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ITEM™

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, I 
pulled the 1971 edition of the Interference Technology Directory & 
Design Guide off its dusty shelf and cracked open the stiff 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. The 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. Thus, there are 
several alternatives; hiring an EMC specialist, obtaining consulting services, 
and educating each engineer and manager to deal effectively with the noise 
problems. These 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. I hope you’ll enjoy the trip down memory lane as much as I did.

Sarah Long, Editor
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testing & test equipment Troubleshooting Radiated Emissions

kenneth wyatt, SR.
Wyatt Technical Services 
Woodland Park, Colorado USA

Because time-to-market and budget 
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. This 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.

INTRODUCTION
There 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 difficult test for a product 

to pass. Because emissions limits are es-
tablished worldwide, products that don’t 
meet the limits may not be placed on the 
market. The 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. 
The 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.

This 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. These 
circuit loops may be in the form of printed 
circuit traces (differential-mode currents) 
or cables connecting two subsystems 
(common-mode currents). There may also 
be combinations of these phenomenon, as 
well as poor printed circuit board layout 
practices. The circuit and system design of 
a product usually falls within the domain 
of the electronic engineer. The 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-

Troubleshooting Radiated Emissions  
Using Low-Cost Bench-Top Methods

Figure 1. Source-path-receptor model.
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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.

The “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.). This may include 
conducted, radiated, inductive or capacitive couplings.

The “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 difficult 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! That’s probably why the field of EMC is considered 
so mysterious.

By using a structured approach, the troubleshooting 

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 effects.

Identify the sources
The 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. The exception 
would be the A0 or D0 line, which is clocking at a relatively 
non-random rate. What about clock lines to ASICs or FP-
GAs? 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 offending 
oscillator.

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

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

Equation 1. Maximal RE frequency estimate, where f = EMI frequency 
(Hz) and tr = 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
The 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:

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

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

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. I installed a 
television-style balun to better match to 50-ohm coax for the bowtie.
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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 

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 
The 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, I 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 I 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. I 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
There are a variety of useful probes that may be used to 
troubleshoot RE problems; E-field, H-field and current 
probes.1 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 a small loop of 0.5 to 5 cm in 
diameter - the larger the loop, the more sensitivity. A better 

Figure 3. Examples of commercial E- and H-field probes from Beehive 
Electronics. 

Figure 4. Examples of homemade H-field probes. 

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.

1 Probe manufacturers include Fischer Custom Communications, Beehive 
Electronics or Teseq. 
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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.2 

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 offend-
ers. Moving a “hot” cable will alter the RE levels. I 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 I/O connector.

Cable common-mode currents may also be measured 
directly versus frequency with a current probe.3 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. The 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 offending 
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. The length of the cable is L and the offend-
ing harmonic frequency is f. Use a test distance of either 3 or 
10m to predict the outcome at those test distances.

Figure 6. Use of simple H-field probes to locate emission sources.

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 Würth Electronik 
#74270097 ferrite core (4W620 material) was used, which is useful from 
10 to 1000 MHz.

Figure 8. Examples of commercial current probes.

2 I 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.



Wyatt

interferencetechnology.com	 	 interference technology  19

testing & test equipment 

Figure 9. A lack of solid ground can allow CM currents generated inside the product to flow out the I/O 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. 

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

Some harmonics dropped by 10-15 dB!

Before After

Looking from 500 to 1000 MHz

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

	 Note a lack of good  
	 connection between  
	 chassis enclosure and 
	 connector ground.

LAN conn needs 
gnd shell.

4 The handheld spectrum analyzer being used for the cable test is made by Thurlby Thander Instruments. It sells for approximately USD 1995 and covers 
1 MHz to 2.7 GHz.  
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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 

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

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

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 I/O 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 
effective length is longer than 1/ 20th of a wavelength at the 
harmonic of concern has the potential to be an effective ra-
diator. For example, a slot of 2.5 cm can just start radiating 
harmonics at 1000 MHz. I 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 

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. 
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Figure 12. Contents of the special EMC troubleshooting kit I’ve assembled. I 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. 

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 (Thurlby Thander 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 f low 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-effective solutions. Ob-
viously, troubleshooting or character-
izing products early in the design cycle 
are preferred in order to reduce overall 
implementation costs.

Kenneth Wyatt, Sr. 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 
as a product 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. n
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American Certification Body, Inc. 
McLean, Virginia USA

Hiro dug into his soup.
“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. “That 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 off his glasses 
and wiped them slowly with the 
dry end of the napkin.

“Can you tell me?”
Hiro put his glasses back on 

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 
(!), 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 

Wireless Approvals for Japan:  
A Hiro’s Tale 

Figure 1. Zen garden.
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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 

“T”), according to the office of the U.S. Trade Representative, 
accounting for 44% of world trade. That is a lot of noodles. 

The 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. 

The MRA, a voluntary agreement, has fostered the ex-
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].

That beats fighting every time. 

Opportunity for  
U.S. Organizations
The 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. 
The 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. This 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 kanji. 

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. This bit of cross-referencing requires a 
deep dive into the methods for the devices, sorting through 
the technical requirements and demonstrating “competency 
by association.”

I 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?

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. The 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.)

Article 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…[The 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 offense 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. This 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).” This 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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“(1)-13 The radio equipment with an 
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: 
what are the limits? The answer is to be 
found, in part, in the Radio Regulatory 
Commission Regulations No. 18, 1950. 
The 293-page document has the tech-
nical details, limits on power, use, and 
construction, viz  “The high-frequency 
section and modulation section (except 
for the antenna system) shall not be 
capable of being opened easily.”

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.” This index is invaluable.

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. 

These 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; it is a little tricky because the 
documents don’t have traditional title 
pages, at least in the English form. 

To summarize,
The 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-

Figure 3. A fragment of Table No. 1 from the Radio Law.

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 off the last drops 
of soup and sat back, smiling.

“Ready to go?”
“Always. Arigato!”
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One of the key elements to making 
scientific 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. The 
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. This article 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
The 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.

The 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 a single total uncertainty."

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

The ISO (International Organization for 
Standardization) was given the responsibil-
ity of developing a detailed Guide based 

Measurement Uncertainty for Conducted 
and Radiated Emissions 
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on the 1980 Recommendation. The 
responsibility was assigned to ISO 
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), ISO, and OIML (International 
Organization of Metrology). This TAG 
labored throughout the 1980s and into 
the early 1990s to produce the "Guide 
to the Expression of Uncertainty in 
Measurement" in 1993. This guide was 
corrected and reprinted in 1995 and 
then eventually published as ISO/IEC 
Guide 98-3 in 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. The uncertainty in the result of a 
measurement generally consists of sev-
eral components which may be grouped 
into two categories according to the 
way in which their numerical value is 

estimated:
A. those which are evaluated by 

statistical methods
B. those which are evaluated by 

other means
There 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. The 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. The components in 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 
assumed. The quantities u2j may be 

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

4. The combined uncertainty should 
be characterized by the numerical 
value obtained by applying the usual 
method for the combination of vari-
ances. The 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 
Measurements -First Edition - 2003-11.

Source of Uncertainty Value dB
+/-

Probability  
Distribution Divisor U(y)

dB
(U(y))2
dB

LISN Impedance 2.70 Triangular 2.449 1.10 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).





32  interference technology	 	 emc Directory & design guide 2011

testing & test equipment Measurement Uncerta int y for Conducted, Radiated Emiss ions

United Kingdom Accreditation 
Service - LAB34 - The Expression of 
Uncertainty in EMC Testing - Edition 
1 - August 2002.

Two Examples of Measurement 
Uncertainty – Conducted 
Emissions and Radiated 
Emissions
The following paragraphs go into de-
tail on the MU for instrumentation 
for conducted and radiated emissions. 
The presentation of the table is differ-
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. This allows us to see which 
Source is contributing the most to the 
Measurement Uncertainty.

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

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. The 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. 
The Expanded Uncertainty is achieved 
by multiplying the Combined Standard 
Uncertainty by two for a coverage of 
95%. The 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
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 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.  This maximum uncertainty was 
arrived at by the calibration lab by a 
Type A evaluation using at least 10 
data sets. The 1.2 ohms translates into a 
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 
big difference is that it is divided 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. They 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 Probability  
Distribution Divisor U(y)

dB
(U(y))2
dB

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). Then, you can divide the "mean 
value of n measurements" by the square 
root of "n" to arrive at the standard 
deviation 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 difficult 
to lower those to make a significant 
change in the total MU for conducted 
emissions. 

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

Radiated Emissions
30 MHz to 300 MHz with a biconical 
antenna in 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.

The 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 difference contributions are zero. 
(Note - a Complex antenna would have 
non-zero components for both of those 
factors). 

The 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-

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. This 
would be a reduction of 1.34 dB from 
the original value.

The Remaining Factors are all 1.0 dB 
or less and they would be difficult to 
lower in sufficient amplitude to make a 
significant difference to the Expanded 
Measurement Uncertainty for radiated 
emissions.

Thus, 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-
ing in an EMC Lab is an important 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.

We see from the above two specific 
examples that it is difficult 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 difficult to significantly lower the 
overall Expanded Uncertainty of the 
instrumentation of the EMC lab for 
conducted and radiated emissions.
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Antennas have been used in EMC 
measurements 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. The 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. 
The antennas covered are biconicals, log 
periodic dipole arrays, hybrid antennas and 
dual ridge horns. Measured data is presented 
except for patterns above 18 GHz.

INTRODUCTION
An antenna is a device that radiates and 
receives radio waves. There are different 
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. This 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. Their 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]. That 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-

On the Radiation Patterns of Common 
EMC Antennas 

Figure 1. A modified shaped dipole (biconical) radiating; example of a resonant antenna.

All photos used with permission of ETS-Lindgren
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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 

φ=90o), engineers chose the plane on 
which the Electric field was oscillating. 
This plane was called the E plane. The 
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 different. 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”. These, it ap-
pears, are patterns that radiate in all 
directions. That 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. The 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. There 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. That is the main lobe. To 
the sides of the main lobe we may find 
areas where the radiation is higher 
than the adjacent areas. These are side 
lobes. The side lobes are usually sepa-
rated by areas of little radiation called 
nulls. There is usually a side lobe in the 
direction opposite the main lobe. This 
special side lobe is known as the back 
lobe. Figure 5 shows a pattern and the 
features described above.

 Figure 2. A pyramidal horn radiating; a sample of an impedance transition between the 
transmission line and free space. 

Figure 3. A horn antenna and its radiation pattern at a given frequency.

Figure 4. Omnidirectional antenna.
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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. This does not mean that 
the other lobes are irrelevant. The back 
lobe should be small. We do not want 
to send too much radiation towards 
the back. This is especially important 
during immunity at frequencies above 
1 GHz, when usually the amplifiers are 
placed inside the chamber close to the 

antenna to reduce cable losses. Side 
lobes are also important; high side 
lobes illuminating the sides of a cham-
ber will affect 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 1/2 is 0.5 and 10Log10 
(0.5) ≈-3dB, the half power beamwidth 

Figure 5. �A pattern showing typical features.

Figure 6. HPBW identified in red for a given pattern.
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(HPBW) is also known as the 3dB beam 
width. The 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 

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. 

Figure 7. Model of a log periodic in front of a metal
 top bench (the ground is metallic).

H plane will be horizontal when the an-
tenna is 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. The 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 
will affect the radiation pattern and the 
beamwidth. Figures 7 and 8 show a log 
periodic antenna placed on horizontal 
polarization radiation 1 meter away 
from a bench. This is a common set up 
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-

Figure 8. Results for the model in Figure 7. Notice that the radiation 
is deflected by the presence of the metallic top bench.

Figure 9. The test set up in the rectangular 
anechoic chamber.

Figure 10. The outdoor set up. A ferrite tile 
patch is place on the ground plane between the 
antennas to reduce the effects of the OATS on 
the measurement.
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Figure 11. E plane patterns. Notice that the low dynamic range at 
30 MHz causes a poor definition of the null.

Figure 12. H plane patterns for a biconical antenna.

Figure 13. E plane pattern from 80 MHz to 800 MHz for an LPDA antenna.

Figure 15. E plane pattern from 1 to 2 GHz for an LPDA antenna. 

Figure 14. H 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. The 
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. These 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 is no main beam. For the E plane the beamwidth ranges 
between 45 and 90 degrees.

LPDAS
The other workhorse for the EMC engineer is the Log Pe-
riodic Dipole Array (LPDA) antenna. These 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. The most common models are 
those covering from 200 MHz to 2 GHz. Their 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. This is similar to dipoles, which are the elements 
that make the array on a LPDA. Figures 15 and 16 show the 
patterns at different frequencies above 1GHz.

The HPBW of LPDA antennas is usually fairly flat. This 
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. These antennas are a hybrid 
of the two types shown before. The biconical elements have 
been transformed into bowties to better match the geometry 
of the LPDA section. Their patterns clearly show this. At low 
frequency they behave like biconical antennas and at high 
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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. It is 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]. This family of antennas have been 
the best described family in the literature. This is especially 
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. 
These are the models where the pattern performance has 
been improved as described in the references [8-10].

CONCLUSION 
The reader has been introduced to antenna pattern nomen-
clature. The different concepts and 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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Figure 21. HPBW for both principal planes for an improved designed of 
the 200 MHz to 2 GHz DRHA.
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Figure 22. HPBW for both principal planes for the improved design of the 
1 to 18 GHz DRHA.

Figure 23. HPBW for both principal planes for an improved design of the 
18 to 40 GHz DRHA. 
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standards recap

International Electrotechnical 
Commission (IEC)
IEC 61000-4-3-am2 ed3.0 Amendment 2
Publication Date: March 10, 2010 

Electromagnetic compatibility (EMC) - Part 4-3: 
Testing and measurement techniques - Radiated, radio-
frequency, electromagnetic field immunity test

IEC 60512-24-1 ed1.0 — Connectors  
for electronic equipment 
Publication Date: March 24, 2010 

The International Electrotechnical Committee re-
leased IEC 60512-24-1, a new testing and measurement 
standard for electronic equipment connectors’ residual 
magnetism. IEC 60512-24-1:2010 when required by the 
detail specification, is used for testing connectors within 
the scope of technical committee 48. It may also be used 
for similar devices when specified in a detail specifica-
tion. The object of this standard is to detail a standard 
method to measure the residual magnetism of a connec-
tor after exposure to a specified magnetic field. 

IEC 62132-2 ed1.0 — Integrated circuits 
- Measurement of electromagnetic 
immunity
Publication Date: March 30, 2010 

The International Electrotechnical Committee re-
leased a TEM cell electromagnetic immunity standard, 
IEC 62132-2. This international standard specifies a 
method for measuring the immunity of an integrated 
circuit to radio frequency radiated electromagnetic dis-
turbances. The frequency range of this method is from 
150 kHz to 1 GHz, or as limited by the characteristics of 
the TEM cell. 

IEC 61000-4-18-am1 ed1.0 — Testing and 
measurement techniques 
Publication Date: April 22, 2010 

IEC 61000-4-18-am1 Amendment 1 - Electromagnetic 
compatibility (EMC) - Part 4-18: Testing and measure-
ment techniques - Damped oscillatory wave immunity 
test, an EMC standard for damped oscillatory wave im-
munity testing and measurement techniques. 

IEC 61000-4-3 ed3.2 Consol. with am1&2 
- Testing and measurement techniques
Publication Date: April 27, 2010 

IEC 61000-4-3:2006+A1:2007+A2:2010 is applicable 
to the immunity requirements of electrical and elec-
tronic equipment to radiated electromagnetic energy. It 

establishes test levels and the required test procedures. 
The object of this standard is to establish a common 
reference for evaluating the immunity of electrical and 
electronic equipment when subjected to radiated, radio-
frequency electromagnetic fields.

IEC/TR 62153-4-1 ed2.0 — Metallic 
communication cable test methods
Publication Date: May 12, 2010 

IEC/TR 62153-4-1:2010(E) gives a brief introduction 
to basic concepts and terms trying to reveal the common 
features of apparently different test methods. It should 
assist in correct interpretation of test data, and in the 
better understanding of screening (or shielding) and 
related specifications and standards. This second edition 
cancels and replaces the first edition published in 2007. 
The significant change is a new clause on the background 
of the shielded screening attenuation test method. 

IEC 62599-2 ed1.0 — Alarm systems 
Publication Date: May 19, 2010 

IEC 62599-2:2010 for immunity requirements ap-
plies to the components of the following alarm systems, 
intended for use in and around buildings in residential, 
commercial, light industrial and industrial environ-
ments:

- access control systems, for security applications;
- alarm transmission systems;
- CCTV systems, for security applications;
- fire detection and fire alarm systems;
- intruder and hold-up alarm systems;
- social alarm systems. 

IEC 62615 ed1.0 — Electrostatic 
discharge sensitivity testing 
Publication Date: May 31, 2010 

IEC 62615:2010 defines a method for pulse testing to 
evaluate the voltage current response of the component 
under test and to consider protection design parameters 
for electro-static discharge (ESD) human body model 
(HBM). This technique is known as transmission line 
pulse (TLP) testing. This document establishes a meth-
odology for both testing and reporting information as-
sociated with transmission line pulse (TLP) testing. The 
scope and focus of this document pertains to TLP testing 
techniques of semiconductor components. This docu-
ment should not become alternative method of HBM 
test standard such as IEC 60749-26. The purpose of the 
document is to establish guidelines of TLP methods that 
allow the extraction of HBM ESD parameters on semi-
conductor devices. This document provides the standard 
measurement and procedure for the correct extraction of 

Compliance with standards makes or breaks the marketing of any new product. This section recaps new and revised national and 
international EMC standards. The information below has been featured in our weekly Interference Technology eNews. Just go to 
InterferenceTechnology.com, subscribe to the eNews, and you’ll be updated on important changes in EMC standards weekly. 
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HBM ESD parameters by using TLP. 

IEC 62479:2010 — Low-Power Electronic 
Equipment and Human Exposure to  
EM Fields
Publication Date: June 16, 2010 

IEC 62479:2010 provides simple conformity assess-
ment methods for low-power electronic and electrical 
equipment to an exposure limit relevant to electromag-
netic fields (EMF). If such equipment cannot be shown to 
comply with the applicable EMF exposure requirements 
using the methods included in this standard for EMF 
assessment, then other standards, including IEC 62311 or 
other (EMF) product standards, may be used for confor-
mity assessment.

