


COTS, shielded
hi-rel connectors
available NOW!

Harwin’s 2mm Datamate hi-rel connector family
is now available with backshells that provide electrical
screening against EMI & RFI interference,

Manufactured from aluminum the highly durable Datamate 5-Tek
offers good electrical performance and corresion resistance, and like
all Datamate products is ideally suited to safety critical applications,

®m Attaches to a wide range of  ® Suited to 1/0 use

m Cable to Board & Cable to Panel system at low cost
options available

Datamate S=Tek

Harwin's new EZ-Boardware surface mount EMI/RFI shield clips reduce assembly time
and simplify rework. Rather than hand-soldering shielding cans lo a P(B as a
secondary operation, cans are simply pressed into clips which have
been placed during the main automated surface mount
assembly process. Not only does this save time, it also reduces
errors and scrap, and enables sensitive components to be
inspected and and replaced,

® Three clips sizes handle wall thicknesses
of between 0.13 and 1mm

® Supplied in industry-standard Tape & Reel
packaging

B Protect sensitive ICs used in defense,
avionics, comms and many other applications

F4BoardWare)

PICK & PLACE READY BY DESIGN

making the right connection

For more information or samples visit:

HAR Wi N www.harwin.com/s-tek

INTERCOMNNECT DESIGHN & MANUFACTURE www'hBTWin'cnm/ShiEId-tIipi



Engineering that will
find a product’s problem
before that problem
finds a customer.

That’s just one way NTS
works for your success.

For over 50 years NTS has provided a wide array of testing

and certification services to help our clients bring their products to market quickly and efficiently all around the globe. And during
that time we developed o comprehensive understanding of the needs of our clients, far beyond testing and certifications. Today NTS
stands alone with cradle to grave solutions for product manufacturers in numerous Industries, starting with design phaose engineering
services and ending with supply chain management solutions. When you bring NTS into the picture you are adding a seamless and
powerful extension to your existing team, helping you build and release better and more efficient products every step of the way -
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Accuracy, Linegrity &
Need We Say More.

Model FL7060
1 MH: - 60 GHz range

CLN

Model FL7040
2 MHz - 40 GHz range

Well actually, yes. These new laser-powered E-Field probes from AR are so versatile; they do the work of
multiple probes, with outstanding accuracy and linearity for your demanding field monitoring requirements.
They contain an internal microprocessor that provides advanced control and communication functions while
automatically correcting for measurement drift caused by ambient temperature variations.
Qur newest laser probes are available in two models, which cover an exceptionally wide frequency range.
Model FL7040 covers the 2 MHz - 40 GHz range while Model FL7060 covers the entire 2 MHz - 60 GHz range.
So you don't have to settle for what they have, but what you want. Being a laser probe you also have the
convenience of never having to replace or recharge batteries. In addition, AR provides the largest family of probes
in the industry.
Like all AR products, our new probes are backed by the best and most comprehensive warranty
along with the strongest support in the industry.
To learn more, visit http://goo.glhn]dY
150 9001:2008
Certified
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In Fmope, coll ar Unitesd Kingshom 4412908 332766 # or Fronce 331472917550 ey GohH B0614- 1710 * ar Benchine 31-1 72423000

Copynghe © 2011 AR, The aramge siripe on AR peodacn & Reg LS Pae, S&TA Ot



Interference

THE INTERNATIONAL JOURNAL OF ‘ tech n ol 0
ELECTROMAGNETIC COMPATIBILITY

7 SHIELDING
Numerical Solution of EMC Problems Involving Cables R
with a Combined Field/ Transmission Line Approach............... 78 s :
MARLIZE SCHOEMAN and ULRICH JAKOBUS, SR T g
EM SOFTWARE & SYSTEMS - S.A. (PTY) LTD ' 4

". _-\-! #‘h. y -

9 O RADIATED EMISSIONS § —ar

Going from Analog to Digital: Radiated Emissions Performance To

of a Nuclear Plant Control SyStem..........cccerreeesnennenns 90

PHILIP F. KEEBLER, ELECTRIC POWER RESEARCH INSTITUTE (EPRI);
and STEPHEN BERGER, TEM CONSULTING, LLC

100 SURGE & TRANSIENTS

ARisk Assessment for Lightning Protection System ............ 100
BRYAN COLE, TECHNOLOGY RESEARCH COUNCIL

106 FILTERS o

Accurate Feedthrough Capacitor Measurements at
High Frequencies Critical for Component Evaluation and

HIgh CUIrent DESIN .......cocuurreererrisssessessssssssssssssessesssees 106
GEORGE M. KAUFFMAN, NEXTEK, INC.

Measurements above 1 GHz in Time-Domain:

Theory and APPIICALION ...........corveererirresieeeesesessseeneees 114
CHRISTIAN HOFFMANN, PETER RUSSER, TECHNISCHE
UNIVERSITAT MUNCHEN; AND STEPHAN BRAUN, ARND FRECH,
GAUSS INSTRUMENTS GMBH

122 DESIGN 121

Electromagnetic Interference Sources and Their Most

SIGNITICANT EFFECTS........orrveciiriesressesssissssss s 122
ANTHONY A. DIBIASE, SPEC-HARDENED SYSTEMS

4 INTERFERENCE TECHNOLOGY EMC DIRECTORY & DESIGN GUIDE 2011



¥Complete Compliance

All new MODULAR Compact Immunity Tester TRA3000

Modular Plug and Play design. Configure as needed now, add more'Gifcuils
later using just a screw driver. No soldering. Ethernet interface with on-board
web server and |/P addressing enables computer control from any computer
with a web browser, even over your LAN! USB and RS232 interfaces included
Complete solution to IEC 61000-4-16 continuous and short duration test require-
ments. Full line of AUTOMATED three phase and /O line CDN'’s up 100 Amps

per phase.

Configure with available accessories to meet some or all of the following

CE MARK requirements:
IEC 61000-4-2, -4, -5, -8, -9, -11, -16, -29

Key Features

Modular — buy only the circuits you need today. Add more capability
using only a screwdriver

Ethernet Control Interface & I/P Addressing — Remote operation via
any web browser

Solid State High Voltage Switching — Clean, repeatable, pulses
Fiber Optic Impulse Trigger — Precise phase angle synchronization
400 Hz Rated CDN — Enables testing in military and avionics applica-
tions

Fully Automated Front Panel Testing — Flexibility to test with or with-
out controlling PC

Meels latest EFT Waveform Verification Requirements — The

perfect upgrade for your old tester!

AA Batteries Included
ESD3000 - The aonly 30kV
ESD Simulator which is both
AA battery powered and com-
pletely hand-held, eliminating

base unil, external power supply.
and tether.

Call Today 703-365-2330 HV TECHNOLOGIES, Inc.

www.hvtechnologies.com . emcsales@hvtechnologies.com
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A LOOK BACK — AND FORWARD

Anniversaries offer the opportunity to look back

and reminisce, but it's also a good time to take stock and
look ahead. As ITEM noted the passing of its 40th anniversary, |
pulled the 1971 edition of the Interference Technology Directory &
Design Guide o its dusty shelf and cracked open the sti  spine.

What immediately struck me in perusing the pages of the
inaugural issue was not how far we've come but, instead, how little has
changed.

In introducing ITEM, Publisher & Editor-in-chief Robert D. Goldblum wrote:

“Radiated and electrical interference has once been stated as “Everyone’s
Problem”. If you are involved with engineering, whether it be research, design,
applications management or purchasing, the problems associated with
electrical noise and radiation are all around you. e EMC (Electromagnetic
Compatibility) engineer is a specialist in the control and measurement of
noise, but there are too few of these specialists to go around.  us, there are
several alternatives; hiring an EMC specialist, obtaining consulting services,
and educating each engineer and manager to deal e ectively with the noise
problems. ese are the objectives of ITEM.”

And these remain our objectives today. Many of the topics covered in that first
issue — electro-explosive devices, EM susceptibility generators, military EMI
specifications, transients caused by inductive loads — are still actively covered
by ITEM's authors. Ever-growing demand for electrical devices and electronic
goods means EMC specialists are more valuable than ever before. Just as the
focus has remained on these timeless topics for the last few decades, where we
go in the next 40 years will be dictated by those specialists working in the field.

What are you working on? Whether it's the technologies of tomorrow —
hybrid and electric cars, wind and solar generated power, the Smart Grid
and nanotechnology — or always-useful troubleshooting tips from the bench
top, we want you to share your knowledge and findings with your colleagues.
If you've heard about a topic, technology or standard that deserves to be
publicized, email me at slong@interferencetechnology.com.

Anyone who is interested in the 1971 Directory & Design Guide can contact me
for a copy. | hope you'll enjoy the trip down memory lane as much as | did.

Sarah Long, Editor

9N
INTERMATIOMNAL
Bnic SYMPOSIUM
EMC
O——=x
1971 ]

S
ITEM, InterferenceTechnology—The EMC Directory & Design Guide, EMC Symposium Guide, Europe EMC Guide and EMC Test & Design Guide
are distributed annually at no charge to engineers and managers engaged in the application, selection, design, test, specification or procurement of electronic
components, systems, materials, equipment, facilities or related fabrication services. Subscriptions are available through interferencetechnology.com.
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Troubleshooting Radiated Emissions
Using Low-Cost Bench-Top Methods

Source
(emitter)

KENNETH WYATT, SR.
Wyatt Technical Services
Woodland Park, Colorado USA

factors often drive many of today’s

high-tech designs, electromagnetic
compatibility (EMC) issues often surface at
the last moment in the design cycle, poten-
tially delaying product introductions. Very
often, simple troubleshooting techniques
can identify issues early when the cost of
implementation is substantially lower and
design improvements may be made with less
impact on schedules. is article describes
a number of simple probing tools and
techniques useful in reducing the radiated
emissions (RE) of a product that will better
prepare it for a successful radiated emission
compliance test.

