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2013 EMC Test & Design Guide

New Ways to See EMC

W
ELCOME TO THE 2013 EDITION of the 
Interference Technology EMC Test &  
Design Guide, where you will find an up-
dated worldwide directory of test labora-
tories (page 18) and articles related to all 

aspects of EMC testing and design.
      Topics in this issue include power design for low EMI, 
charge generation of ESD sensitive devices, MicroTCA com-
puting architecture and how it handles EMC, and defending 
Ethernet ports from electrical transient events. Also included 
is part one of an article on EMP protected infrastructure with 
shielded buildings & solar rooftops. Look for part two in our 

2014 EMC Directory & Design Guide in April!
      As you may have noticed, Interference Technology has been publishing a general 
interest feature article in every issue this year. We’ve covered a range of topics, from 
the challenges women face in engineering, to up-and-coming student engineers, to 
the feature in this issue on the current status of the EMC workforce (page 8). Our in-
formation was gathered after we sent an employment survey to our readers, and you 
responded! We were able to get an interesting glimpse of EMC engineer concerns, 
age ranges, job satisfaction, and yes, salaries. Now you can see for yourself how you 
rank among your colleagues. 
      As always, we appreciate your feedback and suggestions for future articles –either 
technical or general interest, or both. You can send any suggestions to me directly at 
bstas@item-media.net.
      2013 has brought a lot of new content to Interference Technology, both in print 
and online. I hope you were able to join me during several webinars we hosted 
throughout the year. If not, they are archived and available to watch on our website, 
interferencetechnology.com – just click the “Webinar Series”  link on the right-hand 
side. Our first collection of webinars, “EMC Basics” by Keith Armstrong, proved to 
be very popular for the new engineer, or someone who simply wanted to brush up on 
their EMC knowledge.
      Another new and exciting development, starting with this issue, is the addition 
of exclusive content in our enhanced digital publications. You can still subscribe in 
print, but we encourage you to go 100 percent digital with us – if you do, you will 
get exclusive content not found in the digital editions available to print subscribers. 
You will also receive your magazine earlier, and help the environment at the same 
time. Still like your paper copy? No problem – you can download and print it so you 
have an exact copy of the magazine. Change your subscription to ‘digital only’ on our 
website – click the “subscribe” link at the bottom of the homepage.
      I hope you continue to use us as your No. 1 EMC resource as we strive to provide 
new ways EMC professionals can read, watch, learn and interact. 

Belinda Stasiukiewicz
Editor
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2013 EMC EMPLOYMENT SURVEY: 
HOW EMC ENGINEERS COMPARE WITH THEIR COLLEAGUES

A
S THE ELECTRONICS INDUSTRY contin-
ues to expand, employment opportunities 
for EMC engineers continue to grow as well. 
Products are becoming increasingly complex, 
and compatibility issues are arising ever more 
frequently. With each new advancement, EMC 
engineering jobs around the nation become 

more important, and more secure. 
 Experienced EMC engineers, especially those with specialized 

knowledge, are in demand, and these plum positions are not pencil-
pushing desk jobs. Today’s EMC engineers are getting hands-on in 
the lab and constantly having to stay on the cusp of rapidly progress-
ing innovations. They told Interference Technology this challenging 
atmosphere is why their day’s work is so satisfying. Interference 
Technology received this feedback, and more, in its first nationwide 
salary survey of EMC/EMI engineers.
      Interference Technology sent a survey to a list of more than 15,000 
EMC, design, and test engineers, from 
July through August 2013. Several hun-
dred people responded to the request. 
      The results indicate that overall, the 
engineers are mostly satisfied with their 
career choices and current positions 
and value the complex problem-solving 
challenges of the job. 
      “What a wonderful time to be a part 
of the compliance world, with every new wave of emerging tech-
nologies comes a new wave of compliance challenges,” a corporate 
manager from Georgia commented in the survey.
      Of course, the ‘compliance world’ includes much more than just 
EMC regulations, with existing regulations on radiocommunications, 
telecommunications, product safety, restriction of hazardous sub-
stances, and – increasingly – sustainability (e.g. power efficiency, 
standby power, etc.), and in smaller companies one compliance 
engineer might have to deal with the lot.
     Compared to just 20 years ago, a number of new industries have 
emerged in compliance, noted Dan Paulson, the CFO of Paulson and 
Clark Engineering, an engineering services provider in White Bear 
Lake, Minnesota. 
      “A lot of engineers are not even aware of all the applicable 
fields, and you have a lot of industries pulling from the same pool 
of candidates,” Paulson said. 
     Salaries at Paulson & Clark have stayed stable in recent years. 
     Robert Kado, the EMC department manager and senior technical 
specialist for Chrysler Group, observed the same trend in the EMC 
segment of the automotive industry. His lab is busy with research 

and development of Bluetooth technology, alternative powertrain, 
and wireless charging for smart devices. 
     “The trend is that it’s hard to find the right people,” Kado said. 
In mid-August, an opening in his department had remained unfilled 
for a month. The company has offered bonuses and steady salary 
increases to its EMC team for the last three or fours years, and so 
far that has seemed to be the key to retention. 
     Hiring experienced talent is even harder in non-metropolitan 
areas. Therefore, Jim Teune, the lead EMC engineer at Gentex, has 
tried a different strategy. Gentex is a leading supplier of automatic 
dimming rearview mirrors and lighting assist driver features to the 
automotive industry, and is based in Zeeland, Mich. He finds fresh 
graduates with some background in radio frequency and trains and 
grows them into experienced team members. He keeps turnover 
low by giving engineers challenges that are suited to their individual 
skill sets. 
     “It works for me,” Teune said. “They stick around longer. Plus 

they are productive and enthusiastic 
about their job.”
       Slightly more than a quarter of 
respondents said they have been in 
their current positions for more than 
two decades. About a quarter of survey 
respondents said they have been in their 
current position for one to two decades. 
Almost 20 percent have been in their 

current position for five to 10 years. 
      Michael Oliver is the vice president of EMC/ electrical engineer-
ing for MAJR Products Corporation, an EMC shielding manufacturer 
in Saegertown, Penn. He has been with MAJR for 12 years, and 
says his peers in the field average close to a decade, and he has 
witnessed very little turnover. 
     Companies value their EMC engineers because without them, 
a product or  system risks not meeting the requirements of MIL-
STD-461, 464, the Federal  Communications Commission, and other 
regulatory bodies, Oliver said. 
    It takes three to five years to become truly proficient in the EMC 
field, said Daryl Gerke, an EMC consultant who is a partner at Kim-
mel Gerke Associates, based in St. Paul, Minn. But about 90 percent 
of the concepts are applicable across the electronics industry, he 
added, which makes for a highly portable experience. Therefore, 
someone in the military field could easily transition to automotive 
or medical or consumer electronics. The biggest learning curve is 
in grasping the regulations and requirements specific to that seg-
ment. When an EMC engineer is laid off, it is not unusual for them 
to get another job offer in a day, or even an hour, Gerke explained. 

BY VINTI SINGH

Thirty percent of survey 
respondents make more 

than $115K, while  
45 percent make less than 

$90K per year
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      But a career in EMC can be very much more satisfying than just 
compliance, says Keith Armstrong, an EMC consultant with Cherry 
Clough Consultants Ltd. in the UK. He says that using good EMC engi-
neering from the start of an electronic product design project (e.g. in 
circuit design, component choice and PCB layout) helps achieve good 
signal integrity and power integrity more quickly, meaning the product 
gets to market quicker, functions better, costs less to manufacture 
and is more reliable in the � eld. So EMC compliance engineers who 
educate their designer colleagues in good EMC design can make a 
huge improvement to the � nancial performance of their employers.

    Of the electrical engineers surveyed, 32 percent identi� ed speci� -
cally as EMC engineers. Other respondents identi� ed as electrical 
engineers, compliance engineers, design engineers, test engineers 
or otherwise tangential to the � eld.
     Most respondents, about 70 percent, said they felt mostly or 
very secure in their current positions. 
     Twenty-six percent of respondents said they make between 
$90,000 to $115,000. Thirty percent total of respondents total said 
they make more than $115,000, while about 45 percent total said 
they made less than 90,000.
     Different sectors of EMC enter boom times depending regulatory 
rollouts, Gerke said. The medical sector saw such a boom in the 
early 1990s when the federal Food and Drug Administration and 
then the European Union began taking a special interest in medical 
devices. After 9/11, the military sector became especially active.
     In 2010, the average salary for an electrical engineer with a 
bachelor’s degree was $87,180, according to the Bureau of Labor 
Statistics Occupational Outlook Handbook.  The average salary 
for an electronics engineer in that same year was $90,170. The 
labor statistics bureau estimates a 7 percent increase in electrical 
engineering jobs between 2010 and 2020 and estimates job open-
ings due to growth and replacement needs will be close to 50,000.
     About half of the respondents said they were mostly or very 
satis� ed with their salary level. A little more than 20 percent said 
they were not very or not at all satis� ed with their income. 
     About 55 percent of the survey takers said their salary and 
bene� ts were a major factor contributing to their job satisfaction. 
     About half of the respondents reported feeling average amounts 
of stress, while about 40 percent said they felt a signi� cant or very 
large amount of stress. 
     About 40 percent of respondents said they worked, on average, 
41 to 45 hours a week. About 35 percent reported working 45 to 
55 hours a week. 
     Some engineers commented stress resulted from having to coor-
dinate with non-EMC colleagues or clients who do not understand 
EMC compliance needs. 
     “The � eld of compliance has changed drastically in the past few 
years,” said an EMC engineer in Massachusetts in the comments 
section of the survey. “The customer base has changed where the 
client is no longer a compliance engineer coming to test, but in fact 
a program manager. They have no ideas how to � x the EMI problems 
and rather skirt around product issues then simply � xing them.” 
     An EMC engineer from Colorado shared his frustration and said 
the business managers are the source of stress, as they don’t want 
to � x EMI issues, but rather “just BandAid and keep shipping the 
product.”
     Stress also results from the fact that products are routinely 
designed and manufactured overseas, with all initial compliance 
checks performed there as well, he continued. Once the product 
reaches the States, it usually is checked again and often does 
not meet the standards. Design changes are hard to implement 
when it is hard to determine what the designer intended for the 
product to do. 
     Most respondents said they were mostly satis� ed or very satis� ed 
with their choice of engineering as a career. Less than 15 percent 
reported that they were somewhat or not satis� ed. None of the 
people surveyed said they were unsatis� ed. 

Age Range

SURVEY RESULTS

Salary Range

Hours Worked per week

In July, more than 200 of our readers answered our employment 
survey. Above and on the next page are results. For more charts, 
view our enhanced digital edition - to recieve this version, visit 
www.interferencetechnology.com and click 'subscribe' at the 
bottom of the homepage.
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     The biggest reason they attributed for their satisfaction was how 
often they were challenged and had to solve problems. 
       The survey takers commented the � eld is constantly expanding 
in its scope, and the variety of challenges encountered mean they 
are learning something new on a daily basis. 
       “I tell my guys, you are forever a student of EMC,” Teune said. 
“There’s always a changing standard or a new requirement. Our 
product evolves. Even though we might be using the same core 
design, we’re looking for cost saving measures.”
     Opportunities to be creative and relationships with colleagues 
were other major contributing factors to job satisfaction, according 
to the survey. 
     “It’s a dif� cult job that requires the skills of a ‘rocket scientist’,” 
said an electrical engineer from Pennsylvania. 
    Company size and location were a major factor for almost 40 
percent of respondents. 
An EMC engineer from Hawaii described his job as, “a nice, fun 
interesting job nearby home, which is very positive.”
    Similarly most respondents said they are mostly satis� ed or 
very satis� ed with their current positions.Almost 20 percent said 
they were somewhat satis� ed and about 5 percent reported being 
unsatis� ed. 
     “Private companies are so much nicer than public companies,” 
said an electrical engineer from Colorado. “You still have to work 
hard and are busy, but you do things because they need to be done 
and not because of some ignorant corporate objective, executive 
metric, or political jockeying.”
      The majority of respondents said they were not looking for 
another position, but almost 40 percent of survey takers said they 
were passively searching for another job. 
About 80 percent of respondents said they would recommend the 
� eld to a child or a friend. 
     “EMC is not a career for everybody, or even for every electrical 
engineer, but can be a very satisfying career for those with the right 
mind set,” said an EMC/EMI engineer from Missouri. 
     The majority (56 percent) of the respondents were 51 or older 
– approaching retirement age. About 40 percent were aged 25 to 
50, and only about 3 percent were 25 and under.
“Five and a half years and I’m done [working],” said an engineer-
ing manager from Maryland, while an EMC engineer from Florida 
questioned, “Where is my replacement? Very few young folks 
qualify.”(To see Interference Technology’s article on up and coming 
student engineers, refer to the 2013 EMC Symposium Guide)
    EMC consultant Daryl Gerke said he is in his 60s and his partner 
is on his 70s, but often feel like the “younger guys” at EMC confer-
ences. 
    “I think there is a need for new fresh blood. Companies aren’t 
good at responding to that,” Gerke said. 

Career Satisfaction

Stress Felt on the Job

    When one of Gerke’s mentors was in his early 60s, he began 
pressing his employer to start grooming his replacement, but man-
agement didn’t heed his advice. At 65, he retired, and not long after, 
the company asked him to return as a consultant. 
The survey results suggested the industry remains a male domi-
nated one, as only slightly more than 7 percent of the respondents 
identi� ed as female. 
      “Of the hundreds of EMC professionals I know, just three or 
four are women,” said Michael Oliver, “And the only women I know 
who do go into it are from India, China or other countries. I think the 
U.S. is really de� cient in promoting EMC to women.” (Interference 
Technology has also published an article on women engineers; see 
the article in the 2013 EMC Directory and Design Guide.)

For more charts and additional information on our sur-
vey results, sign up for our enhanced digital versions of 
Interference Technology. Visit www.interferencetechnology.
com and click the 'subscribe' link at the bottom of the homepage.

About 40 percent of survey 
respondents said they felt a 

signi� cant or very large amount 
of stress in their jobs 44%
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were passively searching for another job. 
About 80 percent of respondents said they would recommend the 
� eld to a child or a friend. 
     “EMC is not a career for everybody, or even for every electrical 
engineer, but can be a very satisfying career for those with the right 
mind set,” said an EMC/EMI engineer from Missouri. 
     The majority (56 percent) of the respondents were 51 or older 
– approaching retirement age. About 40 percent were aged 25 to 
50, and only about 3 percent were 25 and under.
“Five and a half years and I’m done [working],” said an engineer-
ing manager from Maryland, while an EMC engineer from Florida 
questioned, “Where is my replacement? Very few young folks 
qualify.”(To see Interference Technology’s article on up and coming 
student engineers, refer to the 2013 EMC Symposium Guide)
    EMC consultant Daryl Gerke said he is in his 60s and his partner 
is on his 70s, but often feel like the “younger guys” at EMC confer-
ences. 
    “I think there is a need for new fresh blood. Companies aren’t 
good at responding to that,” Gerke said. 

Career Satisfaction

Stress Felt on the Job

    When one of Gerke’s mentors was in his early 60s, he began 
pressing his employer to start grooming his replacement, but man-
agement didn’t heed his advice. At 65, he retired, and not long after, 
the company asked him to return as a consultant. 
The survey results suggested the industry remains a male domi-
nated one, as only slightly more than 7 percent of the respondents 
identi� ed as female. 
      “Of the hundreds of EMC professionals I know, just three or 
four are women,” said Michael Oliver, “And the only women I know 
who do go into it are from India, China or other countries. I think the 
U.S. is really de� cient in promoting EMC to women.” (Interference 
Technology has also published an article on women engineers; see 
the article in the 2013 EMC Directory and Design Guide.)

For more charts and additional information on our sur-
vey results, sign up for our enhanced digital versions of 
Interference Technology. Visit www.interferencetechnology.
com and click the 'subscribe' link at the bottom of the homepage.

About 40 percent of survey 
respondents said they felt a 

signi� cant or very large amount 
of stress in their jobs 44%

41%

12%

2%

 1%

47%

32%  9%

3%

8%

Male 92%

Female 8%

SURVEY RESULTS
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ABSTRACT
Achieving low power supply noise does not 

automatically assure low EMI.  Fortunately a 
PCB layout designed for low EMI does auto-
matically result in low noise.  The techniques 
presented here do achieve both goals.

M
UCH HAS BEEN span-
ning several decades, 
on how to design print-
ed circuit layouts for 
low EMI [1] [2].  Yet, 
as a practicing RF en-
gineer I repeatedly 

encounter boards with layouts that produce 
significant amounts of EMI.  In this age of plen-
tiful information, one would wonder why these 
problems persist.  The answer is not a surprise: 
much of the information available is misleading 
and even wrong.  A good survey on this is in 
[2].  Designers therefore choose to learn on their 
own, which is horribly inefficient and costly.  
The results presented here have been known 
for a long time [5].  However it appears that they 
are forgotten, because they are almost never 

used.  This article is a reminder on how easy 
low-EMI PC layout really is.Good EMI design 
for printed circuits is not that hard, but it does 
require attention to detail and awareness of 
the underlying physical processes.  And there 
are no shortcuts.  Follow the rules and success 
is rather easy.  Cut any corners and problems 
rise rapidly.

Electromagnetic theory tells us that there 
are two conditions necessary to keep EMI at 
an inherently low level. These conditions are:

1. Minimize the impedance and current 
encounters
2. Minimize the area of each current loop
By far, EMI publications discuss well how 

to achieve the first requirement.  Essentially 
nobody though discusses the second criterion.  
This is the loophole that allows an otherwise 
low noise board to still produce significant 
amounts of EMI.  Fortunately the solution is 
straightforward, and easily designed into the 
PCB layout at the outset.  Here we show both 
what needs to be done, along with why and how 
well the basic technique works.

First and foremost: know ALL your sources 
of dynamic currents.  The most obvious source 
of dynamic current is from signals propagating 
along the signal traces.  When these signals 
have fast edge speeds (2 nanoseconds or less) 
the board layout needs to have controlled 
impedance and accurate line source and load 
terminations. This is the standard fare of sig-
nal integrity, and will not be discussed more 
here.  But, particularly when CMOS technol-
ogy is used, there is another ‘hidden’ source 
of dynamic currents that, in my experience, 
is much more of an EMI problem than any 
signal current.