IEC 60939-1 ed3.0 — Passive filter units 
for electromagnetic interference 
suppression
Publication Date: July 29, 2010 

IEC 60939-1:2010 relates to passive filter units for 
electromagnetic interference suppression for use within, 
or associated with, electronic or electrical equipment and 
machines. Both single and multi-channel filters within 
one enclosure are included within the scope of this ge-
neric specification. This generic specification establishes 
standard terms, inspection procedures and methods of 
test for use in sectional and detail specifications within 
the IECQ-CECC system for electronic components. 

IEC 61000-4-15 ed2.0 — Flickermeter - 
Functional and design specifications
Publication Date: Aug. 24, 2010 

IEC 61000-4-15:2010 gives a functional and design 
specification for flicker measuring apparatus intended to 
indicate the correct flicker perception level for all practi-
cal voltage fluctuation waveforms. Information is pre-
sented to enable such an instrument to be constructed. 
A method is given for the evaluation of flicker severity on 
the basis of the output of flickermeters complying with 
this standard. The flickermeter specifications in this part 
of IEC 61000 relate only to measurements of 120 V and 
230 V, 50 Hz and 60 Hz inputs. Characteristics of some 
incandescent lamps for other voltages are sufficiently 
similar to the values in Table 1 and Table 2, that the 
use of a correction factor can be applied for those other 
voltages. Some of these correction factors are provided 
in the Annex B. Detailed specifications for voltages and 
frequencies other than those given above, remain under 
consideration. 

IEC 62041 Ed. 2.0 b:2010 — Safety of 
transformers, reactors, power 
supply units 
Publication Date: Aug. 27, 2010 

IEC 62041 Ed. 1.0 b:2003 has been replaced by by IEC 
62041 Ed. 2.0 b:2010, Safety of transformers, reactors, 

power supply units and combinations thereof - EMC 
requirements. IEC 62041:2010 applies to transformers, 
reactors, power supply units and combinations thereof 
covered by the IEC 61558 series of standards. This 
standard deals with the electromagnetic compatibility 
requirements for emission and immunity within the 
frequency range 0 Hz - 400 GHz. No measurement needs 
to be performed at frequencies where no requirement is 
specified. This second edition cancels and replaces the 
first edition published in 2003. It constitutes a technical 
revision. This edition includes the following significant 
technical changes with respect to the previous edition:

- the frequency range for tests according to IEC 
61000-4-3 has been extended above 1 GHz according to 
technologies used in this frequency area;

- the testing requirements according to IEC 61000-4-
11 have been amended significantly;

- the inclusion of a clause on tests in series produc-
tion; 

- the inclusion of a new clause on measurement uncer-
tainly, and 

- the inclusion of requirements on DC power ports 
and telecommunication ports.

IEC 61000-4-20 ed2.0 — Emission and 
immunity testing in transverse 
electromagnetic (TEM) waveguides
Publication Date: Aug. 31, 2010 

IEC 61000-4-20:2010 relates to emission and immu-
nity test methods for electrical and electronic equipment 
using various types of transverse electromagnetic (TEM) 
waveguides. These types include open structures (for 
example, striplines and electromagnetic pulse simula-
tors) and closed structures (for example, TEM cells). 
These structures can be further classified as one-, two-, 
or multi-port TEM waveguides. The frequency range 
depends on the specific testing requirements and the 
specific TEM waveguide type. The object of this standard 
is to describe:

- TEM waveguide characteristics, including typical 
frequency ranges and EUT-size limitations;

- TEM waveguide validation methods for EMC tests;
- the EUT (i.e. EUT cabinet and cabling) definition;
- test set-ups, procedures, and requirements for radi-

ated emission testing in TEM waveguides and
- test set-ups, procedures, and requirements for radi-

ated immunity testing in TEM waveguides.

IEC 61000-4-22 ed1.0 — Radiated 
emissions and immunity measurements 
in fully anechoic rooms
Publication Date: Oct. 27, 2010 

IEC 61000-4-22:2010 considers immunity tests and 
emission measurements for electric and/or electronic 
equipment. Only radiated phenomena are considered. It 
establishes the required test procedures for using fully 
anechoic rooms for performing radiated immunity test-
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ing and radiated emission measurements. IEC 61000-
4-22:2010 establishes a common validation procedure, 
equipment under test (EUT) set-up requirements, and 
measurement methods for fully anechoic rooms (FARs) 
when both radiated electromagnetic emission measure-
ments and radiated electromagnetic immunity tests 
will be performed in the same FAR. As a basic measure-
ment standard, this part of IEC 61000 does not intend to 
specify the test levels or emission limits to be applied to 
particular apparatus or system(s). Its main goal is to pro-
vide general measurement procedures to all concerned 
product committees of IEC or CISPR. Specific product 
requirements and test conditions are defined by the re-
sponsible product committees. The methods described in 
this standard are appropriate for radiated emission mea-
surements and immunity tests in the frequency range of 
30 MHz to 18 GHz. IEC 61000-4-22:2010 has the status 
of a basic EMC publication in accordance with IEC 
Guide 107, Electromagnetic compatibility - Guide to the 
drafting of electromagnetic compatibility publications. 

IEC 61000-6-3-am1 ed2.0

IEC 61000-4-21 ed2.0 — Reverberation 
chamber test methods
Publication Date: Jan. 27, 2011 

IEC 61000-4-21:2011 considers tests of immunity and 
intentional or unintentional emissions for electric and/or 
electronic equipment and tests of screening effectiveness 
in reverberation chambers. It establishes the required 
test procedures for performing such tests. Only radiated 
phenomena are considered. The objective of IEC 61000-
4-21:2011 is to establish a common reference for using 
reverberation chambers to evaluate the performance of 
electric and electronic equipment when subjected to ra-
dio-frequency electromagnetic fields and for determining 
the levels of radio-frequency radiation emitted from elec-
tric and electronic equipment. IEC 61000-4-21:2011 does 
not intend to specify the tests to be applied to a particu-
lar apparatus or system. Its main aim is to give a general 
basic reference to all concerned product committees of 
the IEC. The product committees should select emission 
limits and test methods in consultation with CISPR. The 
product committees remain responsible for the appropri-
ate choice of the immunity tests and the immunity test 
limits to be applied to their equipment. Other methods, 
such as those covered in IEC 61000-4-3, CISPR 16-2-3 
and CISPR 16-2-4 may be used. This second edition can-
cels and replaces the first edition published in 2003. 

IEC 61000-6-3 ed2.1 Consol. with am1 — 
Emission standard
Publication Date: Feb. 17, 2011 

IEC 61000-6-3:2006+A1:2010 This part of IEC 61000 
for EMC emission requirements applies to electrical 
and electronic apparatus intended for use in residential, 
commercial and light-industrial environments. Emission 
requirements in the frequency range 0 Hz to 400 GHz 

are covered. No measurement needs to be performed at 
frequencies where no requirement is specified. This ge-
neric EMC emission standard is applicable if no relevant 
dedicated product or product-family EMC emission stan-
dard exists. This standard applies to apparatus intended 
to be directly connected to a low-voltage public mains 
network or connected to a dedicated DC source, which is 
intended to interface between the apparatus and the low-
voltage public mains network. This standard applies also 
to apparatus which is battery operated or is powered by a 
non-public, but non-industrial, low-voltage power distri-
bution system if this apparatus is intended to be used in 
the locations described below. The environments encom-
passed by this standard are residential, commercial and 
light-industrial locations, both indoor and outdoor.

IEC 61000-6-4 ed2.1 Consol. with am1 
— Emission standard for industrial 
environments
Publication Date: Feb. 23, 2011

IEC 61000-6-4:2006+A1:2010 This part of IEC 61000 
for EMC emission requirements applies to electrical 
and electronic apparatus intended for use in industrial 
environments as described below. Emission requirements 
in the frequency range 0 Hz to 400 GHz are covered. 
No measurement needs to be performed at frequencies 
where no requirement is specified. This generic EMC 
emission standard is applicable if no relevant dedicated 
product or product-family EMC emission standard exists.

IEC 61000-4-4 ed2.1 Consol. with am1 
— Electrical fast transient/burst 
immunity test
Publication Date: March 30, 2011 

IEC 61000-4-4:2004+A1:2010 Establishes a common 
and reproducible reference for evaluating the immunity 
of electrical and electronic equipment when subjected to 
electrical fast transient/bursts on supply, signal, control 
and earth ports. The test method documented in this 
part of IEC 61000-4 describes a consistent method to 
assess the immunity of an equipment or system against a 
defined phenomenon.

IEC 60118-13 ed3.0 - Electroacoustics - 
Hearing aids - Part 13: EMC
Publication Date: April 11, 2011 

IEC 60118-13:2011 in principle covers all relevant 
EMC phenomena for hearing aids. Hearing aid immu-
nity to high frequency electromagnetic fields originating 
from digital wireless devices operating in the frequency 
ranges 0,8 GHz to 0,96 GHz and 1,4 GHz to 2,48 GHz is 
currently identified as the only relevant EMC phenom-
enon regarding hearing aids.
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International Organization for 
Standardization (ISO) / IEC
ISO/IEC 17043: 2010, Conformity 
assessment — General requirements 
for proficiency testing
Publication Date: Jan. 29, 2010 

ISO/IEC 17043 specifies general requirements for the 
competence of providers of proficiency testing schemes 
and for the development and operation of proficiency 
testing schemes. Proficiency testing involves use of 
interlaboratory comparisons in the determination of a 
laboratory’s performance and, more specifically, in its 
on-going competence. Laboratories demonstrate their 
competence by complying with ISO/IEC 17025, General 
requirements for the competence of testing and calibra-
tion laboratories, and the need for additional confidence 
in their results is achieved through their participation 
in interlaboratory comparisons managed by proficiency 
testing provider operating in accordance with ISO/IEC 
17043. The new standard addresses management, plan-
ning, design and personnel of the proficiency testing 
provider. 

ISO/IEC TR 29125:2010 — Information 
technology
Publication Date: Sept. 22, 2010 

The International Organization for Standardization 
(ISO) / International Electrotechnical Commission (IEC) 
Technical Report, 29125:2010, targets the support of 
applications that provide remote power over balanced 
cabling to terminal equipment; covers the transmission 
and electrical parameters needed to support remote 
power over balanced cabling; covers various installation 
scenarios and how these may impact the capability of 
balanced cabling to support remote powering; specifies 
design and configuration of cabling as specified in Inter-
national Standards ISO/IEC 11801, ISO/IEC 15018, ISO/
IEC 24702 and ISO/IEC 24764; provides requirements 
and guidelines that will enable the support of a wide 
variety of extra low voltage (ELV) limited power source 
(LPS) applications using remote power supplied over bal-
anced cabling.

ISO/IEC TR 18047-6:2011 — Radio 
frequency identification device 
conformance test methods
Publication Date: Jan. 11, 2011 

ISO/IEC TR 18047-6:2011 defines test methods for 
determining the conformance of radio frequency identi-
fication (RFID) devices (tags and interrogators) for item 
management with the specifications given in ISO/IEC 
18000-6, but does not apply to the testing of conformity 
with regulatory or similar requirements.

The test methods require only that the mandatory 
functions, and any optional functions which are imple-

mented, be verified. This can, in appropriate circum-
stances, be supplemented by further, application-specific 
functionality criteria that are not available in the general 
case.

The interrogator and tag conformance parameters in 
ISO/IEC TR 18047-6:2011 are the following:
* type-specific conformance parameters including nomi-

nal values and tolerances;
* parameters that apply directly affecting system func-

tionality and inter-operability.
The following are not included in ISO/IEC TR 18047-

6:2011:
* parameters that are already included in regulatory test 

requirements;
* high-level data encoding conformance test parameters 

(these are specified in ISO/IEC 15962).

International Special Committee 
on Radio Interference (CISPR)
Implications of CISPR 16-1-1 Update to 
Include EMI

Publication Date: Jan. 28, 2010 
Thanks to the release by the International Electro-

technical Commission of Edition 3 of the CISPR 16-1-1 
standard, otherwise known as CISPR 16-1-1:2010, the 
world of electromagnetic interference measurement is 
undergoing a review. CISPR 16-1-1 specifies the char-
acteristics and performance of equipment for measur-
ing radio disturbance in the 9kHz to 18GHz frequency 
range, as well as providing requirements for specialized 
equipment for discontinuous disturbance measurements. 
The reason for the review is that the 2010 version of this 
standard now allows spectrum analyzers to be used to 
test EMI, in addition to dedicated, but more costly, EMI 
receivers. 

IEC Updates CISPR 11 Standard
Publication Date: March 10, 2010 

The International Electrotechnical Committee re-
leased an amendment to CISPR 11 – the radio-frequency 
EMC standard for industrial, scientific and medical 
equipment operating in the frequency range 0 Hz to 400 
GHz and to domestic and similar appliances designed to 
generate and/or use locally radio-frequency energy. This 
consolidated version consists of the 2009 fifth edition 
and a 2010 amendment. This standard covers emission 
requirements related to radio-frequency (RF) disturbanc-
es in the frequency range of 9 kHz to 400 GHz. Measure-
ments need only be performed in frequency ranges where 
limits are specified in Clause 6. For ISM RF applications 
in the meaning of the definition found in the ITU Radio 
Regulations, this standard covers emission requirements 
related to radio-frequency disturbances in the frequency 
range of 9 kHz to 18 GHz. Requirements for ISM RF 
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lighting apparatus and UV irradiators operating at fre-
quencies within the ISM frequency bands defined by the 
ITU Radio Regulations are contained in this standard. 
Equipment covered by other CISPR product and product 
family emission standards are excluded from the scope of 
this standard.

CISPR 22 ed6.0 corrigendum
Publication Date: April 22, 2010 

Interpretation Sheet 2 - Information technology 
equipment - Radio disturbance characteristics - Limits 
and methods of measurement. At the CISPR SC I plena-
ry, held on the 27th October 2007, a decision was taken 
to set the maintenance date for CISPR 22, Edition 6 to 
2012. As a result the work identified within CISPR/I/279/
MCR will not be started for the time being. At the sub-
sequent meeting of CISPR SC I WG3 it was decided that 
3 items within the MCR would benefit now from further 
clarification and an interpretation sheet would be helpful 
to users of the standard, with the intent of including this 
information in a future amendment to the standard.

CISPR 16-1-4 ed3.0 — Specification for 
radio disturbance and immunity 
measuring apparatus and methods 
Publication Date: April 27, 2010 

CISPR 16-1-4:2010 specifies the characteristics and 
performance of equipment for the measurement of 
radiated disturbances in the frequency range 9 kHz to 
18 GHz. Specifications for antennas and test sites are 
included. The requirements of this publication apply at 
all frequencies and for all levels of radiated disturbances 
within the CISPR indicating range of the measuring 
equipment. Methods of measurement are covered in 
Part 2-3, and further information on radio disturbance is 
given in Part 3 of CISPR 16. 

CISPR 16-2-3 ed3.0 — Specification 
for radio disturbance and immunity 
measuring apparatus and methods 
Publication Date: April 27, 2010 

CISPR 16-2-3:2010 specifies the methods of measure-
ment of radiated disturbance phenomena in the fre-
quency range of 9 kHz to 18 GHz. The aspects of mea-
surement uncertainty are specified in CISPR 16-4-1 and 
CISPR 16-4-2. This third edition of CISPR 16-2-3 cancels 
and replaces the second edition published in 2006. It is a 
technical revision.

CISPR 11 ed5.1 Consol. with am1 — 
Industrial, scientific and medical 
equipment
Publication Date: May 19, 2010 

CISPR 11:2009+A1:2010 applies to industrial, sci-
entific and medical electrical equipment operating in 
the frequency range 0 Hz to 400 GHz and to domestic 
and similar appliances designed to generate and/or use 

locally radio-frequency energy. CISPR 11:2009 covers 
emission requirements related to radio-frequency (RF) 
disturbances in the frequency range of 9 kHz to 400 
GHz. Measurements need only be performed in frequen-
cy ranges where limits are specified in Clause 6. For ISM 
RF applications in the meaning of the definition found 
in the ITU Radio Regulations (see Definition 3.1), this 
standard covers emission requirements related to radio-
frequency disturbances in the frequency range of 9 kHz 
to 18 GHz. Requirements for ISM RF lighting apparatus 
and UV irradiators operating at frequencies within the 
ISM frequency bands defined by the ITU Radio Regula-
tions are contained in this standard. 

CISPR 16-2-3-am1 ed3.0, Amendment 1 
Publication Date: June 21, 2010 

Amendment 1 - Specification for radio disturbance 
and immunity measuring apparatus and methods - Part 
2-3: Methods of measurement of disturbances and im-
munity - Radiated disturbance measurements 

CISPR/TR 18-1 ed2.0 — Radio 
interference characteristics of 
overhead power lines 
Publication Date: June 24, 2010 

CISPR 18-1:2010(E), which is a technical report, ap-
plies to radio noise from overhead power lines and high-
voltage equipment which may cause interference to radio 
reception. The scope of this publication includes the 
causes, measurement and effects of radio interference, 
design aspects in relation to this interference, meth-
ods and examples for establishing limits and predic-
tion of tolerable levels of interference from high voltage 
overhead power lines and associated equipment, to the 
reception of radio broadcast services. The frequency 
range covered is 0,15 MHz to 300 MHz. Radio frequency 
interference caused by the pantograph of overhead rail-
way traction systems is not considered in this technical 
report. This second edition cancels and replaces the first 
edition published in 1982. It is a technical revision.

