no
matter how glossy their brochures, sales offices, or salespersons,
as if they were dodgy back-street second-hand car dealers.
Always check their claims for EMC and Safety, aways do
sample tests for EMC and Safety on what they supply, and
always record what you do to help make a robust defence if
you have to deal with future lawsuits.

9.5 Additional referencesthat | did not usein this
series
e “Bearing currentsin Modern AC Drive Systems’, ABB
Technical Guide No. 5, EN 01.12.99, http://
www.abb.com

e ‘'EMCAwareness hy the RadiocommunicationsAgency,
at: http://www.ofcom.org.uk/static/archive/raltopics/
research/RAwebPages/Radiocomms/index.htm%20

e The Texas Instruments website includes many very
useful application notes on designing PFC circuits
(originally written by Unitrode)

e “Variable Speed Drives—A Guideto Supply Harmonics
and Other Low-Frequency Disturbances’, Emerson
Industrial Automation: www.controltechniques.com/
guides

e “A Guideto Electromagnetic Compatibility (EMC) for
Variable Speed Drives’, Emerson Industrial Automation:;
www.controltechniques.com/guides

e “Control Techniques Drives and Controls Handbook,
2nd Edition”, Bill Drury, IET publishers, 2009, ISBN
978-1-84919-013-8, www.theiet.org/publishing/books/
pow-en/control -techniques-2nd-ed.cfm

e K O Phipps, P F Keebler and R F Arritt, “Real World
ASD Interference Case Study with Modeled Solutions”,
IEEE 2009 International EMC Symposium, Austin
Texas, USA, 17-22 August, 2009, ISBN: 978-1-4244-
4285-0
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Thisisthe fina article in this “Stand Alone” series but Keith
will be doing some short articles on good EMC design and
testing practicesin future issues.
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for electronic engineers
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Introduction;

The Physical basis of EMC;
Circuit design and choice of
components for EMC;

Cables and connectors;

Filters and transient
SUppPressors;

Shielding (Screening);

Printed Circuit Boards (PCBs);
Electrostatic discharge (ESD);
Electromechanical devices and
spark ignition;

Power factor correction
(emissions of mains harmonic
currents);

Emissions of voltage
fluctuations and flicker;

Immunity to power quality issues;
EMC techniques for heatsinks.

The Physical Basisof EMC
Author: Keith Armstrong C.Eng FIET SMIEEE
ACGI BSc (Hons)

Cost £25 plus p&p.
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Introduction;

Wave and Field theory;

EMC uses three types of
anaysis;

Waveforms and Spectra;
Coupling of EM energy;

An overview of emissions;
Immunity issues;

Crosstalk and “internal EMC”
issues inside a product;
Types of EM phenomena and
how they can interfere.
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EMC for Printed Circuit Boards
Author: Keith Armstrong C.Eng FIET SMIEEE
ACGI BSc (Hons)

Cost £47.00 plus p&p. I1SBN 978-0-9555118-5-1

Morethan just abook. Itisatrue
learning aid. Graphics in full
colour. Designedto lay flat for
easy learning. Written in a clear
concise no nonsense style.
Destined to becomethe Standard
for EMC PCB Design. 168 A4

. 1./ [EMC for Printed
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Thisbook isabout good-practice
EMC design techniques for
printed circuit board (PCB)
design and layout. It isintended
for the designers of any
electronic circuits that are to be
constructed on PCBs, and of
course for the PCB designers
themselves. All applications
areas are covered, from household appliances, commercial and
industrial equipment, through automotive to aerospace and military.

Thisisabook for electronic and PCB engineers who need to employ
good EMC and S| techniquesto save time and money when designing
with the latest technol ogies, to make reliable and compliant products.

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

Itisdifficult for textbooksto keep up to date with fast-changing PCB
technology and EM C techniques, which iswhy most of the references
are recent conference papers and articles available via the Internet.

EMC for Product Designers
Fourth Edition
Author: Tim Williams

Cost £47.99 plus p&p. ISBN 978-0-75-068170-4

Thisbook isalmost certainly regarded
as the bible on EMC Design across
all International borders.

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

Every EMC product designer should
buy this latest edition.



Introducing The First Solid State
amf | To 6 GHz Amplifi

ingle B

The latest addition to AR’s “S Series” Solid State Microwave Amplifiers allows you to fulfil your
wideband EMC and Wireless applications in one unit without the need for band switching.

Ranging from 15 to 50W with an instantaneous bandwidth of 1-6 GHz, these Class A amplifiers
offer excellent flatness at an input power of 1 mW. With low harmonic distortion & noise figures they are
ideally suited for the most demanding of applications.

If you like the convenience of a remote interface you'll be glad to know that this comes as standard
on the “S Series” at no extra cost! As with all AR products, they are backed by a worldwide support network
that is second to none.

If you don’t require a complete instrumentation amplifier we offer
our solid state 15W Class A and 25W Class AB modular hybrid power
amplifiers covering the same frequency range.

Contact us for more information on the latest S Series amplifiers or
any of the products offered by AR.

wwaw.ar-europe.ie
In UK, contact AR UK, www.uk-ar.co.uk or call +441-908-282766
1SO 9001:2008
Certified
_n '@
ar europe
National Technology Park, Ashling Building, Limerick, Ireland * 353-61-304300 * www.ar-curope.ie wm’.arworld.us

In Europe, call ar United Kingdom 441-908-282766 * ar France 33-1-47-91-75-30 * ar Benelux 31-172-423-000 Copyright © 2013 AR. The orange stripe on AR products is Reg. U.S. Par. & TM. Off.