This additional dynamic current has sev-
eral names: crowbar current, short-circuit 

CMOS is different: PCB design for 
both low noise and low EMI

EARL MCCUNE
Consultant 
RF Communications Consulting 
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current, supply spike, etc.  It is a natural artifact of how CMOS 
gates are operated inside an integrated circuit, which is shown 
in Figure 1.  In eff ect, all CMOS gates are composed of switches 
that alternately connect the gate output directly to the power 
supply, or to ground, whether the output state should be a ‘1’ 
or ‘0’ respectively.

� e power supply current spike follows from the chip-design 
criterion that it is not allowed for both switches to be OFF at 
the same time.  � erefore when one is turning OFF and the 
other one is turning ON, there is a very brief and intentional 
moment when both switches are partially ON.  During this brief 
instant (usually 1 nanosecond or less) there is a current path 
(resistance) directly across the power supply, causing current 
to fl ow that does not contribute to the output logic signal.  � is 
current, though brief, can have a very large magnitude.  One 
small CMOS IC, measured in Figure 2, shows that this spike 
current magnitude is 300 mA in this instance.  Reactances in the 
current path are excited by the current spike and respond with 
a damped oscillation.  Everything is over in 15 nanoseconds.

Synchronous logic, extremely common in CMOS logic, 
makes EMI worse because it causes all output transitions to 
occur close to the same time.  � is causes all of these current 
spikes, one for each and every gate in the IC, to happen together.  
� e currents add, of course, making for a very large source of 
dynamic current.  � is must be very carefully managed to avoid 
generating lots of EMI.  And this is completely independent 
from signal integrity.

Electromagnetic radiation is driven by currents, not voltages.  
� e secret to low EMI design is in managing all of the dynamic 
currents such that the resulting radiation is minimum, though 
it will never be zero.  � is eff ectively quiets any potential trans-
mitter.  To achieve this low EMI, electromagnetic theory tells 
us that the area of each current loop must be made small.  How 
to do this is the trick for low EMI design.

Again, all currents are loops [3].  � is we learn in beginning 
circuit analysis class.  Afterwards it is all too easy to forget this 
fundamental fact when we progress to think that current comes 

from the power supply, passes through our circuit, and then 
disappears into ‘ground’.  Or worse, to simulate that all current 
returns are through ‘Node 0’.  Both of these common habits 
obscure reality, which we do at our peril: causing performance 
degradation, schedule slips from extra work that has to hap-
pen, cost increases from EMI modifi cations and extra testing 
that shouldn’t be needed, and lost revenue from late product 
introductions.

A realistic view of current fl ow is shown in Figure 3.  Signal 
current loops begin and terminate at the initiating circuit block.  
Power current loops originate and terminate inside the power 
supply.  Since no practical circuit has zero impedance, Ohm’s 
Law tells us that there must be voltage drops across all imped-
ances the current encounters around the loop.  � is includes 
the return path!  As more currents combine in their return to 
the power supply, the voltage drops across impedances do af-
fect the supply voltage experienced by circuitry such as ‘Block 
1’.  Hence, it is certainly vital to keep all power and return (this 
name is much preferable to the word ‘ground’) impedances as 

FIGURE 1: General CMOS circuit structure: controlled switches 
alternately connecting the output to one of the power supply rails.

FIGURE 2: Measured typical CMOS power supply current spike at times 
of output transitions.  Scale is 200 mA/division (bottom trace).

FIGURE 4: Addition of bypass paths for the power supply current loops 
in each circuit block.

FIGURE 3: Current loops in a typical circuit
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small as absolutely practical.

BYPASSING
For high frequency current spikes, which cause all of our EMI 

problems, it is desirable to give them a return path very close to 
where they are generated.  � is is the idea of bypassing, shown in 
principle in Figure 4.  While the total power needed to operate 
the circuit block must fl ow from and return to the power supply, 

the troublesome current spike currents only need to return to 
the power supply node from where they came.

Measured performance of a 2-layer PCB with bypass capaci-
tors at each CMOS IC is shown in Figure 5.  � is PCB includes 
copper pour on both top and bottom, with both pours connected 
to the ground node.  Including these pours has a signifi cant 
benefi cial eff ect [4] and is therefore used here to establish a 
performance baseline.  We note from Figure 5a that the power 

supply noise is 200 mV peak to peak, and the 
EMI scan in Figure 5b shows EMI products 
rolling off  above 500 MHz and having a peak 
around 150 MHz.

When originally conceived over 30 years 
ago, the addition of bypass capacitors (low 
AC impedance, high DC impedance) worked 
very well.  � is is because the impedance of 
power and return networks in those days 
was fairly high.  Multi-layer PCB technol-
ogy was not yet available.  Today multi-layer 
technology is readily available, which is both 
a blessing and a problem.

POWER PLANES
With multi-layer PCB technology, we are 

able to dramatically reduce the impedance of 
both supply and return paths [3].  � is is ideal 
in meeting objective (1) for achieving low 
EMI.  It turns out that this actually makes 
achieving objective (2) more diffi  cult.

Why this is true we can discern from 
Figure 4.  Each bypass capacitor is connected 
directly in parallel with the power supply and 
the circuit block.  We again remember from 
our fi rst circuit analysis class that in any 
parallel circuit, current will predominantly 
fl ow in the path with the lowest impedance.  
Which path has the lowest impedance?  
It turns out that when power and return 
(ground) planes are used, the lowest imped-

FIGURE 5: Layout with 2 sided copper, grounded pour on both sides, and bypass capacitors on each CMOS IC: a) power supply noise (lower trace, 200 
mV / div.), b) formal EMI scan.
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ance path is through these planes.  So the electrons, being the 
most lazy (and therefore predictable) creatures in this universe, 
will fl ow through the planes.  � e bypass capacitors have almost 
no eff ect, unless the planes are shaped in such a way as they 
eff ectively have higher impedance at frequencies of interest.  

I have seen many circuit boards that behaved the same 
whether the bypass capacitors were mounted or not.  � is is the 
reason why.  As a result, we have the unexpected situation where 
the voltage noise is low, but the EMI is not.  Our example board 
is one of them, as we can see in Figure 6.  Taking the same circuit 
and part placement from the board used in Figure 5, but now 
using 4 layers with internal power and ground planes, we note 
a dramatic drop in power supply noise in Figure 6a compared 
to the measurement in Figure 5a.

But when we compare the EMI scans, Figure 5b shows a 
signifi cant increase in the EMI radiation at UHF frequencies.  
� e earlier peak at 150 MHz is gone, but there is now a dramatic 
increase in radiation above 500 MHz.  � is is a classic example 
of how we can reduce noise on the power supply, yet actually 
make EMI worse.  � e lower impedance of the power planes is 
defi nitely reducing the voltage from the CMOS currents, but 
the lower impedance is allowing the high frequency currents 
to fl ow over much wider area: the high frequency current loops 
are larger.  � is is proof that low impedance alone is insuffi  cient 
to reduce EMI.  We need to also force the current loops to be 
small.  One more step is necessary to get what we need.

SOLUTION – LOCALIZED HIGH AC
IMPEDANCE TO THE SUPPLY

� e trick is to make the power planes look like they have 
much higher impedance at high frequencies, so that the high 
frequency spike currents return though the bypass caps and 
stay completely off  of the planes.  But at low frequencies we need 
current to fl ow through the low impedances that the planes 
are there for.  Fortunately this is readily achieved by inserting 
an inductive element in the tap to the power plane, as shown 
in Figure 7.

Whenever we have both inductance and capacitance there 
will be resonance, which is something we do not want. � is 

is addressed by using a very low Q inductor, such as a ferrite 
bead.  � is part selection not only dampens out the resonance 
responses, it also broadens the eff ective bandwidth of the de-
coupling – both of which are very good things.  � e eff ect of 
adding this ferrite bead in each CMOS tap into the power plane 
is seen in Figure 8.

Comparing the supply noise traces of Figures 8a with 6a we 
see no material diff erence.  Both boards have very low noise on 
the power distribution.  � ere is a dramatic diff erence though 
between the EMI scans in these fi gures.  Adding the ferrite beads 
has dropped the EMI at 600 MHz by more than 15 dB.  Lower 
frequencies are also attenuated, though not quite as much.  But 
this is the point: UHF EMI products can be inherently reduced in 
any board using CMOS circuits and power distribution planes, 
by simply making the bypass capacitors operate again with the 
insertion of ferrite beads in each tap to the power plane.

� is means that both the ferrite bead inductance and the 
bypass capacitor on the CMOS IC side are vital.  � ey work 
together in a partnership.  Having only the bypass capacitors 
is worthless when power distribution planes are used.  Having 
only the tap inductance without the bypass caps (I have seen 
this!) makes things much worse than doing nothing.  But to-
gether, as we see in Figure 8b, these components are a powerful 
anti-EMI technique.

Including the ferrite bead into the original PCB design is 
extremely important.  It is nearly impossible to add these later 
when an EMI problem arises in testing.  Admittedly the addition 
of more components onto a tight PCB is not welcomed, but the 

FIGURE 6: 4-layer PCB with internal power and ground planes, with bypass capacitors at each CMOS IC: a) power supply noise (lower trace, 200 mV / 
div.), b) formal EMI scan.

FIGURE 7: Power supply current loops are forced to � ow through the 
local bypass capacitor when an inductive element is inserted, keeping 
them physically con� ned.
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price for not doing it is later EMI problems.  Compared to the 
cost of EMI testing and problem mitigation, along with product 
delays ant those additional costs, the few cents and square mil-
limeters needed for this insurance is cheap indeed.

With large CMOS IC devices, which also have multiple power 
and ground pins, there is one more step needed to be sure that 
this technique works.  � ese large ICs usually have power on the 
chip partitioned into separate regions, meaning that on the chip 

there is usually not a connection among all of the power supply 
(VDD) pins and the ‘ground’ return (VSS) pins.  It is necessary 
to identify which VDD and VSS pins go together.  � e bypass 
capacitor must be connected between these matched pairs to 
have the desired eff ect. It is worthless to ‘bypass’ the VDD of 
one power region with the VSS of a diff erent region. � ough 
when the bypass capacitors are properly connected across each 
separate power region of the IC, and then with a ferrite bead in 

FIGURE 8: 4-layer PCB with internal power and ground planes, with bypass capacitors at each CMOS IC along with a ferrite bead in the power plane 
connection: a) power supply noise (lower trace, 200 mV / div.), b) formal EMI scan.
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each tap into the power plane, the EMI from the board should 
look more like Figure 8b than Figure 6b.

CONCLUSION
Low noise design does not guarantee low EMI performance.  

The converse though is true: a low EMI design for CMOS does 
result in low supply noise.  It is practical to simultaneously get 
low EMI, even at the microwave frequencies corresponding to 
high-order clock harmonics, and low noise voltages on power 
distribution networks in large digital printed circuit boards.  
The key is to confine signal and transient 
supply-current loops to physically small 
areas local to each CMOS integrated circuit.  
This is achieved with judicious choice of lo-
cal bypass capacitors and adding inductive 
elements between the power distribution 
network and the IC / bypass capacitor parallel 
combination.  It is important to assure that 
the bypass is connected between associated 
power (VDD) and ground return (VSS) pins 
for the particular IC.

These low EMI design techniques are very 
difficult to impossible to insert into an exist-
ing PC board that does not already use them.  
This simultaneous minimization is therefore 
something that must be designed in at the 
beginning.  Doing so eliminates many of the 
problems encountered during EMI certifica-
tion testing of the product before sale.
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and their services grouped alphabetically by  country, state and city, so that our readers can identify labs closest to them. We have strived to make 
this directory as accurate as possible; however, we realize that every lab or service may not be listed. If you own or work for an EMC test lab and we 
have missed you or omitted one of your services, please let us know. Our goal is to have the most concise, informative and up-to-date information. 
E-mail any additions, revisions and suggestions to bstas@interferencetechnology.com.
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CALIFORNIA

Agoura Compatible Electronics, Inc. 
www.celectronics.com (818) 597-0600 • • • • • • • • •

Anaheim EMC TEMPEST Engineering
http://emctempest.com (714) 778-1726 • • • • • • •

Brea CKC Laboratories, Inc.
www.ckc.com (714) 993-6112 • • • • • • • •

Brea Compatible Electronics, Inc.
www.celectronics.com (714) 579-0500 • • • • • • • • • • •

Calabasas National Technical Systems (NTS)
www.nts.com (800) 270-2516 • • • • • • • • • • • • • • • • • • •

Carlsbad NEMKO
www.nemko.com (760) 444-3500 • • • • • • • • • • • • • • • • • •

Carlsbad 
TUV Rheinland of North America, Inc.
www.tuv.com (760) 929-1781 •

China Lake NAWCWD EMI Lab (760) 939-4669 • • • •

Chino
Robinson’s Enterprise
www.robinsonsenterprises.com/
services.html

(909) 591-3648 • •

Costa Mesa Independent Testing Laboratories, Inc.
www.itltesting.net (714) 662-1011 • • • • •

E. Rancho 
Dominguez  Liberty Bel EMC/EMI Services (310) 537-4235 • • • • • • •

El Dorado Hills Sanesi Associates (916) 496-1760 • • • • • • •

El Segundo Wyle Laboratories
www.wyle.com (310) 322-1763 •

Escondido RF Exposure Lab, LLC
www.rfexposurelab.com (760) 737-3131 • •

Fremont CKC Laboratories, Inc.
www.ckc.com (510) 249-1170 • • • • • • • • • •

Fremont Underwriters Laboratories, Inc.
www.ul.com (510) 771-1000 • • • • • • • • • •

Fremont National Technical Systems (NTS)
www.nts.com (510) 578-3500 • • • • • • • • • • • •

Fremont Elma Electronics, Inc.
www.elma.com (510) 656-3400 •

Fremont EMCE Engineering, Inc. (510) 490-4307 • • • • • • • • • • •

Fullerton DNB Engineering, Inc. 
www.dnbenginc.com (800) 282-1462 • • • • • • • • • •

Fullerton National Technical Systems (NTS) 
www.nts.com (714) 879-6110 • • • • • • • • • •

Gardena Parker EMC Engineering (910) 823-2345 • • • • • • • • • •

Garden Grove Semtronics
www.semtronics.com (714) 799-9810 • •

Gilroy Scientific Hardware Systems
www.scientifichardware.com (408) 848-8868 •

Irvine 7Layers, Inc.
www.7layers.com (949) 716-6512 •

Irvine
Mitsubishi Digital Electronics America 
Inc.
www.mitsubishi-tv.com

(949) 465-6206 •
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rf/microwave instrumentation 
Other ar divisions: modular rf • receiver systems • ar europe
USA 215-723-8181. For an applications engineer, call 800-933-8181. 
In Europe, call ar United Kingdom +44 1908 282766 • ar France +33 147 917530 • ar GmbH +49 6101 80270-0 • ar Benelux +31 172 423000

Copyright © 2013 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

www.arworld.us

ISO 9001:2008
Certified

 AR now offers the widest Class A solid state frequency range coverage in a single amplifier housing.  Our widest 
bandwidth designs now covers 700 MHz to 18 GHz frequency range in a dual band configuration.  These amplifiers  
come in two different band split configurations from 700 MHz to 4.2 GHz and 4 to 18 GHz up to 80 watts or from  
700 MHz to 6 GHz and 6 to 18 GHz up to 50 watts.  Other frequency band splits from 700 MHz up to 8 or 10.6 GHz  
are also available.
 You now have freedom like never before.  Just pick the power you need in each band from our 40 available models.  
We build our lower power dual band amplifiers with flexibility to increase the power levels at a later date, because your 
needs are constantly changing.
 Our dual band amplifiers can be used for multiple applications such as EMC, EW and TWTA replacements,  
because they are linear, very reliable, have great harmonic rejection, and are extremely load tolerant.
 To learn more, visit www.arworld.us/dualband or call us at 215-723-8181.