Because time-to-market and budget

INTRODUCTION

ere are usually five key threats that com-
prise most electromagnetic compatibility
(EMC) problems: radiated emissions, elec-
trostatic discharge (ESD), susceptibility to
RF fields, power disturbances and internal
crosstalk. Of these, radiated emissions (RE)
can be the most di cult test for a product

(LI

Oscillator

Emission

Transfer Receptor
(coupling path) (receiver)

Conducted

et 1Y Vv, Radio

Capacitive

Figure 1. Source-path-receptor model.
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to pass. Because emissions limits are es-
tablished worldwide, products that don't
meet the limits may not be placed on the
market. e best way to achieve compliance
is through proper product design, but often
these design techniques are not taught in
universities, nor are these techniques fully
understood by many experienced engineers.
e result is that EMC is considered “black
magic” and many products must be tested
repeatedly through a system of trial and er-
ror, in order to finally achieve compliance.
is is unfortunate, because the emis-
sions a product may produce is easily
understood if the designer considers that
high-frequency currents in circuit loops
tend to broadcast these emissions.  ese
circuit loops may be in the form of printed
circuit traces (di erential-mode currents)
or cables connecting two subsystems
(common-mode currents).  ere may also
be combinations of these phenomenon, as
well as poor printed circuit board layout
practices. e circuit and system design of
a product usually falls within the domain
of the electronic engineer. e other con-
sideration is the shielding properties of the
product, which typically falls within the
domain of the mechanical engineer. Ideally,
these two must work together as a team to
address the whole product in order to be
successful in addressing EMC.

TROUBLESHOOTING PHILOSOPHY
In troubleshooting any radiated emission
problem, it’'s useful to think of the problem
in the form of a “source-path-receptor”
model. See Figure 1.

Typically, the source of radiated emis-
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sions is a high-frequency crystal oscillator or other high-
frequency, fast-edged, high-current signal. ASICs, FPGAs
and A/D or D/A converters may also generate these high-
frequency harmonics. Sources of common-mode currents
include simultaneous switching noise (SSN) through com-
mon impedances, routing of clock traces over gaps in return
planes and unbalanced physical structures or resonances
in PC boards or enclosures.

e “path” is the coupling mechanism, or the means, by
which the high-frequency energy is coupled to the radiat-
ing element (enclosure slot, cable, etc.).  is may include
conducted, radiated, inductive or capacitive couplings.

e “receptor”, in most cases, is the EMI receiver at the
test site with specified emission limits, but in the real world
could include interference to radio, television, or commu-
nication systems.

By using simple measurement probes, it should be pos-
sible to identify the source or sources. Once the sources
are identified, the path or coupling mechanism must be
identified and fixed. What’s di cult is that there may be
multiple sources and coupling mechanisms to identify
and fix, before passing results are achieved. In addition, if
a fix is improperly installed, the emission can actually get
worse!  at’s probably why the field of EMC is considered
SO mysterious.

By using a structured approach, the troubleshooting

TROUBLESHOOTING RADIATED EMISSIONS

phase should go smoothly. Generally, you'll want to diag-
nose the issues first— then try various fixes. Leave these fixes
installed as you continue the troubleshooting process. By
setting up a simple antenna and EMI receiver or spectrum
analyzer a fixed distance away (1 to 3m) from where you're
troubleshooting you can monitor your results real-time.
Note, however, a 10 dB drop in emissions at 1m does not
necessarily indicate the same drop in the measurement
chamber, due to near-field e ects.

Identify the sources

e first step should always be to identify the likely sources.
If you're failing at 300 or 500 MHz, for example, are these
the third or fifth harmonics of a 100 MHz clock oscilla-
tor? How about the memory clocking? Generally memory
address and data busses are fairly random. e exception
would be the A0 or DO line, which is clocking at a relatively
non-random rate. What about clock lines to ASICs or FP-
GAGs? If you have multiple crystal oscillators, which could
be the cause of a particular harmonic, applying freeze spray
on one, then the other, can often identify the o ending
oscillator.

Frequency
e frequency is key to any radiated emission problem. As
a quick rule of thumb, the higher the frequency, the more

-

Quality EMI simulators for quality products

12

Electrostatic Discharge Simulator

ESS-2000AX/2002EX

Conforms to IEC61000-4-2 and ISO 10605
30KV output
Automatic voltage ramping and Program mode

=11

= Immnnng =

Lightning Surge Simulator-Compact type

LSS-6230

Conforms to IEC-6 1000-4-5 (1.2/50; 8/20us)
ANSI/IEEE C62.45 Ring Wave (0.5us-100kHz)
Max. voltage 6.6kV
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Component Level Electrostatic Discharge Simulator

ESS-6002/6008

Component HBM and MM testing
Flexible DUT interface
0.4 mm minimum lead pitch

Emission Measurement System for PCB

EPS-6000

Meausres PCB Near filed emission
in X,Y,Z,8 directions
3D Photo/distribution map data image

Impulse Noise Simulator

INS-4020/4040/AX2 Series

1ns rise time square pulse
Variable pulse width
Line to line and line to ground coupling modes

USA Sales & Support

Shinyei Corp. of America
New York, NY 10018 USA
TEL 917-484-7893
Fax 212-704-4206
E-mail: noiseken@sca-shinyei.com

Noise Laboratory Co., Ltd.
Kanagawa, Japan
Tel:+81-42-712-2051
Fax:+81-42-712-2050
E-mail:sales@noiseken.com

For more information

www.noiseken.com

EMC DIRECTORY & DESIGN GUIDE 2011






testing

test equipment

Figure 2. Examples of DIY antennas for radiated emissions
troubleshooting. The “rabbit ears” are resonant from 65 to 200

MHz, while the bowtie works well from 300 to 800 MHz. | installed a
television-style balun to better match to 50-ohm coax for the bowtie.

likely the coupling path is radiated. e lower the frequency,
the more likely the path is conducted. In fact, the common
break frequency during compliance testing is 30 MHz. Below
that, we measure conducted emissions (CE) — above that we
measure RE. If your product uses a high-frequency crystal

TROUBLESHOOTING RADIATED EMISSIONS

oscillator with fast edge speeds, the harmonic content can
be estimated with the formula in Equation 1.

1
IIxt,

Equation 1. Maximal RE frequency estimate, where f = EMI frequency
(Hz) and t, =risetime (seconds).

For example, with 1 nsec logic, the harmonic content
may be centered around 300 MHz. Another rule of thumb
is that for frequencies below about 300 MHz, the problem
is most likely due to common-mode emissions from cables
and above that; the problem is most likely radiation from
slots or seams in the metal chassis or circuit board radiation.

Dimensions

e dimensions of physical structures are also an important
factor in troubleshooting an emissions problem. Recall
that the wavelength (m) of a resonant wire at frequency, f,
in free space is:

¢ _3}(103

I 7

Equation 2. Wavelength of a wire in free space, where ¢ = speed of
lightin m/s and f = frequency in Hz.

e dimensions of physical structures, like circuit boards,
must be reduced by the velocity factor of the board mate-

EMC
LESTING
LEADERSHIP...

HEG
e

IN-LAB or ONISTTE ... WE'RE READY, WILLING & ABLE,

On-site, or in one of our three laboratories, Retlif is ready, willing and able to
provide EMC/EMI testing and engineering support.

LA

We’re ready...with state of the art equipment in all our labs.
We’re willing...with a dedicated, highly trained staff.
We’re able...with in-house engineering support.

Count on Retlif’s testing leadership for EMC and Lightning testing services to
national and international standards.

Trust your equipment and systems to Retlif for shielded Effectiveness testing,
EMP, high level radiated susceptibility testing and low noise level emissions
testing. Leading military, aerospace, commercial and industrial companies
have, for over 30 years.

B FULLY ACCREDITED TO OVER 350 EMC TEST METHODS.

M
RETIOE Put us to the test®

TESTING 795 Marconi Avenue « Ronkonkoma, NY 11779
LABORATORIES | TEL: (631) 737-1500 « FAX: (631) 737-1497 - www.retlif.com

Additional Locations in New Hampshire, North Carolina, Pennsylvania & Washington D.C.
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Figure 3. Examples of commercial E- and H-field probes from Beehive
Electronics.

Figure 4. Examples of homemade H-field probes.

Duracell #28A x 2 {6V, es) in AA holder

Mini-Circuits 2X60-30186-8 ($50)

Figure 5. I made my own broadband preamp using a Mini-Circuits
model ZX60-3018G-S. It is powered it with two 6V Duracell #28A
batteries, which happen to fit in a standard “AA” battery holder. The
amplifier covers 20 to 3000 MHz at 20 dB gain and is used to boost the
probe signals.

rial (example, 4.7 for FR4 circuit boards). However, typical
cables, such as USB or video, are approximately 1m long and
can be considered as being in free space. Wires or slots may

16 INTERFERENCE TECHNOLOGY
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resonate strongly at multiples of a quarter wavelength. For
example, a 1m long cable has a full-wave resonance of 300
MHz, but may also radiate strongly at 150 and 75 MHz.
Slots or seams of 8 to 15 cm may resonate in the area of 500
to 800 MHz. As a general rule of thumb, radiating cables
or chassis slots of 1/20th wavelength or greater, start to
become significant radiating elements (or antennas) for RE.

USEFUL TOOLS
Antennas

e antenna you select should ideally be somewhere near
resonance for the frequencies of concern, however, it’s not
really that critical for troubleshooting purposes. So long
as the antenna is fixed in length and fixed in place on the
bench, you'll receive consistent results. During trouble-
shooting, it's more important to know whether the fix is
“better” or “worse” or “no change” and as long as the test
setup doesn’t change, the results should be believable.

Now, EMC antennas are not inexpensive, as you might
imagine, so for general troubleshooting, | tend to use a
couple inexpensive television antennas - a pair of “rabbit
ears” and a UHF “bowtie” (with TV balun to match 50-ohm
coax). See Figure 2. If the workbench is wooden, I'll extend
the antenna to approximate resonance (if possible) and tape
it down to the bench with duct tape. If the bench is metal-
lic, I'll find a non-conductive support and position it some
distance away from the bench. I usually use a test distance
of about a meter, but as long as you can see the product’s
harmonics on a spectrum analyzer, you'll be able to deter-
mine your progress. Sometimes | need to insert a low-noise
wide-band preamp between antenna and analyzer.