CISPR/TR 18-2 ed2.0 — Methods of 
Measurement and procedure for 
determining limits
Publication Date: June 24, 2010 

A general procedure for establishing the limits of the 
radio noise field from the power lines and equipment is 
recommended, together with typical values as examples, 
and methods of measurement. The clause on limits con-
centrates on the low frequency and medium frequency 
bands and it is only in these bands where ample evidence, 
based on established practice, is available. No examples 
of limits to protect radio reception in the frequency band 
30 MHz to 300 MHz have been given, as measuring 
methods and certain other aspects of the problems in 
this band have not yet been fully resolved. Site measure-
ments and service experience have shown that levels of 
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noise from power lines at frequencies higher than 300 
MHz are so low that interference is unlikely to be caused 
to television reception. The values of limits given as 
examples are calculated to provide a reasonable degree of 
protection to the reception of broadcasting at the bound-
ary of the recognized service areas of the appropriate 
transmitters in the radio frequency bands used for a.m. 
broadcasting, in the least favourable conditions likely to 
be generally encountered. These limits are intended to 
provide guidance at the planning stage of the line and na-
tional standards or other specifications against which the 
performance of the line may be checked after construc-
tion and during its useful life. The measuring apparatus 
and methods used for checking compliance with limits 
should comply with the respective CISPR specifications, 
as e.g. the basic standards series CISPR 16. This second 
edition cancels and replaces the first edition published in 
1986. It is a technical revision. 

CISPR/TR 18-3 ed2.0 — Code of practice 
for minimizing the generation of radio 
noise
Publication Date: June 24, 2010 

CISPR 18-3:2010(E), which is a technical report, applies 
to radio noise from overhead power lines and high-
voltage equipment which may cause interference to radio 
reception, excluding the fields from power line carrier 
signals. The frequency range covered is 0,15 MHz to 300 
MHz. This second edition cancels and replaces the first 
edition published in 1986. It is a technical revision. 

CISPR 16-2-2 ed2.0 — Specification 
for radio disturbance and immunity 
measuring apparatus and methods 
Publication Date: July 28, 2010 

CISPR 16-2-2:2010 specifies the methods of measure-
ment of disturbance power using the absorbing clamp in 
the frequency range 30 MHz to 1 000 MHz. This second 
edition cancels and replaces the first edition (2003), 
its Amendment 1 (2004) and Amendment 2 (2005). It 
constitutes a technical revision. It includes the following 
significant technical changes with respect to the previ-
ous edition: provisions for the use of spectrum analyzers 
for compliance measurements (Annex D) and the use of 
FFT-based test instrumentation (Clauses 3, 6 and 8) are 
now included. CISPR 16-2-2:2010 has the status of a basic 
EMC publication in accordance with IEC Guide 107, 
Electromagnetic compatibility - Guide to the drafting of 
electromagnetic compatibility publications. 

CISPR 16-2-1-am1 ed2.0 — Specification 
for radio disturbance and immunity 
measuring apparatus and methods
Publication Date: July 28, 2010 

The International Electrotechnical Commission 
recently launched the CISPR 16-2-1-am1 ed 2.0 specifi-
cation covering the methods of measurement of distur-

bances and immunity - conducted disturbance measure-
ments.

CISPR/TR 16-3 ed3.0 — Specification 
for radio disturbance and immunity 
measuring apparatus and methods
Publication Date: Aug. 10, 2010 

CISPR/TR 16-3:2010(E) is a collection of technical 
reports that serve as background and supporting in-
formation for the various other standards and techni-
cal reports in CISPR 16 series. In addition, background 
information is provided on the history of CISPR, as well 
as a historical reference on the measurement of interfer-
ence power from household and similar appliances in the 
VHF range. Over the years, CISPR prepared a number 
of recommendations and reports that have significant 
technical merit but were not generally available. Reports 
and recommendations were for some time published 
in CISPR 7 and CISPR 8. At its meeting in Campinas, 
Brazil, in 1988, CISPR subcommittee A agreed on the 
table of contents of Part 3, and to publish the reports 
for posterity by giving the reports a permanent place 
in Part 3. With the reorganization of CISPR 16 in 2003, 
the significance of CISPR limits material was moved to 
CISPR 16-4-3, whereas recommendations on statistics of 
disturbance complaints and on the report on the deter-
mination of limits were moved to CISPR 16 4-4. The con-
tents of Amendment 1 (2002) of CISPR 16-3 were moved 
to CISPR 16-4-1. This third edition of CISPR 16-3 cancels 
and replaces the second edition published in 2003, and 
its Amendments 1 (2005) and 2 (2006). It is a technical 
revision. The main technical change with respect to the 
previous edition consist of the addition of a new clause 
to provide background information on FFT instrumenta-
tion. 

CISPR 24 ed2.0 — Information 
technology equipment
Publication Date: Aug. 24, 2010 

CISPR 24:2010 applies to information technology 
equipment (ITE) as defined in CISPR 22. The object of 
this publication is to establish requirements that will 
provide an adequate level of intrinsic immunity so that 
the equipment will operate as intended in its environ-
ment. The publication defines the immunity test re-
quirements for equipment within its scope in relation to 
continuous and transient conducted and radiated distur-
bances, including electrostatic discharges (ESD). Proce-
dures are defined for the measurement of ITE and limits 
are specified which are developed for ITE within the 
frequency range from 0 Hz to 400 GHz. For exceptional 
environmental conditions, special mitigation measures 
may be required. Owing to testing and performance 
assessment considerations, some tests are specified in de-
fined frequency bands or at selected frequencies. Equip-
ment which fulfils the requirements at these frequencies 
is deemed to fulfil the requirements in the entire fre-
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quency range from 0 Hz to 400 GHz for electromagnetic 
phenomena. The test requirements are specified for each 
port considered. This second edition cancels and replaces 
the first edition published in 1997, and its Amendments 
1(2001) and 2(2002). It is a technical revision. 

CISPR 16-1-1 ed3.1 Consol. with am1 — 
Specification for radio disturbance 
and immunity measuring apparatus 
and methods
Publication Date: Nov. 10, 2010 

CISPR 16-1-1:2010+A1:2010 specifies the characteris-
tics and performance of equipment for the measurement 
of radio disturbance in the frequency range 9 kHz to 18 
GHz. In addition, requirements are provided for special-
ized equipment for discontinuous disturbance measure-
ments. 

The specifications in this standard apply to EMI 
receivers and spectrum analyzers. This third edition 
cancels and replaces the second edition published in 
2006, and its Amendments 1 (2006) and 2 (2007). It is 
a technical revision. This main technical change with 
respect to the previous edition consists of the addition 
of new provisions for the use of spectrum analyzers for 
compliance measurements. CISPR 16-1-1:2009 has the 
status of a basic EMC publication in accordance with IEC 
Guide 107, Electromagnetic compatibility - Guide to the 
drafting of electromagnetic compatibility publications. 

CISPR 16-2-1 Ed. 2.1 b:2010 — 
Specification for radio disturbance 
and immunity measuring apparatus
Publication Date: Dec. 16, 2010 

CISPR 16-2-1:2008+A1:2010 specifies the methods 
of measurement of disturbance phenomena in general 
in the frequency range 9 kHz to 18 GHz and especially 
of conducted disturbance phenomena in the frequency 
range 9 kHz to 30 MHz. 

This second edition of CISPR 16-2-1 cancels and 
replaces the first edition (2003) and its Amendment 
1 (2005) and constitutes a technical revision. CISPR 
16-2-1:2008 includes significant technical changes with 
respect to the previous edition. In general, this new edi-
tion aims at reducing compliance uncertainty in corre-
spondence with findings in CISPR 16-4-1. Guidelines are 
given on

- resonance-free connection of the AMN to reference 
ground,

- avoidance of ground loops, and
- avoidance of ambiguities of the test setup of EUT 

and AMN with respect to the reference ground plane.
In addition, terms are clarified, a new type of ancillary 

equipment (CVP) is applied, and a clarification for the use 
of the AAN and AMN on the same EUT is provided.  

European Telecommunications 
Standards Institute (ETSI)
New Versions of EMC and Radio 
Spectrum Matters Standards
Publication Date: Feb. 12, 2010 

ETSI EN 300 330-1 V1.7.1 and ETSI EN 300 330-2 
V1.5.1, regarding radio equipment in the frequency range 
9 kHz to 25 MHz and inductive loop systems in the fre-
quency range 9 kHz to 30 MHz, discuss technical char-
acteristics and test methods (Part 1) and harmonized EN 
covering the essential requirements of article 3.2 of the 
R&TTE Directive (Part 2).

ETSI EN 302 645 V1.1.1 — 
Electromagnetic compatibility and 
Radio spectrum Matters
Publication Date: March 18, 2010 

ETSI EN 302 645 V1.1.1 applies to GNSS repeaters. 
GNSS pseudolites as well as GNSS Receivers are not 
covered by the present document. GNSS repeaters are 
devices designed to re-transmit GNSS signals unchanged 
inside buildings in order to provide a usable signal for 
GNSS receivers that are out of sight of the GNSS satellite 
constellation or that they are unable to connect to GNSS 
signal simulators. A number of potential uses for such 
devices have been identified, such as the provision of a 
signal for test and development purposes and avoiding 
the need for receivers in emergency vehicles to re-acquire 
lock upon leaving a garage. 

ETSI EN 301 025-1 V1.4.1 — 
Electromagnetic compatibility and 
Radio spectrum Matters
Publication Date: March 30, 2010 

ETSI EN 301 025-1 V1.4.1 covers the minimum 
requirements for general communication for shipborne 
fixed installations using a VHF radiotelephone operat-
ing in certain frequency bands allocated to the maritime 
mobile service using 25 kHz or 25 kHz and 12,5 kHz 
channels and associated equipment for DSC - class D. 
These requirements include the relevant provisions of the 
ITU Radio Regulations, appendix 18 [1], ITU-R Recom-
mendations M.493-12 [3] (where class D is defined), 
M.825-3 [i.5] and incorporate the relevant guidelines of 
the IMO as detailed in IMO Circular MSC/Circ-803 [i.2]. 
The present document also specifies technical character-
istics, methods of measurement and required test results.

ETSI TR 102 799 — Electromagnetic 
compatibility and Radio spectrum 
Matters
Publication Date: June, 2010 

ETSI TR 102 799 analyses the various possible tech-
niques for spectrum access systems for PMSE technolo-
gies and for the guarantee of a high sound production 
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quality on selected frequencies utilizing cognitive inter-
ference mitigation techniques and recommends a specific 
method.

ETSI EN 301 442 V1.2.1 — New ETSI 
Standard on EMC and Radio Spectrum 
Matters
Publication Date: Aug. 5, 2010 

The present document applies to the following Short 
Range Device major equipment types:

1) Generic Short Range Devices, including alarms, 
telecommand, telemetry, data transmission in general, 
etc.;

2) Radio Frequency Identification (RFID);
3) Radiodetermination, including detection, move-

ment and alert applications. These radio equipment types 
are capable of operating in the permitted frequency 
bands within the 1 GHz to 40 GHz range:

• either with a Radio Frequency (RF) output connec-
tion and dedicated antenna or with an integral antenna;

• for all types of modulation;
• with or without speech.

ETSI Standard on EMC and Radio 
Spectrum Matters
Publication Date: Sept. 2, 2010 

The European Telecommunications Standards In-
stitute released a six-part standard on electromagnetic 
compatibility and radio spectrum matters (ERM); peer-
to-peer digital private mobile radio. They include:

ETSI TS 102 587-1 V1.3.1: Part 1: Conformance test-
ing; Protocol Implementation Conformance Statement 
(PICS) proforma 

ETSI TS 102 587-2 V1.3.1: Part 2: Conformance test-
ing; Test Suite Structure and Test Purposes (TSS&TP) 
specification 

ETSI TS 102 587-3 V1.3.1: Part 3: Requirements cata-
logue 

ETSI TS 102 587-4 V1.2.1: Part 4: Conformance test-
ing; Abstract Test Suite (ATS) 

ETSI TS 102 587-5 V1.3.1: Part 5: Interoperability 
testing; Interoperability Test Suite Structure and Test 
Purposes (TSS&TP) specification 

ETSI TS 102 587-6 V1.2.1: Part 6: Interoperability 
testing; Test Descriptions (TD)

ETSI TR 102 704 V1.1.1 - Electromagnetic 
compatibility and Radio spectrum 
Matters
Publication Date: Dec. 2, 2010 

The present document describes the spectrum re-
quirements, technical characteristics and application 
scenarios for mobile and infrastructure radio location 
applications in the frequency range of 76 GHz to 77 
GHz. The present document provides a proposal for the 
introduction of the planned applications for surveillance 
radar for operating in the 76 GHz to 77 GHz band and 

defines characteristics and operation modes for fixed or 
quasi fixed installation, industrial, airborne/space and 
for ground vehicular applications in order not to impair 
the operation of the existing automotive vehicle SRRs 
operating in the same frequency range as well as for 
applications in adjacent bands. The present document ex-
cludes radar sensor for level and tank level probing [i.8]. 
The present document also analyses the current ECC 
decision ECC(02)01 [i.2] and proposes to revise the ECC 
decision for sharing the new intended surveillance radar 
application with the EN 301 091 [i.1] type equipment in 
same frequency band.

Institute of Electrical and 
Electronics Engineers (IEEE)
Distributed Network Protocol 
Standard Set to Benefit Smart Grid 
Publication Date: July 1 2010 

IEEE ratified its IEEE 1815 Distributed Network 
Protocol (DNP3) standard for electric power systems 
communications. The new standard, which improves 
device interoperability and strengthens security proto-
cols, was fast-tracked for completion and was delivered 
in only seven months. Scheduled for final publication 
in July 2010, IEEE 1815 is expected to play a significant 
role in the development and deployment of Smart Grid 
technologies. 

New IEEE 802.11 Amendment Covers 
Vehicular Environments
Publication Date: July 15, 2010

The latest IEEE 802.11 standard covers wireless 
LANs in vehicular environments. The standard is IEEE 
802.11p™, “IEEE Standard for Information Technology — 
Telecommunications and information exchange between 
systems — Local and metropolitan area networks — 
Specific requirements---Part 11: Wireless LAN Medium 
Access Control (MAC) and Physical Layer (PHY) speci-
fications---Amendment 6: Wireless Access in Vehicular 
Environments.” IEEE 802.11p is the groundwork for 
Dedicated Short Range Communications (DSRC), a U.S. 
Department of Transportation project looking at vehicle-
based communication networks, particularly for applica-
tions such as toll collection, vehicle safety services, and 
commerce transactions.

Latest Version of IEEE 1641 — Signal 
and Test Definition
Publication Date: Sept. 17, 2010 

The latest revision to IEEE 1641™, “IEEE Standard for 
Signal and Test Definition,” continues the trend of mak-
ing the standard more rigorous, according to IEEE Stan-
dardsWire. IEEE 1641 provides the means to define and 
describe signals used in testing. It also provides a set of 
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common basic signals, built upon formal mathematical 
specifications so that signals can be combined to form 
complex signals usable across all test platforms.

IEEE 802.22.1-2010 — Information 
Technology
Publication Date: Nov. 1, 2010

IEEE Standard for Information Technology--Telecommu-
nications and information exchange between systems--
Local and metropolitan area networks--Specific require-
ments Part 22.1: Standard to Enhance Harmful Interfer-
ence Protection for Low-Power Licensed Devices Operat-
ing in TV Broadcast Bands defines the protocol and data 
formats for communication devices forming a beaconing 
network that are used to protect low-power, licensed de-
vices operating in television broadcast bands from harm-
ful interference generated by license-exempt devices, 
such as Wireless Regional Area Networks (WRAN), 
intended to operate in the same bands. The devices being 
protected are devices licensed as secondary under Title 
47, Part 74, Subpart H in the USA and equivalent devices 
in other regulatory domains.

IEEE to Develop Standard for Energy 
Storage in Smart Grids
Publication Date: Jan. 13, 2011 

A new project from IEEE will develop guidelines to 
help facilitate the wide-scale and consistent implemen-
tation of energy storage systems to support the power 
infrastructure of the smart grid. The project, IEEE 
P2032.2™, “Guide for the Interoperability of Energy Stor-
age Systems Integrated with the Electric Power Infra-
structure,” is being developed by the IEEE Standards 
Association Standards Board and its SCC21 - Fuel Cells, 
Photovoltaics, Dispersed Generation, and Energy Storage 
Committee.

Updated Standard Covers Analog-to-
Digital Converters
Publication Date: Jan. 14, 2011 

The IEEE 1241 standard covering analog-to-digital 
converters has been updated to address conflicts with 
other standards. IEEE 1241-2010™, “IEEE Standard for 
Terminology and Test Methods for Analog-to-Digital 
Converters,” incorporates many corrections and new 
information. It also contains revised language that is 
more consistent with IEEE 1057™ and other standards. 
IEEE 1241 provides common terminology and test meth-
ods for the testing and evaluation of analog-to-digital 
converters. 

IEEE 1036 — First Revision to Shunt 
Power Capacitors Guide
Publication Date: Jan. 17, 2011 

IEEE has published a revision to IEEE 1036™, “IEEE 
Guide for Application of Shunt Power Capacitors.” This 
is the first revision to the standard since 1992. IEEE 1036 

applies to the use of 50 and 60 Hz shunt power capacitors 
rated 2400 Vac and above, and assemblies of capacitors. 
It includes guidelines for the application, protection, and 
ratings of equipment for the safe and reliable utilization 
of shunt power capacitors. The guide also covers applica-
tions that range from simple unit utilization to complex 
bank situations.

IEEE EMC Society Withdraws From 
Power Line Communications Committee

Citing concerns about parts of its technical content, 
the IEEE EMC Society Standards Development Commit-
tee (SDCom) voted to withdraw as the cosponsor of IEEE 
Standard for Power Line Communication Equipment 
-- Electromagnetic Compatibility (EMC) Requirements 
-- Testing and Measurement Methods (IEEE Standard 
1775-2010). 

VCCI Council
Japan VCCI: Compliance with Limits on 
Radiated Disturbance Above 1GHz
VCCI Council will start enforcement of confor-
mity with limits on radiated disturbance above 1GHz of 
products subject to conformity verification report filing 
on and after Oct. 1, 2010. However, it is up to each mem-
ber to decide if he will opt in conformity assessment tests 
above 1GHz until September 2011. 

Nevertheless, however, let us ask you to positively 
go ahead and ship products conforming to the 1GHz+ 
requirement by filing conformity verification reports on 
and after October 1, 2010 as if there were no 1-year grace 
period because VCCI runs its operation based on CISPR 
standards transposed to Japanese standard by the Infor-
mation and Communication Committee, and July 2007 
Japanese standard says implementation of 1GHz+ should 
start in 2010. 