New Dual Band Class A 
Solid State Amplifier Models

From 700 MHz To 18 GHz

Come See Us at EMC 2013 
Colorado Convention Center, Denver, Colorado, August 6-8, 2013 – Booth 507
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Irvine Northwest EMC
www.nwemc.com (888) 364-2378 • • • • • •

Lake Forest Compatible Electronics, Inc.
www.celectronics.com (949) 587-0400 • • • • • • • • • •

Lake Forest Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • •

Los Angeles Field Management Services
www.fms-corp.com (323) 937-1562 •

Los Gatos Pulver Laboratories, Inc.
www.pulverlabs.com (408) 399-7000 • • • • • • • • •

Mariposa CKC Laboratories, Inc.
www.ckc.com (209) 966-5240 • • • • • • •

Menlo Park Intertek
www.intertek.com (800) 976-5352 • • • • • • • • • • •

Milpitas CETECOM Inc.
www.cetecomusa.com (800) 976-5352 • • • • • • • •

Milpitas
SIEMIC Testing and Certification 
Services
www.siemic.com

(408) 526 1188 • • • • • • • • • • • • • •

Mountain View Electro Magnetic Test, Inc.
www.emtlabs.com (650) 965-4000 • • • • • • • • • •

Mountain View EMT Labs
www.emtlabs.com (650) 965-4000 • • • • • • • •

Mountain View EMC Compliance Management Group
www.ce-mag.com (650) 988-0900 • • • • • • • • • • • •

Newark National Technical Systems (NTS)
www.nts.com (510) 578-3500 • • • • • • • • • • • •

North Highlands Northrop Grumman ESL
www.northropgrumman.com (916) 570-4340 • • • • • • • •

Oakland ITW Richmond Technology (510) 655-1263 •

Orange G & M Compliance, Inc.
www.gmcompliance.com (714) 628-1020 • • • • • • • • • • • • • • • • • • •

Pico Rivera Garwood Laboratories, Inc.
www.garwoodlabs.com (562) 949-2727 • • • • • • • • • • •

Pleasanton MiCOM Labs
www.micomlabs.com (925) 462-0304 • • • • • •

Pleasanton TÜV Rheinland of North America, Inc.
www.tuv.com (925) 249-9123 • • • • • • • • •

Poway
APW Electronic Solutions
www2.eem.com/APW_Electronic_
Solutions.aspx

(858) 679-4550 • • •

Rancho St. 
Margarita

Aegis Labs, Inc.
http://aegislabsinc.com (949) 454-8295 • • • • • • •

Redondo Beach Northrop Grumman Space Tech. Sector
www.northropgrumman.com (310) 812-3162 • • • • • • • • • • •

Riverside DNB Engineering, Inc.
www.dnbenginc.com (800) 282-1462 • • • • • • • •

Riverside Global Testing
www.global-testing.com (951) 781-4540 • • • • • • •

Sacramento Northrop-Grumman EM Systems Lab
www.northropgrumman.com (916) 570-4340 • • • • • • • •

San Clemente Stork Garwood Laboratories, Inc.
www.garwoodlabs.com (949) 361-9189 • • • • • • • • • •

CITY COMPANY NAME / WEBSITE PHONE #
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San Diego Lambda Electronics
www.lambda.com (619) 575-4400 • • •

San Diego NEMKO
www.nemko.com (858) 755-5525 • • • • • • • • • • • • • • • • • •

San Diego TÜV SÜD America, Inc.
www.tuvamerica.com (858) 678-1400 • • • • • • • • • •

Santa Clara
Montrose Compliance 
Services, Inc.
www.montrosecompliance.com

(408) 247-5715 • • • • •

San Jose Arc Technical Resources, Inc.
www.arctechnical.com (408) 263-6486 • • • • • • • • • • •

San Jose ATLAS Compliance & Engineering Inc.
www.atlasce.com (866) 573-9742 • • • • • • • • •

San Jose Safety Engineering Laboratory
www.seldirect.com (408) 544-1890 • •

San Jose Underwriters Laboratories, Inc.
www.ul.com (408) 754-6500 • • • • • • • • • •

San Ramon Electro-Test, Inc.
http://electro-test.com (925) 485-3400 • • • •

Santa Clara MET Laboratories, Inc.
www.metlabs.com (408) 748-3585 • • • • • • • • • • • • • • •
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CITY COMPANY NAME / WEBSITE PHONE #

QAI EMC is your one-stop regulatory compliance partner for Electromagnetic Compatibility 
(EMC) and Electromagnetic Interference (EMI)

USA
834 80 Street SW. Everett, WA, 98201 | 888.540.4024 | 425.512.8419 

CANADA
211 Schoolhouse Street, Coquitlam, BC, V3K 4X9 | 877.461.8378 | 604.527.8378

www.QAI .org
QAI operates a fully accredited ISO/IEC 17025 EMC testing lab.

IT  •  WIRELESS •  MEDICAL  •  LABORATORY
INDUSTRIAL  •  MARINE  •  MIL ITARY •  AVIONICS

electronics-cooling.com
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Silverado Compatible Electronics, Inc. 
www.celectronics.com (949) 587-0400 • • • • • •

Sunnyvale Bay Area Compliance Labs.
www.baclcorp.com (408) 732-9162 • • • • • • • • • • •

Sunnyvale Sypris Test & Measurement
www.sypris.com (408) 720-0006 •

Sunol ITC Engineering Services, Inc.
www.itcemc.com (925) 862-2944 • • • • • • • • • •

Torrance Lyncole XIT Grounding
www.lyncole.com (310) 214-4000 • •

Trabuco Canyon RFI International
www.rfiinternational.com (949) 888-1607 • • • • •

Union City MET Laboratories, Inc.
www.metlabs.com (510) 489-6300 • • • • • • • • • • • • • • •

Van Nuys Sypris Test & Measurement
www.sypris.com (818) 830-9111 •

COLORADO

Boulder Ball Aerospace & Technology Corp.
www.ballaerospace.com (303) 939-4618 • • • • • • • •

Boulder Percept Technology Labs, Inc.
http://percept.com (303) 444-7480 • • • • • • • •

Boulder Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • • • •

Colorado 
Springs

INTERTest Systems, Inc.
www.intertest.net (719) 522-1402 • • • • • • • • • • •

Lakewood Electro Magnetic Applications, Inc.
www.electromagneticapplications.com (303) 980-0070 • • • • •

Littleton Sypris Test & Measurement
www.sypris.com (303) 798-2243 •

Longmont EMC Integrity, Inc.
www.emcintegrity.com (888) 423-6275 • • • • • • • • • •

CONNECTICuT
East Haddam Global Certification Laboratories (860) 873-1451 • • • • • •

Middletown Product Safety International
www.safetylink.com/psi.html (860) 344-1651 • •

Milford Harriman Associates (203) 878-3135 •

Newtown TÜV Rheinland of North America, Inc.
www.tuv.com (203) 426-0888 • • • • • • • • •

Norwalk Panashield, Inc.
www.panashield.com (203) 866-5888 • • • • •

Stratford Total Shielding Systems (203) 377-0394 • • •

DISTRICT OF COLuMBIA

Washington American European Services, Inc.
www.b11standards.com/experts.php (202) 337-3214 • • • •

FLORIDA

Boca Raton Advanced Compliance Solutions, Inc.
www.acstestlab.com (561) 961-5585 • • • • • • • • • • • • • • • • • • • •

Boca Raton Jaro Components
www.jarocomponents.com (561) 241-6700 •

Cocoa Beach Elite Electronic Engineering Company 
www.elitetest.com (800) ELITE-11 • • • • • • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Dade City Product Safety Engineering, Inc.
www.pseinc.com (352) 588-2209 • • • • • • • •

Jupiter East West Technology Corporation
www.enwtek.com (561) 776-7339 • • •

Lake Mary Test Equipment Connection
www.testequipmentconnection.com (800) 615-8378

•

Largo Walshire Labs, LLC
www.walshirelabs.com (727) 530-8637 • • • • • • • • •

Melbourne Advanced Compliance Solutions, Inc. 
www.acstestlab.com (321) 951-1710 • • • • • • • • • • • • • • • • • • • •

Newberry Timco Engineering, Inc.
www.timcoengr.com (888) 472-2424 • • • • • • • • •

Orlando Sypris Test & Measurement
www.sypris.com (800) 839-4959 • • • • • •

Orlando Qualtest, Inc.
www.qualtest.com (407) 313-4230 • • • • • • • • • •

Palm Bay
Harris Corporation EMI/TEMPEST Lab
http://govcomm.harris.com/ 
technologies/techfacilities

(321) 727-6209 • • • • • •

Tampa TÜV SÜD America, Inc.
www.tuvamerica.com (813)-620-0202 • • • • • • • • • • • • • •

GEORGIA

Atlanta Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • •

Alpharetta EMC Testing Laboratories, Inc.
www.emctesting.com (770) 475-8819 • • • • • • • •

Alpharetta U.S. Technologies, Inc.
www.ustechnologies.com (770) 740-0717 • • • • • • • • • • • •

Buford (Atlanta) Advanced Compliance Solutions, Inc.
www.acstestlab.com (770) 831-8048 • • • • • • • • • • • • • • • • • • • •

Lawrenceville
Motorola Product Testing Services
www.motorola.com/testservices/index.
html

(770) 338-3795 • • • • • • • •

Peachtree
Panasonic Automotive
www.panasonic.com/business/auto-
motive

(770) 515-1443 • • • •

Suwanee SGS North America
www.sgsgroup.us.com (770) 570-1800 • • • • • • • •

IDAHO

Hayden Protection Technology Group
www.protectiongroup.com (800) 882-9110 • •

Plummer Acme Testing Company
www.acmetesting.com (360) 595-2785 • • • • • • • • • • •

ILLINOIS

Addison Sypris Test & Measurement
www.sypris.com (630) 620-5800 •

Chicago TUV Rheinland of North America, Inc. 
www.tuv.com (847) 346-0500 •

Downers Grove Elite Electronic Engineering, Inc.
www.elitetest.com (630) 495-9770 • • • • • • • • • • • • • • • • • • •

Montgomery E.F. Electronics Co. (630) 897-1950 • • • • • • • • • • • •

Mundelein Midwest EMI Associates, Inc.
www.midemi.com (847) 918-9886 • • • • • •

CITY COMPANY NAME / WEBSITE
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Put our

We deliver custom
power filters & film
capacitors with the
shortest lead times!

expertise to work for you!

Download our NEW 
Power Filter Catalog &
Full Line Catalog Today!

See how our expertise can work for you,
call 888.267.1195 or visit eis.apitech.com

“Renewable energy power converters and commercial/military      
avionics are some of the most challenging power filtering 
applications. We have a team of experienced engineers ready     
to help you find a high performance filter solution in a    
ruggedized package. And we deliver with the industry's 
shortest lead times! Complementing our extensive library 
of   high power EMI filters are our new power film capacitors.    
These innovative capacitors utilize a film technology allowing   
us to provide reliable, high current ripple filtering up to 
10,000 µF. To find out more about our power filter solutions,    
give me a call or visit us online.”

innovative
problem-solving

new products

Coaxial Filters 
& Interconnects

Power Filters
& Film Modules

Specialty Connectors
& Harnessing

Advanced Ceramics

At the NEW API Technologies, we’ve expanded our Spectrum 
Control product line to include power film capacitors, specialty 
filtered and unfiltered connectors and a range of ceramic 
capabilities. These innovative new solutions complement the 
Spectrum products you have trusted for years, including EMI 
filters, filtered connectors, filter plates and power filters. All backed by
the industry's most experienced team of engineers ready to help you
find an application-specific solution that saves you time and money. 

Jeff Chereson
Product Application Engineer
 API Technologies

TestimonialAd_IT_2_13_Layout 1  1/22/13  9:28 AM  Page 1
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Northbrook Underwriters Laboratories, LLC.
www.ul.com (847) 664-6963 • • • • • • • • • • •

Palatine Trace Laboratories–EMC
http://tracelabs.com (847) 934-5300 • • • • • • • • • • • • •

Poplar Grove
LF Research EMC Design & Test 
Facility
www.lfresearch.com

(815) 566-5655 • • • • • • • • • • • • •

Rockford National Technical Systems NTS
www.nts.com (815) 315-9250

Romeoville Radiometrics Midwest Corp.
www.radiomet.com (815) 293-0772 • • • • • • • • • • • • •

Roselle Electri-Flex Company
www.electriflex.com (800) 323-6174 •

Wheeling D.L.S. Electronic Systems, Inc.
www.dlsemc.com (847) 537-6400 • • • • • • • • • • • • • • •

Wonder Lake Midwest EMI Associates, Inc.
www.midemi.com (312) 303-4910 • •

INDIANA

Crane
Naval Surface Warfare Center, 
Crane Div.
www.navsea.navy.mil/nswc/crane

(812) 854-5107 •

Fort Wayne Raytheon
www.raytheon.com (260) 429-4335 • • • •

Indianapolis
Raytheon Technical Services Co., EMI 
Lab
www.raytheon.com

(317) 306-8471 • • • • •

Kokomo Delphi Delco Electronic Systems
delphi.com (765) 451-5011 • • • •

IOWA

Kimballton Liberty Labs, Inc.
www.liberty-labs.com (712) 773-2199 • •

Elk Horn World Cal, Inc.
www.world-cal.com (712) 764-2197 • •

KANSAS

Louisburg Rogers Labs, Inc.
www.rogerslabs.com/ (913) 837-3214 • • • • • • •

KENTuCKY
Lexington Lexmark International EMC Lab (606) 232-7650 •

Lexington Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • •

Lexington dBi Corporation
www.dbicorporation.com (859) 253-1178 • • • • •

MARYLAND

Annapolis
Northrop Grumman Space & Mission 
Systems 
www.northropgrumman.com

(410) 266-1700 • • • • • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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www.tech-etch.com

Standard Spring Finger Gaskets

Standard Conductive Elastomers

Custom Shielding

EMI Shielding Solutions

TECH-ETCH, INC., 45 Aldrin Road, Plymouth, MA 02360 USA • TEL 508-747-0300 • FAX 508-746-9639 • sales@tech-etch.com

Tech-Etch stocks the most complete line of 
standard Beryllium Copper shielding strips in the 
industry as shown in our catalog. They are available 
in strips ranging from 16 to 24 inches in length, in 
continuous coils up to 35 feet long, and as single 
fi ngers or contact rings. Choose from over 100 
profi les offered in Clip-on, Stick-on, Snap-on or 
Track mounting, all with multiple plating options.

Download our 52-page Shielding Catalog

Other standard products in the catalog 
include mesh with and without elastomer 
core, conductive foam, and metalized fabric 
gaskets. In addition, a wide range of materials 
constructed of elastomers fi lled with various 
metals provides both effective EMI shielding 
and an environmental seal.

Download our EMI/RFI Shielding Catalog

Tech-Etch offers custom shielding solutions 
made to your design specifi cations using 
our quick-turn, photo etching process. Steel, 
copper alloys, brass and nickel silver are etched, 
formed, and plated for many diverse shielding 
applications. Custom shielded honeycomb 
vents and air fi lters are also available.

Visit www.tech-etch.com/photoetch

ISO 9001
REGISTERED
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Baltimore MET Laboratories, Inc.
www.metlabs.com (410) 354-3300 • • • • • • • • • • • • • • • • • •

Beltsville Antenna Research Associates
www.ara-inc.com (301) 937-8888 •

Columbia DRS Advanced Programs
www.advprograms.com (410) 312-5800

Columbia PCTest Engineering Lab
www.pctestlab.com (410) 290-6652 • • • • • • • • • • •

Damascus F-Squared Laboratories, Inc.
http://f2labs.com (301) 253-4500 • • • • • • • • • • •

Elkridge ATEC Industries, Ltd.
www.atecindustries.com (443) 459-5080 • • • • • • •

Frederick
The American Association for 
Lab Accreditation
www.a2la.org

(301) 644-3217 •

Gaithersburg Washington Laboratories, Ltd.
www.wll.com (301) 216-1500 • • • • • • • • • • • • • •

Hunt Valley Trace Laboratories–East
http://tracelabs.com (410) 584-9099 • • •

Patuxent River Naval Air Warfare Ctr., Aircraft Div.
www.navair.navy.mil/nawcad (301) 342-1663 • • • • • • • • • •

Rockville P.J. Mondin, P.E. Consultants (301) 460-5864 • • • •

Rockville Spectrum Research & Testing Labora-
tory, Inc. (301) 670-2818 • • • • • • •

Westminster Electrical Test Instruments, Inc.
www.electricaltestinstruments.com (410) 857-1880 • •

MASSACHuSETTS

Billerica Quest Engineering Solutions
www.qes.com (978) 667-7000 •

Billerica Sypris Test & Measurement
www.sypris.com (978) 663-2137 • •

Boxborough Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • • • • • • •

Boxborough National Technical Systems
www.nts.com (978) 266-1001 • • • • • • • • • • • • • • • •

Boxborough TUV Rheinland of North America, Inc.
www.tuv.com (978) 266-9500 •

Foxboro N.E. Product Safety Society, Inc.
www.nepss.net (508) 543-6599 •

Gloucester Euroconsult, Inc.
euroconsult-inc.com (978) 282-8890 • • • •

Lexington Design Automation, Inc. (781) 862-8998 • • • • • • • •

Marlboro Compliance Management Group 
www.cmgcorp.net (978) 431-1985 • • • • • • • • •

Littleton
Curtis-Straus LLC, subsidiary of 
Bureau Veritas
www.curtis-straus.com

(978) 486-8880 • • • • • • • • • • • • •

Mansfield
Motorola Test Lab Services Group
www.motorola.com/testservices/index.
html

(508) 851-8484 • • •

Marlboro Compliance Management Group 
www.cmgcorp.net (508) 460-1400 • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Marlboro The Compliance Management Group
www.cmgcorp.net (508) 281-5985 • • • • • • • •

Milford Test Site Services, Inc.
www.testsiteservices.com (508) 962-1662 • • • • • • • • • • • • • • •

Newton EMC Test Design, LLC
www.emctd.com (508) 292-1833 •

Peabody TUV SUD America Inc.
www.tuvamerica.com (800) TUV-0123 • • • • • • • • • • • • • •

Pittsfield Lightning Technologies, Inc.
www.nts.com/locations/pittsfield (413) 499-2135 • • • • •

Wilmington Thermo Fisher Scientific
www.thermofisher.com (978) 275-0800 • • • • • • • • • •

Woburn
Chomerics, Div. of Parker  
Hannifin Corp.
www.chomerics.com

(781) 935-4850 • • • • • • • • • • • • • • •

Woburn NELCO
www.nelcoworldwide.com (781) 933-1940 •

MICHIGAN

Auburn Hills TÜV SÜD America, Inc.
www.tuvamerica.com (248) 393-6984 •

CITY COMPANY NAME / WEBSITE
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Belleville Willow Run Test Labs, LLC
www.wrtest.com (734) 252-9785 • • • •

Burton Trialon Corporation
www.trialon.com (810) 341-7931 • • • •

Detroit National Technical Systems
www.nts.com (313) 835-0044 • •

Detroit TUV Rheinland of North America, Inc.
www.tuv.com (734) 207-9852 •

Grand Rapids Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • • • •

Holland TÜV SÜD America, Inc.
www.tuvamerica.com (616) 546-3902 •

Milford Jacobs Technology, Inc.
www.jacobstechnology.com (248) 676-1101 • • • • • •

Novi Sypris Test & Measurement
www.sypris.com (248) 305-5200 •

Novi Underwriters Laboratories, Inc.
www.ul.com (248) 427-5300 • • • • • • • • •

Plymouth TÜV SÜD America, Inc.
www.tuvamerica.com (734) 455-4841 • • • • • • • • • • • • •

Saginaw
Delphi Steering EMC Lab
www.emisoft.co.uk/cgi-bin/linkspage.
cgi?inpno=3047