Now, obviously, ambient signals from broadcast radio,
television mobile phones and two-way radio services will
tend to interfere with observing the product harmonics.
You may need to bring the antenna closer or set up the
troubleshooting measurement in a basement or building
interior away from outside windows. | usually record the
known harmonics of concern using an H-field probe or by
bringing the measurement antenna in close and then try
to characterize them in relation to other nearby ambient
signals.

Probes

ere are a variety of useful probes that may be used to
troubleshoot RE problems; E-field, H-field and current
probes.! All are easily made in the lab or are available from
several manufacturers. An E-field probe may be made by
extending the center conductor about 0.5 cm from a sec-
tion of semi-rigid coax or high-quality flexible coax; then
attaching a coax connector to the other end. Shorting of
the probe to circuit traces may be avoided by wrapping
insulating tape around the end. A useful H-field probe may
be fashioned by looping the center conductor around and
soldering it to the shield to form asmall loop of 0.5to 5cmin
diameter - the larger the loop, the more sensitivity. A better

tProbe manufacturers include Fischer Custom Communications, Beehive
Electronics or Teseq.
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Solid State
Tetrode Tube and
Combination Amplifiers

Freq Min Par  Min Sat

Model Range Ot Gain
Number {MHz) {Watts) {dB)

MTCCX/SCCX Series « .07-220 MHz
SCCX300 01-220 300 55
SCCX500 01-220 500 57
Man4 01-220 500 57
M40E 01220 1000 60
TCCX2000  .01-220 2000 63
TCCX2200  .01-220 2200 B3
TCCX2500  .01-220 2500 B4
SMX301 011000 3000100 5550
SMX302 01-1000 30v200 5553
SMX303 01-1000 300300 55/55
SEMX501 01-1000  S004100 57/80
SMX502 L01-1000 5007200 57/53
SMX503 L01-1000 500/300 57/55
CMX10001 .01-1000 1000/100 BO/S0
CMX100010 .01-1000 10001000 6060

. el T
E= = I—

Solid State
Amplifiers

Microwave Solid State
and TWT Amplifiers

Freq Min Pwr  Min Sat Freq Min Pwr  Min Sal
Model Range Out Gain Madel Range Out Gain
Number (GHz)  (Watis)  (dB) Number (MHz)  (Watts)  (dB)
SMCC Series - 200-1000 Mz
T251-250 1-2.5 250 54 SMCC350  200-1000 350 585
Ta2-250 2-8 250 54 SMCCE00  200-1000 &00 58
T188-250  7.518 250 54 SMCC1000 2001000 1000 &0
T2118-250 180-21.7 250 54 SMCC2000  200-1000 2000 B3
SMC Series - 80-1000 MHz
T251-500 1-2.5 500 57 SMC250 80-1000 250 54
T7525-500 2575 500 57 SMCE00 B0-1000 &00 &7
T188-500  7.5-1B 500 57 SMC1000  80-1000 1000 &0
SMX-CMX Series +01-1000 MHz
T2618-40  16-26.5 40 46 SMX100 01-1000 100 50
TA026-40  26.5-40 40 46 SMX200 .01-1000 200 53
SWXS00_ 011000 500 57
521-50 12 50 a7
T82-50 2.8 50 47 SVCS00 100-500 500 &7
1188-50 818 50 47 SMV500  500-1000 500 57

Visit IFl.com for additional amplifier models and products.

INSTRUMENTS FOR INDUSTRY

903 South Second Street « Ronkonkoma, NY 11779

Tel: 631-467-8400 « Fax: 631-467-8558 + E mail: sales@ifi.com + www.ifl.com
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H-field probe design uses semi-rigid coax to form the loop
(see examples in Figures 3 and 4). Occasionally, I'll need to
amplify the harmonic signals and so use a DIY broadband
preamplifier as shown in Figure 5. Beehive Electronics also
makes a low-cost amplifier.

TROUBLESHOOTING STEPS

Locating internal sources

Connect your probe to the input of an EMI receiver or
spectrum analyzer to display the harmonics as the probe is
brought into close contact with the circuit traces or chas-
sis slots. Depending on the diameter of your H-field probe,
you may need to use a broadband preamplifier between the
probe and analyzer.?

Generally, once you are finished mapping out your
sources, you should start with the lower harmonics and
work upwards. Often, lower-frequency sources will cause
significant high-frequency harmonics, depending upon the
rise time. By fixing the low-frequency source, you'll often
resolve the high-frequency harmonics, as well. Next, check
cables and then the enclosure.

Cables

Check your cables next, as they are often the worst o end-
ers. Moving a “hot” cable will alter the RE levels. | usually
unplug all cables; then try plugging each one in individually
to find all that are radiating. Remember that there may be
more than one bad cable! Snapping a ferrite choke around
the base of the cable will probably help as an interim fix. I've
found that most cable emissions are very likely due to poor
grounding to the enclosure at the 1/0 connector.

Cable common-mode currents may also be measured
directly versus frequency with a current probe.® Use of cur-
rent probes usually works better than antennas, because they
tend to pick up fewer ambient signals due to their e-field
shield. Clamp the probe around the cable in question and
move it back and forth to maximize the readings — then fix
it in place while you apply potential fixes.

You can make your own current probe or purchase com-
mercial versions. e advantage of commercial versions is
that they can open up and snap around a cable. Examples
of my DIY probe is shown in Figure 7, while commercial
versions are shown in Figure 8.

It is possible to predict whether a particular cable will
pass or fail by measuring the CM current at the o ending
frequency, solving for Ic (Figure 11 and Equation 3 on the
next page) and plugging this into Equation 4 to solve for the
field level in V/m. elength of the cable is L and the o end-
ing harmonic frequency is f. Use a test distance of either 3 or
10m to predict the outcome at those test distances.

2 | made my own broadband preamp using a MiniCircuits model ZX60-
3018G-S, which covers 20 to 3000 MHz at 18-23 dB gain and 2.7 dB noise
figure. It sells for USD 50.

3Commercial current probes are available from Fischer Custom Commu-
nications, Teseq or Solar Electronics, as well as many others.

18 INTERFERENCE TECHNOLOGY
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Figure 7. Examples of DIY current probes. These photos were taken
prior to installing the E-field shield by wrapping a layer of copper tape
over the windings, leaving a small gap around the inside of the probe.
14 turns of Teflon-insulted wire wound around a Wurth Electronik
#74270097 ferrite core (4W620 material) was used, which is useful from
10 to 1000 MHz.

Figure 8. Examples of commercial current probes.
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LAN conn needs
gnd shell.

Note a lack of good :
connection between - f
chassis enclosure and ;
connector ground. 40 :
dAlall
10
) o0 o0 100 200 400 o BR
CHAMBER DATA FREBUENCY (Mitz)

Figure 9. A lack of solid ground can allow CM currents generated inside the product to flow out the I/0 cable and radiate — usually causing RE
failures. The included graph shows poor margins to the CISPR 11 Class A 3m RE limit (for ISM products, in this case). ITE products, such as PCs and
printers have a limit 10 dB lower.

Looking from 500 to 1000 MHz

Test setup:

Current probe on USB cable. Connection
between connector ground shell and chassis
enclosure made with screwdriver blade.

Before After

Some harmonics dropped by 10-15 dB!

Figure 10. Cables should be tested individually. Here, | have a current probe clamped around the cable under test and am monitoring the
harmonics with a simple hand-held spectrum analyzer.4 As | ground the connector shell to the chassis with the screwdriver blade, the harmonics
are reduced 10to 15 dB!

4 ehandheld spectrum analyzer being used for the cable testismade by  urlby  ander Instruments. It sells for approximately USD 1995 and covers
1 MHz to 2.7 GHz.
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Figure 11. Transfer impedance (Zt) graph of a typical current probe
(courtesy of Fischer Custom Communications). The x-axis is frequency,
while the y-axis is dB . Use this to calculate the value of Ic, given the
measured voltage at the probe terminals V(dBuV) and Zt.

p" ﬂm.-:»‘ B IZTL‘EO

Equation 3. Calculation of Ic given the measured V and Zt (from Figure
11). Next, plug Ic into Equation 4 to calculate the predicted E-field

s

TROUBLESHOOTING RADIATED EMISSIONS

emission level in V/m. Converting this to dBuV/m will indicate a pass or
fail due to the cable being measured.

e equation for calculating the emission level in volts/
meter for a CM signal is shown below in Equation 4.

|Ec ux|=1-257 xl{}‘s@

Equation 4. Field level (V/m) due to CM current, where f = frequency
(Hz), L = length of the wires (m) and d = the measurement distance
(typically 3m or 10m).

Slots & seams

Once the cables and associated 1/0 connectors are ad-
dressed, it’s time to probe for radiation leakage through
slots or seams in the chassis. Remember, that the length of
the slot or seam is important. Any seam with leakage whose
e ective length is longer than 1/20th of a wavelength at the
harmonic of concern has the potential tobeane ective ra-
diator. For example, a slot of 2.5 cm can just start radiating
harmonics at 1000 MHz. | use a permanent marking pen
to record the areas of leakage and frequencies of concern
from every seam/slot on the enclosure.

Once these are marked, I'll carefully cover over all the
openings with copper tape and re-measure the RE levels.
Keeping an eye on the RE levels, I'll start removing the
tape piece-by-piece to determine which slots or seams are

MULTIFUNCTION GENERATOR
NSG 3040 -

BIG THINGS COME IN
SMALL PACKAGES

It is small, smart and has a high-contrast 7° touchscrean color display and the
rotary wheel for quick input with appealing ease of oparation. With its open
maodular architecture, the NSG 3040 |s the idesl immunity test companion for
smaller engineering labs = with amazing capacities for demanding EMC testing
companies and for easy Integration intd the production process. The elactro
magnetic pulses generated from this multipurpose unit are especially tallored far
CE marking requirements of the EU In addition to the national and international
Standards. Like its Dig brother, NSG 3060 (6.6 kV), the N5G 3040 also nas a 50
memory card wnere test files can be saved easily and expanded at any time.