Other News
European Commission Urges Harmony 
on Radio Spectrum
The European Commission adopted in May har-
monized technical rules for member states on the alloca-
tion of radio frequencies, aimed at avoiding interference 
and boosting its efforts to improve the deployment of 
high-speed wireless Internet services. 

Europe Wants Unified System for 
Recharging Electric Cars
European Union nations agreed on the need to 
develop a standardized system for recharging electric 
cars throughout Europe by next year. The union’s 27 
industry ministers, meeting in Brussels in May, said the 
standardization is important for a number of reasons, 
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including to address safety risks and electromagnetic 
compatibility issues.

FCC ALlows Additional 25 MHz of 
Spectrum for Mobile Broadband Use 
The Federal Communications Commission on May 
20 adopted WT Docket No. 07-293, new rules allowing 
for an additional 25 megahertz of spectrum to be avail-
able for mobile broadband service in much of the United 
States, while protecting adjacent satellite radio and aero-
nautical mobile telemetry operations. The rules adopted 
amend the Wireless Communications Service (WCS) 
rules to immediately make 25 megahertz of spectrum 
available for mobile broadband services. The FCC also 
adopted enhanced build-out requirements for WCS li-
censees, to ensure that the promise of mobile broadband 
is realized. These requirements are designed to spur in-
vestment that will promote the deployment of innovative 
mobile broadband services across the country.

FCC Opens Access to White Spaces 
Spectrum
The U.S. Federal Communications Commission 
voted to open unused spectrum in the television band to 
unlicensed wireless broadband devices, a move that will 
give U.S. residents access to “super Wi-Fi.” The five-mem-
ber FCC voted unanimously to allow the use of so-called 
“white spaces” between TV stations to deliver broadband 
connections that can function as “super Wi-Fi,”  as the 
agency is calling the new technology. The agency is hop-
ing to see devices with the technology start to appear 
within a year.

European Union Publishes New List of 
Harmonized Standards
Commission communication in the framework of 
the implementation of Directive 2004/108/EC of the 
European Parliament and of the Council of 15 December 
2004 on the approximation of the laws of the Member 
States relating to electromagnetic compatibility and 
repealing Directive 89/336/EEC.

European Standards Groups Agree on 
Micro-USB
European standardization bodies CEN-CENELEC 
and ETSI have agreed to make micro-USB the standard 
interface port for smartphones in Europe. The standards 
allow for interoperability, i.e. the common charger is 
compatible with data-enabled mobile telephones of dif-
ferent brands. They also take account of safety risks and 
electro-magnetic emissions and ensure that common 
chargers have sufficient immunity to external interfer-
ence. This is the most recent development in the process 
towards a global common mobile phone charger initi-
ated by the European Commission. It follows the June 
2009 agreement of 14 leading mobile phone producers to 
harmonize chargers for data-enabled mobile phones (i.e. 

that can be connected to a computer) sold in the Euro-
pean Union. 

Jedec to Create Standards for 
Smaller SSDs
JEDEC Solid State Technology Association an-
nounced that its JC-64.8 Subcommittee for Solid State 
Drives will target the development of standards for SSDs 
in applications beyond conventional disk drive form 
factors. According to Jedec (Arlington, Va.), the interest 
in developing standards for unconventional form factor 
SSDs is being driven by rising demand for smaller con-
sumer electronics devices. 

International Groups Advance Global 
Electric Vehicle Roll-Out
The International Electrotechnical Commission 
(IEC) and e8, a global organization of 10 electricity 
companies, for the first time, brought together all major 
stakeholders that need to collaborate to accelerate the 
global roll-out of electric vehicles (EVs). At this interna-
tional round table that took place on Jan. 19 in Washing-
ton D.C., USA, and which represents a milestone in the 
future growth of these vehicles, all participants con-
firmed that the IEC’s existing and proposed International 
Standards for EV charging satisfy their global needs. The 
objective of the round table was to determine priorities 
for the development of EV-related standards, to define 
future needs, and to accelerate the broad adoption of the 
relevant international standards that will enable global 
interoperability and connectivity. Follow-up meetings 
are being planned.

FCC Steps Up Cell Phone, GPS Jamming 
Enforcement Efforts
The FCC Enforcement Bureau announced new ef-
forts to clamp down on the marketing, sale, and use of 
illegal cell phone and GPS jamming devices. Jamming 
devices are radio frequency transmitters that intention-
ally block, jam, or interfere with lawful communications, 
such as cell phone calls, text messages, GPS systems, 
and Wi-Fi networks.  A single violation of the jamming 
prohibition can result in tens of thousands of dollars 
in monetary penalties, seizure of the illegal device, and 
imprisonment. The Bureau released two Enforcement 
Advisories and a downloadable poster on cellphone and 
GPS jamming that warn consumers, manufacturers, and 
retailers (including online and Web-only companies) that 
the marketing, sale, or use of cell, GPS, and other jam-
ming devices is illegal. These steps highlight a new out-
reach phase of the Bureau’s continuing effort to halt the 
distribution and proliferation of illegal jamming devices 
in the United States. In the last two weeks, the Bureau 
issued warnings to four well-known online retailers – 
including the company that markets the TxTStopperTM 
– directing them to cease marketing jamming devices to 
customers in the U.S. or face stiff fines.
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IEEE Electromagnetic Compatibility 
Society (S-27)
Headquarters:

IEEE Operations Center
445 Hoes Lane, P.O. Box 1331
Piscataway, NJ 08855-1331
Phone: (732) 981-0060
www.ewh.ieee.org

President: Francesca Maradei, fr.maradei@ieee.org

The Institute of Electrical & Electronics Engineers 
(IEEE), the world’s largest professional engineering society, is a 
global organization of individuals dedicated to improving the 
understanding of electrical and electronics engineering and its 
applications to the needs of society. The parent organization 
has over 360,000 members, approximately 70 percent of whom 
belong to technical groups such as the EMC Society.

Membership in the IEEE is on a qualified basis, with a 
basic annual fee of between $140.00 and $180.00 depending 
on the region of the world. The U.S. fee is $180.00. The In-
stitute offers major medical and life insurance at low group 
rates, and each member receives a copy of the monthly 
publication, Spectrum. Affiliate, associate, and student 
memberships are available for those who do not qualify for 
regular membership; and special arrangements are pro-
vided for those temporarily out of work. Members may join 
one or more of the 39 technical societies by paying the ad-
ditional individual society fee(s). The EMC Society has an 
annual fee of $25.00. Student memberships are $13.00.

The EMC Society, which enjoys a membership of over 
5000, functions through a Board of Directors elected by 
the Society membership. The Board includes 20 members-
at-large who serve staggered 3-year terms. The Executive 
Board consists of the President, President-Elect, Immediate 
Past President, Secretary, Treasurer, and five Vice Presi-
dents, who oversee the activities of standing and techni-
cal committees. The officers are elected by the Board of 
Directors. The annual IEEE International Symposium on 
Electromagnetic Compatibility is sponsored by the Board 
of Directors, which also coordinates activities of standing 
technical and ad hoc committees.

EMC Society publications include Transactions on 
EMC, a quarterly journal which features state-of-the-art 
papers on interference technology and EMC, and the EMC 
Society Newsletter, a quarterly newsletter of society activi-
ties, industry developments, practical papers, and notices 
of meetings, regulations, and new publications.

The EMC Society also has a group of distinguished lec-
turers who are available to present talks to IEEE and other 
organizations. The Society subsidizes the lecturers’ expens-
es, and organizations are encouraged to contact the society 
for further details.

Chairmen of these committees welcome assistance and 
indications of interest in committee activities from the EMC 

Society membership. EMC Society activities are provided by 
54 chapters with members in 61 countries worldwide.

A Committee Directory, listing officer, board, commit-
tee, and chapter contacts’ names, addresses, and telephone 
numbers, is available on the IEEE EMC Society website at 
www.emcs.org.

The EMC Society is also active in technical conferences 
and symposia through its sponsorship of the annual Inter-
national Electromagnetic Compatibility Symposium and 
participation in other worldwide symposia. Symposia and 
conferences are announced in the EMC Society Newsletter.

The IEEE Symposium on Electromagnetic Compatibility 
will be held in Long Beach, Calif. USA from August 14-19, 
2011. Visit the Symposium website at www.emc2011.org.

The EMC Society has published a number of standards. 
For information on EMC Society and other IEEE standards, 
contact the IEEE Operations Center, 445 Hoes Lane, P.O. 
Box 1331, Piscataway, NJ 08855-1331; Phone: (732) 981-0060.

IEEE Product Safety  
Engineering Society
While product safety had been addressed in 
various committees over the years, there was never a pro-
fessional society or symposium solely devoted to product 
safety engineering as a discipline until recently. The IEEE 
Product Safety Engineering Society (PSES) began operation 
on 1 January 2004. 

The field of interest of the Society is the theory, design, 
development and implementation of product safety engi-
neering for electronic and electro-mechanical equipment 
and devices. This includes the theoretical study and practi-
cal application of analysis techniques, testing methodolo-
gies, conformity assessments, and hazard evaluations.

The Society’s mission is to strive for the advancement of 
the theory and practice of applied electrical and electronic 
engineering as applied to product safety and of the allied 
arts and sciences.

The Society provides a focus for cooperative activities, 
both internal and external to IEEE, including the pro-
motion and coordination of product safety engineering 
activities among IEEE entities. In addition, the Society will 
provide a forum for product safety engineering profes-
sionals and design engineers to discuss and disseminate 
technical information, to enhance personal product safety 
engineering skills, and to provide product safety engineer-
ing outreach to engineers, students and others with an 
interest in the field. The Society is accepting members at 
any time during the calendar year, both full IEEE members 
and affiliate members. Membership is available at www.
ieee.org/services/join/. 

The IEEE Product Safety Engineering Society works closely 
with various IEEE Societies and Councils that also include 
product safety engineering as a technical specialty. Currently 
there are 14 chapters with more in the formation process.

professional societies
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Every year, the PSES hosts a Symposium on Product 
Compliance Engineering. The next conference will be in 
San Diego, California, USA on 10-12 October 2011. The 
Symposium will consist of Technical Sessions, Workshops, 
Tutorials and Demonstrations specifically targeted to the 
compliance engineering professional. Attendees will have 
the opportunity to discuss problems with vendors display-
ing the latest regulatory compliance products and services. 
For more information, visit http://www.ieee-pses.org/sym-
posium/. Past papers from the Symposia are available in 
IEEE Xplore or on CD (for a fee).

In addition to hosting an annual conference, the PSES 
provides the opportunity for product safety engineers to 
publish technical papers in a newsletter. See http://www.
ieee-pses.org/newsletters.html. For further information 
and details on the Society, including becoming an author, 
please visit the website at www.ieee-pses.org.

dB Society
This unique, interesting, and exclusive fraternity 
of EMC engineers was founded in 1975 by 10 eminent EMC 
engineers. The purpose of the dB Society is to open doors 
within the EMC community. Its primary objectives are to 
greet and to welcome new engineers, suppliers, vendors, 
and manufacturers to the EMC community and to assist 
them in establishing contacts in the EMC field.

The following membership requirements are unique and 
rigidly enforced:
•	 Ten years of service to the EMC community,
•	 Five years of service to a recognized professional, EMC 

organization,
•	 Sponsorship by two Duo-Decade members,
•	 Favorable recommendations by three other recognized 

individuals in the EMC community, and
•	 Acceptance by the Admissions Board.

Business meetings and informal, relaxed get-togethers 
take place during major EMC functions. A formal evening 
social function is the highlight of each year and is usually 
conducted during the IEEE EMC Symposium. All meetings 
are for members only.

U.S. membership is limited to 100 EMC engineers. 
There are Society affiliates in the United Kingdom, India, 
and Israel. Qualified candidates are invited to write to:

The dB Society
22117 NE 10th Place
Sammamish, WA 98074
FAX: (425) 868-0547
E-mail: j.n.oneil@ieee.org

ESD Association
Headquarters:

ESD Association
7900 Turin Road, Building 3
Rome, NY 13440-2069
phone: 315-339-6937
fax: 315-339-6793
email: info@esda.org
website: www.esda.org

Founded in 1982, the ESD Association is a pro-
fessional voluntary association dedicated to advancing 
the theory and practice of electrostatic discharge (ESD) 
avoidance. From fewer than 100 members, the Association 
has grown to more than 2,000 members throughout the 
world. From an initial emphasis on the effects of ESD on 
electronic components, the Association has broadened its 
horizons to include areas such as textiles, plastics, web pro-
cessing, cleanrooms, and graphic arts. To meet the needs 
of a continually changing environment, the Association is 
chartered to expand ESD awareness through standards de-
velopment, educational programs, local chapters, publica-
tions, tutorials, certification, and symposia.

ELECTROSTATIC DISCHARGE (ESD) TECHNOLOGY 
ROADMAP
In the late 1970s, electrostatic discharge, or ESD, became a 
problem in the electronics industry. Low-level ESD events 
from people were causing device failures and yield losses. 
As the industry learned about this phenomenon, both 
device design improvements and process changes were 
made to make the devices more robust and processes more 
capable of handling these devices. With devices becoming 
more sensitive through the year 2010, it is imperative that 
companies begin to determine the ESD capabilities of their 
handling processes. The ESD Technology Roadmap can be 
downloaded at: www.esda.org

ANSI/ESD S20.20 CONTROL PROGRAM 
STANDARD AND CERTIFICATION
A primary direction for the association is the continued 
implementation of a facility certification program in con-
junction with ISO registrars. With the association’s ESD 
control program standard, ANSI/ESD S20.20: Protection 
of Electrical and Electronic Parts, Assemblies and Equip-
ment (Excluding Electrically Initiated Explosive Devices), 
the Association offers a means of independently assessing 
a company’s ESD control program and of issuing a formal 
ANSI/ESD S20.20 certification.

The ANSI/ESD S20.20 standard covers the requirements 
necessary to design, establish, implement, and maintain 
an ESD control program to protect electrical or electronic 
parts, assemblies and equipment susceptible to ESD damage 
from Human Body Model (HBM) discharges greater than 
or equal to 100 volts. Developed in response to the Military 
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Standardization Reform Act, ANSI/ESD S20.20 has been 
formally adopted for use by the U.S. Department of Defense.

Although ESD programs have been part of some ISO 
9000 audits in the past, the assessment frequently has been 
cursory and actual judgment of the program has been left 
to the individual auditor. ANSI/ESD S20.20 provides a 
formal, consistent process standard that can be audited. It 
provides a single, auditable ESD standard for OEM’s, sup-
pliers, and contractors. To date, there are approximately 
132 facilities in 13 countries that have become ANSI/ESD 
S20.20 certified.

Accredited registrars conduct the actual assessments of 
the companies. The association has developed a training 
program for the registrars and supervises registrar witness 
audits. This independent assessment of a company’s ESD 
control program could be performed as part of the com-
pany’s ISO 9000 surveillance audit or as a separate audit. 
Currently, there are 161 trained auditors in 13 countries who 
have been certified to conduct ANSI/ESD S20.20 audits.

In addition, the ESD Association offers an ESD program 
documentation review service. For a fee of $1,500 (US), 
members of the ESD Association’s Facility Certification 
committee will review your ESD program documentation 
and will compare it to the requirements listed in ANSI/
ESD S20.20-2007. Facilities that choose to become certi-
fied will use the ANSI/ESD S20.20-2007 standard as the 
basis for their certification. A report will be provided that 
describes the areas that need to be improved for documen-
tation to be compliant with ANSI/ESD S20.20-2007. This 
service should be considered a MUST for any company that 
is preparing for facility certification based on ANSI/ESD 
S20.20-2007.

SYMPOSIA, TUTORIALS, AND PUBLICATIONS
As part of its commitment to education and technology, 
the association holds the annual EOS/ESD Symposium, 
which places major emphasis on providing the knowledge 
and tools needed to meet the challenges of ESD. Scheduled 
for Sept. 11-16, 2011, at the Disneyland Hotel, in Anaheim, 
Calif., USA, the annual Symposium attracts attendees and 
contributors from around the world. Technical sessions, 
workshops, authors’ corners, seminars, tutorials, and 
technical exhibits provide a myriad of opportunities for 
attendees to expand their knowledge of ESD.

In addition to tutorials and seminars, the association 
offers a number of publications and reference materials for 
sale. These range from proceedings of past EOS/ESD Sym-
posia to textbooks written by experts in the field of ESD.

TechAmerica
Electromagnetic Compatibility Committee  
(G-46) Headquarters

TechAmerica
1401 Wilson Blvd., Suite 1100
Arlington, VA 22209

Phone: (703) 248-5326
www.TechAmerica.org

TechAmerica is the association that was cre-
ated by the merger of AeA and ITAA. Earlier in 2008, 
ITAA and GEIA merged. The result of these mergers is an 
organization that is the leading voice for the U.S. technolo-
gy industry, which is the driving force behind productivity 
growth and jobs creation in the United States. TechAmer-
ica is the technology industry’s only grassroots-to-global 
advocacy network. With nearly 1200 member companies, 
20 regional councils and offices in Beijing and Brussels, the 
association represents the full spectrum of the technology 
industry. 

TechAmerica is the technology industry’s only grass-
roots-to-global advocacy network. The organization has 
expanded initiatives in areas such as: information Assur-
ance / Information Security, Identity Management, Cloud 
Computing, Global Sourcing / Globalization, Intelligence 
agencies, Department of Defense & NASA, and State & Lo-
cal programs and public policy advocacy. 

TechAmerica provides programs for business develop-
ment, networking and market intelligence in the Federal 
arena, dealing with government entities such as Depart-
ment of Defense, Homeland Security, Federal Communica-
tions Commission, Federal Trade Commission,, Congress, 
as well as with state and local governments. 

TechAmerica has a team of public policy professionals 
at state, federal and international levels, that allow the or-
ganization to successfully influence legislative and regula-
tory issues that affect member companies.