(989) 797-0318 • • •

Sister Lakes AHD EMC Lab
www.ahde.com (269) 313-2433 • • • • • • • •

Warren Detroit Testing Laboratory, Inc.
www.dtl-inc.com (586) 754-9000 • • •

MINNESOTA

Brooklyn Park Northwest EMC, Inc.
www.nwemc.com (888) 364-2378 • • • • • •

Glencoe International Certification Services, 
Inc. (320) 864-4444 • • • • • • • • • • •

Maple Grove TUV Rheinland of North America, Inc.
www.tuv.com (763) 315-5012 • • • • • • •

Millville TÜV SÜD America, Inc.
www.tuvamerica.com (651) 604-3490 • • •

Minneapolis Alpha EMC, Inc.
www.alphaemc.com (763) 561-4410 • • • • • • • • •

Minneapolis Environ Laboratories, LLC
www.environlab.com (800) 826-3710 • • • • • • • • • • • • •

Minneapolis Honeywell (612) 951-5773 •

New Brighton TÜV SÜD America, Inc.
www.tuvamerica.com (651) 631-2487 • • • • • • • • • • •

New Hope Conductive Containers, Inc.
corstat.com (763) 537-2090 • •

Oakdale Intertek 
www.intertek.com (800) 976-5352 • • • • • • • • •

Rochester IBM
www.ibm.com (507) 253-6201 • • • •

St. Paul 3M
www.3m.com (651) 778-4577 • • • • • • • •

Taylor Falls TÜV SÜD America, Inc.
www.tuvamerica.com (651) 638-0297 • • • • • • • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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MISSOURI

St. Louis Boeing-St. Louis EMC Lab
www.boeing.com (314) 233-7798 • • • •

NEBRASKA

Lincoln NCEE Labs
www.nceelabs.com (402) 323-6233 • • • • • • • • •

NEW HAMPSHIRE

Goffstown Retlif Testing Laboratories
www.retlif.com (603) 497-4600 • • • • • • • • • • • • • • • •

Hudson Core Compliance Testing Services
www.corecompliancetesting.com (603) 889-5545 • • • • • •

Sando  wn Compliance Worldwide, Inc.
www.cw-inc.com (603) 887-3903 • • • • • • •

NEW JERSEY

Annandale NU Laboratories, Inc.
www.nulabs.com (908) 713-9300 • • • •

Bridgeport Analab, LLC
www.analab1.com (800) analab-X • • • •

Bridgewater Lichtig EMC Consulting
www.lichtigemc.com (908) 541-0213 •

CITY COMPANY NAME / WEBSITE
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Camden L-3 Communication Systems-East
www.l-3com.com/cs-east (856) 338-3000

Clifton NJ-MET
www.njmetmtl.com (973) 546-5393 • • •

Edison Metex Corporation
www.metexcorp.com (732) 287-0800 •

Edison TESEQ, Inc.
www.teseq.com (732) 417-0501 • •

Fairfield SGS U.S. Testing Co., Inc.
www.sgsgroup.us.com (800) 777-8378 • • • • •

Farmingdale
EMC Technologists 
A Div. of I2R Corp.
www.emctech.com

(732) 919-1100 • • • • • • • •

Hillsborough Advanced Compliance Laboratory, Inc.
http://ac-lab.com (908) 927-9288 • • • • • • •

Murray Hill
Alcatel-Lucent Global Product Compli-
ance Laboratory (GPCL)
www.gpcl.com

(908) 582-5444 • • • • • • • • • •
•

Lakehurst Naval Air Warfare Ctr., Aircraft Div.
www.navair.navy.mil/nawcad (732) 323-2085 • • •

Lakewood BAE Systems
www.baesystems.com (732) 364-0049 • • • • • • • • •

Lincroft Don HEIRMAN Consultants
www.donheirman.com (732) 741-7723 • • •

Piscataway Telcordia Technologies, Inc.
www.telcordia.com (800) 521-2673 • • • • • • • • •

Rutherford
SGS International Certification 
Services, Inc.
www.sgs.com

(800) 747-9047 •

Sayreville Sypris Test & Measurement
www.sypris.com (732) 721-6116 •

Thorofare NDI Engineering Company
www.ndieng.com (856) 848-0033 •

Tinton Falls National Technical Systems (NTS)
www.nts.com (732) 936-0800 • • • • • • • • • • • • • • • • •

Wayne Sypris Test & Measurement
www.sypris.com (973) 628-1363 • • • • • • •

NEW MEXICO

Albuquerque Advanced Testing Services, Inc.
www.advanced-testing.com (505) 292-2032 • • •

White Sands
USA WSMR, Survivability 
Directorate
www.wsmr.army.mil

(575) 678-6107 • • • • • • • • •

NEW YORK

Bohemia Dayton T. Brown, Inc.
www.daytontbrown.com (800) TEST-456 • • • • • • • • • • • • • • • • • •

College Point Aero Nav Laboratories, Inc.
www.aeronavlabs.com (718) 939-4422 • • • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Deer Park MCG Surge Protection, Inc.
www.mcgsurge.com (800) 851-1508 •

Deer Park Universal Shielding Corp.
www.universalshielding.com (631) 667-7900 •

Johnson City BAE Systems Controls, Inc.
www.baesystems.com (607) 770-3771 • • • • • • •

Johnstown Electro-Metrics Corp.
www.electro-metrics.com (518) 762-2600 •

Liverpool Diversified Technologies
www.dttlab.com (315) 457-0245 • • • • • • • •

Liverpool Source1 Solutions 
www.source1compliance.com (315) 730-5667 • • • • • • • •

Medford American Environments Co.
www.aeco.com (631) 736-5883 • • • • • • • • • • • •

Medina TREK, Inc.
www.trekinc.com (585) 798-3140 •

Melville Underwriters Laboratories, LLC.
www.ul.com (631) 546-4346 • • • • • • • • • • •

Northport Mohr, R.J., Assoc., Inc.
www.rjm.li (631) 754-1142 • • • • • • • • •

Owego Lockheed Martin Federal Systems
www.lockheedmartin.com (607) 751-2938 • • • • • • • • •

Molded Fiber Glass Tray

800 458.6050 or www.mfgtray.com

Goes to extremes
Exceeds ANSI/ESD standards for ESD protection
Working range of –60° to 250° F
Permanent ESD properties over life of product
High load-bearing capacity
Reinforced composites bring a whole new level 
of performance to electronics assembly. And the 
leading name in FRP is MFG. Call us toll-free 
at (800) 458-6050. 

Learn more about Fibrestat at www.mfgtray.com.

The material matters in material handling

ESD-SafE tray
Count on LCR to meet all your filter 
needs, including:

■COTS and Custom Military:
MIL-STD-461, MIL-STD-220A; 
full custom available.

■Commercial Off-the-Shelf: power line
and power entry filters, industrial 
and medical; UL, CSA and VDE; 
RoHS compliant.

■EMC Test and Design: total in-house 
capability for appliances, EN55014-1.

For details on these and a full range of
other filter solutions, call or visit our website.

9 South Forest Avenue  Norristown, PA 19401    
(800) 527-4362 sales email: sales@lcr-inc.com      

www.lcr- inc .com 

LCR- ITEM_LCR- ITEM  7/16/12  1:58 PM  Page 1
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Deer Park MCG Surge Protection, Inc.
www.mcgsurge.com (800) 851-1508 •

Deer Park Universal Shielding Corp.
www.universalshielding.com (631) 667-7900 •

Johnson City BAE Systems Controls, Inc.
www.baesystems.com (607) 770-3771 • • • • • • •

Johnstown Electro-Metrics Corp.
www.electro-metrics.com (518) 762-2600 •

Liverpool Diversified Technologies
www.dttlab.com (315) 457-0245 • • • • • • • •

Liverpool Source1 Solutions 
www.source1compliance.com (315) 730-5667 • • • • • • • •

Medford American Environments Co.
www.aeco.com (631) 736-5883 • • • • • • • • • • • •

Medina TREK, Inc.
www.trekinc.com (585) 798-3140 •

Melville Underwriters Laboratories, LLC.
www.ul.com (631) 546-4346 • • • • • • • • • • •

Northport Mohr, R.J., Assoc., Inc.
www.rjm.li (631) 754-1142 • • • • • • • • •

Owego Lockheed Martin Federal Systems
www.lockheedmartin.com (607) 751-2938 • • • • • • • • •

Molded Fiber Glass Tray

800 458.6050 or www.mfgtray.com

Goes to extremes
Exceeds ANSI/ESD standards for ESD protection
Working range of –60° to 250° F
Permanent ESD properties over life of product
High load-bearing capacity
Reinforced composites bring a whole new level 
of performance to electronics assembly. And the 
leading name in FRP is MFG. Call us toll-free 
at (800) 458-6050. 

Learn more about Fibrestat at www.mfgtray.com.

The material matters in material handling

ESD-SafE tray
Count on LCR to meet all your filter 
needs, including:

■COTS and Custom Military:
MIL-STD-461, MIL-STD-220A; 
full custom available.

■Commercial Off-the-Shelf: power line
and power entry filters, industrial 
and medical; UL, CSA and VDE; 
RoHS compliant.

■EMC Test and Design: total in-house 
capability for appliances, EN55014-1.

For details on these and a full range of
other filter solutions, call or visit our website.

9 South Forest Avenue  Norristown, PA 19401    
(800) 527-4362 sales email: sales@lcr-inc.com      

www.lcr- inc .com 

LCR- ITEM_LCR- ITEM  7/16/12  1:58 PM  Page 1
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Palmyra Source1 Solutions
www.source1compliance.com (315) 730-5667 • • • • • •

Poughkeepsie IBM Corp. Poughkeepsie EMC Lab
www.ibm.com (607) 752-2225 • •

Rochester Chomerics, Div. of Parker Hannifin
www.chomerics.com (781) 939-4158 • • • • • • • • • • •

Rochester Spec-Hardened Systems (585) 225-2857 • • • • • • • • • •

Rochester TÜV Rheinland of North America Inc.
www.tuv.com (585) 426-5555 • • • • • • • • •

Ronkonkoma Retlif Testing Laboratories
www.retlif.com (631) 737-1500 • • • • • • • • • • • • • • • •

NORTH CAROLINA

Cary CertifiGroup
www.certifigroup.com (800) 422-1651 • • • •

Cary MET Laboratories, Inc.
www.metlabs.com (919) 481-9319 • • • • • • • • • • • • • • •

Concord F-Squared Laboratories, Inc.
http://f2labs.com (704) 918-4609 • • • • • • • • • • • •

Fayetteville 
Partnership for Defense Innovation 
R&D Lab
www.ncpdi.org

(910) 307-3000 • • • •

Greensboro Electrical South, LP
www.schneiderelectricrepair.com (800) 950-9550 •

Greenville Lawrence Behr Associates (LBA)
www.lbagroup.com (252) 757-0279 • • • •

New Bern iNARTE, Inc.
www.narte.org (252) 672-0111 •

Raleigh MicroCraft Corporation (919) 872-2272 • • • • • • • •

Res. Triangle Pk. Educated Design & Dev., Inc. (ED&D)
www.productsafet.com (919) 469-9434 • • • • •

Res. Triangle Pk. IBM RTP EMC Test Labs
www.ibm.com (919) 543-0837 • • •

Res. Triangle Pk. Underwriters Laboratories, LLC.
www.ul.com (919) 549-0957 • • • • • • • • • • •

Youngsville Flextronics International EMC Labs
ww.flextronics.com (919) 554-0901 • • • • • • • • • • • • •

Youngsville TÜV Rheinland Of North America Inc.
www.tuv.com (919) 554-3668 • • • • • • • • •

OHIO
Brooklyn 
Heights

Sypris Test & Measurement
www.sypris.com (216) 741-7040 •

Middlefield F-Squared Laboratories, Inc.
http://f2labs.com (877) 405-1580 • • • • • • • • • • • •

Chesterland EU Compliance Services, Inc.
www.eucs.com (440) 918-1425 • • • • • • •

CITy COMPANy NAME / WEBSITE
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Cleveland CSA International
www.csa-international.org (216) 524-4990 • •

Cleveland
NASA GRC EMI Lab
http://facilities.grc.nasa.gov/emi/index.
html

(216) 433-2533 • •

Cleveland Smith Electronics (440) 526-4386 • • • • •

Fairborn Sypris Test & Measurement
www.sypris.com (937) 427-3444 •

Mason L-3 Cincinnati Electronics
www.cinele.com (513) 573-6100 • • • • • •

Mentor EU Compliance Services, Inc.
www.eucs.com (440) 918-1425 • • • • • •

Springboro Pioneer Automotive Technologies (937) 746-6600 • • • • • •

OKLAHOMA
Tulsa Integrated Sciences, Inc. (918) 493-3399 •

OREGON

Beaverton Tektronix
www.tek.com (407) 551-2738 • • •

Hillsboro Cascade TEK
www.cascadetek.com (503) 648-1818 • • •

CITY COMPANY NAME / WEBSITE

EMC IS ALL ABOUT STANDARDS.
WE COVER THEM ALL IN ONE SINGLE BOX!

H I G H  V O L T A G E 
T E S T  S O L U T I O N S

 Compliance and pre-compliance testing of electrical products
 CE marking
 Product development and debugging
 Compliance testing of telecom and wireless devices

1650 Route 22 N  |  Brewster, NY 10509  |  USA  |  845 230 9242  |  www.haefelyemc.com   |  emcsales@haefely.com   
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Hillsboro ElectroMagnetic Investigations, LLC (503) 466-1160 • • • • • • • •

Portland Northwest EMC, Inc.
www.nwemc.com (888) 364-2378 • • • • • • • •

Portland TÜV SÜD America, Inc.
www.tuvamerica.com (503) 598-7580 • • • •

Tillamook ElectroMagnetic Investigations, LLC (503) 466-1160 •

PENNSYLVANIA

Annville
CHAR Services, Division of AMS 
Corporation
www.amschar.com

(717) 867-2788 • • • • •

Boalsburg Seven Mountains Scientific, Inc.
www.7ms.com (814) 466-6559 • • •

Chambersburg Cuming Lehman Chambers
http://cuminglehman.com (717) 263-4101 • • • •

Glenside Electro-Tech Systems, Inc.
www.electrotechsystems.com (215) 887-2196 • • •

Harleysville Retlif Testing Laboratories
www.retlif.com (215) 256-4133 • • • • • • • • • • • • • • • •

Hatfield Laboratory Testing Inc.
www.labtesting.com (215) 997-9080 • •

New Castle Keystone Compliance LLC
www.keystonecompliance.com (724) 657-9940 • • • • • • • • • • • • • • • •

Pottstown BEC Inc.
www.bec-ccl.com (610) 970-6880 • • • • • •

State College Videon Central, Inc.
www.videon-central.com (814) 235-1111 • • • • •

West
Conshohocken

Alion Science & Technology
www.alionscience.com (610) 825-1960 • • • • • • • • • •

Willow Grove Nelson Design Services
www.nelson-design.com (215) 784-9600 • •

TENNESSEE

Knoxville Global Testing Labs LLC
www.globaltestinglabs.com (865) 525-0137 • • • •

Knoxville Southern Testing Services, Inc. (865) 966-5330 •

Knoxville AMS Corporation
www.ams-corp.com (865) 691-1756 • • • • •

TEXAS

Austin Austin EMC
www.austinemc.com (512) 219-6650 • • • • •

Austin BAE Systems IDS Test Services
www.baesystems.com (512) 929-2410 • •

Austin MET Laboratories, Inc.
www.metlabs.com (512) 287-2500 • • • • • • • • • • • • • • •

Austin TUV Rheinland of North America, Inc.
www.tuv.com (512) 927-0070 •

Cedar Park TDK RF Solutions, Inc.
www.tdkrfsolutions.com (512) 258-9478 • • • • • • •

Euless Ronald G. Jones, P.E. (817) 267-1476 • •

Houston DNV Certification (281) 721-6600 •

Lewisville Nemko USA
www.nemko.com (972) 436-9600 • • • • • • • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Plano National Technical Systems
www.nts.com (972) 509-2566 • • • • • • • • • • • • • • •

Plano Intertek
www.intertek.com (800) 976-5352 • • • • • • • •

Richardson Sypris Test & Measurement
www.sypris.com (972) 231-4443 •

Round Rock Professional Testing (EMI), Inc.
www.ptitest.com (512) 244-3371 • • • • • • • • • • •

San Antonio Southwest Research Institute
www.swri.org (210) 684-5111 • • • • • • • • • • • • • • • •

uTAH

Coalville DNB Engineering, Inc.
www.dnbenginc.com (435) 336-4433 • • • • • • • •

Ogden Little Mountain Test Facility (LMTF) (801) 315-2320 • • • • • • • • •

Salt Lake City
Communication Certification Labora-
tory
www.cclab.com

(801) 972-6146 • • • • • • • • •

Salt Lake City L3 Communication Systems–West
www2.l-3com.com/csw/ (801) 594-2560 • • • • •

CITY COMPANY NAME / WEBSITE

Put us to the testSM

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

Additional locations in  New Hampshire, North Carolina, Pennsylvania & Washington D.C.

We’re ready…with state-of-the-art equipment in our three labs.
We’re willing…with dedicated, highly trained staff.

We’re able…with in-house engineering support.

Count on Retlif’s EMC and lightning testing services to national and 
international standards. Trust your equipment and systems to us for shielded
effectiveness testing, EMP, high level radiated susceptibility testing and low
noise level emissions testing.  Leading military, aerospace, commercial and
industrial companies have, for over 30 years.