Modular, expandable system

Surge voltage to 4.4 kv

EFT/Burst to 4.8 kV/1 MHz

POT to 164260 VAC & DC

Easy-to-operate 77 touchscreen color display
TA (Test Assistance) for rapid test resolution
Parameters can be changed during test

TASEO

Advancad Test Somilons far EME

Teseq Ing, Now

T+1732 4170501 |
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actually causing problems. Often, just
a few slots or seams will cause the most
problems. Once the leakages are identi-
fied, you can determine the appropriate
fixes with your mechanical engineer.

Troubleshooting kit

For speedy troubleshooting and analy-
sis, I've assembled an EMC trouble-
shooting kit into a portable Pelican
case, which can be wheeled right
to an engineer’s workbench. Major
contents include a small spectrum
analyzer ( urlby ander PSA2701T,
available from Newark Electronics), a
broadband preamplifier (Mini-Circuit
Labs or Beehive Electronics), small
DIY antennas, various probes and
other accessories. Other useful items
for your troubleshooting kit include
ferrite chokes, aluminum foil, copper
tape, power line filters, signal filters
and various values of resistors and
capacitors. Figure 12 shows an overall
view of the contents.

SUMMARY

In order to pass required EMC tests
for radiated emissions, it is necessary
to understand the basic concepts of
current flow through loops, as well
as differential- and common-mode
currents and how they're generated.
Troubleshooting an existing design
is simply the process of identifying
the likely sources, determining the
coupling paths through probing, and
applying temporary fixes. Once these
fixes have been applied and the prod-
uct passes, then the electronic and
mechanical engineers may determine
the most cost-e ective solutions. Ob-
viously, troubleshooting or character-
izing products early in the design cycle
are preferred in order to reduce overall
implementation costs.

K w , S . EMC Engineer, Wyatt
Technical Services LLC, holds degrees in biology
and electronic engineering and has worked as a
senior EMC engineer for Hewlett-Packard and
Agilent Technologies for 21 years. He also worked
asaproduct development engineer for 10 years at
various aerospace firms on projects ranging from
DC-DC power converters to RF and microwave
systems for shipboard and space systems. He
can be contacted at ken@emc-seminars.com. i

interferencetechnology.com
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Figure 12. Contents of the special EMC troubleshooting kit I've assembled. | can probe for
various RE problems, as well as test for ESD and radiated immunity. Performing these tests early
in the design cycle, results in a greater chance of passing the required EMC product qualification
tests.

IECE1000 - MIL4G1
DO160 - ISOTE3T7

EFT, Surge,. Ringwawve, POF
200 v/m RS 10kHz-40GHz
Lightning Strike

| E
Complete Immunity Test Systems
TWT Amplifiers - Antennas

CDMNs - RF Probes - ESD Guns
EMI Receivers - LISMs - Clamps

!ﬁ'ﬂ

Teseq - Haefely - Keytek - Narda
Salar « IFI - Amplifier Research

HV Technologies - FCC - NolseKen
ETS-Lindgren - Rohde & Schwarz
Com-Power - Agilent - and mare...

Call a Rental Agent today at B8B-544-ATEC (2832)
or visit us on the web at www.atecorp.com/ITEM

. Advanced Test
Equipment Rentals
F0th Anniversary

Rentals Made Easy.
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Wireless Approvals for Japan:

MIKE VIOLETTE
American Certi cation Body, Inc.
McLean, Virginia USA

iro dug into his soup.
H “Did your dad fight in the war?”

Nodding, slurping up fat udon
noodles, “Korea,” pausing and picking up a
napkin to dab his chin. “My father was an
engineer, highways and bridges, mostly in
the North.” Hiro put down his napkin, laid
his fast-food chopsticks across his bowl
and picked up the chopstick wrapper. He
meticulously folded the long paper in thirds
and then lengthwise, making a little tent
that he put on the table next to the tall can
of Kirin beer we were sharing. “ at was a
long time ago.” He moved his chopsticks
onto the paper rest and lifted the bowl to his
lips, the steamy broth fogging his glasses.
“Why do you ask?”

“Just curious.” It was a long time ago.
So much has changed and the vast Pacific
theatre of conflict in the mid-20th cen-
tury is now crisscrossed by cargo ships and
frequent-flyers. Japan, at the center of so
much history in the region, figures promi-
nently in technology trade, and
recent regulatory changes have
propped the door open—a little.

Hiro put down his bowl. “And
now, U.S. manufacturers can get
radios certified in the U.S.—but
it is necessary to understand the
process.” He took o  his glasses
and wiped them slowly with the
dry end of the napkin.

“Can you tell me?”

Hiro put his glasses back on

o8

A Hiro’s Tale

and pushed back from the table, gracefully
straightening in his chair. “Hai.”

\We sat at one of the quickie eateries that
are clustered around the departure gates in
Terminal 1 at Narita Airport—an East-West
melting pot of travelers and outpost of di-
versity on an island of monolithic ethnicity.

Narita, opened in 1978 after much local
protest and the lobbing of Molotov cocktails
(1), is now an international hub, knitting to-
gether destinations such as Taipei, Beijing,
San Francisco and Seoul. In the 70s, though,
the construction of the airport was not a
universally popular notion; years of protest
preceded its opening and lasted well into
its operations. In sharp contrast to the no-
tion that Japan is a society of conformists,
considerable resistance was mounted to try
to block the construction of the airport,
including protests and riots and, in the
manner of the 60s and 70s crowd control:
water cannons and tear gas.

But by the 1990s Narita became a key
Asian hub and started accruing an interest-
ing legacy. In 2001, Kim Jong-Nam, eldest
son of North Korea’s King Jong-Il, was ar-
rested at the airport with a fake passport.
He apparently wanted to visit Disneyland
Japan, but instead got a ride to China. His
fake Dominican Republic passport failed to
get him to "Space Mountain" and the jaunt
allegedly cost him rule over his own "Magic
Kingdom," the anointment ultimately pass-
ing to his younger brother Kim Jong-Un.

We were just passing through—heading
home—and Hiro was keeping us company
during our extended layover after the APEC
(Asia-Pacific Economic Cooperation) Tele-
communications meetings, a biannual event
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that links the 21 economies that form the trading group. Mu-
tual Recognition Arrangements and Agreements (MRAS)
are a hallmark of that work. Several such agreements, based
on harmonized conformity assessment regimes, have fa-
cilitated much of the enormous trade between the U.S. and
Asia. It is one of the reasons we're spending a few hours in
the large international airport outside of Tokyo.

Some 10 years after the implementation of the APEC Mu-
tual Recognition Arrangement (MRA), trade between the
21 economies is around $9.4T (that's Trillion with a capital

WIRELESS APPROVALS FOR JAPAN

“T”),accordingtotheo ceofthe U.S. Trade Representative,
accounting for 44% of world trade.  at is a lot of noodles.

e APEC Mutual Recognition Arrangement for con-
formity assessment of telecommunications equipment, the
world’s first multi-lateral MRA, celebrated its 10th anniver-
sary in July 2009. Developed by the APEC Telecommuni-
cations and Information Working Group (APEC TEL), the
MRA benefits manufacturers by reducing the cost of getting
a product approved and by reducing the time to market.

e MRA, a voluntary agreement, has fostered the ex-
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pansion of technology and the access to
competitively priced products amongst
partner countries by reducing barriers
to trade. Just as APEC continues to
pursue its goals of “stability, security
and prosperity,” the APEC TEL MRA
Task Force continues to meet twice a
year to discuss and develop additional
arrangements, work out MRA issues
and create bonds of friendship that
reach across the oceans [1].
at beats fighting every time.

OPPORTUNITY FOR
U.S. ORGANIZATIONS

e reality of U.S.-Japan trade in the
past 40 years—since the mass prolifera-
tion of transistor-based devices—has
been quite one-sided. One of the last
access-issues to fall is the certification
of wireless devices by U.S. Conformity
Assessment Bodies (CABs). In con-
trast, CBs in the European Union have
enjoyed this privilege since Valentine’s
day 2003. (Singapore, too, has had an
operating MRA since the early 2000s.)

So, for roughly the past seven years,
European CBs (and implicitly European
manufacturers) have had a greater ac-
cess to the Japanese radio market than
U.S. organizations. Of course, there are
other economic realities that skew this
benefit, such as the desirability of U.S.
products on the Japanese market and
other flavors of the U.S.-Japan cultural
and business inter-relationship.

But now, at least, the U.S. is catch-
ing up.

Within the context of the APEC TEL
MRA, Japan and the U.S. have imple-
mented the MRA for wireless devices.

e initial agreement was signed Feb.
16, 2007. Another three years passed
before the technical and administrative
details and criteria were hammered out.

Forged after a series of correspon-
dences, meetings, queries, clarifica-
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on specific device type rather than general usage.  is makes
the mapping of well-understood methods of device assess-
ment here (FCC) against there (MIC) quite, er, challenging.

A private sector organization and CB in Japan (DSP
Research: http://www.dspr.co.jp/) has developed an English-
language database that eases this issue. Still, it would be
useful to understand a bit of kaniji.

Note that there are similarities under both regimens for
how non-licensed and licensed devices are handled. Non-
licensed equipment (such as low power devices, cordless
phones and the like) can be placed on the market without sec-
ondary licensing. Cellular phones, on the other hand, must
have a “blanket license” that applies to the system operator;
this is not unlike the U.S., where cell phones are licensed to
the operator and the process is transparent to the end-user.

One of the requirements of the MRA is to demonstrate
that a Conformity Assessment Body is approved to a scope
that is equal to or greater than the requirements outlined in
the MIC regulations. isbit of cross-referencing requires a
deep dive into the methods for the devices, sorting through
the technical requirements and demonstrating “competency
by association.”

| WANT MY RADIO CERTIFIED. WHERE TO BEGIN?
For any type of produce certification, one asks the same ques-
tions: What Provisions? What Requirements? What Limits?