In addition, TechAmerica offers an active standards 
development program to provide industry with proven 
solutions to business process challenges. The program is 
nationally and internationally recognized for its leader-
ship and expertise in the development of standards. Con-
figuration Management, Systems Engineering, Systems 
Safety, Earned Value Management, Logistics, Reliability 
and Electromagnetic Compatibility (EMC) area where 
TechAmerica is involved in standard.

The Electromagentic Compatibility (EMC) Committee 
(formally known as G-46) deals with the system-oriented 
discipline that ensures electromagnetic compatibility in 
electronics design. The Committee develops technical cri-
teria and procedures to guide the design engineer. Its work 
also includes spectrum management and conservation; 
secure communications; and electromagnetic emissions, 
susceptibility, control, and characterization. 

The EMC Committee was established to provide an 
industry/user position on government specifications, regula-
tions, and standards. Participation has expanded to include 
G-46 representation on the various committees drafting 
government specifications and standards. For example, G-46 
participated on the working committees for MIL-STD-464A 
and MIL-STD-461E and provided update recommendations 
to MIL-STD-461F. The scope of G-46 activities has expand-
ed to foster and facilitate the EMC discipline for the benefit 
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of TechAmerica member companies.
Committee activities include spectrum management 

and conservation; personnel safety; and health care elec-
tronics design, usage and installation in terms of regulated 
and non-regulated electromagnetic (EM) emissions and 
immunity. Inter- and intra-environmental areas as they 
affect systems, subsystems and equipment, subassemblies, 
and components are also areas of concern. In addition to 
other activities, committees:
•	 Review, assess, advise, and coordinate related activities 

of organizations/individuals in government, industry, 
and technical societies.

•	 Assure that EMC legislation, regulations, specifications, 
standards, requirements, and evaluation procedures are 
adequate for procurement and application.

•	 Assure that EMC legislation, regulations, specifications, 
standards, requirements, and evaluation procedures are 
harmonized with their commercial counterparts to the 
maximum extent practical for procurement and applica-
tion.

•	 Propose and recommend action and provide support to 
other organizations, as deemed desirable.

•	 Coordinate and promulgate information to facilitate 
advancement of the state-of-the-art.
Additional information on TechAmerica and the EMC 

Committee (G-46) can be obtained from Phyllis Call at 
(703) 284-5315, phyllis.call@techamerica.org, or via the 
GEIA website at http://www.geia.org.

Society of Automotive Engineers
Committee AE-4, Committee Headquarters:

Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15096-0001
Phone: (724) 776-4841

SAE International is a professional society of 
engineers dedicated to a broad spectrum of engineering 
disciplines within the aerospace and automotive fields. 
Under the SAE Aerospace Council, technical standards 
committees address disciplines ranging from electrical 
power to multiplex signal characteristics—and from fiber 
optic data transmission to electromagnetic compatibility. 
The many elements of EMC are handled by SAE Commit-
tee AE-4, Electromagnetic Compatibility, which was orga-
nized in 1942 under the Aerospace Council. The commit-
tee is composed of technically qualified members, liaison 
members, and consultants—all of whom are responsible for 
writing standards on electromagnetic compatibility.

Committee AE-4 provides assistance to the technical 
community through standardization, improved design and 
testing methodology, and technical forums for the resolution 
of mutual problems. Engineering standards, specifications, 
and technical reports are developed by the Committee and 
are issued by the Society for industry and governments world-

wide. Objectives of Committee AE-4 are to advance the state 
of technology, to stabilize existing technology, to obtain a uni-
formity of EMC requirements among government agencies, 
and to further the interests of the EMC technical community. 
The theme of “design before the fact” for EMC is a guiding 
concept. Special attention is given to maintenance of EMI 
control requirements consistent with the rapidly advancing 
state-of-the-art.

The following is a partial list of documents that have 
been issued to assist in implementing SAE objectives. For a 
complete list, visit the SAE website at www.sae.org or call 
SAE Customer Service at (724) 776-4841.

Aerospace Recommended Practices (ARPs) 

ARP	 935A	 Control Plan/Technical Construction File
ARP	 936A	 Capacitor, 10 mF for EMI Measurements
ARP	 958C	 Electromagnetic Interference Measurement Anten-

nas, Standard Calibration Method
ARP	 958D	 Electromagnetic Interference Measurement Anten-

nas, Standard Calibration Method
ARP	 1172	 Filters, Conventional, EMI Reduction, Specifications 

for
ARP	 1173	 Test Methods for EMI Gasketing
ARP	 1267	 EMI Measurement of Impulse Generators, Standard 

Calibration Requirements and Techniques
ARP	 1481A	 Corrosion Control and Electrical Conductivity in 

Enclosure Design
ARP	 1705	 Coaxial Test Procedure to Measure the RF Shielding 

Characteristics of EMC Gasket Materials
ARP	 1870	 Aerospace Systems Electrical Bonding and Ground-

ing for Electromagnetic Compatibility and Safety
ARP	 1972	 Recommended Practices and Procedures for EMC 

Testing
ARP	 4043A	Flightline Bonding and Grounding of Aircraft
ARP	 4242	 Electromagnetic Compatibility Control Require-

ments, Systems
ARP	 4244	 Recommended Insertion Loss Test Methods for EMI 

Power Line Filters

Aerospace Information Reports (Airs)

AIR	 1147	 EMI on Aircraft from Jet Engine Charging
AIR	 1209	 Construction and Calibration of Parallel-Plate Trans-

mission Lines for EMI Susceptibility Testing
AIR	 1221	 EMC System Design Checklist
AIR	 1255	 Spectrum Analyzers for EMI Measurements
AIR	 1394A	 Cabling Guidelines for Electromagnetic Compatibil-

ity
AIR	 1404	 DC Resistivity vs. RF Impedance of EMI Gaskets
AIR	 1423	 EMC on Gas Turbine Engines for Aircraft Propulsion
AIR	 1425A	 Methods of Achieving EMC of Gas Turbine Engine 

Accessories, for Self-Propelled Vehicles
AIR	 1499	 Recommendations for Commercial EMC Susceptibil-

ity Requirements 
AIR	 1662	 Minimization of Electrostatic Hazards in Aircraft 

Fuel Systems
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AIR	 1700A	 Upper Frequency Measurement Boundary for 
Evaluation of Shielding Effectiveness in Cylindrical 
Systems

AIR	 4079	 Procedure for Digitized Method of Spark Energy 
Measurement

SAE AE-4 Electromagnetic Environmental 
Effects (E3 or EMC) Committee
The SAE AE-4 E3 Committee provides a technical, coordi-
nating, and advisory function in the field of E3. The focus 
is on problem areas in which committee expertise can be 
effectively applied at the national and international levels. 
Electrical and electronic accessories are studied for com-
patibility within systems and with various communications 
media. Engineering standards, specifications, and technical 
reports are developed and are issued for the general infor-
mation of industry and government.

In the past, subcommittees have included AE-4R, Air-
craft Radiated Environments, and AE-4H, High Power RF 
Simulators and Effects. AE-4 E3 holds national meetings in 
conjunction with the IEEE EMC Society Symposium, usu-
ally held in August at various locations. Additional infor-
mation about meetings or more specific information on the 
activities of the Committee can be obtained by contacting:

Dorothy Lloyd
Aerospace Standards Specialist
Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15096-0001
Phone: (724) 776-4841
dlloyd@sae.org
or the Chairman, Gary Fenical, gfenical@lairdtech.com.
Visit the SAE’s Technical Standards Committee Forum 

website at http://forums@sae.org.

iNARTE
iNARTE, Inc. (The International Association for 
Radio, and Telecommunications and Electromagnetics, 
Inc.) was founded as a non-profit membership/certification 
organization in 1982. With the advent of deregulation and 
the Federal Communications Commission’s “encourage-
ment/urging” private industry to establish certification 
standards to fill the licensing void, iNARTE initiated and 
developed a comprehensive certification program for tele-
communications engineers and technicians.

In 1988, a Command of the United States Navy, seek-
ing a credible and respected certification entity, selected 
iNARTE as the administrative agent for the certification of 
engineers and technicians in the field of electromagnetic 
compatibility (EMC).

In 1993, iNARTE, certified by the Federal Communi-
cations Commission (FCC) as a Commercial Operators 
License Examination Manager (COLE Manager), was 
authorized to administer all examination elements for FCC 
licensure (formally an FCC responsibility).

In 1994, the ESD Association selected NARTE to imple-
ment and administer a certification program for Electro-
static Discharge Control Engineers and Technicians.

During 1997, two nations, China and Japan, requested 
iNARTE assistance in the establishment of specific in-
country certification programs comparable to and able to 
meet iNARTE certification standards.

In 2000, iNARTE established the Unlicensed Wireless 
Systems Installer certification to identify fully qualified de-
sign and installation personnel. This certification accredits 
professionals who design and install wireless systems that 
do not require a license from the FCC—including informa-
tion systems, security systems, and transportation systems.

In 2001, iNARTE developed an Agreement with the 
IEEE EMC Society for the co-promotion of awareness and 
education in EMC/EMI fields. Today the EMC Society is 
the keeper of the body of knowledge from which the iN-
ARTE examinations are derived.

In 2003 iNARTE, together with specialist partners, devel-
oped the Product Safety certification program. The Product 
Safety program accredits professionals who use hazard-based 
analysis to identify and develop solutions to eliminate or 
minimize safety hazards. In 2004 iNARTE signed an Agree-
ment with the IEEE Product Safety Engineering Society, PSES, 
to co-promote awareness and education in Product Safety. 
Today, technical experts within the PSES assist iNARTE in 
the development of the examination question pools.

In 2006 iNARTE executed Agreement with ANSI ASC 
63, the Accredited Standards Committee on EMC, for the 
purposes of joint cooperation and promotion in education 
and technical achievement in EMC engineering.

By 2007, the global interest and participation in iN-
ARTE Certification programs had resulted in almost one 
quarter of members being from overseas countries. In 
recognition of this, the iNARTE Board of Directors voted 
unanimously to change the Association name to the, 
“International Association for Radio. Telecommunications 
and Electromagnetics, iNARTE.”

As iNARTE, an agreement of mutual support and coop-
eration was signed with the ESD Association in 2007. The 
ESDA will assist iNARTE in formulating and maintaining 
the question pools from which certification examinations 
are derived.

ACIL—The American Council of 
Independent Laboratories
The American Council of Independent Laboratories 
(ACIL) is the trade association representing independent, 
commercial engineering, and scientific laboratory, testing, 
consulting, product certifying, and R&D firms; manufac-
turers’ laboratories; related non-profit organizations; and 
consultants and suppliers to the industry. The organization 
was founded in 1937. All ACIL activities focus on its mis-
sion: to enhance members’ success by providing advocacy, 
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education, services, and mutual support and by promoting 
ethics, objectivity, independence, and free enterprise.

ACIL is a voluntary, non-profit membership organization. 
Programs are determined by members, administered by an 
elected Board of Directors, and supported by a professional 
staff operating from headquarters in Washington, D.C. 

ACIL’s Conformity Assessment Section
ACIL’s Conformity Assessment Section consists of firms 
with wide and varied interests, all performing testing, 
listing, or labeling in accordance with applicable safety 
and performance standards, and/or materials testing and 
resolution of product and structural problems. Several com-
mittees have evolved within the Section to meet the needs 
of its diverse membership, including the EMC Committee, 
the U.S. Council of EMC Laboratories, and the Third-Party 
Product Certifiers Committee. In January 2005, the Section 
sponsored a booth at the Consumer Electronics Show that 
advocated the advantages of independent third-party test-
ing and the capabilities of ACIL member EMC laboratories. 

ACIL’s EMC Committee
ACIL’s EMC Committee was established in 1996 to address 
the common concerns of the ACIL EMC commu-
nity. The Committee sponsors educational sessions 
at ACIL meetings that include both technical and 
policy issues such as mutual recognition agreements 
(MRAs). The Committee updates members on the 
latest developments, upcoming requirements, and 
activities in the field—both domestic and interna-
tional.

In January 2002, ACIL published a 143-page 
document, Technical Criteria for the Accreditation 
of Electromagnetic Compatibility (EMC) and Radio 
Testing Laboratories, a checklist to assist both as-
sessors and laboratories.

The Committee also formed the U.S. Council of 
EMC Laboratories (USCEL) in an effort to aid U.S. 
laboratories in addressing technical issues arising 
from the U.S./EU MRA and other global concerns. 
As the USCEL Secretariat, ACIL provides staff and 
supports volunteers active in this important area.

Over the past several years, ACIL has adminis-
tered round robin proficiency testing programs with 
two artifacts allowing laboratories to make both AC 
line conducted and radiated emissions measure-
ments over the frequency range of 0.15–30 MHz 
and 30 MHz–1 GHz, respectively. While continuing 
the round robins in the frequencies noted above, 
ACIL has launched another round robin with a new 
test artifact. This artifact will allow participating 
laboratories to demonstrate proficiency for radiated 
emissions measurements in the frequency range of 
1–18 GHz. Emissions measurements above 1 GHz 
are becoming increasingly common with the advent 
of fast processors and wireless devices in the 2.4- 
and 5-GHz bands.

ACIL also was instrumental in the formation of the 
Telecommunication Certification Body Council (TCBC). 
New rules establishing TCBs were adopted by the FCC in 
December 1998, providing more options for manufactur-
ers—they can now choose to have their product certified 
by either the FCC or a private certification body (TCB). A 
TCB may approve equipment subject to certification (e.g., 
transmitters, telecom terminal equipment, or scanning 
receivers). The TCB Council addresses the specific con-
cerns of the TCB community and all constituent bodies are 
permitted to participate. 

U.S. Product Certifiers
Key U.S. product certifiers are ACIL members and are 
reaping many benefits, such as participation in the ACIL 
Third-Party Product Certifiers Committee (3P²C²). This 
Committee provides a forum for members to discuss and 
to act upon various issues of common interest. This com-
mittee formed the American Council for Electrical Safety 
to serve as a forum among testing laboratories, regulators, 
and electrical inspectors. n
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UNITED STATES AIR FORCE

Aeronautical Systems Center (ASC)
ASC/ENAD
2145 Monahan Way
Wright-Patterson Air Force Base, OH 45433-7101
Fax: (937) 255-5305
E3 Technical Advisor

Mr. Manny Rodriguez............................. (937) 255-8928
manuel.rodriguez@wpafb.af.mil

EMI/EMC Tech Specialist 
Mr. Joseph M. DeBoy, (937) 255-9293

joseph.deboy@wpafb.af.mil
EMI/EMC Engineer

Mr. Brian M. Lezanic............................... (937) 255-9051
brian.lezanic@wpafb.af.mil

Electromagnetic Environmental Effects (E3) Engineer
Mr. Jose Pabon Soto............................... (937) 255-0139

jose.pabon-soto@wpafb.af.mil

Aeronautical Systems Center (ASC)
312/326 AE SW (Fighter Bomber Wing)
702 AE SG (B-2)
2690 C St., B556
Wright-Patterson AFB, OH 45433-7424
Fax: (937) 255-9450

Mr. Joe Harrington................................. (937) 255-0844
joseph.harrington@wpafb.af.mil

Aeronautical Systems Center (ASC)
312/326 AE SW (Fighter Bomber Wing)
702 AE SG (B-2)
2690 C St., B556
Wright-Patterson AFB, OH 45433-7424

Dr. Phil Beccue.........................................(937) 255-6881
Philip.Beccue@wpafb.af.mil

Aeronautical Systems Center (ASC)
312/326 AE SW (Fighter Bomber Wing)
651 AE SS (B-52)
2690 C St., B556
Wright-Patterson AFB, OH 45433-7424
FAX (937) 656-4621

Mr. Jeremy Burns.................................... (937) 255-7025
jeremy.burns@wpafb.af.mil

HQ Air Force Material Command (AFMC)
AFMC/EN P
Bldg. 262/Rm N145/Post116D
Wright-Patterson AFB, Ohio 45433
Fax: (937) 656-4183

Mr. John S. Welch...................................(937) 255-0651
john.welch@wpafb.af.mil

Aeronautical Systems Center (ASC)
516 AE SW (Mobility)
836 AE SG (Tankers)
2530 Loop Road West,
Wright-Patterson AFB, Ohio 45433

Mr. Robert Rosengarten.........................(937) 255-3451
Robert.Rosengarten@wpafb.af.mil

Aeronautical Systems Center
Special Operations Forces Systems Group
667 AE SS/EN
1895 5th St.
Wright-Patterson Air Force Base, OH 45433-7200
Fax: (937) 255-4018

Mr. Steven Coffman................................(937) 255-2860

steven.coffman@wpafb.af.mil

Aeronautical Systems Center
Reconnaissance Systems Wing
303 AE SG (Global Hawk)
2640 Loop Road West
Wright-Patterson Air Force Base, OH 45433-7106

Mr. Dave Osborn..................................... (937) 255-7437
david.osborn@wpafb.af.mil

Air Force Research Laboratory, Sensors 
Directorate
AFRL/ RYRA
2241 Avionics Circle
Bldg 620, Rm 1DG106
Wright-Patterson Air Force Base 45433-7318
EMI Laboratory

Mr. John Zentner.....................................(937) 904-9024
john.zentner@wpafb.af.mil

Air Combat Command (ACC)
85 Engineering Installation Squadron
85 EI S/SCYM
670 Maltby Hall Drive, Ste.234
Keesler AFB, MS 39534-2633
85.eis.scym@keesler.af.mil
Specialized Engineering Flight:

Mr. George R. McNeer, SCY................... (228) 377-1037
Electromagnetics Section Chief:

Mr. Frederick G. Blache, SCYM..............(228) 377-3926
frederick.blache@us.af.mil