� FULLY ACCREDITED TO OVER 350 EMC TEST METHODS.
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VERMONT

Essex Junction Huber & Suhner
www.hubersuhner.com (802) 878-0555 • •

Middlebury
Green Mountain  
Electromagnetics, Inc.
www.gmelectro.com

(802) 388-3390 • • • • •

VIRGINIA

Falls Church Raytheon Prototype Services
www.raytheon.com (703) 849-1562 • • •

Fredericksburg E-LABS INC.
www.e-labsinc.com (540) 834-0372 • • • • • • • •

Fredericksburg Vitatech Engineering, LLC
http://vitatech.net (540) 286-1984 • • • • • • • •

Herndon Rhein Tech Laboratories, Inc.
www.rheintech.com (703) 689-0368  • • • • • • • • • •

McLean American TCB (703) 847-4700 • • • • • • •

Reston TEMPEST, Inc. (VA)
www.tempest-inc.com (703) 709-9543 • • • • • • • • •

Richmond Technology International, Inc.
www.techintl.com (804) 794-4144 • • • • • • •

WASHINGTON
Bothell CKC Laboratories, Inc (425) 402-1717 • • • • • • • • • • • •

Sultan Northwest EMC, Inc.
www.nwemc.com (888) 364-2378 • • • • • •

WISCONSIN

Butler Emission Control, Ltd.
www.emissioncontrol.com (262) 790-0092 •

Cedarburg L.S. Research
www.lsr.com (262) 375-4400 • • • • • •

Genoa City D.L.S. Electronic Systems, Inc.
www.dlsemc.com (847) 537-6400 • • • •

Neenah
International  
Compliance Laboratories
www.icl-us.com

(920) 720-5555 • • • • •

CANADA
ALBERTA

Airdrie Electronics Test Centre - Airdrie
www.etc-mpb.com (403) 912-0037 • • • • • • • • •

Calgary EMSCAN Corporation
www.emscan.com (403) 291-0313 • • •

Medley

Aerospace Engrg. Test  
Establishment (DND)
www.armedforces-int.com/associa-
tions/canada

(780) 840-8000 • •

BRITISH COLuMBIA

Abbotsford Protocol EMC
www.protocol-emc.com (604) 218-1762 • • • • • • • • • • •

Kelowna Celltech Labs, Inc.
www.celltechlabs.com (250) 765-7650 • • • • • • • • • •

Pitt Meadows QAI Laboratories
www.qai.org (604) 460-4453 • • • • •

CITY COMPANY NAME / WEBSITE
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Richmond LabTest Certification, Inc.
www.labtestcert.com (604) 247-0444 • • • • • • • • • • •

ONTARIO

Kanata Electronics Test Centre 
www.etc-mpb.com (613) 599-6800 • • • • • • • • • • • • • • • •

Merrickville EMC Consulting, Inc.
www.emcconsultinginc.com (613) 269-4247 • • • • • • • • • •

Nepean APREL Laboratories
www.aprel.com (613) 820-2730 • • • • • • • • • • • • • •

Nepean Multilek Inc.
www.multilek.ca (613) 226-2365 • • • • •

Oakville Ultratech Group of Labs
www.ultratech-labs.com (905) 829-1570 • • • • • • • • • • • • • •

Ottawa ASR Technologies
www.asrtechnologiesinc.com (613) 737-2026 • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Richmond LabTest Certification, Inc.
www.labtestcert.com (604) 247-0444 • • • • • • • • • • •

ONTARIO

Kanata Electronics Test Centre 
www.etc-mpb.com (613) 599-6800 • • • • • • • • • • • • • • • •

Merrickville EMC Consulting, Inc.
www.emcconsultinginc.com (613) 269-4247 • • • • • • • • • •

Nepean APREL Laboratories
www.aprel.com (613) 820-2730 • • • • • • • • • • • • • •

Nepean Multilek Inc.
www.multilek.ca (613) 226-2365 • • • • •

Oakville Ultratech Group of Labs
www.ultratech-labs.com (905) 829-1570 • • • • • • • • • • • • • •

Ottawa ASR Technologies
www.asrtechnologiesinc.com (613) 737-2026 • • • • • • • •

CITY COMPANY NAME / WEBSITE
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Ottawa Nemko
www.nemko.com (613) 737-9680 • • • • • • • • • • • • • • • • • • •

Ottawa Power & Controls Engineering Ltd.
www.pcel.ca (613) 829-0820 • • • • • •

Ottawa Raymond EMC Enclosures Limited
http://raymondemc.ca (800) EMC-1495 •

Scarborough Vican Electronics
http://vican.ca (416) 412-2111 • • • • • • • • • • •

Toronto CSA International
www.csa-international.org (866) 797-4272 • • • • • • •

Toronto Global EMC Inc.
www.globalemclabs.com (905) 883-8189 • • • • • • • • • • • • • • • • • • • •

Toronto TUV Rheinland of North America, Inc.
www.tuv.com (416) 733-7781 •

QuEBEC

Lavale Les Enterprises EMC Monde Inc.
www.globalemclabs.com (450) 687 4976 • • • • • • • • • • • • • • • • • • •

Montreal
Centre de Recherche Industrielle  
du Quebec
www.criq.qc.ca

(514) 383-1550 • • • • •

Quebec Comlab, Inc.
www.comlab.com (418) 682-3380 • • • •

Quebec FISO Technologies
www.fiso.com (418) 688-8065 • • • • • •

ASIA
CHINA

Beijing
SIEMIC Beijing (China) Labora-
tories
www.siemic.com.cn

+86 1068049809 • • • • • • • • • • •

Nanjing SIEMIC (Nanjing) China Labora-
tories +86 2586730128 • • • • • • • • • •

Shanghai CETECOM Shanghi
www.cetecom.com +86 021-6879-5890 • • • • • • • •

Shanghai SIEMIC Shanghai (China) Labo-
ratories +86 02164812901 • • • • • • • • • • •

Shenzhen SIEMIC (Shenzhen) China Labora-
tories  www.siemic.com 408-526-1188 • • • • • • • • • • •

JAPAN

Tokyo CETECOM Japan
www.cetecom.com +81 036 663 8990 • • • • • • • •

Tokyo TuV SuD Ohtama, Ltd.
www.tuv-ohtama.co.jp +81 044 980 2050 • • • •

Yokohama TUV Rheinland Japan Ltd.
www.tuv.com +81 454 701850 • • • • • • • •

KOREA

Gyeonggi-do CETECOM MOVON Ltd.
www.cetecom.com +82 031 321 2988 • • • • • • • •

TAIWAN

Taipei SIEMIC Certification Servces
www.siemic.com 408-526-1188 • •

Taipei City CETECOM Taiwan
www.cetecom.com +886 2 2564 3338 • •

CITY COMPANY NAME / WEBSITE
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EUROPE
GERMANY

Dortmund EMC Test NRW GmbH
www.emc-test.de +49 231 974 2750 • • • • •

Egling MOOSER Consulting GmbH
www.mooser-consulting.de +49 817 692250 • • • • • • •

Erlangen Siemens AG
www.siemens.com +49 91 317 32977 • • •

Essen CETECOM GmbH (Germany)
www.cetecom.com +49 205 495 190 • • • • • • • •

Karlsruhe Siemens AG
www.siemens.com +49 721 595 2039 • • • • • • •

Ludwigsburg Mooser EMC Technik GmbH
www.mooser-consulting.de +49 714 164 8260 • • • • • •

Moggast EMCCons Dr. Rasek GmbH & Co
www.emcc.de +49 919 49016 • • • • • • • • • • • • • • • •

Nürnberg TUV Rheinland 
www.tuv.com +49 911 655 5225 • • • • • • •

Ratingen 7Layers
www.7layers.com +49 210 27490 • • • • • •

Wismar CEcert GmbH
www.cecert.com +49 3841 2242 906 • • •

CITY COMPANY NAME / WEBSITE

SCHURTER 
EMC Solutions

- Power line filters for 1- and 3-phase systems
- Multiple stage filters
- Filters designed for AC and DC applications
- Current ratings up to 2500 A @ 760 VAC; 2300 A @ 1200 VDC
- Higher ambient temperature rating up to +100°C, with 

corresponding deratings
- Discrete Chokes and Pulse Transformers
- Custom filter design services 
- UL and ENEC approvals

schurter.com/emc_news
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EUROPE
GERMANY

Dortmund EMC Test NRW GmbH
www.emc-test.de +49 231 974 2750 • • • • •

Egling MOOSER Consulting GmbH
www.mooser-consulting.de +49 817 692250 • • • • • • •

Erlangen Siemens AG
www.siemens.com +49 91 317 32977 • • •

Essen CETECOM GmbH (Germany)
www.cetecom.com +49 205 495 190 • • • • • • • •

Karlsruhe Siemens AG
www.siemens.com +49 721 595 2039 • • • • • • •

Ludwigsburg Mooser EMC Technik GmbH
www.mooser-consulting.de +49 714 164 8260 • • • • • •

Moggast EMCCons Dr. Rasek GmbH & Co
www.emcc.de +49 919 49016 • • • • • • • • • • • • • • • •

Nürnberg TUV Rheinland 
www.tuv.com +49 911 655 5225 • • • • • • •

Ratingen 7Layers
www.7layers.com +49 210 27490 • • • • • •

Wismar CEcert GmbH
www.cecert.com +49 3841 2242 906 • • •

CITY COMPANY NAME / WEBSITE

SCHURTER 
EMC Solutions

- Power line filters for 1- and 3-phase systems
- Multiple stage filters
- Filters designed for AC and DC applications
- Current ratings up to 2500 A @ 760 VAC; 2300 A @ 1200 VDC
- Higher ambient temperature rating up to +100°C, with 

corresponding deratings
- Discrete Chokes and Pulse Transformers
- Custom filter design services 
- UL and ENEC approvals

schurter.com/emc_news

BE
LL

CO
RE

/T
EL

CO
RD

IA

CB
/C

AB
/T

CB
EM

IS
SI

ON
S

EM
P/

LI
GH

TN
IN

G 
EF

FE
CT

S

ES
D

EU
RO

 C
ER

TI
FI

CA
TI

ON
S

FC
C 

PA
RT

 15
 &

 18
FC

C 
PA

RT
 6

8
IM

M
UN

IT
Y

LI
GH

TN
IN

G 
ST

RI
KE

M
IL

-S
TD

 18
8/

12
5

M
IL

-S
TD

 4
61

/4
62

NVL
AP

/A
2L

A 
AP

PR
OV

ED

PR
OD

UC
T S

AF
ET

Y

RA
DH

AZ T
ES

TI
NG

RS
03

 > 
20

0 V
/M

ET
ER

RE
PA

IR
/C

AL
IB

RA
TI

ON

RT
CA

 D
O-

16
0

SH
IE

LD
IN

G 
EF

FE
CT

IV
EN

ES
S

TE
M

PE
ST

PHONE #

LAB_DIRECTORY_TDG13.indd   43 9/4/13   12:00 PM



2014 EMC TEST LAB DIRECTORY

44 INTERFERENCE TECHNOLOGY 2013 EMC TEST & DESIGN GUIDE

BE
LL

CO
RE

/T
EL

CO
RD

IA

CB
/C

AB
/T

CB
EM

IS
SI

ON
S

EM
P/

LI
GH

TN
IN

G 
EF

FE
CT

S

ES
D

Eu
RO

 C
ER

TI
FI

CA
TI

ON
S

FC
C 

PA
RT

 15
 &

 18
FC

C 
PA

RT
 6

8
IM

M
uN

IT
Y

LI
GH

TN
IN

G 
ST

RI
KE

M
IL

-S
TD

 18
8/

12
5

M
IL

-S
TD

 4
61

/4
62

N
VL

AP
/A

2L
A 

AP
PR

OV
ED

PR
OD

uC
T S

AF
ET

Y

RA
DH

AZ T
ES

TI
NG

RS
03

 > 
20

0 V
/M

ET
ER

RE
PA

IR
/C

AL
IB

RA
TI

ON

RT
CA

 D
O-

16
0

SH
IE

LD
IN

G 
EF

FE
CT

IV
EN

ES
S

TE
M

PE
ST

PHONE #

Saarbruecken CETECOM ICT Services GmbH
www.cetecom.com +49 681 598 8438 • • • • • • • • • • •

Siegen EMC Testhaus Dr. Schreiber GmbH
www.emc-testhaus.de +49 271 382702 • • • • • • • • • • •

Straubing TÜV SÜD SENTON GmbH
www.tuev-sued.de +49 942 155220 • • • • • • •

Unterleinleiter EMCCons Dr. Rasek GmbH & Co
www.emcc.de +49 919 49016 • • • • • • • • • • • • • • • • • • •

HuNGARY

Budapest TÜV Rheinland InterCert Kft.
www.tuv.com +36 30 349 8828 • • • • • • • • • •

THE NETHERLANDS

Dordrecht Holland Shielding Systems BV
www.hollandshielding.com +31 078 613 1366 • • • • • •

Eindhoven EMCMCC
www.emcmcc.nl +31 653 811267 • • • • • • •

Eindhoven Philips Innovation Services
www.innovationservices.philips.com +31 40 2746762 • • • • • •

Woerden D.A.R.E.!! Consultancy
www.dare.nl +31 348 430 979 • • • • • • • • • • •

SPAIN

Barcelona GCEM-UPC
www.upc.edu/web/gcem +34 93 401 1021 • • • • •

SWITZERLAND

Berikon Euro EMC Service (EES) 
www.euro-emc-service.de +41 566 33 7381 • • •

uNITED KINGDOM

Aberdeen SGS
www.sgs.co.uk +44 (0) 191 377 2000 • • • • • • • •

Blackwood Kiwa Blackwood Compliance Lab
www.kiwa.co.uk +44 (0) 1495 229219 • • • •

Burgess Hill METECC
www.metecc.eu +44 (0) 7725 079956 • • • • • • • •

Northampton-
shire

3C Test Limited
www.3ctest.co.uk +44 (0) 1327 857500 • • • • • • •

Sheffield Frequensys Limited
www.frequensys.co.uk +44 (0) 1142 353507 • • • •

St. Helens Rainford EMC Systems
www.rainfordemc.com +44 (0) 1942 296190 • • • • • • • •

OCEANIA
AuSTRALIA 

Melbourne EMC Technologies Pty Ltd
www.emctech.com.au +61 (3) 9365 1000 • • • • • • • • • • • • • • • • • •

Sydney EMC Technologies Pty Ltd
www.emctech.com.au +61 (3) 9365 1000 • • • • • • • • • • • • • • • •

Sydney Austest Laboratories61 
www.austest.com.au +61 (2) 9680 9990

Victoria EMC Technologies 
www.emctech.com.au +61 (3) 9365 1000

NEW ZEALAND
Christchurch Braco Compliance Ltd +64 21 208 4303 •

CITY COMPANY NAME / WEBSITE
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Smart Measurement Solutions

Find out more at:
www.omicron-lab.com/emc

the perfect choice for EMC critical 
areas and high voltage applications.

• High precision measurements
18 bit resolution, 2 MSps

• Low radiated emissions
30 Hz to 1000 MHz:
2 dBµV/m in 10 m

• Potential free measurements
Up to 3 km optical data transfer

• Wide input range
±250 V max. input range

• Absolute safety
Galvanic isolation > 1 MV
On-desk operation up to 1000 V

• Outstanding portability
8000 hours battery power
Light weight and compact design

ISAQ 100

Ground loop free
EMC testing

ISAQ 100

130110_Loop_third_PMA.indd   1 2013-01-11   09:33:01

AUSTRIA

Seibersdorf Seibersdorf Laboratories +43 (0) 50550 2805 www.ait.ac.at

CHINA

Beijing SGS-CSTC +86 (0) 10 6845 6699 www.sgs.com

Shanghai SGS-CSTC +86 (0) 21 6140 2666 www.sgs.com

Shenzhen MET Laboratories Inc. +86 755 82911867 www.metlabs.com

Kowloon Intertek +85 2 2173 8888 www.intertek.com

Tianjin SGS-CSTC +86 (0) 22 6528 8000 www.sgs.com

DENMARK

Horsholm Delta EMC Services  +45 72 19 45 00 www.madebydelta.com

GERMANY

Blomberg Phoenix Testlab GmbH +49 5235 9500 0 www.phoenix-testlab.de

Essen CETECOM GmbH (Germany) +49 20 54 95 19 0 www.cetecom.com

Hagen HF-SHIELDING Joachim Broede GmbH +49 54 05-99 99 04 www.hf-shielding.de

Iserlohn H+H High Voltage Technology GmbH  +49 2371 18530 www.hundh-mk.com

Munich National Technical Systems (NTS) +49 89 787475 160 www.nts.com

Neckartenzlingen Hirschmann Car Communication GmbH +49 7127 14 1437 www.hirschmann-car.com

Siegen EMC Testhaus Schreiber GmbH +49 271 382702 www.emc-testhaus.de

Straubing EMV Testhaus GmbH +49 9421 568680 www.emv-testhaus.com

ISRAEL

Lod Israel Testing Laboratories 972 8 9797799 www.itl.co.il

JAPAN

Watari Cosmos Corporation +81 598 60 1827 www.cosmoscorp.com

Chiba EMC Kashima Corporation +81 478 82 0963 www.emc-kashima.co.jp

Ise Underwriters Laboratories Japan Inc. +81 596 2 6717 www.ul.com

Yokohama Kikusui Electronics Corp. +81 45 593 7570 www.kikusui.co.jp

KOREA

Seoul MET Laboratories, Inc. +82 (0) 2 2026 0191 www.metlabs.com

NORWAY

Oslo Nemko, Inc. +47 229 60330 www.nemko.com

SWEDEN

Kista Intertek +44 20 7396 3400 www.intertek.com

SWITZERLAND

Geneva SGS International Certification Ser. +41 44 445 16 80 www.sgs.com

TAIWAN

New Taipei City MET Laboratories, Inc.  +886 2 8227 8887 www.metlabs.com

UNITED KINGDOM

Bideford ETC Ltd. +44 (0) 1237 423388 www.etcal.co.uk

Bicaster RFI Global Services Ltd. (UL) +44 (0) 1256 31 2112  www.rfi-wireless.com

Blackwood Kiwa Blackwood Compliance Lab +44 (0) 1495 229 219  www.kiwa.co.uk

Brentwood RN Electronics +44 (0) 1277 352219 www.rnelectronics.com

Dorset TRAC Global +44 (0) 1684 571700 www.tracglobal.com

Eastleigh Hursley EMC Services +44 (0) 2380 271111 www.hursley-emc.co.uk

Fareham TUV Product Service/BABT +44 1489 558100 www.tuvps.co.uk

Guildford Underwriters Laboratories +44 1256 31 2112 www.ul.com

Leicestershire Cre8 Associates Ltd +44 (0) 1162 479787  www.cre8-associates.com

Malvern TRaC Global (EMC Projects Ltd) +44 (0) 1684 571700 www.tracglobal.com

Merseyside SGS International Certification Ser. +44 1513 506666 www.sgs.com

Northamptonshire 3C Test Ltd +44 (0) 1327 857500 www.3ctest.co.uk

Renfrew EMC Center  +44 (0) 1418 8867300 www.emc-centre.com

Solihull TRW Conekt +44 (0) 121 627 4242  www.conekt.co.uk

Stebbing Electromagnetic Testing Services Ltd +44 (03) 9365 1000 www.etsemc.co.uk