Specpa!ists in solving a wave
of EMI compliance problems.

A2LA Accredited

“CE” Mark Testing

200 Volts per meter

NARTE certified EMI engineers
Full service engineering gjeport !
FULL VEHICLE ANECHOIC

DOC, FDA, FCC, RTCA, MIL
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WIRELESS APPROVALS FOR JAPAN

Any roadmap to certify a radio to Japanese law includes
three main documents, starting with the Radio Law (Law
No. 131 of May 2, 1950, as amended) which says that radios
of a certain type (Specified Radio Equipment) must be cer-
tified. e Radio Law covers the usual administration and
authority requirements, as well as spelling out a path for
certifying equipment and operators. Other various topics
include operation of coast guard stations and aeronautical
stations and there are chapters on lawsuits and penal pro-
visions. (Note that Terminal Equipment is covered by the
Telecommunications Business Law—Law No. 86 Dec. 25,
1984, as amended. In short, the approval process is similar
for wireless and wireless telephony.)

Avrticle 38-2 of the Radio Law covers the requirements
for Certification Bodies, to wit “...a person who wishes to
conduct the business of certifying such radio equipment’s
conformity with the technical regulations specified in the
preceding Chapter may obtain registration from the Min-
ister...[ e Radio Law includes, by the way, requirements
for maintaining decency and decorum on the air. George
Carlin would certainly balk:

“Article 108: Any person who transmits a message with
indecent contents by means of radio equipment or commu-
nications equipment under Article 100 paragraph (1) item
(i) shall be guilty of an 0 ense and liable to imprisonment
with work for a period not exceeding two years or to a fine
not exceeding one million yen.”

Note that this is not your ordinary imprisonment, it is
imprisonment with work—breaking rocks. is is where
they get all the nice stone for their Zen gardens.]

Chapter 3 of the Radio Law is specific to radio equipment
and this is where we dig into the details and how, ultimately,
the MRA provides the bridge between the U.S. certification
bodies (more properly: Conformity Assessment Bodies) and
wireless certifications for Japan. NIST is now actively in
the process of approving CABs for this process. As stated
before, the private sector has existing capacity (under the
APEC Tel MRA and the Japan-EU MRA).

To get an approval, one must generate a report and dem-
onstrate conformance (and submit to a Certification Body).
To determine what data must be collected, it is necessary to
refer to the ordnances that cover the specified equipment,
notably the “Ordinance concerning Technical Regulations
Conformity Certification of Specified Radio Equipment (aka
Ordinance of the Ministry of Posts and Telecommunications
No. 37, 1981).” is document lays out the various types
of equipment and what data are to be collected and what
instrument is used to collect the data.

Table No. 1 (which covers eight pages) breaks down the
action in a paragraph-by-paragraph cross-reference depen-
dent on device function, providing the general quantity
to be measured—"Frequency” and “Occupied Frequency
Bandwidth”—and the type of instrumentation necessary.
A fragment is shown in Figure 3 for illustrative purposes.

By way of example, Article 2 (Specific Radio Equipment,
etc.) calls out the frequency allocation and power limits for
marine mobile equipment as follows:
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Figure 3. A fragment of Table No. 1 from the Radio Law.

“(1)-13 eradioequipmentwithan
antenna power of 50 W or less which
is used at a radio station for maritime
mobile service using class A3E emis-
sions of a frequency in a range of higher
than 26.1 MHz to 28 MHz, higher than
29.7 MHz to 41 MHz, or higher than
146 MHz to 162.0375 MHz.”

For this specific equipment, refer-
ring to Table No. 1, the following data
need to be collected:

Frequency, Occupied Bandwidth,
Spurs, Deviation, Power, Overall Fre-
quency Characteristics, Distortion...
etc. Requirements also exist for the
receiver: Spurious radiated emis-
sions, Sensitivity, Passing bandwidth,
Attenuation and Spurious response,
Fluctuation of LO and overall distor-
tion and noise.

Now that we know what data must
be collected, the question becomes:
whatare the limits?  eansweristo be
found, in part, in the Radio Regulatory
Commission Regulations No. 18, 1950.

e 293-page document has the tech-
nical details, limits on power, use, and
construction,viz “ e high-frequency
section and modulation section (except
for the antenna system) shall not be
capable of being opened easily.”

interferencetechnology.com

To figure out where the require-
ments are in this document, one starts
at the table of contents and reads
through the description in the “Condi-
tions for Radio Equipment Classified
by Service or Emission Class and Fre-
quency Band.” isindexisinvaluable.

For example, Article 49.20 of No. 18
covers the requirements for low power
spread spectrum devices operating in
the ISM 2.4 GHz band, a pretty popular
spot for WiFi, Bluetooth, etc.

ese three critical documents can
be found online: http://www.soumu.
go.jp/main_sosiki/joho_tsusin/eng/
laws_dt02.html

If you're adept at reading Japanese,
you can always download the original
versions; itis a little tricky because the
documents don't have traditional title
pages, at least in the English form.

To summarize,

e Radio Law (Law No. 131 of May
2, 1950) has the general requirements
(akin to Part 2 of CFR47). Ordinance
of the Ministry of Posts and Telecom-
munications No. 37, 1981 contains
the parameters to measure, and Radio
Regulatory Commission Regulations
No. 18, 1950 has the limits.
“So, Hiro, it’s really necessary to un-

derstand ordnances 37 and 18, right?”

He nodded, smiled and said, “And,
maybe get a little help from your
friends.”

United Flight 890 to Los Angeles
now boarding Gate 8.

My friend polished o the lastdrops
of soup and sat back, smiling.

“Ready to go?”

“Always. Arigato!”

REFERENCES

] [1]"Fostering International Trade: Ten Years of
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Measurement Uncertainty for Conducted
and Radiated Emissions

INTERFERENCE TECHNOLOGY

DANIEL HOOLIHAN
Hoolihan EMC Consulting
Lindstrom, Minnesota USA

ne of the key elements to making
Oscientific measurements in an EMC

lab in today's modern world is hav-
ing the engineers understand and control
the Measurement Uncertainty (MU) of the
instrumentation used for making conducted
and radiated emission measurements. e
emission levels measured by an accredited
lab must have measurement uncertainties
below certain levels to be acceptable to its
accreditation body. Also, some international
standards have begun to quote levels of
acceptable measurement uncertainties for
electromagnetic emissions.  isarticle out-
lines a brief history of MU, reviews the MU
for equipment used for typical conducted
and radiated emission measurements, and
give some hints on how a lab can reduce its
Measurement Uncertainty for instrumenta-
tion used for emission measurements.

GENERAL

In this article, Measurement Uncertainty
will refer to the Instrumentation’s Mea-
surement Uncertainty. At first glance, MU
is a complex subject, however, with a little
study it becomes more understandable and
more easily understood. Most practicing
engineers are familiar with tolerances and
error and similar terms. In general, the
concept of MU is not as well known. One
of the reasons for this is that the theory and
practice of measurement uncertainty has
only been around about 20 years.

BRIEF HISTORY OF MEASUREMENT
UNCERTAINTY

e ISO/IEC Guide 98-3 is the "father" of
all Measurement Uncertainty documents. It
is commonly just called the "GUM." It was
first released in 1993 and, then, corrected
and reprinted in 1995. It changed the world
of measurements and the associated errors
of measurement instrumentation.

e world's highest authority in metrol-
ogy, CIPM (Comite International des Poids
et Mesures) realized that there was a need
to convene the world's experts on Mea-
surement Uncertainty in order to arrive
at a consensus position on the subject. In
1977, the CIPM requested the BIPM (Bu-
reau International des Poids et Mesures) to
communicate with the national metrology
laboratories around the world and assess
the situation.

By early 1979, responses had been re-
ceived from 21 laboratories and the great
majority of the labs thought that something
needed to be done. Specifically, the labs
thought that "it was important to arrive
at an internationally accepted procedure
for expressing measurement uncertainty
and for combining individual uncertainty
components into asingle total uncertainty."

Aworking group was formed, developed
a process, and released Recommendation
INC-1 on Expression of Experimental Un-
certainties in 1980.  is Recommendation
was approved by the CIPM in 1981 and reaf-
firmed by the same body in 1986.

e ISO (International Organization for
Standardization) was given the responsibil-
ity of developing a detailed Guide based
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on the 1980 Recommendation. The
responsibility was assigned to 1SO
Technical Advisory Group on Metrol-
ogy (TAG 4) which promptly estab-
lished Working Group 3 comprised of
experts nominated by BIPM, IEC (In-
ternational Electrotechnical Commis-
sion), 1SO, and OIML (International
Organization of Metrology). is TAG
labored throughout the 1980s and into
the early 1990s to produce the "Guide
to the Expression of Uncertainty in
Measurement"in1993. isguide was
corrected and reprinted in 1995 and
then eventually published as ISO/IEC
Guide 98-3in 2008.

Because of its historical signifi-
cance, Recommendation INC-1 (1980)
is reproduced below for your conve-
nience.

Recommendation INC-1 (1980)

- Expression of Experimental
Uncertainties

1. e uncertainty in the result of a
measurement generally consists of sev-
eral components which may be grouped
into two categories according to the

MEASUREMENT UNCERTAINTY FOR CONDUCTED, RADIATED EMISSIONS

estimated:

A. those which are evaluated by
statistical methods

B. those which are evaluated by
other means

ere is not always a simple corre-
spondence between the classification
into categories A or B and the previously
used classification into "random" and
"systematic" uncertainties. e term
"systematic uncertainty" can be mis-
leading and should be avoided.

Any detailed report of the uncer-
tainty should consist of a complete list
of the components, specifying for each
the method used to obtain its numeri-
cal value.

2. ecomponentsin category A are
characterized by the estimated vari-
ances s2i (or the estimated "standard
deviations" si ) and the number of de-
grees of freedom vi. Where appropriate,
the covariances should be given.