E3 Engineers:
Mr. Randal Blanchard, SCYT.................. (228) 377-1068

randal.blanchard@us.af.mil
Captain Micah Coplan............................ (228) 377-1035

micah.coplan@us.af.mil
Ms. Kristen M. Corrigan......................... (228) 377-1073

kristen.corrigan@us.af.mil
Mr. Edward Crum, SCYM........................ (228) 377-1096

edward.crum@us.af.mil
Mr. Stephen L. Dabney............................(228) 377-1074

stephen.dabney@us.af.mil
Mr. Tim O. Hillman................................... (228) 377-1278

timothy.hillman@us.af.mil
Mr. Justin L. Johnston............................ (228) 377-3041

justin.johnston@us.af.mil
Mr. Carlton L. Jones................................ (228) 377-1088

carlton.jones@us.af.mil
Mr. James W Laycock............................. (288) 377-1035

james.laycock@us.af.mil
Mr. Tom Lipski......................................... (228) 377-1084

thomas.lipski@us.af.mil
Captain Arris Pineda................................(228) 377-1126

arris.pineda@us.af.mil
Mr. Alton J. Richards III.......................... (228) 377-1079

alton.richards@us.af.mil
Captain Jason R. Seyba.......................... (228) 377-1085

jason.seyba@us.af.mil
Mr. Gregory P. Smith............................... (228) 377-1083

gregory.smith.7@us.af.mil
Mr. Jesse L. Thomas III............................(228) 377-1126

jesse.thomas@us.af.mil
Mr. Phi D. Tran........................................  (228) 377-1062

phi.tran@us.af.mil
Mr. Truong X. Vu...................................... (228) 377-1866

truong.vu@us.af.mil
Mr. Brandon Walker................................ (228) 377-1048

brandon.walker.1@us.af.mil

DEPARTMENT OF DEFENSE

Defense Spectrum Organization
DSO Director: Ms. Paige R. Atkins.........(703) 325-2567

Paige.Atkins@disa.mil
DSO Dep Dir: Mr. Ralph Puckett............  (703) 325-2874

Ralph.Puckett@disa.mil

Strategic Planning Office (SPO)
SPO Director: Mr. Steven A. Molina..... (703) 325-0435

Steven.Molin@disa.mil
Internat'l Team Lead: Mr. Chris Hofer... (703) 325-2876
EST Team Lead: Ms. Mary Lin................ (703) 325-0136
National Team Lead: Mr. Dan O'Neill....(703) 325-2606

Joint Spectrum Center (JSC)
2004 Turbot Landing
Annapolis, MD 21402-5064
Tel: (410) 293-4957
Fax: (410) 293-2631
Commander, JSC (J00):

COL John J. HICKEY Jr., USA................. (410) 293-2450
John.Hickey@jsc.mil
Commander's Group: commander@jsc.mil

Technical Director (J01):
Mr. Mike Williams..................................  (410) 293-2457

mike.williams@jsc.mil
Executive Officer (J02):

CDR Robert "Jeff" Lamont, USN............ (410) 293-2452
Jeff.Lamont@jsc.mil

Operations Division (J3):
Chief: LTC Kevin T. Laughlin................... (410) 293-9813

Kevin.Laughlin@jsc.mil
Senior Engineer: Mr. Robert Lynch........ (410) 293-9816

robert.lynch@jsc.mil
RD&A Division (J5):

Mr. Robert Schneider.............................. (410) 293-4958
robert.schneider@jsc.mil

Senior Engineer: Mr. Marcus Shellman, Jr......................	
.................................................................. (410) 293-4959

marcus.shellman@jsc.mil
Team Lead: Mr. Matthew Grenis........... (410) 293-9264

matthew.grenis@jsc.mil
R&D Team Lead: Mr. Serey Thai............ (410) 293-9263

Serey.Thai@jsc.mil
Spectrum Management Information Technology 
Division (J6):

Acting Chief: Mr. Joseph R. Whitworth..........................	
.................................................................. (410) 293-9822

Plans and Resources Division (J7):
Chief: Mrs. Joanne F. Sykes................... (410) 293-2356

joanne.sykes@jsc.mil
Applied Engineering Division (J8):

Chief: Aaron Leong, Lt Col, USAF.......... (410) 293-2682
Aaron.Leong@jsc.mil

Senior Engineer: Mr. Irving Mager, Jr. (J8).....................	
.................................................................. (410) 293-2103

irving.mager@jsc.mil
Chief, DSRMA: Mr. Ted Grove................ (410) 293-2222

Joint Frequency Management and
Spectrum Engineering Office, Atlantic
(JFMO LANT)
Director JFMO LANT (USJFCOM/J63)
1562 Mitscher Ave., Ste. 200
Norfolk, VA 23551-2488
Tel.: (757) 836-8006
Fax: (757) 836-8022

The following is a list of the principal U.S., NATO and Canadian Government personnel known to be involved in the interference 
technology field. This list is based upon best available data at the time of publication. Additions, deletions and corrections for any 
facility may be updated at any time by e-mailing your changes to slong@interferencetechnology.com.
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Mr. Robert (Nick) Wilson, Sr. Electronics Engineer........	
.................................................................. (228) 377-1047

robert.wilson.6@us.af.mil

UNITED STATES ARMY

U. S. Army Research, Development and 
Engineering Command (RDECOM)
Attn.: AMSRD-AAR-AEP-F
Bldg. 3208
Picatinny Arsenal, NJ 07806-5000
Fax: (973) 724-3025

Mr. Tom Crowley, Supvr..........................(973) 724-5678
thomas.m.crowley@us.army.mil

Mr. Derrick Coppin, Proj. Engr................(973) 724-4871
derrick.coppin@us.army.mil

Mr. Daniel Gutierrez, Sr. Proj. Engr........(973) 724-4667
daniel.gutierrez@us.army.mil

Mr. Paul Lee, Proj. Engr................ (973) 724-4584/4667
paul.m.lee@us.army.mil

Army Research, Development, and 
Engineering Command (RDECOM)
Attn: RDMR-AES-E3
Building 4488
Redstone Arsenal, AL 35898-5000
Fax: (256) 313-3194
E3 for Army Aircraft Airworthiness
E3 Branch Chief:

 Mr. Dave Lewey......................................(256) 313-8464
dave.lewey@us.army.mil

E3 Team Lead, Attack/Recon/Cargo Team:
Ms. Karen Compton................................(256) 313-8437

karen.compton@us.army.mil
E3 Team Lead, Utility/Fixed Wing/SOA Team:

Mr. Duane Driver .................................... (256) 313-8447
duane.driver@us.army.mil

Mr. Dale Heber.......................................  (256) 313-2229
dale.heber@us.army.mil

Mr. Bruce Hildebrandt............................ (256) 313-8457
bruce.hildebrandt@us.army.mil

Mr. Elliot Croom......................................  (256)842-5387
Elliot.croom@amrdec.army.mil

Mr. Abner Merriweather........................ (256) 313-8470
abner.merriweather@us.army.mil

Mr. Brian Smith,iNCE, iNCT....................(256) 313-8484
brian.smith42@us.army.mil

Mr. John Trp............................................. (256) 313-3148
john.trp@us.army.mil

Mr. Mike Dreyer......................................(256) 313-6384
michael.dreyer@us.army.mil

Mr. Dan Hinton........................................ (256) 313-8497
daniel.w.hinton@us.army.mil

Mr. David Alan Landrith........................... (256)313-9102
david.landrith@amrdec.army.mil

Mr. Roy Lawson.......................................(256) 313-8454
roy.lawson@us.army.mil

Attn.: AMSAM-RD-MG-SD
SC Functions

Mr. Dave Smith........................................ (256) 876-1688
wayne.d.smith2@us.army.mil

Army Test and Evaluation Command (ATEC) 
Redstone Technical Test Center (RTTC)
E3 Test Branch
Attn.: CSTE-DTC-RT-E-EM
Redstone Arsenal, AL 35898-8052

Supervisor: Mr. James L. Zimmerman.............................	
..................................................................(256) 876-6386

jzimmerman@us.army.mil
Mr. Jeff Craven......................................  (256) 842-2952

jeffery.d.craven@us.army.mil
Mr. David Anconetani.............................(256) 876-0981

danconetani@us.army.mil
Mr. David Elkins.......................................(256) 876-3965

delkins@us.army.mil
Mr. Jarrod Fortinberry............................(256) 876-3505

jfortinberry@ us.army.mil
Ms. Jennifer Oberle................................(256) 955-6140

joberle@us.army.mil
Mr. Joe Reyenga.....................................(850) 833-2837

gerald.reyenga@eglin.af.mil
Dr. Tom Shumpert.................................... (256) 876-9974

tshumpert@us.army.mil
Mr. Andrew Smilie.................................. (256) 876-9512

asmilie@us.army.mil
Mr. Lee Stucker....................................... (256) 876-1790

lstucker@us.army.mil
Dr. Mark Waller....................................... (256) 313-6970

mwaller@us.army.mil
Dr. Ken Whigham.................................... (256) 313-0257

kwhigham@us.army.mil

Army Center for Health Promotion & 
Preventive Medicine (CDR USACHPPM)
Radiofrequency/Ultrasound Program
Attn.: MCHB-TS-ORF
5158 Blackhawk Road
Aberdeen Proving Ground, MD 21010-5403

Mr. John J. DeFrank................................ (410) 436-3353
Bureau of Medicine and Surgery (M3F72)
2300 E. St., N.W.
Washington, DC 20372-5300
Fax: (202) 762-0931

LTJG Jamaal Whitmore..........................(202) 762-3448
jawhitmore@us.med.navy.mil

Army Engineer Research and Development 
Center
Construction Engineering Research Laboratory
Attn.: CEERD-CF-F
P.O. Box 9005
Champaign, IL 61826-9005

Dr. William J. Croisant............................ (217) 373-3496
william.j.croisant@erdc.usace.army.mil

Army Electronic Proving Ground
Test Engineering Directorate
Laboratory Division
Attn.: TEDT-EP-TEL
Fort Huachuca, AZ 85613-7110

Div. Chief Mr. Rafael Anton................... (520) 538- 4916
rafael.anton@us.army.mil

E3 Test Facility/Blacktail Canyon
Technical Lead: Mr. Johnny Douglas.... (520) 533-5819

johnny.douglas@us.army.mil
Mr. James Smith..................................... (520) 538-5188

james.a.smith4@us.army.mil
Ms. Rachel Blake....................................  (520) 538-2818

rachel.m.blake@us.army.mil
Mr. David Seitz....................................... (520) 533-5819

david.seitz3@us.army.mil
Antenna Test Facility

Technical Lead: Mr. Doug Kremer......... (520) 533-8170
 douglas.kremer@us.army.mil

Army Intelligence and Security Command
G-4, Technical Support Division
Attn.: IALO-T
8825 Beulah St.
Ft. Belvoir, VA 22060-5246
Tel.: (703) 428-4479
Fax: (703) 428-4911

Ms. Anne Bilgihan
ambilgi@mi.army.mil

Army Nuclear and Chemical Agency 
(USANCA)
7150 Heller Loop, Ste. 101
Springfield, VA 22150-3198

Mr. R. Pfeffer..........................................  (703) 806-7862

Army Test and Evaluation Command (ATEC)
United States Army Aberdeen Test Center (ATC)
Electromagnetic Interference Test Facility (EMITF)
Attn.: CSTE-DTC-AT-SL-V-EMI
400 Colleran Road, Building 456
Aberdeen Proving Ground, MD 21005-5059
Fax: (410) 278-0579
EMITF Supervisor:

Mr. Michael C. Geiger............................  (410) 278-2598
michael.c.geiger@us.army.mil

Electrical Engineer:
Mr. Clinton Sienkiewicz.......................... (410) 278-9340

cliftin.sienkiewicz@us.army.mil
Electronic Technicians:

Mr. Duane Buono..................................... (410) 278-9340
duane.buono@us.army.mil

Mr. Keith Deitz.......................................  (410) 278-9339
keith.deitz@us.army.mil

Mr. Christopher Dennison......................  (410) 278-9340
c.dennison@us.army.mil

Mr. JR Gildeleon...................................... (410) 278-9339
john.gildeleon@us.army.mil

Mr. Todd Holman....................................  (410) 278-9340
richard.t.holman@us.army.mil

Mr. Tom Martin.......................................  (410) 278-9340
thomas.j.martin@us.army.mil

Mr. Brian Savage....................................  (410) 278-4851
brian.c.savage@us.army.mil

Mr. Gary Stotts.......................................  (410) 278-9340
gary.stotts@us.army.mil

Mr. Dennis Wanzer.................................. (410) 278-4832
dennis.wanzer@us.army.mil

Army Test and Evaluation Command (ATEC)
Survivability Division
Attn.: TEAE-SZN
Bldg. 1660
1660 Jeb Stuart Road
Ft. Bliss, TX 79916-6812
Fax: (915) 568-4404

Mr. Joe Reza............................................(915) 568-6539
jose.reza@us.army.mil

White Sands Test Center
Attn.: TEDT-WSV-E (S Jesson)
Building 21225
White Sands Missile Range, NM 88002-5158

Ms. Stephanie Jesson............................ (575) 678-6107
Stephanie.jesson@us.army.mil

Ms. Janet Danneman .............................(575) 678-6307
Janet.danneman@us.army.mil

Mr. John Chavarria.................................. (575) 678-1993
John.chavarria@us.army.mil

UNITED STATES MARINE CORPS

Marine Corps Operational Test and 
Evaluation Activity (MCOTEA)
3035 Barnett Ave.
Quantico, VA 22134

Chief of Test............................................ (703) 432-0927

Marine Corps Systems Command (MCSC)
Attn.: Mr. Praful Bharucha (C4II/ACENG)
2000 Lester Street
Quantico, VA 22134-5010
E3 Control Program Sponsor

Mr. Praful Bharucha ...............................(703) 432-3806
praful.bharucha@usmc.mil
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UNITED STATES NAVY

MID-LANT Area Frequency Coordination 
Office
Naval Air Warfare Center Aircraft Division
Code 5.2.2.2
 23013 Cedar Point Road, Unit 4, Building 2118
Patuxent River, MD 20670-1183
Fax: (301) 342-1200

Mr. Mikel R. Ryan.................................... (301) 342-1532
mikel.ryan@navy.mil

Naval Air Systems Command (NAVAIR)
Electromagnetic Environmental Effects (E3) 
Division
AIR 4.1.13
48142 Shaw Road, Building 3197, Suite 1040
Patuxent River, MD 20670

E3 Div. Hd.: Mr. Mike Squires................. (301) 342-1660
michael.squires@navy.mil

Naval Air Systems Command (NAVAIR)
Air Systems EMI Corrective Action Program (ASEMICAP)

Ms. Angela Partin................................... (301) 342-7813
angela.partin@navy.mil

Mr. Steve Rhoten...................................  (301) 995-2712
steven.rhoten@navy.mil

E3 Aircraft Engineering Branch AIR 4.1.13.1
Br. Head: Mr. Ted Rothman...................  (301) 342- 9223

theodore.rothman@navy.mil
Ms. Carrol Basanez................................. (301) 757-2451

carrol.basanez@navy.mil
Mr. Paul Belusko.....................................  (301) 757-2446

paul.belusko@navy.mil
Mr. Jon Bergmann.................................. (301) 995-3832

jon.bergmann@navy.mil
Mr. John Besanceney............................  (301) 757-2445

john.besanceney@navy.mil

Ms. Pamela Crispell...............................  (301) 342-8629
pamela.crispell@navy.mil

Mr. Ken Deans........................................  (301) 757-2447
kenneth.deans@navy.mil

Mr. William DePasquale........................  (301) 757-6961
william.depasquale@navy.mil

Mr. Travis Flanagan................................  (301) 342-7771
travis.flanagan@navy.mil

Mr. Frederick Heather............................  (301) 342-6975
frederick.heather@navy.mil

Mr. Reggie Hope.....................................  (301) 342-6975
lionel.hope@navy.mil

Mr. DJ Jardine......................................... (301) 757-2451
david.jardine@navy.mil

Mr. Joe Kmetz........................................  (301) 757-2361
joseph.kmetz@navy.mil

Mr. Gene Kuhn........................................  (301) 757-6545
gene.kuhn@navy.mil 

Mr. Jay Lees...........................................  (301) 342-0350
jay.lees@navy.mil

Mr. Jason Mackowiak............................  (301) 342-8344
jason.mackowiak@navy.mil

Mr. Felipe Nazario................................... (301) 342-1662
felipe.nazario@navy.mil

Ms. Jennifer Nguyen.............................  (301) 995-7671
jennifer.nguyen@navy.mil

Mr. Luke Onachila.................................... (301) 757-2420
luke.onachila@navy.mil

Mr. Steve Salisbury................................  (301) 342-2255
steven.salisbury@navy.mil

Mr. John Schultz....................................  (301) 757-2456
john.schultz@navy.mil

Mr. Craig Simmons.................................. (301)342-4907
craig.simmons@navy.mil

Mr. Michael Skrabacz............................  (301) 342-5805
michael.skrabacz@navy.mil

Mr. Robert Tate......................................  (301) 342-8632

robert.d.tate1@navy.mil
Mr. John Tonello...................................... (301) 342-2158

john.tonello@navy.mil
Mr. Thierry Wandji.................................  (301) 342-3297

ketchiozo.wandji@navy.mil

NAVAL AIR WARFARE CENTER AIRCRAFT 
DIVISION
Electromagnetic Interference Lab, 5.4.4.9
Patuxent River, MD
Fax: (301) 342-5390
EMI Lab

Branch Hd.: Mr. Lance Pearce ............... (301) 342-0851
lance.pearce@navy.mil

Mr. Kenneth Brezinski............................  (301) 342-0848
kenneth.brezinski@navy.mil

Mr. Tom Dennehey.................................  (301) 342-0832
thomas.dennehey@navy.mil

Mr. Richard Harvan................................  (301) 342-0847
richard.harvan@navy.mil

Ms. Diane Kempf .................................... (301) 342-0850
diane.kempf@navy.mil

Ms. Pam Lumsden .................................. (301) 342-0852
pamela.lumsden@navy.mil

Mr. Patrick Mills.....................................  (301) 995-4148
patrick.n.mills@navy.mil

NAVAIR Aircraft Division, Lakehurst
AIR 4.1.13.1
Hwy. 547, Bldg. 355-2
Lakehurst, NJ 08733-5112
Fax: (732) 323-1844
EMI Lab

Mr. Richard Del Conte............................  (732) 323-2085
richard.delconte@navy.mil

Mr. David Fetzer.....................................  (732) 323-2085
david.fetzer@navy.mil

NAVAIR Weapons E3 Engineering
China Lake Site
41M200D
1900 Knox Road, Stop 6622
China Lake, CA 93555-6001
Fax: (760) 939-1065