Stropshire Cranage EMC & Safety +44 (0) 1630 658 568 www.cranage.co.uk

Towcester 3C Test Ltd +44 (0) 1327 857500 www.3ctest.co.uk

Wimborne AQL EMC Limited +44 (0) 1202 861175 www.aqlemc.co.uk

AdditionAl test lAbs 
FOR TEST CAPABILITIES, CONTACT LAB
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SUPPLIER DIRECTORY
SUPPLIERS OF AMPLIFIERS

AR Worldwide RF/ Microwave Instrumentation 
160 School House Rd. Souderton, PA, US
215-723-8181; 800-933-8181; www.ar-worldwide.com

CPI (Communications & Power Industries) Canada Inc.
CPI Satcom Div. 811 Hansen Way, Palo Alto, CA, US 94303; 
650-846-2900; Fax: 650-846-3276; www.cpii.com

Empower RF Systems, Inc.
316 W. Florence Avenue, Inglewood, CA 90301 
310-412-8100; Fax: 310-412-9232
www.empowerrf.com; sales@empowerrf.com

TESEQ, IFI, Milmega
Headquarters - Nordstrasse 11F, 4542 Luterbach / Switzerland
+41 32 681 40 40; Fax: +41 32 681 40 48
info@teseq.com; www.teseq.com

SUPPLIERS OF ANTENNAS

A.H. Systems
9710 Cozycroft Ave. Chatsworth, CA, us 91311  
818-998-0223; Fax: 818-998-6892; www.AHSystems.com

SUPPLIERS OF ELECTRONIC COMPONENTS

Schurter Inc.
447 Aviation Blvd., Santa Rosa, CA, US, 95403
707-636-3000; www.schurterinc.com; info@schurterinc.com

SUPPLIERS OF FILTERS & FERRITES

Fair-Rite Products Corp.
PO Box 288 One Commercial Row, Walkill, NY 12589  
888-324-7748 ; www.fair-rite.com 
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LCR Electronics, Inc.
9 S. Forrest Avenue Suite A, Norristown, PA US 19401 
610-278-0840 ; www.lcr-inc.com

Quell Corp.
5639 Jefferson NE,Albuquerque, NM, US 87109
505-243-1423; www.eeseal.com/index.html

RP Radius Power 
22895 Eastpark Drive, Yorba Linda, CA, US 92887 
714-289-0055; 714-289-21491; www.radiuspower.com

SUPPLIERS OF SHIELDING

Tech-Etch; Plymouth, MA
508-747-0300; 508-746-9639; www.tech-etch.com

SUPPLIERS OF SOFTWARE

CST of America
492 Old Connecticut Path Suite 500, Framingham, MA, US 01701
508-665-4400; 508-665 4401; www.cst.com

SUPPLIERS OF TEST EQUIPMENT

Advanced Test Equipment Rentals
10401 Roselle St.
San Diego, CA 92121 
800-404-2832; 858-558-6570; www.atecorp.com

SUPPLIERS OF MEASUREMENT TOOLS

Agilent Technologies
5301 Stevens Creek Blvd. Santa Clara CA, US 95051 
 408-345-8886; 408 345-8474; www.agilent.com
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M
ICROTCA is an open-
standard embedded 
computing architec-
ture developed by the 
PCI Industrial Com-
puter Manufacturer’s 
Group (PICMG).   The 

technology offers tremendous performance in 
a small form factor.  The design of the systems 
provides inherent EMI protection for all types 
of designs and applications. MicroTCA also 
provides significant benefits of system man-
agement, redundancy options, high-speed, 
flexible serial protocols, rugged industrial or 
mil/aero design, and more. High-energy phys-
ics applications are specifically addressed by 
the MicroTCA.4 specification.

About MicrotcA
With its versatile design, MicroTCA is used 

in a wide range of applications.  This includes 
telecommunications, military/aerospace, en-
terprise networking, industrial automation, 
medical, transportation, energy, and more. 

Here are some advantages over other open ar-
chitectures: Fully redundant (not a single point 
of failure exists in the architecture) – 99.99999 
up time expected; Hot swappable modules; 
Serial bus; High speed fabric interface up to 
10Gb per lane; Clocks; Chassis management 
and Vertical market.

The form factor uses modules of approxi-
mately 75mm x 3HP (to 6HP) x 180mm deep 
boards plugging into 19” rackmount or smaller 
bench-top chassis.   There are also double sized 
boards and various configurations for a versa-
tile, compact architecture. 

By configuring highly diverse collections 
of Advanced Mezzanine Cards (AMCs) in 
a modular MicroTCA Shelf, many different 
application architectures can be easily real-
ized. The AMCs plug into the chassis and 
come in various types with functions such 
as processing, networking, graphics, storage, 
shelf management, and more. The common 
elements defined by MicroTCA are capable of 
interconnecting these AdvancedMCs in many 
interesting ways—powering and managing 
them, all at high efficiency and low cost. The 
flexibility of protocols includes:  

• AMC.0 base specification
• AMC.1 PCIe
• AMC.2 GbE and 10GbE
• AMC.3 SAS/SATA
• AMC.4 Serial RapidIO

Module GAsketinG
The pluggable AMC modules utilize a 

core foam sleeve with textile cladding that 
has a CuNi coating. The sleeve has a rounded 
isosceles triangle-like shape. The formable 
gasket is flexible enough to provide a solid 

eMi shielding Provided in a new  
Housing structure

Justin Moll
Director of Marketing 
VadaTech, Inc.
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seal with the enclosure.  All AMCs have 
similar gasketing for consistency in EMC 
performance across various vendors’ 
product lines. � e side of the AMC has 
similar gasketing on one edge of the 
board.  Gasketing is not required on all 
sides as the shape of the gasket creates 
enough force for a solid seal.  Further, 
the shape of the gasket covers the top 
area of the top of the AMC panel block, 
so there is a signifi cant area that aids in 
containment. See Fig 1. 

EMC REQUIREMENTS FOR 
MICROTCA

The following is a brief excerpt of 
the EMC requirements from the Mi-
croTCA.0 specifi cation:

“All MicroTCA equipment shall meet 
Class A limits and should meet Class B 
limits of the following regulatory stan-
dards/requirements:

For ITE equipment in Europe: EN 55022 and EN 55024 
(equivalent to CISPR22 and CISPR24 used in most countries)

For CO equipment in Europe: EN 300 386, Electro-Magnetic 
Compatibility (EMC) Requirements for Public Telecommu-
nication Network Equipment, Electromagnetic Compatibil-
ity (EMC) Requirements (similar to EN 55022 and EN55024 
combined).

 For USA: FCC CFR 47 Part 15, Subpart B”*
Thus, MicroTCA utilizes established and proven Tele-

com and other standards for EMC, ensuring reliability.  

EMC TESTING
EMC Testing of initial MicroTCA chassis are performed to 

IEC TS 61587-3 (2 GHz).  � e frequency range is 30 MHz to 3 
000 MHz, with the attenuation values chosen for the defi nition 

of the shielding performance level of cabinets and subracks for 
the IEC 60297 and IEC 60917.

System-level testing is another important aspect of the specifi -
cation.  Regulatory EMC requirements call for compliance at the 
system level. � erefore, claiming conformance at the FRU (Field 
Replaceable Unit) level is not accepted (except for PC peripherals 
in some jurisdictions).  Testing has to be done at the fully-loaded 
system level (representative worst case).  � e table below shows 
the recommended test cases based on the FRU type.  See Fig 3*.

CHASSIS GASKETING
� e MicroTCA chassis comes in several sizes and form factors.   

� e most common are horizontal-mount chassis, often in 1U-3U 
heights.  Even in a 1U height, a MicroTCA chassis can hold up to 
12 AMCs, off ering tremendous performance in a small space.   � e 

enclosures also come in vertical mount 
orientations, typically from 4U to 8U high.  
� ese can hold standard 75mm wide (tall 
in this case) boards or double width sized 
at approximately 150mm.  

Often, the AMCs provide enough 
shielding in those areas of the chassis.  See 
Fig 2 of a MicroTCA chassis with very sim-
ple additional gasketing.   But, additional 
gasketing may be required, which is eas-
ily implemented.  Aside from the various 
types of boards that plug in, there are also 
Cooling Units (often redundant push-pull) 
that may require gasketing depending on 
the solution provided by the vendor.  

HIGH PERFORMANCE, 
INHERENT EMC

MicroTCA provides a scalable, pow-
erful, compact, and versatile platform 

FIGURE 1: The photo shows the front of the AMC board’s panel block with the gasketing on top and on 
one side.  A close-look at the far left side of the panel illustrates the “rounded triangle” shape of the gaskets. 

FIGURE 2: Additional gasketing is typically minimal for standard MicroTCA chassis, unless advanced 
shielding levels are required.  The photo shows very standard metal gaskets easily implemented. 
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for all types of computing applications.  
Utilizing proven EMC techniques, the 
shielding performance of the specifi ca-
tion is built-in to the architecture.  � is 
decreases the engineers risk and help to 
ensure more consistent performance.  
PICMG also provides an online short-
form specifi cation for those interested in 
the background of the technology.

*excerpt from PICMG® MTCA.0 Micro 
Telecommunications Computing Archi-
tecture (MicroTCA.0) specifi cation.
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FIGURE 3: The table shows the MicroTCA.0 speci� cation’s recommendation for EMC test cases 
based on Field Replaceable Unit (FRU) type.   
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E
thernet is ubiquitous. From 
base station backhaul, to 
wireless access points, to IP 
surveillance cameras – Eth-
ernet is found everywhere.  
And, the devices enabling 
this Ethernet traffic – the 

miniature transceiver ICs driving the com-
munications infrastructure – are more 
advanced than ever before. Before 2010, 
Ethernet physical-layer transceivers (PHYs) 
were based on 90-nanometer IC technology.  
Today, the market has strongly adopted 
higher performance 65-nanometer PHYs 
with a plan toward 45-nanometer and be-
low.  While the newer PHY platforms give 
system designers exciting performance 
advantages, there is a menacing side effect 
felt by the EMC community – reduced on-
chip ESD protection levels. 

The mantra of the IC world – smaller is 
better – means chip manufacturers con-
front new trade-offs. As IC technology leaps 
forward to achieve aggressive die size and 

performance targets, the protection clamps 
at the chip I/O are often compromised.  
This, of course, is not without impact to the 
system level robustness of the transceiver 
interface.

While chip manufacturers are squeezed 
by the physical constraints of implementing 
protection on the chip, the system designer 
is likewise squeezed with the challenge 
of engineering an end product that will 
prove robust against the many electrical 
transient threats encountered by the end 
product.  And, the system-level transient 
immunity standards are not easing.  Quite 
the contrary – more stringent requirements 
are emerging. 

SYSTEM LEVEL  
TRANSIENT THREATS

In years past, protection circuitry was 
something of an afterthought in the design 
cycle. Today, few debate the necessity of 
external protection arrays, and increas-
ingly designers appreciate the value of a 
well-conceived circuit protection plan on 
the front end of the design phase.  

This is especially true on Ethernet ports.  
The racks of twisted-pair cable within the 
network infrastructure need a resilient 
defense against a variety of transient over-
voltage threats – electrostatic discharge 
(ESD), cable discharge (CDE), electrical 
fast transients (EFT) and, of course, highly 
destructive lightning surges.  

The goal of a good protection scheme 
has two parts. First, the protection must 
safeguard the PHY from the transient 
threats encountered. Secondly – and maybe 

Defending Ethernet Ports from 
Electrical Transient Events

TIMoTHY PuLS
Product Marketing Manager 
Semtech Corporation
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more challenging – the protection circuit should be benign 
with respect to the signal transmission of the link.   As the 
landscape has changed from Fast Ethernet to Gigabit Eth-
ernet to 10Gigabit Ethernet, this is now a more challenging 
proposition.  

A good defense must take into account the characteristics 
of the threats. At a most basic level, transient threats can be 
divided into two broad categories:  fast rise-time threats and 
slow rise-time threats.   � e way in which these spikes couple 
into ports and onto PCB traces can be quite diff erent, and the 
type of components needed to arrest them can be diff erent.

ESD, CDE (Cable Discharge) and EFT (Electrical Fast 
Transients) are fast rise-time events; they have a rise-time 
on the order of 1 nanosecond (often less than 1 nanosecond).   
For the purposes of this discussion, we categorize these three 
events broadly as fast rise-time transients, but it is worth 
noting that these transients behave somewhat diff erently.  
� e energy within a CDE strike or an EFT burst can prove 
more cumbersome to tame than an ESD event generated 
by human contact. � e top row of table 1 highlights some 
notable diff erences in these pulse characteristics.  

� e second class of transient threat is the surge threat.  
Surge events are slow rise-time lightning induced pulses.  
� ese waveshapes are generally microsecond events.   � ey 
have slow rise times compared to ESD, CDE and EFT, but 
present orders of magnitude higher power in the pulse shape. 

TABLE 1: Characteristics of Common Transient Threats

Experts in the Field…
Cuming Microwave & Cuming Lehman Chambers

From the formulation of an advanced material in our laboratory 
to the construction of a host facility in the field, we are the 
world’s leading authority on the development of technology 
and products for the RFI/EMI Absorber, Radar Cross Section 
Reduction and Anechoic Chamber markets.

Pyramidal & Specialty  
Absorber Materials 
Cuming Microwave Corporation
T 508.521.6700
Avon, MA 02322 | CumingMicrowave.com.

Anechoic Chamber Design,  
Engineering and Construction
Cuming Lehman Chambers, Inc.
T 717.263.4101
Chambersburg, PA 17201 | CumingLehman.com
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� ey can be defi ned as either a voltage waveform with a 
peak voltage or a current waveform with a peak pulse cur-
rent.  In segments of the telecom market, end equipment 
manufacturers may demand very high levels of immunity 
from lightning induced threats.   � e bottom row of table 1 
shows some common test pulses used to show immunity to 
lightning induced surge. 

TRANSIENT VOLTAGE SUPRESSION (TVS) ARRAYS
� e challenge in protecting Ethernet ports is that the end 

equipment may be exposed to all these diff erent transient 
types. � us, it demands versatility out of a protection struc-
ture. Where yesterday’s system designers could choose from 
a variety of low-end circuit protection components, today’s 
systems require a bit more care and attention in selecting an 
optimized solution.

Due to their low voltage breakdown, fast response time, 
and low clamping voltages, Transient Voltage Suppression 
(TVS) diodes off er some unique advantage for safeguarding 
low-voltage Ethernet lines against a range of transient threats.  
Other components can be used, of course, but at some level a 
TVS device is likely required.

HOW TVS DIODES WORK
TVS diodes are overvoltage protection elements that 

connect as shunt devices across a data line (Figure 1).  Un-
der normal signaling conditions a TVS diode presents high 
impedance. � e TVS device has a rated capacitance and a 
rated leakage current typically measured at 0V and the device 
working voltage respectively.  � ese parameters should be 

chosen appropriately for the speed of the signal interface and 
also suffi  ciently minimized such that the TVS diode appears 
“transparent” to the circuit during normal operation.  

When a transient spike hits the port the TVS diode acts 
like a “trap door” to ground for the transient current. � e 
diode junction achieves breakdown and becomes a low im-
pedance shunt path to sink dangerous current through the 
diode junction. An eff ective protection circuit diverts this 
transient current and clamps the transient voltage spike to 
a level below the failure threshold of the protected IC. 

Especially for the fast rise-time events (ESD and cable dis-
charge) the diode junction must breakdown at a low voltage 
threshold to engage the transient during the initial inductive 
spike. In the case of lightning the TVS junction must absorb 
the high surge currents. As such, the TVS junctions are larger 
for a lighting rated device.   

For silicon TVS junctions, there is a trade-off  between 
the current handling of the device and the capacitance.  As 
a basic rule, the higher the value for the max peak pulse (Ipp) 
rating of a TVS part, the higher the capacitance of that device.  
And, conversely, a device with a low capacitance generally 
correlates to weaker surge absorption. 

On Ethernet lines, the device must present a robust surge 
rating without introducing an excessive capacitance load that 

FIGURE 2: Generic Transient Clamping Response of TVS Diode.

FIGURE 3:  ESD Clamping Response of TVS Diode.

FIGURE 1: TVS Device as a Shunt Protection Element.

FIGURE 2: “Rail Clamp” Low-capacitance TVS Architecture.
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will disturb signal quality.  TVS arrays can achieve such high-
surge immunity and a low capacitance with a “rail clamp” 
diode architecture. By bridging a TVS diode with very low 
capacitance “steering diodes,” the eff ective capacitance of the 
TVS array can be minimized while also upholding the surge 
rating (Figure  2).

CLAMPING VOLTAGE
In evaluating how well a protection 

array is “protecting” the clamping voltage 
must be considered. � e clamping voltage 
is the voltage resulting after the TVS device 
has clamped the incoming surge transient. 
(See fi gure 2) � is “clamped voltage” will 
appear at the PHY input. Obviously, it 
should be minimized. � e lower the tran-
sient voltage is clamped, the better the 
protection margin. It is here where the TVS 
selection makes all the diff erence. 

A device with a lower working voltage 
can help. � is is the normal dc operating 
voltage of the TVS. Below the working 
voltage the TVS device is a high imped-
ance element.   Just above the working 
voltage the TVS begins to conduct current.   
For optimal protection, it is preferable to 
choose devices with a low working voltage.   
As an example, for Gigabit Ethernet ports 
where the diff erential signal swing may 
be just under 2V, a TVS with a working 
voltage of 2.5V will typically have some 
clamping advantages over a device with 6V 
working voltage. � e lower working voltage 
allows the TVS to arrest the voltage spike 
at a lower voltage threshold and in theory 
respond faster.