3. The components in category B
should be characterized by quanti-
ties u2j, which may be considered as
approximations to the corresponding
variances, the existence of which is

treated like variances and the quanti-
ties uj like standard deviations. Where
appropriate, the covariances should be
treated in a similar way.

4. ecombined uncertainty should
be characterized by the numerical
value obtained by applying the usual
method for the combination of vari-
ances. e combined uncertainty and
its components should be expressed in
the form of "standard deviations."

5. If, for particular applications, it
is necessary to multiply the combined
uncertainty by a factor to obtain an
overall uncertainty, the multiplying
factor used must always be stated.

REFERENCES FOR
MEASUREMENT UNCERTAINTY
ISO/IEC Guide 98-3 - Uncertainty of
Measurement - Part 3: Guide to the
Expression of Uncertainty in Measure-
ment (GUM: 1995).

IEC CISPR 16-4-2: Specification
for Radio Disturbance and Immunity
Measuring Apparatus and Methods -
Part 4-2: Uncertainties, Statistics and
Limit Modeling - Uncertainty in EMC

way in which their numerical value is assumed. e quantities u2j may be Measurements-First Edition - 2003-11.
Source of Uncertainty 1/7_Iue el grgtbr ?t?lijltiitgn Divisor (leéy) EjLé(y))Z
LISN Impedance 2.70 Triangular 2.449 110 1.215
Receiver Pulse Amplitude 1.50 Rectangular 1.732 0.87 0.750
Receiver Pulse Repetition 1.50 Rectangular 1.732 0.87 0.750
Mismatch -0.89 U-Shaped 1.414 -0.63 0.397
Receiver Sine Wave 1.00 Rectangular 1.732 0.58 0.333
Attenuation LISN-Receiver 0.40 Normal 2 2.000 0.20 0.040
LISN Voltage Division Factor 0.20 Normal 2 2.000 0.10 0.010
Receiver Reading 0.05 Rectangular 1.732 0.03 0.001
Combined Standard Uncertainty \3.496 = 1.87
Expanded Uncertainty Normal k =2 3.74

Table 1. 150 kHz to 30 MHz with a 50 ohm/50 microhenry Line Impedance Stabilization Network (LISN).
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United Kingdom Accreditation
Service - LAB34 - e Expression of
Uncertainty in EMC Testing - Edition
1 - August 2002.

Two Examples of Measurement
Uncertainty — Conducted
Emissions and Radiated
Emissions

e following paragraphs go into de-
tail on the MU for instrumentation
for conducted and radiated emissions.

e presentation of the table is di er-
ent from what is seen in the usual MU
references; namely CISPR 16-4-2 and
LAB34.

First of all, we have listed our
Sources of Uncertainty in the two
accompanying tables in order of the
largest contributor to the smallest
contributor.  isallows usto see which
Source is contributing the most to the
Measurement Uncertainty.

Secondly, we are going to assume
the sensitivity coefficient is one for
all our contributing factors thus
eliminating one column in our table of
standard uncertainties (the sensitivity
coe cient is e ectively a conversion
factor from one unit to another). isis
logical in the EMC Engineering world
since almost every contributing factor
is quoted in "dBs."

MEASUREMENT UNCERTAINTY FOR CONDUCTED, RADIATED EMISSIONS

Our table then becomes easier
to understand with the Value of the
Sources of Uncertainty (second col-
umn) being divided by its accompany-
ing Probability Distribution Function
Divisor (fourth column) to arrive at
the standard uncertainty for that
uncertainty component [U(y)] in the
fifth column. e sixth column is ar-
rived at by simply squaring the "result
in the fifth column." Summing all the
factors in the sixth column and taking
the square root of the total, we arrive at
the Combined Standard Uncertainty.

e Expanded Uncertainty is achieved
by multiplying the Combined Standard
Uncertainty by two for a coverage of
95%. e Expanded Uncertainty is the
engineer’s “padding factor” to make
sure he has the answer covered in the
range of values quoted.

By using the Expanded Uncertainty,
we arrive at a 95% probability that the
true answer lies within a band of values
bracketed by the measured value plus
or minus the Expanded Uncertainty.

CONDUCTED EMISSIONS

e above table assumes typical values
from LAB34 and CISPR 16-4-2 and is
ordered from the largest contributor
to the smallest contributor. In order
to reduce the Combined Standard Un-

certainty, the lab should start with the
largest contributors and try to reduce
their values.

In the case of the conducted emis-
sions, the largest contributor is the
LISN Impedance.

A check of the calibration certificate
of one of the well-known calibration
labs in the country indicates a maxi-
mum measurement uncertainty of plus
or minus 1.2 ohms for a LISN Calibra-
tion.  is maximum uncertainty was
arrived at by the calibration lab by a
Type A evaluation using at least 10
datasets. el.2ohmstranslatesintoa
value in dBs equivalent to +/- 1.6 dB. If
we substitute this 1.6 dB value into the
table for the present 2.7 dB, we lower
our combined standard uncertainty
to 1.71 dB which lowers our Expanded
Uncertainty to 3.42 dB or a reduction
of 0.32 dB. One of the reasons that the
LISN factor reduction does not make a
bigdi erenceisthatitisdivided by the
square root of 6 (2.449) for a triangular
distribution.

We would next have to look at the
biggest contributors to the Measure-
ment Uncertainty after the LISN Im-
pedance. ey would be the Receiver
Pulse Amplitude and the Receiver
Pulse Repetition. One way to reduce
these two contributions from the Re-

Source of Uncertainty Value dB g:gg ?t?tijltii?n Divisor (ljJéy) EjUB(y))Z
Site Imperfections 4.00 Triangular 2.449 1.63 2.667
Mismatch -1.25 U-shaped 1.414 -0.88 0.781
Receiver Pulse Amplitude 1.50 Rectangular 1.732 0.87 0.750
Receiver Pulse Repetition 1.50 Rectangular 1.732 0.87 0.750
Receiver Sine Wave 1.00 Normal 2 2.000 0.50 0.250
Antenna Factor Calibration 1.00 Normal 2 2.000 0.50 0.250
Miscellaneous Factors Various Various 0.84 0.701
Measurement Distance Variation | 0.60 Rectangular 1.732 0.35 0.120
Combined Standard Uncertainty \6.269 = 2.50
Expanded Uncertainty 5.00

Table 2. 30 MHz to 300 MHz with a biconical antenna in the vertical polarization — 3 & 10 meters.
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ceiver is to have it calibrated a number
of times (it could be over a period of
years).  en,you can divide the "mean
value of n measurements" by the square
root of "n" to arrive at the standard
deV|at|0n of the mean. If we could
lower the two receiver 1.5 dB values
to 1.0 dB,(in tandem with lowering the
LISN contribution), we would arrive
at a combined standard uncertainty of
1.45 dB or an Expanded Uncertainty
of 2.90 dB.

All the other sources of uncertainty
in the conducted emission table are
1.0 dB or less, and, it will be di cult
to lower those to make a significant
change in the total MU for conducted
emissions.

So, we can conclude that it would
be very di cult to get the Expanded
Uncertainty of conducted emissions
below 3 dB.

RADIATED EMISSIONS
30 MHz to 300 MHz with a biconical
antennain the vertical polarization —3
& 10 meters

Again, the above table assumes
typical values from LAB34 and CISPR
16-4-2 and is ordered from the largest
contributor to the smallest contributor.
In order to reduce the measurement
uncertainty for radiated emissions, an
EMC lab should start with the largest
contributors and try to reduce their
values.

e table also assumes a horizontal-
ly-polarized biconical antenna having
a uniform pattern in the vertical plane
so that the antenna factor height devia-
tion and the antenna factor directiv-
ity di erence contributions are zero.
(Note - a Complex antenna would have
non-zero components for both of those
factors).

e Site Imperfections is the largest
contributor to the Radiated Emission
Measurement Uncertainty. In order
to reduce that, labs can use antennas
with smaller antenna factors, receivers
with smaller measurement uncertain-
ties, and semi-anechoic chambers with
improved anechoic material. It would
then be reasonable for the lab to lower
that contribution to plus or minus 3
dB. Substituting that value into the
equation, gives us a Combined Stan-

interferencetechnology.com

dard Uncertainty of 2.26 dB and an
Expanded Uncertainty of 4.52 dB or a
reduction of 0.48 dB from the original
5.00 dB. Again, one of the reasons for
the relatively small reduction in the ex-
panded uncertainty is the large divisor
value for site uncertainty, that is, the
square root of 6 (2.449) for a triangular
probability distribution.

The Mismatch factor can be re-
duced by increasing the attenuation
of the well-matched two port network
preceding the receiver, however, the
penalty of that maneuver is a reduction
in measurement sensitivity. Let's as-
sume we can add some attenuation to
the front-end of the receiver and lower
the Mismatch contribution to -0.65.
Substituting this value in combination
with the Site Imperfection reduction,
allows us to lower the Expanded Un-
certainty to 4.3 dB or a total reduction
from the original 5.00 dB of 0.7 dB.

If we then look at the next two
biggest contributions, we have, again,
the Receiver Pulse Amplitude and
the Receiver Pulse Repetition. If we
again, using the same technique as for
conducted emissions, lower the two
receiver 1.5 dB values to 1.0 dB,(in
tandem with lowering the Site Imper-
fections and the Mismatch contribu-
tions), we would arrive at a combined
standard uncertainty of 1.83 dB or an
Expanded Uncertainty of 3.66 dB.  is
would be a reduction of 1.34 dB from
the original value.

e Remaining Factorsareall 1.0 dB
or less and they would be di cult to
lowerinsu cientamplitude to make a
significant di erence to the Expanded
Measurement Uncertainty for radiated
emissions.

us, we conclude that the mini-
mum value for Expanded Uncertainty
for radiated emissions, with present-
day equipment, is around 3.5 dB.