Br. Head: Mr. John Brandt.....................  (760) 939-1625
john.brandt@navy.mil

Mr. Chinh Dang....................................... (760) 939-9435
chinh.dang@navy.mil

Mr. Luke Dawson...................................  (760) 939-7565
luke.dawson@navy.mil

Mr. Fernando Garcia.............................. (760) 495-2622
fernando.m.garcia1@navy.mil

Ms. Patricia Siegel................................. (760) 939-4637
patricia.siegel@navy.mil

Mr. Stephen Tanner................................ (760) 939-4669
stephen.tanner@navy.mil

Mr. Gabriel Waliser................................ (760) 939-8997
gabriel.waliser@navy.mil

NAVAIR Weapons Targets Division
Point Mugu Site
41M200E
575 I Ave., Ste. 1
Point Mugu, CA 93042-5049
Fax: (805) 989-3826

Ld. Engr.: Mr. Les Jue............................. (805) 989-7884
leslie.jue@navy.mil

Naval Air Systems Command (NAVAIR)
Orlando 4.1.M
12350 Research Parkway
Bldg Deflorez Floor 3 Rm 3C6H
Orlando, FL 32826

Mr. John Mock....................................... (407) 380-4476
john.mock@navy.mil

NAVAIR, Aircraft Division
48202 Standley Rd.
Unit 5,Ste. 3B
Patuxent River, MD 20670-1910
Integrated Battlespace Simulation & Test Department
AIR 5.4.4 ICE
Fax: (301) 342-6982

Div. Head: Mr. Kurt Sebacher..................(301) 342-1664
Kurt.Sebacher@navy.mil

Dep. Div. Head: Mr. Brian Woode.........  (301) 995-2331
brian.woode@navy.mil

Mr. Vern Panei........................................  (301) 342-6150
vern.panei@navy.mil

Electromagnetic Compatibility Branch (5.4.4.5 EMC)
Hd.: Mr. Mark Mallory ............................(301) 342-1663

mark.mallory@navy.mil
Mr. Paul Achtellik...................................  (301) 342-7820

paul.achtellik@navy.mil
Mr. Omar Ali............................................ (301) 342-7814

omar.ali@navy.mil
Mr. Rich Andrusko ...................................(301) 342-7810

richard.andrusko@navy.mil
Mr. Mike Clelland.................................... (301) 342-8605

michael.clelland@navy.mil
Mr. Russ Danaher.................................... (301) 342-0020

russell.danaher@navy.mil
Mr. John Finley.......................................  (301) 342-4855

john.finley@navy.mil
Mr. Xuyun Gan........................................  (301) 342-8725

xuyun.gan@navy.mil
Mr. Scott Graham ................................... (301) 342-7809

scott.graham@navy.mil
Mr. Matt Griffith...................................... (301) 757-9414

matt.griffith@navy.mil
Mr. Remash Guyah ................................. (301) 342-8681

remash.guyah@navy.mil
Mr. Scott Halt.......................................... (301) 342-7575

scott.halt@navy.mil
Mr. Ryan Hanks....................................... (301) 342-7785

ryan.hanks@navy.mil
Mr. Danny Johnson .................................(301) 342-7811

daniel.r.johnson@navy.mil
Mr. James Lewis....................................  (301) 342-5845

james.g.lewis@navy.mil
Ms. Alexis Martin..................................  (301) 342-0199

alexis.martin@navy.mil
Mr. Jeffrey Miller...................................  (301) 757-0019

jeffrey.c.miller@navy.mil
Mr. Tim Moynihan .................................. (301) 342-7846

timothy.moynihan@navy.mil
Mr. Mike Nahaj........................................ (301) 342-3554

michael.nahaj@navy.mil
Mr. Sam Niebauer .................................. (301) 757-0016

samuel.niebauer@navy.mil
Mr. Donn Rushing.................................... (301) 342-7848

donn.rushing@navy.mil
Mr. Chris Theofolis...................................(301) 342-1667

chris.theofolis@navy.mil
Ms. Virginia Wines (Sec.) ....................... (301)757-2507

virginia.wines@navy.mil
Electromagnetic Environments (EME) Branch
AIR 5.4.4.6 EME
Fax: (301)757-3611 (Bldg. 2105)
(301) 342-3786 (Bldg. 2100)

Branch Hd.: Mr.Alan Mazuc..................  (301) 757-3609
alan.mazuc@navy.mil

Mr. Dave Brown...................................... (301) 342-4597
dave.a.brown@navy.mil

Mr. John Crim.......................................... (301) 757-3612
john.crim@navy.mil

Mr. Fabrizio Donis .................................. (301) 757-3604
fabrizio.donis@navy.mil

Mr. Jack Farren......................................  (301) 342-0507
jack.farren@navy.mil



interferencetechnology.com		  interference technology  147

government emi/emc directory

Ms. Jack Faulkner .................................. (301) 995-2350
jack.faulkner@navy.mil

Mr. Miikka Holso....................................  (301) 757-3604
miikka.holso@navy.mil

Mr. Charles Joseph ................................ (301) 757-3608
charles.joseph@navy.mil

Mr. Bruce McClure.................................. (301) 342-0511
bruce.mcclure1@navy.mil

Mr. Mike Orloske....................................  (301) 757-3604
mark.orloske@navy.mil

Mr. Fulton Preston .................................. (301) 342-6979
fulton.l.preston@navy.mil

Mr. Mike Whitaker.................................. (301) 757-3604
mike.whitaker@navy.mil

Aircraft Information Security (TEMPEST) Branch
AIR 5.4.4.7 TEMPEST
Fax: (301)342-4593

Branch Hd.: Ms. Margaret Orr...............  (301) 995-2433
margaret.orr@navy.mil

Mr. Scott Anderson ................................ (301) 342-6066
scott.t.anderson@navy.mil

Mr. Tom Dorrie........................................  (301) 342-6065
thomas.dorrie@navy.mil

Mr. Dan Lemanski .................................. (301) 342-6086
daniel.lemanski@navy.mil

Mr. Jimmy Lyon......................................  (301) 342-6129
james.lyon@navy.mil

Ms. Kim Wooden..................................... (301) 342-2194
kimberly.wooden@navy.mil

Naval Air Warfare Center Training Systems 
Division (NAWCTSD)
Code 6.7.2.3
12350 Research Parkway
Orlando, FL 32826-3275

Mr. Allen D. Parker, NCE........................ (407) 380-4920
allen.parker@navy.mil

Space and Naval Warfare Systems Center, 
Charleston
(SPAWAR SYSCEN, Charleston)
P.O. Box 190022
North Charleston, SC 29419-9022
Fax: (843) 218-4238
Electromagnetic Environmental Effects (E3)
Branch, Code 5610

Branch Hd.: Mr. Wayne Lutzen............. (843) 218-5723
Wayne.lutzen@navy.mil

E3 Engineers
Reco Baker.............................................. (843) 218-3988

Reco.baker@navy.mil
Mr. Frederic Duffy ..................................(843) 218-4363

Frederic.duffy@navy.mil
Mr. Michael Hanna .................................(843) 218-4039

Michael.a.hanna@navy.mil
Mr. Guillermo Leiva................................  (843) 218-7129

Guillermo.leiva@navy.mil
Mr. Thomas Sessions .............................(843) 218-6331

Thomas.sessions@navy.mil

Space and Naval Warfare Systems Center 
Pacific, Pacific C4ISR Department
(SSC PAC, PAC C4ISR DEPT)
2293 Victor Wharf Access Road
Pearl City, HI 96782-3356
Fax: (808) 474-5511

Ms. Candice Saka.................................. (808) 471-4028
Candice.saka@navy.mil

Mr. Jack Munechika................................ (808) 471-1976
Jack.munechika@navy.mil

Mr. Randy Yamada................................. (808) 474-6061
Randy.yamada@navy.mil

Mr. Lloyd Hayashida...............................  (808) 474-1967
Lloyd.hayashida@navy.mil

Mr. Laine Murakami...............................  (808) 471-0366
laine.murakami@navy.mil

SPAWAR Systems Center - Pacific
(SSC-Pacific)
53560 Hull St.
San Diego, CA 92152-5001
Fax: (619) 553-3791
Applied Electromagnetics Branch, Code 5541

Branch Hd.: Dr. John Meloling..............  (619) 553-2134
john.meloling@navy.mil

Mr. Jeffrey C. Allen ................................(619) 553-6566
jeffrey.allen@navy.mil

Ms. Carol Becker....................................  (619) 553-1033
carol.becker@navy.mil

Mr. David C. Dawson .............................(619) 553-4075
david.c.dawson@navy.mil

Mr. David Hurdsman..............................  (619) 553-4261
david.hurdsman@navy.mil

Mr. Lance Koyama...................................(619) 553-3784
lance.koyama@navy.mil

Mr. Ahn Lee............................................  (619) 553-3426
ahn.lee@navy.mil

Mr. P. Michael McGinnis........................ (619) 553-5092
mike.mcginnis@navy.mil

Ms. Nazia Mozaffar...............................  (619) 553-2593
 nazia.mozaffar@navy.mil

Mr. Rick Nielsen.....................................  (619) 553-6015
rick.nielsen@navy.mil

Ms. Jeanne Rockway .............................(619) 553-3886
jeanne.rockway@navy.mil

Mr. Kianoush Rouzbehani ...................... (619) 553-3134
kian.rouzbehani@navy.mil

Raquel Sanchez-Karem...........................(619) 553-5876
raquel.sanchez-karem@navy.mil

Ricardo Santoyo-Mejia..........................  (619) 553-6139
ricardo.santoyomejia@navy.mil

Anirudha Siripuram................................  (619) 553-8749
anirudha.siripuram@navy.mil

Ron Thompson.........................................(619) 553-0457
ron.thompson@navy.mil

Electromagnetics Technology Branch, Code 5542
Branch Head: Matt Osburn .................... (619) 553-5941

matthew.osburn@navy.mil
Dr. Rich Adams.......................................  (619) 553-4313

rich.adams@navy.mil
Mr. Jim Birkett........................................ (619) 553-3586

jim.birkett@navy.mil
Mr. Jose L. Chavez .................................(619) 553-5075

jose.chavez@navy.mil
Dr. Will Cronyn....................................... (619) 553-5084

will.cronyn@navy.mil
Mr. Chris Dilay........................................ (619) 553-3794

chris.dilay@navy.mil
Mr. Vincent V. Dinh ................................ (619) 553-7255

vincent.v.dinh@navy.mil
Ms. Silvia Goodman, Secretary .............(619) 226-5953

silvia.goodman@navy.mil
Mr. David Hilton.....................................  (619) 553-2666

david.r.hilton@navy.mil
Mr. Carl P. Kugel..................................... (619) 553-3066

carl.kugel@navy.mil
Ms. Wendy Massey ............................... (619) 553-9711

wendy.massey@navy.mil
Mr. Daniel Meeks................................... (619) 553-6753

daniel.meeks@navy.mil
Dr. John D. Rockway...............................(619) 553-5438

john.rockway@navy.mil
Mr. Alberto Rodriguez............................ (619) 553-5697

alberto.rodriguez2@navy.mil
Advanced Electromagnetic Technology Branch, Code 
5546

Branch Hd.: Jodi McGee ........................ (619) 553-3778
jodi.mcgee@navy.mil

Diana Arceo............................................ (619) 553-6344
diana.arceo@navy.mil

Lam T. Bui................................................ (619) 553-6038

lam.bui@navy.mil
Jennifer Edwards....................................(619) 553-5428

jennifer.edwards@navy.mil
Daniel R. Gaytan....................................  (619) 553-7461

daniel.gaytan@navy.mil
John L. Hunter........................................ (619) 553-5086

john.hunter@navy.mil
Lillie Jackson, Secretary ........................ (619) 553-5076

 lillie.jackson@navy.mil
Dr. Burt Markham....................................(619) 553-6082

burt.markham@navy.mil
Mr. Marcus Maurer................................. (619) 553-3797

marcus.maurer@navy.mil
Mr. Aldo Monges....................................  (619) 553-6129

aldo.monges@navy.mil
Mr. Filemon Peralta.................................(619) 553-3043

filemon.peralta@navy.mil
Mr. Hoa Phan..........................................  (619) 553-0148

hoa.phan@navy.mil
Mr. Randall Reeves................................  (619) 553-1032

randall.reeves@navy.mil
Mr. Anthony Ton..................................... (619) 553-5428

anthony.ton@navy.mil
Mr. Daryl W. Von Mueller ......................(619) 553-6527

daryl.vonmueller@navy.mil
Mr. Benton Wong................................... (619) 553-3043

 benton.wong@navy.mil

Chief of Naval Operations
Code NC-1, PT-5451, N6F13
2000-Navy Pentagon
Washington, DC 20350-2000
Fax: (703) 601-1323
Spectrum Electromagnetic Environmental Effects (E3) & 
EMP Policy & Programs

Head: Mr. Dave D. Harris........................ (703) 601-3968
dave.harris@navy.mil

Naval Ordnance Safety and Security 
Activity (NOSSA)
NAVORDSAFSECACT INDIAN HEAD
Electrical Explosives Safety
Code N84

Farragut Hall, Bldg. D323
23 Strauss Ave.
Indian Head, MD 20640-5035
Fax: (301) 744-6088
Weapons Assessment (N8)

Director: Charles Denham...................... (301) 744-4447
charles.denham@navy.mil

Naval Research Laboratory
Code 5348
4555 Overlook Ave., S.W.
Washington, D.C. 20375-5320
Tel.: (202) 404-7726

Mr. Larry Cohen
Lawrence.Cohen@nrl.navy.mil

Naval SeaSystems Command (NAVSEA)
Force Electromagnetic Environmental Effects (E3) 
and Spectrum Management Warfare Systems 
Engineering Directorate (SEA 06) 
1333 Isaac Hull Ave., S.E., Stop 5011
Washington Navy Yard, DC 20376-5011
Fax: (202) 781-4568
Force E3 and Spectrum Management Branch 

Branch Head: Mr. J. Don Pierce............  (202) 781-4214
james.d.pierce@navy.mil

Naval Surface Warfare Center, Crane 
Division (NSWC Crane)
Code GXS
300 Highway 361, Bldg. 3287E
Crane, IN 47522
Fax: (812) 854-3589
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E3 Platform Integration Branch (Q53)
Senior Scientist: Dr. Greg Balchin....................................	
................................................................  (540) 653-6037

gregory.a.balchin@navy.mil
E3 Platform Integration Branch (Q53)

MAAC Group Lead: Mr. Greg Brobjorg............................	
..................................................................(540) 653-7075

greg.brobjorg@navy.mil
E3 Platform Integration Branch (Q53)

Combatant Group Lead:Mr. Reza Biazaran.....................	
................................................................  (540) 284-0595

reza.biazaran1@navy.mil
E3 Platform Integration Branch (Q53)

CVN Group Lead: Mr. Tim Baseler........ (540) 653-0741
timothy.baseler@navy.mil

E3 Platform Integration Branch (Q53)
Computational Electromagnetics Group Lead: Mr. 
Bryan Wagaman....................................  (540) 653-3430

bryan.wagaman@navy.mil
E3 Systems Interoperability Branch, Code Q54

Branch Head: Mr. Rich Link................... (540) 653-8907
rich.link@navy.mil

E3 Systems Interoperability Branch, Code Q54
Shipboard EMC Improvement Program Lead: Mr. Mark 
Hamer.......................................................(540) 284-0711

mark.hamer@navy.mil
E3 Systems Interoperability Branch, Code Q54

Force E3 Interoperability Group Lead: Mr. John "Bart" 
Barbee....................................................  (540) 653-3483

john.s.barbee@navy.mil
E3 Systems Interoperability Branch, Code Q54

Communication Systems E3 Interoperability Group 
Lead:Mr. Cris Lake................................. (540) 653-5087

cristopher.lake@navy.mil
E3 Systems Interoperability Branch, Code Q54

Radar Systems E3 Interoperability Group Lead:Mr. Al 
Pitts........................................................  (540) 653-6268

albert.pitts@navy.mil
E3 Systems Interoperability Branch, Code Q54

Electronic Warfare Systems E3 Interoperability Group 
Lead:Mr. Brad Conner............................ (540) 653-0610

bradley.conner@navy.mil

Naval Undersea Warfare Center (NUWC)
1176 Howell St.
Newport, RI 02841-1708
Fax: (401) 832-7423
Submarine Electromagnetic Environmental Effects (E3) 
Branch, Code 3431

Branch Head: Mr. Craig F. Derewiany.... (401) 832-5542
craig.derewiany@navy.mil

Mr. Scott Albert.....................................  (401) 832-4122
scott.albert@navy.mil

Mr. Jon Bond.......................................... (401) 832-6480
jon.bond@navy.mil

Mr. Michael J. Carpenter........................ (401) 832-5540
michael.j.carpenter@navy.mil

Mr. Douglas L. DeAngelis......................  (401) 832-5872
douglas.deangelis@navy.mil

Mr. Jamie A. Donais...............................  (401) 832-3603
jamie.donais@navy.mil

Mr. Anthony Francis...............................  (401) 832-5493
anthony.francis1@navy.mil

Mr. Edward R. Javor..............................  (401) 832-5546
edward.javor@navy.mil

Mr. Alan T. McHale................................  (401) 832-5635
alan.mchale@navy.mil

Mr. Michael P. Martin............................  (401) 832-5630
michael.p.martin@navy.mil

Mr. Paul D. Opperman............................  (401) 832-4092
paul.opperman@navy.mil

Mr. Fredric A. Stawarz...........................  (401) 832-5550
fredric.stawarz@navy.mil

Mr. John L. Thibeault.............................  (401) 832-5551
john.thibeault@navy.mil

Mr. Larry McKibben ............................... (812) 854-5107
Lawrence.McKibben@navy.mil

Naval Surface Warfare Center
Dahlgren Division
5493 Marple Road, Suite 156
Dahlgren, VA 22448-5153
Electromagnetic Effects Division, Code Q50

Div. Hd: Mr. Marshall Baugher...............(540) 653-3416
marshall.baugher@navy.mil