FIGURE 4: IV Curve Comparison: Low Voltage TVS & Standard “5V” TVS.

FIGURE 5: 8x20µs Surge Clamping Comparison.

FIGURE 6: RClamp3374N Flow-through Protection for Gigabit Ethernet.
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Additionally, a TVS with a “snap back" I-V characteristic 
can also bring some advantage.   In this case, there is a slight 
negative resistance in the I-V curve.  � is yields steeper I-V 
curve, which, in turn, can help lower the clamping voltage 
at the peak pulse current (see Figure 3).   

TVS clamping voltage for a lightning condition is often 
benchmarked using an 8x20µs current pulse. � e following 
8x20us clamping voltage curve illustrates the divergence of 
diff ering TVS devices in clamping voltage.  As the silicon 

PHY scaling continues leading to more sensitive IC inter-
faces standard 5V zener arrays are hardly suited to protect 
high-end Ethernet systems. Instead, low working and low 
clamping voltage are needed. 

CIRCUIT PROTECTION IMPLEMENTATION
Finally, the question frequently arises as to where the 

protection devices should be implemented.  Is it better to 
place the protection on the line side closer to the boundary 

of the port? Or is it better to place the 
protection on the PHY side behind the 
Ethernet magnetics?  � ere are certainly 
good reasons for choosing either. Yet, for 
most immunity conditions, the advantages 
to protecting on the PHY side of the Eth-
ernet magnetics outweigh the advantages 
to protecting on the line side.  One of the 
key reasons for PHY side protection is that 
for most surge events, the transformer pro-
vides some level of attenuation to the surge 
event.  � us the pulse is reduced somewhat 
on the PHY side of the interface – though 
it is still an extremely dangerous surge.  
Placing TVS components on the PHY side 
takes advantage of whatever action the 
transformer core saturation is providing 
against the surge.

CONCLUSION
� e Ethernet ports in today’s network-

ing landscape are more sensitive than any 
other previous time within the industry.  
Power effi  cient, highly miniaturized Eth-
ernet PHYs increasingly need advanced 
transient voltage protection circuits to 
safeguard against a host of transient 
threats. With some forethought at the 
outset of the design phase, TVS diodes can 
be eff ectively implemented to safeguard 
Ethernet-based systems from the many 
transient voltage threats encountered at 
the system level. 
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1.  ARTICLE OVERVIEW

T
his article has two parts. 
It begins with a brief EMP 
historical review demonstrat-
ing the field strength threat 
that must be shielded against 
in order to assure survival 
of electrical and electronic 

items and systems, and the retention of our 
modern lifestyle.  

Next comes planning, protection options, 
installation, test and certification, cost, fi-
nancing and development of new products, 
services and markets – an ambitious scope.  

In Part 1 of this article, a national pro-
gram is offered in two phases to make EMP 
protection viable:  Phase 1 is a two-year pilot 
design and installation of EMP protection 
of a few villages and towns.  From lessons 
learned, Phase 2 is an eight-year, follow up 
with installation, test and certification tai-
lored to several selected economic levels and 
coastal/inland locations as well as various 
latitudes. Structures range from individual 

sheds and homes to office buildings, shop-
ping malls, hotels, industrial parks and 
warehouses, public works and hospitals.  

To ensure timely replenishment, products 
from areas outside of the EMP event are 
shipped to all EMP protected towns that 
have railroad sidings, a 4,000 foot dirt-mat 
runway, and/or an expanded marina, as ap-
plicable. They support the offloading and 
provide local distribution arrangements.

In Part 2 of this article, entitled, EMP 
Protection of Buildings, protection detail 
is addressed. This includes shielding of 
buildings, via shield options, shield bond-
ing, grounding, cable surge suppression 
and filtering.  A significant lowering in cost 
develops from savings in shielding a new 
structure vs. retrofitting existing buildings. 

Solar rooftop costs are projected to 
achieve parity with the electric grid in kW-
hr cost before the end of the present decade. 
This encourages rapid EMP protection 
expansion, hopefully, before the first EMP 
event strikes.  In addition, the existence of 
widespread EMP protection dramatically 
reduces the chances of experiencing an EMP 
attack in the first place.

The last section of this article presents 
a summary of new products and services 
created, their markets and the resulting mil-
lions of jobs that will be developed.

2. HISTORICAL EMP SUMMARY
This article is concerned with a particular 

type of electromagnetic pulse (EMP), specifi-
cally high-altitude nuclear EMP.  Although 
much of the history of high-altitude nuclear 
EMP remains classified, the unique charac-

A National Plan for EMP Protection 
Part 1
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teristics of high-altitude nuclear EMP were apparently not fore-
seen by anyone in the scientifi c and engineering community.

� e eff ects of low-altitude nuclear EMP, however, were 
foreseen by Enrico Fermi prior to the very fi rst nuclear test in 
1945.  As a result of Fermi’s foresight, all of the lines leading 
to electronic recording instruments were carefully shielded.  
Nevertheless, much information was lost because of the in-
tensity of the EMP close to a nuclear explosion.

By the time of the fi rst high-altitude nuclear explosions, 
Fermi had died and the other great physicists of the time ex-
pected the EMP from a high-altitude detonation to operate 
under the same basic mechanism as a low-altitude detonation.

� e fi rst openly available account of a high-altitude nuclear 
EMP is from the helium balloon lofted Hardtack-Yucca test of 
a 1.7 kiloton nuclear device over the Pacifi c Ocean on April 
28, 1958.

� e EMP from that test was a pulse that was fi ve times the 
oscilloscope limits at most locations.  � e electric fi eld was 
initially a positive-going pulse rather than the expected nega-
tive pulse.  � e EMP was principally horizontally polarized 
rather than the expected vertical polarization.   Since the facts 
did not agree with the accepted theory of the time, the results 
were dismissed as possibly a wave propagation anomaly.

In July of 1962, a higher yield detonation at a much higher 
altitude made its eff ects known in a much more dramatic 
fashion that proved conclusively that previous theories of 
high-altitude nuclear EMP generation were wrong.  � at test 
was the Starfi sh Prime test over Johnston Island in the Pacifi c.

Because of its proximity to Hawaii (about 900 miles away) 
it was necessary to announce the time and location of the 
Starfi sh Prime test to the public.  Many were watching the 
detonation under cloudy skies over the Pacifi c as 300 street-
lights in Honolulu were abruptly extinguished, many burglar 
alarms went off  and a microwave telephone link to the Hawai-
ian island of Kauai suddenly went dead.

Although the intensity of the EMP from Starfi sh Prime 
caught scientists completely by surprise, and resulted in very 
little in the way of useful EMP measurements, they were more 

prepared for the subsequent high-altitude tests of 1962.  
Finally, in the Bluegill Triple Prime and Kingfi sh high 

altitude nuclear tests of October and November 1962, the 
scientists were ready for this previously unexpected phenom-
enon, and accurate EMP records were obtained.

� e Soviet Union also had their share of EMP problems 
during their 1962 high-altitude tests over Kazakhstan (which 
was then a Soviet Republic).  In a high-altitude test of October 
22, 1962 over central Kazakhstan, and a carefully monitored 
570-kilometer telephone line was shut down, a shallow bur-
ied 1000-kilometer power cable was shut down (along with a 
fi re in the power plant feeding the line).  Also, arcing across 
some porcelain insulators on overhead power lines caused 
the insulators to break, and consequently, some power lines 
to fall to the ground.

In 1963, Los Alamos physicist Conrad Longmire was 
shown the EMP results of the high-altitude testing and fi nally 
fi gured out the mechanism that was generating the surpris-
ingly large EMP. 

� ere were two factors that had been largely ignored by 
physicists previously.  One was the large eff ect of the interac-
tion of the earth’s magnetic fi eld during high-altitude EMP.  
� e other factor was the coherence of the pulse caused by 
enormous amounts of gamma rays hitting the upper at-
mosphere at almost exactly the same time.  � is coherence 
resulted in most of the fi rst wave of EMP energy being con-
centrated into a very narrow pulse of very high amplitude.

3. THREAT AWARENESS AND THE FIELD
 STRENGTH TO SHIELD AGAINST

� e blue 'pre-ionization' curve in Figure 2 applies where 
gamma and X-rays from the weapon's primary stage ionizes 
the atmosphere, making it electrically conductive before the 
main pulse from the thermonuclear stage. � e pre-ionization 
can prevent the formation of part of the EMP from the sec-
ondary explosion. 

FIGURE 1: The E1 pulse, which is the � rst wave of high-altitude nuclear 
EMP energy, is generated in the mid-stratosphere when the atoms 
there are hit by a pulse of gamma radiation and are acted upon by 
the earth's magnetic � eld to cause a burst of extremely high-intensity 
electromagnetic radiation. (Illustration is from the United States Defense 
Threat Reduction Agency.)

FIGURE 2: EMP Peak Electric Field
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Figure 2 shows how the peak EMP radiated fi eld strength 
reaching the ground varies with the weapon yield and burst 
altitude. Note that the yield here is the prompt gamma ray 
output measured in kilotons. For known nuclear weapons, 
this varies from 0.1-0.5% of the total weapon yield, depend-

ing on weapon design. � e 1.4 megaton total yield of the 1962 
Starfi sh test had an gamma radiation output of 0.1%; therefore, 
1.4 kiloton of prompt gamma rays.

Figure 2 also shows that the ground-based electric-fi eld 
strength approximates 50 kV/m, a value used in MIL-STD-
461E and below for calculating the 80-dB shielding eff ective-
ness recommended for EMP protection described below. � is 
does not mean that every shield must provide 80 dB as it may 
happen from two or three layers of shielding and/or partial 
radiation blocking from other obstacles.

One must realize that most electronic devices were tested 
for a fi eld strength of 10 V/m or other specifi cations pursuant 
to MIL-STD-461 RE-105, European Union  EN61000-4-3 or 
other international radiated susceptibility limits, to show 
no malfunctioning or undesirable response. � us, an EMP 
threat has a 50,000 /10 volts per meter or 5,000 times more 
severe shielding required to comply.

One default value is that 20*log10(5,000) = 74 dB or 
more shielding is generally needed for EMP compliance. 
Frequently, a factor of 2 (6dB) is added for safety margin. 
� is suggests that 80 dB shielding is needed to ensure EMP 
immunity. Details are shown in Section 10. Again, remem-
ber that another intervening housing rack, cabinet, room or 
whatever else may reduce this number.

4. A NATIONAL EMP-PROTECTION PLAN
Although the U.S. government has EMP-hardened ("hard-

ened" is military vernacular for protected) the military sector, 
intelligence community and other selected offi  ce build-
ings, essentially nothing has been done in the civil sector 
of residential, commercial, industrial, and public utilities. 
� is seems ironic since employees of DOD (Department 
of Defense), DHS, DOE, DOT and others, nearly all live off  
premises, shop in malls, shop pharmacies, buy gasoline and 
other products from EMP unprotected facilities. � us, the 
U.S. remains unprotected from an EMP burst.

FIGURE 3: Standard of Living after an EMP burst, assuming the entire 
local gathering is also EMP protected.

FIGURE 4: Four - Tier EMP Protection Concept
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� e Senate Committee on Homeland Security and other 
pro-EMP protection organizations are perceived by many to 
be frustrated from lack of timely U.S. EMP protection actions.  
� erefore, this section addresses a few examples of strategies, 
tactics, planning and implementation options. � e matter of 
post-EMP lifestyle is a major consideration not addresse in 
the Internet with few exceptions.

Post-EMP lifestyle is compared and contrasted with pre-
EMP lifestyle. While EMP survivalists plan to move out to 
the country, storing water, 25-year shelf-life freeze-dried 
food, medications, guns, ammo and barter items, they fail the 
lifestyle test. On the fi rst day of the EMP event, they lose their 
job, die from failure of the dialysis machine, lack of gasoline 
and scores of certain provisions. � eir focus, however, is sur-
viving, defi ned as a bridge from a disaster to the day things 
are “restored.”  However, after an EMP  event, lifestyle may 
never be restored within their lifetimes.

Other interim lifestyle options may be off ered at HOA 
(Home Owners Associations), developments, hamlet, village 
and town levels for EMP protection. � is begins to fail at the 
city levels, where survival crimes increase manifold. � is is 
due to highrise structure limitations; the starving are stalking 
the survivalists for their own surviving, since goods replenish-
ment severely lags need in bigger cities.

How does all this happen? 
Just how does the Survivalist score, when compared to 

other EMP-protection options. Figure 3 suggest three ele-
ments of many comparisons.

� e surviving group size from an individual to a large 
city is displayed as the horizontal axis. A value judgment is 
shown for the vertical axis. It ranges from excellent to very 
bad. Of course, most value judgments are in the eyes of the 
beholders (like lifestyle, per se), while others are absolute, like 
losing your job.

Figure 3 shows that basic surviving is scored very good 
compared to no other EMP protection. It scores particularly 
bad in the big city since there is a plethora of starving people 
ready to break into the homes of anyone storing food. � at's 
why survivalists prefer to move to the country when an EMP 
event happens.

Figure 3 also shows that one major disadvantage of the 
EMP survivalists is that he loses his job after an event since 
nothing else is working anyway. However, if a village or town 
were EMP protected, and almost all employment is geared to 
the local events of a city, job retention may approximate 90% 
after an event. In fact it could exceed 100% if the town is a 
manufacturer or it develops products or services in demand 
from unprotected neighboring areas struck by the same EMP 
event.

5. PHASE-1 SELECTION & PILOT PROTECTION OF 
 VILLAGES AND TOWNS

5.1- � e Concept of a Four-Tier, National  EMP Protec-
tion Plan

Lifestyle is rarely addressed in EMP protection literature. 
Does it not matter? Yet, EMP survivalist will lead a very diff er-
ent lifestyle vs. those in a whole village or town that is nearly 

completely EMP protected. For example, following an EMP 
event, the EMP survivalists individual (or family) loses his job, 
loses access to shopping stores, hospitals, dentist, undertaker, 
etc. that have all become dysfunctional. Contrast this to an 
EMP-protected municipality in which almost nothing is lost 
except uncertainty of when the EMP-protected replenishment 
vehicles, airstrip or railroad siding may be revisited with more 
replenishments. Even here, a warehouse can store survivalists 
freeze-dried and selected canned food, principal  medications, 
etc. � ese matters lead to the reason why diff erent tiers of EMP 
protection are addressed as one strategy of several.

� ere are four tiers of EMP protection to be initiated herein 
in order to get things started. Except for EMP survivalists, 
who have started their planning and implementing years 
ago, the top three tiers may initially be regarded as Phase-1 
pilot programs, from which a substantial pragmatic learning 
experience develops.

� ey are started at the same time and have been selected 
by location and economy as discussed later. Each tier advi-
sory group has a representative of the other two tiers plus an 
EMP survivalist, a county Economic Development offi  ce par-
ticipant, and a Chamber of Commerce person since all learn 
from the progress, failures and wisdom of each other. Also, 

A B C D

Buildings and Topics Hi-Income 
Counties

Median 
Counties

Lo-Income
Counties

Shopping Malls X X

Wal-Mart X X

Vehicles X X

Food Stores X X X

EMS Services X X

Pharmacies X X X

Adjacent Farms X X X

Water Utilities X

Gas Stations X X

Airport-Trains X X

Manufacturing X

Hospitals X

Clinics X X X

Weapons-Ammo X

Boats-Ships* X X

Marinas* X

Commerc. Of� ce X X

Home Depot,- Lowes X

Ace Hardware X X X

Hotels/Motels X

Schools-College X X

Funeral Services X X

Churches X X

Restaurants X

Theaters X

FIGURE 5: Identi� cation of Principal Resources for Survival 
and Living Needs
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as discussed later, fi nancing comes from 
issuing county and corporate bonds.

� e 3,140 counties in the U.S. are 
divided into  four quartiles of me-
dian household income (Fig. 4, data 
from 2010 census): (1) Tier-1, highest 
quartile (25% of total U.S. households 
earn more than $69,000/annum), (2) 
Tier-2, median quartiles (2nd and 3rd 
quartiles earn between $22,000 and 
$69,000/annum with $39,000/annum 
being their geometric midpoint), and (3) 
Tier-3, lower quartile, 25% of the total 
U.S. county households earn less than 
$22,000 per year. 

The master plan also provides for 
north and south (diff erent latitude) lo-
cations and three geographical regions 
in the U.S. to be similar in the four-tier 
EMP protections. � is allows for coastal 
U.S. exposures, coastal-inland and cen-
tral regions in order to gain information diff erent from each 
other's location. 

� e diagram, Fig. 4, illustrates the four tiers of EMP protec-
tion. � eir assigned names are located at the outer periphery 
of the four-sides of the square. Just inside the square, the cor-

responding  household income range is listed. As mentioned, 
Tier-1 counties can aff ord greater (full) EMP protection and 
Tier-3 less. Of course, there is allowance for exceptions, not 
discussed here. One example is that many counties will have 
poorer sections among the wealthier section locations within 

a single county.
Figure 4 also has a three-line brief 

(shown in black), closest to the center 
square, to suggest what is covered in their 
respective tiers. A few details of these 
remarks are described in the next section. 

The following discussion addresses 
some information about the fi rst Tier-1, 
High Income Homes, Commercial and 
Other Buildings. � e others are beyond 
the scope of this article for space reasons.

� ere are 91 million homes in the U.S. 
and 39 million apartments to shelter it's 
314 million population (year 2012). For  
Phase-1, two-year pilot program, a town 
of about 10,000 population is selected for 
the fi rst tier. With an average household 
size of 2.6 people, this corresponds to 
10,000/2.6  = 3,850 households. Of these, 
2,700 are detached homes and 1,150 are 
apartments.  Therefore, at the end of 
Phase-1, about 3 locations x 3,850 = 11.6 
thousand Tier-1 homes will be EMP pro-
tected. Parenthetically, assuming Phase-2 
is completed eight years later, up to 23 
million Tier-1 homes in all of the U.S. will 
be EMP protected with new jobs running 
into the millions. 