SUMMARY

Measurement Uncertainty of the in-
strumentation used for emission test-
inginan EMC Lab isanimportant part
of the lab’s overall technical capability.
We know that Measurement Uncer-
tainty is a relatively new concept and
has only been around the EMC Labs of
the world for about 20 years.

testing & test equipment

We see from the above two specific
examples that it is di cult to lower
the Expanded Uncertainty values of a
typical EMC Lab for both conducted
emissions and radiated emissions.

We saw that reducing the two larg-
est values in the table of standard
uncertainties for conducted emissions
only lowered the Expanded Uncer-
tainty by about 0.74 dB so that the
Expanded Uncertainty for conducted
emissions was approximately 3.0 dB.

We also observed that lowering
the top four contributors to the Com-
bined Standard Uncertainty value for
radiated emissions, only lowered the
Expanded Uncertainty value from 5 dB
to around 3.5 dB.

We concluded that even when a lab
is logically concentrating on lowering
its Equipment Measurement Uncer-
tainty by reducing the largest con-
tributors to the Combined Standard
Uncertainty for emission testing, it
is di cult to significantly lower the
overall Expanded Uncertainty of the
instrumentation of the EMC lab for
conducted and radiated emissions.

D H is a past president of the
IEEE EMC Society. He has been a member of
the Board of Directors since 1987 and has held
numerous leadership positions in the society.
Hoolihan is also active on the ANSI Accredited
Standards Committee on EMC, C63 as Vice
Chairman. He was co-founder of Amador
Corporation (1984-1995). He can be reached at
DanHoolihanEMC@aol.com. [l
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On the Radiation Patterns of Common

VICENTE RODRIGUEZ
ETS-Lindgren L.P.
Cedar Park, Texas USA

ntennas have been used in EMC
Ameasurements since the early days.
Knowledge of the antenna pattern
was not a requirement of the standards.
While MIL STD 461 and some SAE stan-
dards called for information on the half
power beamwidth, most standards did not
require any knowledge of the antenna radia-
tion characteristics. With the evolution of
standards to cover frequencies above 1 GHz
knowledge of the pattern has become more
important. Since above 1 GHz most antennas
are very directive and very un-dipole-like,
information on the pattern has become very
important, especially when it comes to un-
derstanding how much area the main beam
is covering. e present paper starts by giv-
ing the reader a refresher on antenna pattern
parameters and then shows typical patterns
for the most common antennas used in EMC.
e antennas covered are biconicals, log
periodic dipole arrays, hybrid antennas and
dual ridge horns. Measured data is presented
except for patterns above 18 GHz.

B o1 g e b b e
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- All photos used with permission of ETS-Lindgren
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Figure 1. A modified shaped dipole (biconical) radiating; example of a resonant antenna.
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EMC Antennas

INTRODUCTION

An antenna is a device that radiates and
receives radio waves. ere are di erent
methods or mechanisms by which antennas
radiate. We all are familiar with resonator
antennas. Dipoles are a clear example of
this type on antennas. In resonant antennas
there is a movement of charges as the en-
ergy changes between the electric field and
the magnetic field. is movement of the
charges on the antenna causes the field lines
to vibrate, generating waves that propagate
in free space away from the resonant an-
tenna. Figure 1 shows this type of behavior.
Another mechanism by which antennas
radiate is by having an impedance transition
that causes the energy being propagated
in a transmission line to be launched into
free space. Horn antennas are an example
of a travelling wave antenna.  eir method
for radiation is based on a wave impedance
transition from the transmission waveguide
or line to the impedance of free space. Fig-
ure 2 shows this mechanism of radiation on
a horn antenna.

RADIATION PATTERNS

An antenna radiation pattern or antenna
pattern is a mathematical function or a
graphical representation of the radiation
properties of the antenna as a function of
space coordinates [1].  at is, as we rotate
the antenna around on two orthogonal axes
we measure the intensity of the radiated
field. Figure 3 shows one of these plots of
magnitude of radiation versus direction.

E and H plane
While today it is really easy to create pat-
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CISPR 16-1-4 Chamber Characterization:
The Antennas You Need Are Here!

Smart Choices

The new CISPR 16-1-4 standard requires chambers to
be characterized above | GHz. ETS-Lindgren has a
pair of broadband antennas that make the task easier.
Both antennas have an operating frequency range of
1-18 GHz, so you don’t have to stop for band breaks.

Generating signals of interest with our new mini-bicon
is also simplified. With maximum power input levels
of 50W at | GHz to 25W at 18 GHz, it can generate
signals with higher amplitudes that won't get confused
with noise floor clutter.

Complete Systems

We make a lot of great antennas, but ETS-Lindgren
is also the world’s largest manufacturer of EMC
components and test systems. So if you don’t already
have one, we can provide a chamber, or a complete
turnkey system, or anything in between. (If you do
have a chamber, but it's non-CISPR compliant, we
can help with that too.)

Information for the antennas featured here is
available at www.ets-lindgren.com/3117 and
www.ets-lindgren.com/3183.
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ON THE RADIATION PATTERNS OF COMMON EMC ANTENNAS
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Figure 2. A pyramidal horn radiating; a sample of an impedance transition between the
transmission line and free space.

Figure 4. Omnidirectional antenna.

terns such as the one in Figure 3 and
to manipulate them on the computer,
this was not the case in the earlier days
of antenna engineering. Hence, to fa-
cilitate the graphical representation of
radiation patterns, engineers usually
plotted two single orthogonal planes of
the pattern. Rather than arbitrarily plot
a plane for a given angle of the spheri-
cal coordinate system (for example
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Omni directional on
the H plane. It
radiates equally on
all directions on this

plane

But not on this plane

©=90°), engineers chose the plane on
which the Electric field was oscillating.

is plane was called the E plane. e
orthogonal plane to this one was named
the H-plane. Even today patterns are
commonly shown in E and H planes in
the literature.

Omnidirectional and Directional
Like many other things in nature, the

human brain likes to classify things to
make it easier to study them. Radiation
patterns are no di erent. One of the
first divisions that we can do is to break
patterns into two principal groups:
Directional and Omnidirectional pat-
terns. Omnidirectional comes from
the Latin word omni meaning “every”
or “all” and “direction”.  ese, it ap-
pears, are patterns that radiate in all
directions.  at is not exactly it. Om-
nidirectional antennas, which radiate
omnidirectional patterns, radiate in all
directions on a given principal plane
(the E or the H plane. Figure 4 shows
the most simple of all omnidirectional
antennas, the dipole. e dipole radi-
ates in all directions on the H plane,
but it has two nulls (areas of little or no
radiation) on the E plane.

Omnidirectional should not be
confused with isotropic. Isotropic
(from the Greek, isos meaning “the
same” or “equal” and tropos meaning
“direction”) implies that the radiator
puts exactly the same radiation in all
directions around it.  ere is no such
thing as an isotropic antenna. A com-
bination of three dipole-like antennas
may have certain isotropicity, but it
will never be a perfect isotropic source.
Isotropic sources are a mathematical
tool that is used in describing the gain
of antennas. Directional antennas are
clearly antennas where the radiation is
mainly on one direction as we rotate
around the antenna.

Main lobe, side lobes, back lobe
We now continue our human approach
to classify things to make them easier
to study. If we look at a radiation pat-
tern we observe a series of features.
There is going to be an area of the
pattern where most of the radiation
is directed. at is the main lobe. To
the sides of the main lobe we may find
areas where the radiation is higher
than the adjacent areas.  ese are side
lobes. e side lobes are usually sepa-
rated by areas of little radiation called
nulls. ereisusually aside lobe inthe
direction opposite the main lobe. s
special side lobe is known as the back
lobe. Figure 5 shows a pattern and the
features described above.
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Figure 5. A pattern showing typical features.

Half power beam width

It should be clear that the most impor-
tant lobe is the main lobe. After all, the
main lobe contains most of the radi-
ated energy. is does not mean that
the other lobes are irrelevant. e back
lobe should be small. We do not want
to send too much radiation towards
the back. is is especially important
during immunity at frequencies above
1 GHz, when usually the amplifiers are
placed inside the chamber close to the
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Figure 6. HPBW identified in red for a given pattern.

antenna to reduce cable losses. Side
lobes are also important; high side
lobes illuminating the sides of acham-
ber will a ect the field uniformity if
the absorber treatment is not adequate.
Outside of EMC these parameters of
the patterns are even more important.

But clearly, as mentioned above, the
main lobe is the most important as it
is the one that should encompass the
EUT. The parameter that describes
the main lobe size is the half power
beamwidth. Since %2 is 0.5 and 10Log,,
(0.5) =-3dB, the half power beamwidth
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New Military Product Highlights

IFI NEW SVC & SMC Series ~ 100 - 500 MHz and 500 - 1000 MHz
EW/ECM RF Power Amplifiers For Mobile or Fixed Applications:

Our new innovative SVC & SMC Ruggedized Militarized Amplifiers operate
over the frequency band of 100-500 MHz and 500-1000 MHz respectively.
IFI offers various power levels of these amplifier systems from low power to
kilowatt power levels. These systems can also incorporate optionally high
speed T/R switching. All models feature outstanding RF performance in a
compact lightweight design for all possible applications.

IFI NEW SXXL Series ~ 1.5 - 30.0 MHz
EW/ECM RF Power Amplifiers For Mobile or Fixed Applications:

These awesome Ruggedized Militarized Amplifiers operate over the frequency band
of 1.5-30.0 MHz. Available in various power levels from low thru kilowatt. These
systems can also incorporate optionally high speed T/R switching. Again, all models
feature outstanding RF performance in a compact lightweight design for all possible
applications.

IFI NEW SXX Series ~ 20 - 100 MHz
EW/ECM RF Power Amplifiers For Mobile or Fixed Applications:

Ruggedized & Militarized, IFI's SXX Series amplifiers operate over the frequency
band of 20-100 MHz. These amplifier systems are available from low to kilowatt
power levels. IFI systems can also incorporate optionally high speed T/R switching.
All models feature outstanding RF performance in a compact lightweight design for
all possible applications.