Electromagnetic Effects Division
Chief Engineer: Mr. Jason Bardine....... (540) 653-7450

Jason.bardine@navy.mil
NAVSEA E3 Technical Warrant Holder: 

Mr. Kurt Mikoleit.................................... (540) 653-3425
Kurt.mikoleit@navy.mil

E3 Spectrum Supportability Branch, Code Q51
Branch Head: Mrs. Amy Sunshine Smith-Carroll............ 	
.................................................................. (540) 653-1694

amy.smith-carroll@navy.mil
E3 Spectrum Supportability Branch, Code Q51

Operations and Spectrum Support Group Lead: Mr. 
Mark Flenner ..........................................(540) 653-7892

Mark.l.fleener@navy.mil
E3 Spectrum Supportability Branch, Code Q51

Spectrum Engineering Group Lead: Ms. Margaret 
Neel........................................................  (540) 653-8021

Margaret.neel@navy.mil
E3 Spectrum Supportability Branch, Code Q51

Electromagnetic Pulse Group Lead: Mr. Blaise Corbett.	
..................................................................(540) 653-2104

Blaise.corbett@navy.mil
E3 Assessment & Evaluation Branch (Q52)

Branch Head: Mr. William T. Lenzi.......  (540) 653-3444
william.lenzi@navy.mil

E3 Assessment & Evaluation Branch (Q52)
EMC/EMV Evaluation Group Lead: Mr. James 
McGinniss .............................................. (540) 653-0489

james.mcginniss@navy.mil
E3 Assessment & Evaluation Branch (Q52)

RADHAZ Program Manager: Mr. Richard Magrogan.....	
................................................................  (540) 653-3445

richard.magrogan@navy.mil
E3 Assessment & Evaluation Branch (Q52)

Weapons System E3 Group Lead:  Mr. Michael Miller .	
................................................................. (540) 653-3460

michael.d.miller4@navy.mil
E3 Assessment & Evaluation Branch (Q52)

HERO Systems Certification Group Lead: Mr. Andrew 
Rash........................................................  (540) 653-1368 

andrew.a.rash@navy.mil
E3 Assessment & Evaluation Branch (Q52)

EMI/461 Lab Group Lead:Mr. Carl Hager........................
................................................................  (540) 653-9501

carl.hager@navy.mil
E3 Assessment & Evaluation Branch (Q52)

Test Operations Group Lead: Mr. Matthew Curtis ........	
................................................................. (540) 653-3439

matthew.a.curtis@navy.mil
E3 Assessment & Evaluation Branch (Q52)

Science & Technology Applications Group Lead: Mr. 
Michael Slocum...................................... (540) 653-2212

michael.slocum@navy.mil
E3 Assessment & Evaluation Branch (Q52)

RADHAZ Environment Characterization Group Lead: 
Ms. Tamera Hay ..................................... (540) 653-1419

tamera.hay@navy.mil
E3 Assessment & Evaluation Branch (Q52)

Surface Maritime Sensors Group Lead: Mr. Michael 
Workman...............................................  (540) 653-4646

michael.l.workman@navy.mil
E3 Platform Integration Branch (Q53)

Branch Head: Mr. Kenneth D. Larsen..............................	
................................................................. (540) 653-3476

kenneth.d.larsen@navy.mil

Mr. Richard L. Thibeault.........................  (401) 832-5552
richard.thibeault@navy.mil

Mr. Oleg Volchansky..............................  (401) 832-5399
oleg.volchansky@navy.mil

Mr. Oscar R. Zelaya................................  (401) 832-5597
oscar.zelaya@navy.mil

EMC Laboratory.....................................  (401) 832-5554

OPNAV N2N6F1221
Spectrum Management and Electromagnetic Environ-
mental Effects Office Net-Centric Capabilities/Strategic 
and Tactical Communications Branch Information 
Dominance Directorate
2511 Jefferson Davis Highway
Arlington, VA 22244-0001
Tel: (703) 601-1414; Fax: (703) 601-1323 

Director: Mr. D. Mark Johnson ............... (703) 601-1414
david.m.johnson4@navy.mil

OTHER UNITED STATES AGENCIES

Dept. of Health & Human Services
Food and Drug Administration
Center for Devices and Radiological Health
12725 Twinbrook Pkwy. (HFZ 133)
Rockville, MD 20852
Tel.: (301) 827-4944
Electrophysics Branch, Div. Physical Sciences

Mr. Howard I. Bassen, Chief
Mr. Paul S. Ruggera
Mr. Donald Witters

U.S. Environmental Protection Agency 
(EPA)
Office of Radiation and Indoor Air (ORIA)
Radiation Protection Division (6608J)
1200 Pennsylvania Ave., N.W.
Washington, DC 20460
Fax: (202) 343-3204

Director: Mr. Jonathan Edwards........... (202) 343-9437
edwards.jonathan@epa.gov

Mr. Norbert Hankin................................ (202) 343-9235
hankin.norbert@epa.gov

HQ, Federal Aviation Administration
ATC Spectrum Engineering Services, AJW-6
800 Independence Avenue, S.W. 
Washington, DC 20591 

 Dir.: VACANT 
Spectrum Assignment & Engineering Office, AJW-932 

Manager: Mr. Jerrold B. Sandors.........  (202) 267-9720 
Jerrold.Sandors@faa.gov 

Spectrum Planning & International Office, AJW-933 
Manager: Mr. Robert A. Frazier............  (202) 267-9722 

Robert.Frazier@faa.gov 

Federal Aviation Administration
FAA Aviation Safety (AMN-110N)
1601 Lind Ave. S.W.
Renton, WA 98057
Fax: (425) 917-6590

Chief Scientific & Technical Advisor, EMI & Lightning: 
Mr. David Walen..................................... (425) 917-6586

dave.walen@faa.gov

Federal Communications Commission
445 12th Street, SW
Washington, DC 20554
Office of Engineering & Technology
Tel.: (202) 418-2470

Chief: Julius P. Knapp
Deputy Chief.: Mr. Ira Keltz
Deputy Chief: Ronald Repasi
Deputy Chief: Alan Stillwell
Associate Chief: Bruce Romano

Policy & Rules Division
Tel.: (202) 418-2472
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Chief: Geraldine Matise
Deputy Chief: Mark Settle

Spectrum Policy Branch
Chief: Mr. Jamison Prime

Technical Rules Branch
Chief: Ms. Karen Ansari

Spectrum Coordination Branch
Chief: VACANT

Electromagnetic Compatibility Division
Tel: (202) 418-2475

Chief: Walter Johnston
Technical Analysis Branch

Chief: Mr. Robert Weller
Experimental Licensing Branch

Chief: Mr.James Burtle

Federal Communications Commission 
Laboratory
7435 Oakland Mills Rd.
Columbia, MD 21046
FCC Laboratory Division

Dr. Rashmi Doshi, Chief ......................... (301) 362-3011
Mr. Jim Szeliga.......................................  (301) 362-3051
Mrs. Pat Wright......................................  (301) 362-3001

Equipment Authorization Branch
Mr. Joe Dichosco, Chief ......................... (301) 362-3024
Ms. Evelyn Cherry .................................. (301) 362-3022
Mr. Steve Dayhoff..................................  (301) 362-3027
Mr. Tim Harrington ................................. (301) 362-3039
Mr. Andrew Leimer................................  (301) 362-3049
Mr. Stanley Lyles....................................  (301) 362-3047
Ms. Diane Poole.....................................  (301) 362-3034

Audits and Compliance Branch
Mr. Raymond Laforge, Chief .................. (301) 362-3041
Mr. David Galosky................................... (301) 362-3290
Ms. Katie Hawkins.................................. (301) 362-3030
Ms. Phyllis Parrish................................... (301) 362-3045
Mr.Martin Perrine................................... (301) 362-3025
Mr. Richard Tseng................................... (301) 362-3054
Mr.Samuel Uganzenwoko....................... (301) 362-3033

Technical Research Branch
Mr. William Hurst, Chief........................  (301) 362-3031
Mr. Kwok Chan.......................................  (301) 362-3055
Mr. James Drasher.................................. (301) 362-3047
Mr. Steve Jones...................................... (301) 362-3056
Mr. Steve Martin....................................  (301) 362-3052
Mr. Tom Phillips......................................  (301) 362-3044
Mr. George Tannahill .............................. (301) 362-3026

Customer Service Branch
Mrs. Sandy Haase, Chief........................ (301) 362-3013
Ms. Bessie Bordenave............................ (301) 362-3046
Ms. Linda Elliott...................................... (301) 362-3032
Mr. Tim Jamerson .................................. (301) 362-3014
Mr. Ken Reitzel.......................................  (301) 362-3015
Ms. Bette Taube.....................................  (301) 362-3028
Mrs. Joycelyn Walls............................... (301) 362-3017

Goddard Space Flight Center
Greenbelt, MD 20771
Code 565 Electrical Systems Branch

Mr. Steven Graham, EMC Engr..............  (301) 286-3248
Steven.M.Graham.1@nasa.gov

Code 549.0, Electromagnetic Systems Engineering
Mr. Todd Bonalsky, PhD, lead engineer...........................	
.................................................................  (301) 286-1008

Todd.M.Bonalsky@nasa.gov

National Aeronautics and Space 
Administration
Kennedy Space Center
Kennedy Space Center, FL 32899
EMC Engineers

Team Lead: Ms. Dawn Trout (VA-F3),.... (321) 867-5366
dawn.h.trout@nasa.gov

Mr. Ron Brewer (Analex).......................  (321) 867-5329
ronald.w.brewer-1@nasa.gov

Mr. Kevin Clinton (VA-F3) ...................... (321) 867-5314
kevin.j.clinton@nasa.gov

Mr. Tung Doan........................................  (321) 867-5330
tung.m.doan@nasa.gov

Mr. Paul Edwards ................................... (321) 867-8927
paul.edwards@nasa.gov

Ms. Catherine C. Lewis............................ 216-433-3806
Catherine.c.lewis@nasa.gov

Mr. Noel Sargent (Analex).....................  (216) 433-3395
noel.b.sargent@nasa.gov

Mr. James Stanley.................................. (321) 867-1991
james.e.stanley@nasa.gov

Mr. Jarek Tracz.......................................  (321) 867-2780
jarek.a.tracz@nasa.gov

EMC Test Engineer Manager:Mr. Jack Cowras (VB-E1).	
.................................................................. (321) 867-2914

john.cowras-1@nasa.gov

National Aeronautics and Space 
Administration
Langley Research Center
5 North Dryden St., Bldg. 1202
Hampton, VA 23665
Fax: (757) 864-9884
EMC Test Facility (MS 130)

Ms. Courtney Rollins .............................. (757) 864-7814
c.h.rollins@larc.nasa.gov

HIRF Laboratory (MS 130)
Mr. Jay J. Ely..........................................  (757) 864-1868

j.j.ely@nasa.gov
Mr. Truong X. Nguyen ............................ (757) 864-7528

t.x.nguyen@larc.nasa.gov
EMI/EMC Analysis and Troubleshooting (MS 488)

Dr. Arthur T. Bradley ............................... (757) 864-7343
arthur.t.bradley@nasa.gov

National Aeronautics and Space 
Administration
John H. Glenn Research Center
21000 Brookpark Road
Cleveland, OH 44135
EMC Engineer

Mr. Tesfahunei T. Tecle.......................... (216) 433-6620
tesfahunei.t.tecle@grc.nasa.gov

National Aeronautics and Space 
Administration
Lyndon B. Johnson Space Center
2101 NASA Rd.
Houston, TX 77058-3696
Avionics Systems Test Branch (EV4)

Branch Chf.: Ms. Linda Bromley............. (281) 483-0129
Analysis Grp. Ldr.: Ms. C. Sham............  (281) 483-0124
EMC Grp. Ldr.: Mr. Robert Scully..........  (281) 483-1499

robert.c.scully@nasa.gov
EMC Test Laboratory

Facility Mgr: Mr. Rod Robinson.............  (281) 483-1465
Electronic Systems Test Laboratory

Facility Mgr: Mr. Ned Robinson............  (281) 483-0130

National Aeronautics and Space 
Administration
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

Spectrum Manager: Terry Luttrell........  (256)544-0130
Terry.Luttrell@nasa.gov

EMC Engineers (M/S ES42/4708)
Division Chief: Mr. Tony Clark............... (256) 544-2394

Tony.Clark@nasa.gov
Branch Chief: Mr. Jeff Wesley.............  (256) 544-3393

Jeff.Wesley@nasa.gov
Team Lead: Mr. Mark Krome................. (256) 544-5635

Mark.Krome@nasa.gov
Mr. Michael Crane (ERC)....................... (256) 544-7259

Michael.G.Crane@nasa.gov
Mr. Tim Dew (ERC)................................. (256) 544-3718

Timothy.M.Dew@nasa.gov
Mr. Ross Evans (Dynetics) ..................... (256) 961-2305

Ross.W.Evans@nasa.gov
Ms. Tammy Flowers............................... (256) 961-0508

Tammy.D.Flowers@nasa.gov
Mr. Truman Glasscock (Triumph)........... (256) 544-5318

Truman.G.Glasscock@nasa.gov
Mr. Kenneth Gonzalez (Qualis)..............  (256) 544-1658

Kenneth.P.Gonzalez@nasa.gov
Mr. Steve R Jones.................................  (256) 544-4373

Steve.Jones@nasa.gov
Mr. Steve Linthicum (Dynetics) .............(256) 544-5312

Steven.E.Linthicum@nasa.gov
Mr. Jonathan Mack ............................... (256) 544-3599

 Jonathan.D.Mack@nasa.gov
Mr. Matthew McCollum ........................(256) 544-2351

Matt.Mccollum@nasa.gov
Mr. Matthew McGrath (Dynetics)........ (256) 544-3051

Matthew.M.McGrath@nasa.gov
Mr. Tom Perry (Jacobs).......................... (256) 544-0744

Thomas.A.Perry@nasa.gov
Mr. Glenn Shelby...................................  (256) 544-0694

Glenn.Shelby@nasa.gov
EMI Test Facility..................................... (256) 544-8121

National Institute of Standards and 
Technology
Electromagnetics Division
Boulder, CO 80305

Div. Chief: Dr. Perry Wilson....................(303) 497-3406
pfw@boulder.nist.gov

Secretary: Ms. Willa Mayns.................  (303) 497-3132
RF Fields Group 818.02

Group Leader: Mike Francis................... (303) 497-5873
francis@boulder.nist.gov

Secretary: Mr. Gian Aparicio.................  (303) 497-3321
aparicio@boulder.nist.gov

Antenna Metrology (818.02 project)
Mr. Jeffrey Guerrieri.............................. (303) 497-3863

guerrieri@boulder.nist.gov
Reference Fields & Probes

Mr. Dennis Camell .................................. (303) 497-3214
dennis.camell@boulder.nist.gov

Field Parameters and EMC Applications (818.02 project)
Galen Koepke.......................................... (303) 497-5766

koepke@boulder.nist.gov
Metrology for Wireless Systems, Project Leader

Kate Remley............................................ (303) 497-3652
kate.remley@nist.gov

Quantum Electrical Metrology Division, 817
Gaithersburg, MD 20899

Div. Chief: Dr. Michael H. Kelley........... (303) 497-4736
michael.kelley@nist.gov

National Telecommunications and 
Information Administration (NTIA)
U.S. Department of Commerce
1401 Constitution Ave., N.W.
Washington, DC 20230
(202) 482-1850
Emergency Planning Subcommittee Chairman

Chief: Mr. Stephen R. Veader................. (202) 482-4417
sveader@ntia.doc.gov 

Spectrum Planning Subcommittee Chairman
Chief: Mr. Stephen Butcher.................... (202) 482-4163

sbutcher@ntia.doc.gov

Institute for Telecommunications Sciences 
(ITS)
325 Broadway
Boulder, CO 80305-3328

Exec. Officer: Mr. Brian Lane..................(303) 497-3484
blane@its.bldrdoc.gov

Director: Mr. Al Vincent .........................(303) 497-3500
avincent@its.bldrdoc.gov

Spectrum & Propagation Measurements Division
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Mr. Eric D. Nelson.............................................................	  (303) 497-7410
     enelson@its.bldrdoc.gov

Telecommunications & Information Technology Planning Division
Mr. Jeffrey R. Bratcher.....................................................	 (303) 497-5132

jbratcher@its.bldrdoc.gov
Telecommunications Engineering, Analysis & Modeling Division

Ms. Patricia Raush............................................................	 (303) 497-3568
praush@its.bldrdoc.gov

Telecommunications Theory Division
Mr. Frank Sanders.............................................................	 (303) 497-7600

fsanders@its.bldrdoc.gov

TEMPEST CONTACTS

Army Electronic Proving Ground Test Engineering Directorate
RF Test Division
Attn.: CSTE-DTC-EP-TR
Electromagnetic Environmental Effects/TEMPEST & Antenna Division
Attn.: TEDT-EP-SEA
2000 Arizona Street, Fort Huachuca, AZ 85613-7110

Div. Chief:Mr. Johnny Douglas.........................................	  (520) 533-5819 
johnny.douglas@us.army.mil

E3 Test Facility/Blacktail Canyon
Technical Lead: Mr. Johnny Douglas...............................	  (520) 533-5819

johnny.douglas@us.army.mil 
Mr. James Smith...............................................................	  (520) 538-5188

james.a.smith4@us.army.mil 
Mr. David Seitz..................................................................	  (520) 533-5819 

david.seitz3@us.army.mil 
Mr. Garrett Rude...............................................................	  (520) 533-2818 

Garrett.rude@us.army.mil 
Mr. Fulton Woo..................................................................	 (520) 533-5819

Fulton.woo@us.army.mil 
Antenna Test Facility

Technical Lead: Mr. Doug Kremer....................................	  (520) 533-8170 
douglas.kremer@us.army.mil 

Mr Anthony Sanchez.........................................................	  (520) 533-9874 
anthony.c.sanchez@us.army.mil

BELGIUM

Belgian Naval Headquarters
Project Office, Kwartier Koningin Elisabeth
1 Everestraat, 1140 Brussels, Belgium
Tel.: +32-2-7013334, Fax: +32-2-7014786

CANADA
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