Since average new home and new com-
mercial building construction is estimated 
to be 2.5% per year, Tier-1 site, 0.025 x 

A B C D E F G H

Tier & Location Population US 
Population Home # Cost $ Home $M Commerial 

$M Total $M

Tier 1, East 10,000 0.0032% 2,700 55,000 149 238 386

Tier 1, Central 10,000 0.0032% 2,700 55,000 149 238 386

Tier 1, West 10,000 0.0032% 2,700 55,000 149 238 386

Tier 1, East 1,000 0.0003% 270 55,000 15 24 39

Tier 1, Central 1,000 0.0003% 270 55,000 15 24 39

Tier 1, West 1,000 0.0003% 270 55,000 15 24 39

Tier 2, East 1,000 0.0003% 270 12,000 3 5 8

Tier 2, Central 1,000 0.0003% 270 12,000 3 5 8

Tier 2, West 1,000 0.0003% 270 12,000 3 5 8

Tier 3, East 1,000 0.0003% 270 4,000 1 2 3

Tier 3, Central 1,000 0.0003% 270 4,000 1 2 3

Tier 3, West 1,000 0.0003% 270 4,000 1 2 3

Totals: 39,000 0.0124% 10,530 503 805 1,308

FIGURE 6: Summary of general EMP tier classi� cation and assignment
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3,850 = 96 new Tier-1 homes per year will be added per 
site. This is mentioned now to inform the reader that EMP 
protection for new home construction is estimated to cost 
about 65% of that for a retrofit home, since EMP protection 
is more easily and economically achieved on a new home 
construction.

Home EMP protection in Tier-1 involves a 100% shield-
ing of the outside skin (including the floor), some details 
for achievement of which are provided in later sections The 
shielding is bonded and grounded to earth and any lead-in 
power lines and others (telephone, data) are filtered and surge 
suppressed as also presented in later sections.

The low end of  home size in the high income counties is 
roughly  4,000 sq. ft. (372 sq. meters) under air. The power 
required for a solar rooftop is about 10 kW. This is sufficient 
to handle air conditioning, and hot water loads in addition to 
the electrical appliances, lighting, computer and peripherals, 
radio and TV, etc. Of course, the solar rooftop is also shielded 
and processed as explained in a later section.

Along with the solar rooftop is both a battery bank of 
about 30, 12-volt deep-cycle lead-acid batteries. They pro-
vide an energy capacity of  about 30 kwh (kilowatt hours), 
nominally sufficient to handle all night time use and a few 
overcast days when solar electricity is nearly  unproductive. 
As explained later, the number of batteries is adjusted for 
greater latitudes and climates having more overcast days.

The cost for a high income county, EMP protected  home 
with protected solar rooftop will range from about $50,000 
to over $100,000 for large homes over 10,000 sq. ft. (929 sq. 
m). Ignoring inflation, this will be reduced by about 30-40% 
in 10 years by Moore's Law for electronics and by quantity 
production cost reduction.  (Moore's Law is the engineering 
dictim that, among other things, describes the cost reduction 
of semi-conductor products over time.)  

Figure 5 wording speaks of "Larger retail replen-ishing 
stores."  Focus on Column B for the present. Scan down the 
list of facilities that will have been EMP hardened. Note that 
nearly everything has been 

protected so that the affluent town as a whole is nearly 
unaware of an EMP incident. The reason that the word 
"nearly" is used is that communication and transportation 
of delivery vehicles, delivering replenishment food, medica-
tions and other is essential to survival. This requires that 
some modes of communication such as satellite and fiber 
optics are functional. Also, all Tier-1 communities have at 
least a 4,000 foot metal-mat runway to help ensure vitals re-
plenishment.  Space restrictions in this article do not permit 
discussing the other three tiers here: (1) Column C, medium 
income counties, (2) Column D, low-income counties and 
(3) EMP survivalists .

6. PHASE 2, 8-YEAR EMP PROTECTION  
 IMPLEMENTATION AND EXPECTATIONS

Phase 2 of the proposed National EMP Protection Plan is the 
follow up of Phase 1 as it is the implementation thereof. Phase 
2 lasts for eight years after Phase 1. Both will be graphed later 
regarding expenses, growth and job generation expectations.

Remember that Phase 1 had a design and development team 
at each of the pilot 12 villages and towns at the county level.  
Near continuous feedback among all entities takes place to 
ensure (1) not repeating things that work poorly, plus rationale 
and (2) emphasizing, in a timely manner, those that work well. 
This is pragmatism at its best. Further, each tier can learn 
from a higher (or lower number) tier for possible sectors to 
EMP protect, along with rationale and cost.

Meanwhile a consumer EMP protection guide was under 
development in Phase 1 and many seminars are taught at dif-
ferent levels to ensure timely awareness, and how-to actions 
and events. Once a week a broader webinar is orchestrated for 
both the 12 EMP villages and towns to participate and for others 
looking on who may be anxious to participate during Phase 2.

Implementing Phase 2 requires significant training in all fac-
ets as the implementation involves roughly 500 times the Phase 
1 cost and activities, but spread over eight years.  Especially 
significant is the generation and refinement in mass production 
of the solar rooftop installation and solar panels and inverter 
production, all with built-in shielding and surge suppression. 

Detail discussion of Phase 2 is deferred here as emphasis 
shifts over to physical realizability, costs, new products and 
services, markets and job creation.

7. A PEEK AT NEW PRODUCTS, SERVICES,  
 MARKETS AND JOBS 

This section gives the readers a peek at expectations 
regarding costs and jobs, first for Phase-1, EMP-Solar, Pilot 
Project (experiment or study). Then, when carried through 
Phase 2 - the entire U.S. by 2023.

Figure 6, in a spreadsheet form, gives a glimpse of the 
various element data and their totals on the bottom line. 
(Regretably, space does not permit the development of 
the data here.)  Column B is the customer town or village 
population involved and Column C is the corresponding 
population in percent relative to the entire U.S. population 
of 314 million as of 2012. Column D is the approximate 

FIGURE 4: Fig. 7 – Cumulative Jobs Generated in Millions since 2013.
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number of homes involved and E is their rough cost per 
average home. Column F is the total home cost in units 
of million dollars (M) for the Tier and location shown in 
Column A.

� e electric utility industry reports that 38% of their 
electricity load (users) are residential and 62% is a combina-
tion of commercial plus industrial. � e latter is 6⅔  8 = 1.6 
times the residential load. So, Column G is 1.6 times the 
amount of column F.  Finally, Column H is a total of both 
Columns F and G.  Remember, the numbers here are rough 

since there are many expenses and variables involved and 
the lower cost of government participation and support has 
not yet been added.

Figure 7 shows that the cost for Phase-1 over the fi rst two 
years is about $1.3 billion (total at bottom right in column 
H).  � is is spread over 12 counties with the fi rst three, each 
serving a town population of 10,000 which is the highest 
cost at about $386 million. � e average population of all 
3,140 U.S. counties is ($314 million U.S./3,140 counties) = 
about 100,000 people/county. � eir estimated net worth 

(according to the U.S. census) is about 
$55 trillion/3,140 counties = an average 
of $17 billion/county. Highest income 
counties may approximate $40 billion and 
the lower income about $4B.  For a high-
income county of 100,000 population, 
$40B net worth corresponds to  $400,000 
per person.

� e $386 M of Column H, town in Fig. 
7 is spread over a 100,000 county popu-
lation and amounts to about $3,800 per 
person. However, this is not relevant since, 
as mentioned earlier, the money comes 
from  the issuance of county and cor-
porate bonds from investors, retirement 
funds, and annuities. From the previous 
paragraph, $3,800 is less than 1% of the 
county per capita wealth; so this is no 
fi nancial challenge (in other words, it is 
readily aff ordable).

Regarding jobs, the $1.3 billion pilot, 
Phase-1 cost (bottom line, Fig. 7, Column 
H) is the total direct cost exclusive of 
government participation.  Thirty per 
cent (30)% is arbitrarily added to account 
for government participation cost, some 
volunteer time contributed, publicity and 
education costs, plus items not identi-
fi ed in Fig. 7. So the $1.3 billion becomes 
roughly $1.7 billion cost for Phase-1.

Since  $225,000 of money spent back 
into a U.S. economy corresponds to one 
new job created (at $48,000 avg. annual 
salary), the number of jobs created from 
Phase-1 is $1.7B/$2250k = 7,600 job-years 
(see Fig. 7). Because this is spread over two 
years, this represents 3,800 jobs lasting 
for two years. For the entire U.S., this will 
approximate the above (7,60%  .000124)  or 
(Jobs/Total, Col. C, Fig..6) = 61 million 
job-years, or averaged over 8 years = 7.6 
million U.S. jobs. 

� e above fi nancial information is ad-
mittedly rough, but adequate to get a fi rst 
order evaluation of the fi nancial doability 
of Phase-1 and Phase-2.
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posed National Plan for EMP Protecting the U.S. Part 2 
of the article presents methods and techniques for EMP 
protection of buildings, solar rooftops and other struc-
tures. As such, Part 2 covers details of  shielding, bond-
ing, grounding, and cable or device surge suppression and 
filtering. These apply to structures from sheds and rooms 
to small and large homes, and to commercial and industrial 
buildings less than about five floors in height.
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S
EVERAL YEARS AGO, Ray 
Gompf, Ph.D., PE (Ret.), 
NASA, Kennedy Space Center 
and the author evaluated 7” x 
7” ESD corrugated, Kraft and 
bleached B-Flute corrugated 
substrates for Tribocharge 

Generation at low relative humidity (RH). 
At 45% RH, all samples generated peak volt-
ages of less than 100 volts.  However, Kraft 
corrugated at 12%RH peaked out at 12,870 
volts.  The Number 3 Bleached White liner 
generated 16,790 volts1.  

During transport and shipping, RH condi-
tions can reach to less than 4% representative 
of winter months in Colorado or Santa Ana 
Wind conditions in California. In flight, the 
relative humidity of the aircraft cabin dropped 
from 60%RH to 9.33% after 20 minutes (Fig-
ure 1). The 7” x 7” sheet of Kraft corrugated 
charged to -4,403 volts. Before takeoff, this 
same sheet charged to less than 10 volts. 

Traditionally, the author’s field measure-
ments in electrostatic discharge (ESD) safe 

areas between 30% RH to 70% RH have pro-
duced corrugated paperboard reading at less 
than 100 volts. However, recent on-site testing 
of Asia-Pacific sourced Cylinder Machine 
corrugated liner, produced results in excess 
of 100 volts. 

USA grades of Kraft corrugated linerboard 
have moisture contents of approximately 5% 
to a high of about 9%; Oyster White, number 
1 and 3 white liners can range from 6% to 7%. 
Corrugated medium can have a moisture con-
tent of 5% to 7%. Moisture insures elasticity of 
paper as problems can occur at <5%. 

Many USA & EU Integrated paper com-
panies that have abundant forestlands, paper 
mills and box conversion capabilities employ a 
Fourdrinier papermaking process patented in 
1801 by John Gamble. Fourdrinier paperboard 
is a homogenous admixture of wood pulp, 
fiber, water and other additives with aligned 
moisture retaining wood fiber for strength.

Most of the Asia-Pacific forestlands have 
long been depleted. The Cylinder Machine 
papermaking process (invented by John Dick-
inson in 1809) produces a multi-layered corru-
gated liner sheet consisting of newsprint, rags, 
bamboo, recycled corrugated containers and 
other products. Therefore, lack of moisture 
containing virgin wood fiber can run the risk 
of producing charge generating paperboard.    

The Fourdrinier process insures higher 
moisture content of paperboard enabling 
Kraft linerboard to be more conductive in 
environments ranging from about 15%RH to 
<30%RH. Electrical resistance of paperboard 

Charge Generation of ESD Sensitive Devices: 
Understanding Risks of Protective Packaging 

BoB VERmillion
CPP/Fellow 
Certified ESD & Product Safety Control 
Engineer-iNARTE 
RMV Technology Group, LLC  
NASA-Ames Research Center

[1] A STUDY OF ESD CORRUGATED, Bob Vermillion, CPP, Certified ESD Engineer 
NARTE, ARP Engineering,  Larry Fromm, PE, Hewlett-Packard, ESDA Symposium, 
September 1999
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using ANSI/ESD STM11.11 (surface resistance) or ANSI/ESD 
STM11.12 (volume resistance) will produce static dissipative 
readings with corrugated liner containing moisture. 

At 40%RH in comparison to the same liner subjected to 
12%RH conditioning, resistance testing constitutes one method 
in diff erentiating whether the paperboard contains adequate 
moisture. Corrugated linerboard moisture content at 5% or 
more insures insure a greater likelihood of being low charging. 
� erefore, there is a relationship between Surface Resistance 
and Relative Humidity as illustrated in Table 1. 

According to the late John Kolyer, Ph.D. (Boeing, Retired) 
in his book ESD from A to Z , surface resistance of humidity 
dependent materials rises and falls when RH fl uctuates.  

Note: ANSI/ESD S541 lists [1.0 x 1011 ohms] as the standard 
cutoff  for retention of static dissipative properties. In practice, 
however, a lower cut-off  is often desired for packaging materials 
since dry air may be encountered in shipping and handling. In 
cold and dry climactic conditions, relative humidity can reach 
4% or below. In Figure 3, the reader will observe a Kraft paper 

FIGURE 1: Low Humidity in Flight. FIGURE 2: US & European Papermaking Process.

FIGURE 3: Asia Paci� c Papermaking Process. TABLE 1

FIGURE 4: Kraft Shopping Bag Charging in Winter .
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grocery bag charging to -4,970 and 2,403 volts at 13%RH. 
Since the mid-1990s, the author has presented on the ef-

fects of paper charging. Moreover, recent on-site assessments 
by the author have identified Asia-Pacific Cylinder Machine 
paperboard as a significant charge source at moderate RH levels.  

In Figure 5, left, the Fourdrinier liner is abundant in wood 
chips while the Cylinder liner (right, photograph) is layered and 
contains recycled paperboard, ink pigments, extraneous fiber 
and other unknown content. 

At 20%RH, the Asia-Pacific Oyster White Cylinder paper 
measured in the insulative range at [1.6 x 1011 ohms]  and 5,234 
volts. At 9%RH, the voltage was 16,901 volts. In contrast, at 
43%RH, the same Oyster White Lock Front Mailer measured 
[1.9 x 109 ohms] and produced 99 volts (Figure 6). Another 
risk to an organization is the Incoming Receiving Department 
practice of transferring ESD sensitive devices from charge gen-
erating corrugated containers (without the use of ionization). 
This represents a hazard to ESD sensitive devices at a distance 
of less than one (1) foot. 

During RFID placement (Figure 7), the tags can be incor-
rectly positioned representing another risk. Oftentimes, cor-
rugated containers can travel down a conveyor in an “upside 
down” position so that a RFID tag ends up on the new bottom 
of a box. The tag then passes between two or more steel rollers 
at the instant when one of the rollers generates an ESD event 
(between its shaft and the side rail). Arguably, the thought is that 
corrugated containers can be placed on ESD workstations with 
an assumption that the packaging will not harm ESD sensitive 
devices above 30%RH. One must consider paperboard charging. 
For instance, Asia-Pacific Cylinder Machine linerboard charged 
to -4,450 volts at 35%RH as illustrated in Figure 8. The NASA 
Workmanship NASA-STD 8739.6  on page 16 sets Temperature 
and Relativity levels in section 6.1  18° - 30° C (65° - 85° F) and 
a maximum relative humidity of 70 percent. For ESD-sensitive 
hardware, the minimum humidity is 30%RH. For Human Body 
Model (HBM) Class 0 ESD sensitive devices (<250 volts), the 
minimum RH level is 40%. 

The IC Carriers (Dip Tubes) that house ESD sensitive devices 
were not protected by static shielding or RFI/EMI attenuating 

FIGURE 8: 4-ESD Sensitive Devices in Charge Generating Box.

FIGURE 7: RFID on Kraft RSC Box.

FIGURE 5: US & European Kraft Liner (Left) Asia Pacific Kraft Liner (Right).

FIGURE 6: Asia Pacific Bleached Liner Left – Room Conditions 
Right – Low Relative Humidity (RH).
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Moisture Barrier Bags (MBB) in Figure 8. Consequently, for 
Asia Pacific Cylinder Machine paperboard, charge generation 
during transport causes ESD events when the relative humidity 
falls below 20%RH and up to 37%RH; there was one incident 
of charging to 667 volts at 43%RH. USA and EU Fourdrinier 
paperboard will charge to below 9%RH and up to 15%RH. The 
reader can observe simulation testing at low RH for a corrugated 
SIMM Module Asia Pacific box that generated numerous of 
electrostatic field voltages (Prox V) and discharges (ESD Peak - 
Voltage). The field induced model (FIM) discharges would most 
likely damage ESD sensitive devices if shielding precautions are 
not implemented.

Therefore, at first glance, Table 3 indicates that Asia-Pacific 
Cylinder paperboard has a tendency to generate static electricity 
at higher RH levels than USA and EU Kraft and bleached liner. 

In short, further work in this area will be conducted to build 
a case history for comparison between Asia-Pacific Cylinder 
Machine corrugated versus EU and USA Fourdrinier grades 
of paperboard. Cylinder Machine paperboard from the Asia-
Pacific region has a greater tendency to charge generate than 
Fourdrinier produced corrugated linerboard manufactured in 
both the US & EU. 
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AR’s EMC solutions make complicated test processes easier and more accurate. Everything is simplified – calibration, testing processes, DUT troubleshooting, 
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AR’s AS4000 radiated immunity system gives you a turnkey package to perform  susceptibility tests, in one self-contained unit up to 40 GHz. 
Our standard systems can also be customized to include testing to both radiated and conducted immunity and emissions requirements. 

The Conducted Immunity (CI) platform offers flexibility to address any Bulk Current Injection (BCI) test method, as well as the ability to access components 
from the CI housing, such as the power meter and amplifier, to use in other test applications. With three Conducted Immunity Test Systems to choose from, you
should never again have to perform laborious manual CI test procedures or worry about the accuracy of the results. 
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