IFI NEW S Series ~ 800 MHz - 3.0 GHz
EW/ECM RF Power Amplifiers For Mobile or Fixed Applications:

IFl is proud to show our innovative Ruggedized Militarized Amplifiers for mobile
and fixed applications. Our S series of ruggedized amplifier models operate over
the frequency bands of 800 MHz to 3.0 GHz. These amplifiers are available in
various power levels up to a kilowatt. IFI systems can also incorporate optionally
high speed T/R switching. All S series model amplifiers feature outstanding RF
performance in our compact lightweight design for all possible applications.

Other frequency bands and higher power models are available on all above amplifiers.

Instruments For Industry - 903 South Second Street - Ronkonkoma, NY 11779
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Amplifiers
For Every Application!

Solid State

Tetrode Tube and Microwave Solid State Solid State
Combination Amplifiers and TWT Amplifiers Amplifiers
Freq Min Pwr  Min Sat Freq  Min Pwr Min Sat Freq Min Pwr  Min Sat

Model Range Out Gain Model Range Out Gain Model Range Out Gain
Number (MHz) (Watts) (dB) Number (GHz) (Watts) (dB) Number (MHz) (Watts) (dB)
SCCX300 .01-220 T251-250 1-2.5 250 SMCC350 200-1000 350
SCCX500 .01-220 500 57 T82-250 2-8 250 54 SMCC600 200-1000 600 58
M404 .01-220 500 57 T188-250 7.5-18 250 54 SMCC1000 200-1000 1000 60
M406 .01-220 1000 60 T2118-250 18 0-21.7 250 SMCC2000 200-1000 2000 63
TCCX2000 .01-220 2000 63 SMC Series « 80-1000 MHz
TCCX2200 .01-220 2200 63 T251-500 1-2.5 SMC250 80-1000 250 54
TCCX2500 .01-220 2500 64 T7525-500 2.5-7.5 500 57 SMC500 80-1000 500 57
T188-500  7.5-18 SMC1000 801000 1000 60
SMX301  .01-1000 300/100  55/50
SMX302 .01-1000 300/200  55/53 T2618-40 18-26.5 40 SMX100 .01-1000 100 50
SMX303 .01-1000 300/300 55/55 T4026-40 26.5-40 40 46 SMX200 .01-1000 200 53

SMX501 .01-1000 500/100  57/50 S/T-50 Series - 40-60 Watts CW 1-18 GHz SMX500 .01-1000 500 57
SMX502 .01-1000 500/200 57/53 §21-50 1-2 50 47 SVC-SMV Series - 100-1000 MHz

SMX503 .01-1000 500/300 57/55 T82-50 2-8 50 47 SVC500 100-500 500 57
CMX10001 .01-1000 1000/100 60/50 T188-50 8-18 50 47 SMV500  500-1000 500 57
CMX100010 .01-1000 1000/1000 60/60

Visit IFl.com for additional amplifier models and products.
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903 South Second Street - Ronkonkoma, NY 11779
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Figure 7. Model of a log periodic in front of a metal
top bench (the ground is metallic).

(HPBW) is also known as the 3dB beam
width. e HPBW is given in degrees
and it describes the arc of the angle
between the two points to the side of
the point of highest radiation that are
3dB lower in radiated power. Figure
6 shows the half power beamwidth
for the pattern shown in Figure 5. For
clarity, the pattern is represented in
Cartesian coordinates rather than po-
lar coordinates. It is important to note
that the HPBW is from -3dB point to
-3dB point not from -3dB point to peak.

Manufacturers should supply the
HPBW information to users of their
antennas. The HPBW will be given
for the E and H plane. For a linearly
polarized antenna, the E plane will be
vertical when the antenna is on verti-
cal polarization. When the antenna is
rotated to horizontal polarization, the
E plane will be horizontal. Similarly the

ON THE RADIATION PATTERNS OF COMMON EMC ANTENNAS
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Figure 8. Results for the model in Figure 7. Notice that the radiation
is deflected by the presence of the metallic top bench.

H plane will be horizontal when the an-
tennais set for vertical polarization and
the H plane will be vertical when the
antenna is on horizontal polarization.

Another important issue is that the
HPBW, like any other pattern param-
eter, is a free space, far field param-
eters. e beamwidth will give you an
idea of the area covered, but in some
cases structures in the test area such as
grounded benches and ground planes
willa ectthe radiation patternand the
beamwidth. Figures 7 and 8 show a log
periodic antenna placed on horizontal
polarization radiation 1 meter away
fromabench. isisacommon setup
in CISPR 25 and other standards [2-4].

So the user must be careful when us-
ing the HPBW extracted from the pat-
tern to estimate the area of coverage of
the main beam. In some cases, such as
the new set up from above 1GHz test-

ing [5], it will provide a good estimate.
In other cases, such as in the presence
of benches and other features, it will be
better to use field probes to estimate
the coverage of the main beam.

PATTERN MEASUREMENTS

As mentioned above, in most cases
the measured pattern and HPBW is
good enough to give the user of the
antenna an idea of the coverage. Since
the HPBW gives you an arc or cover-
age given the test distance and some
trigonometry it is possible to estimate
an area of coverage for a given an-
tenna. In the next sections we show
typical patterns for the most common
antennas used in EMC. Rectangular
Anechoic chamber and Tapered An-
echoic chambers were used to measure
the radiation pattern of typical EMC
antennas from 400 MHz to 18 GHz.

I Figure 10. The outdoor set up. A ferrite tile
J patch is place on the ground plane between the
| antennas to reduce the effects of the OATS on

the measurement.

Figure 9. The test set up in the rectangular :
anechoic chamber. e "
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Figure 11. E plane patterns. Notice that the low dynamic range at Figure 14. H plane pattern from 80 MHz to 800 MHz for an LPDA antenna.
30 MHz causes a poor definition of the null.

Fameen (di

Figure 15. E plane pattern from 1 to 2 GHz for an LPDA antenna.
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Figure 13. E plane pattern from 80 MHz to 800 MHz for an LPDA antenna. | Figure 16. H plane pattern 1 to 2 GHz for an LPDA antenna.
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Below that, the antennas were set on the OATS and the
patterns on the two principal planes were measured. Figure
9 shows a hybrid antenna covering from 30 MHz to 6 GHz
being measured inside a rectangular anechoic chamber. e
rectangular anechoic chamber provides better results for
the 2 to 6 GHz range when compared to the taper anechoic
chamber, which covers from 400 MHz to 2 GHz optimally.
Figure 10 shows the outdoor set up. A biconical antenna is
being measured in this case. A hybrid antenna is used as
the source antenna while the antenna under test (AUT) is
rotated in its presence.

BICONICALS

To start we look at the biconical antenna.  ese antennas
are the workhorse of EMC from 30 MHz to 200 MHz. In
general models are available covering from down on the 20
MHz range to up in the 300 MHz range. Biconical antennas
are an example of omnidirectional antennas. Its pattern is
omnidirectional on the H plane and has two nulls on the E
plane. Figures 11 and 12 show the typical measured pattern
for a biconical antenna commonly used in EMC.

From these patterns we can extract the HPBW. For the H
plane it is clear that the HPBW is larger than 180 degrees;
there isno main beam. For the E plane the beamwidth ranges
between 45 and 90 degrees.

LPDAS

e other workhorse for the EMC engineer is the Log Pe-
riodic Dipole Array (LPDA) antenna.  ese are directional
antennas and have a very well defined main beam as well as
all the other features commonly seen in directional patterns.
In this particular case we measured an LPDA model cover-
ing from 80 MHz to 2 GHz. e most common models are
those covering from 200 MHz to 2 GHz.  eir patterns are
very similar as long as their geometry has the same design
parameters [1]. Figures 13 and 14 show the pattern for the
log periodic antenna for frequencies below 1GHz. Notice
that the E plane pattern has a null in the 90 and 270 degrees
direction. isissimilar to dipoles, which are the elements
that make the array on a LPDA. Figures 15 and 16 show the
patterns at di erent frequencies above 1GHz.

e HPBW of LPDA antennas is usually fairly flat. s
is especially the case for the center of the frequency band
that the antenna covers. From about 200 to 1500 MHz the
antennas being measured exhibit an HPBW averaging 50
degrees for both planes.

HYBRID ANTENNAS

Although hybrid antennas are not particularly liked by
CISPR 16 [5] because of their length, other standards do not
have a problem. Additionally, because of their wide coverage
they are ideal for preliminary scans of the EUT prior to the
final compliance measurement.  ese antennas are a hybrid
of the two types shown before. e biconical elements have
been transformed into bowties to better match the geometry
of the LPDA section.  eir patterns clearly show this. At low
frequency they behave like biconical antennas and at high
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Figure 19. E plane pattern from 2 to 6 GHz for a hybrid antenna.
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Figure 20. H plane pattern from 2 to 6 GHz for a hybrid antenna.

frequencies the log periodic behavior is evident. Figures 17
to 20 show the patterns at the principal planes for lower and
upper frequencies of the range. Itis important to notice the
biconical behavior at the lower frequencies of the range.
As with the biconical antennas the hybrids have HPBW
larger than 180 degrees at the frequencies below 100 MHz.
Once the log periodic section is active, the HPBW is fairly
flat unless there are changes to the LPDA design parameters.

DUAL RIDGE HORNS
Dual Ridge Horn Antennas (DRHA) are the antenna of
choice for MIL STD [2].  is family of antennas have been
the best described family in the literature.  isisespecially
true regarding their radiation patterns. Starting with [6]
there was a big issue with the upper frequency behavior of
the patterns of Dual Ridge Horn Antennas. In [7-10] several
improvements were done to the radiation patterns of these
antennas to avoid nulls in the middle on the main beam.
HPBW information for the three most common models of
dual ridge horn antennas are shown in Figures 21 to 23.
ese are the models where the pattern performance has
been improved as described in the references [8-10].

CONCLUSION

e reader has been introduced to antenna pattern nomen-
clature. edi erentconceptsand parameters that describe
patterns have been defined and illustrated. Finally pattern
and HPBW information has been given for the most com-
mon EMC antennas used.
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