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VERIFYING THE ESD GUN’S 
VOLTAGE

The ESD gun was grounded at 
test point 1 and the discharge 
tip was placed at test point 3. 
(See Figure 7 for the test 
setup diagram and Figure 8 
for the test setup photo.) The 
voltage of the ESD gun in this 
example was set to 1000 V. 
ESD discharge did not occur, 
as the resistance was too high 
to discharge the internal 
capacitor. A multimeter was 
set to DC voltage and placed 
on test point 1 and test point 2 
to measure voltage on the 
1 MΩ resistor. 

It was important to take into 
account the internal resistance 
of the multimeter on the 
specific voltage range we were measuring. This 
should be measured with a second multimeter set 
to resistance mode and the first multimeter should 
be manually set to the voltage range that will be 
used during voltage measurement. 

The measurement showed an internal resistance of 
10.10 MΩ on the 60 V range. We added 9.8% to the 
9.07 V measurement to correct for the multimeter’s 
internal resistance and then multiplied the result by 
101 to get the ESD gun voltage from the resistor 
divider. And we got the final measurement of 1005.8 
V, which was within the 5% of output voltage 
tolerance, as described in IEC 61000-4-2.

VERIFYING ESD GUN’S PULSE SHAPE

We used a DSO9404A oscilloscope from Agilent 
with a BW of 4 GHz and 20 GSa/s. The used 
channel was in the 50 Ω mode (we were careful 
not to overload the input!). The ESD target was 
connected to a 20 dB attenuator with a frequency 
range of DC-18 GHz. We checked the attenuator 
datasheet to ensure it could withstand the ESD 
pulse. (Note that it sees only the voltage on the 
2.1 Ω impedance (~116 V at 15 kV pulse)). The RF 
cable had low attenuation at 4 GHz, passing the 
±1.2 dB requirement in IEC 61000-4-2. 

Figure 7: Diagram of the ESD gun’s voltage verification

Figure 8: Verifying the ESD gun’s voltage
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We connected the ground clip of the ESD gun 
to the exposed GND pad on the ESD target and 
placed the contact discharge tip to the center pin of 
the ESD target. The oscilloscope was set to a single 
trigger. (See Figure 9 for the test setup and Figure 10 
on page 29 for the resulting waveform.) Tektronix 
application notes mention that ripples in the captured 
waveform are due to a small calibration plane, which 
we didn’t verify. 

Peak voltage was measured at 590 mV, which should 
be divided by the Zsys - 0.197 V/A, to get 3 A of 
measured current. The voltage at 30 ns was 
390 mV (1.97 A); at 60 ns, it was 175 mV (0.89 A). 

Figure 9: Test setup for verifying the ESD gun’s pulse shape

https://www.3c-test.com
mailto:globalsales@3ctest.cn
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under 5 V. The ESD target worked as expected but, 
with the high rise time ESD gun tip, the oscilloscope 
had an error, which was resolved with a reset.

CONCLUSION

The DIY ESD target is useful for pre-compliance 
laboratories that do not require accredited equipment 
for their measurements but that verify testing 
equipment every year to make sure it still works as 
expected. Compared to an off-the-shelf ESD target, 
the DIY version is much less expensive but it still 
provides good measurement accuracy based on the 
IEC 61000-4-2 standard. A potential improvement 
would be to make the ESD target mountable in a 
vertical calibration plane, which would improve the 
oscilloscope’s immunity to radiated ESD pulses. 

REFERENCES

1.	 International Electrotechnical Commission, 
“IEC 61000-4-2, Electromagnetic compatibility 
(EMC) – Part 4-2: Testing and measurement 
techniques – Electrostatic discharge immunity test.”

2.	 Tektronix, “Troubleshooting ESD Failures Using 
an Oscilloscope.”

3.	 Kenneth Wyatt, “Check ESD Simulators First,” 
EDN, August 1, 2008.

Rise time was measured 
at 0.6 ns. We found 
that the rise time of 
some tips is much 
shorter than others. 
It can be as low as 
100 ps, which makes 
the ESD test harder to 
pass because the pulse 
then contains higher 
signal frequencies that 
are harder to filter out. 
In the accredited labs, 
they should have a 
tip with a rise time of 
about 0.8 ns.

Pulse shape for 
1000 V ESD 
discharge is defined in 
IEC 61000‑4‑2 with these parameters:

•	 First peak current of discharge is 3.75 A ± 15%

•	 Rise time is 0.8 ns ± 25 %

•	 Current at 30 ns is 2 A ± 30 %

•	 Current at 60 ns is 1 A ± 30 %

All of our measurements passed the standard’s 
requirements, except the first peak current 
of discharge, which was 3 A and should be 
a minimum of 3.19 A. This is most likely due to 
the specific tip that was used for this test (Keytek 
model MZ TPC-2A). Other tested tips had a 
much higher first peak current and faster rise 
time. We also tried to test air discharge by placing 
Kapton tape around the discharge pin on the ESD 
target to cover the GND pins. Kapton tape has a 4 
kV voltage resistance, so a few layers are enough to 
withstand the 15 kV pulse. 

We should note that the pulse shape tests are not 
completely reproducible, because small differences 
in the positioning of the ESD gun and ESD target 
can change the results slightly. When testing air 
discharge, the approach speed will change the 
measured pulse. We also tested 15 kV contact 
discharges with an additional 20 dB attenuator 
to limit the voltage to the oscilloscope channel 

Figure 10: Waveform of the ESD pulse



Product 
Resource 

Guide

2026



Finding the right 
products to meet your 
unique compliance 
requirements can be 
challenging. Multiple 
considerations 
play into your 
decision‑making 
process. 

In this special issue, 
we highlight seven 
product categories—
and offer guidance 
on choosing and 
using the right 
products and services 
for your applications.

2026 Product Resource Guide	

Contributing Author

Don MacArthur 
“The Practical Engineer”

ABSORBING MATERIALS
32 Future Trends and Innovations in RF Absorbing Materials

AMPLIFIERS
34 Understanding RF Amplifiers

ANTENNAS
36 Design and Operation of Antennas

CHAMBERS
38 Design Considerations for EMC Test Chambers

COMPONENTS
40 Building Compliant Electronics

FILTERS
42 Case Studies and Real-World Applications of EMI Filters

TEST SERVICES
44 Key Features and Capabilities of Compliance Testing Labs

FOR YOUR NEXT PROJECT
46 Product Marketplace

49 Featured Suppliers



32  |  2026 PRODUCT RESOURCE GUIDE

By Don MacArthur

ABSORBING MATERIALS

Radio Frequency (RF) absorbing materials 
play a crucial role in mitigating interference 

and enhancing the performance of electronic 
devices. As technology advances, the demand 
for more efficient and sustainable RF absorbing 
materials continues to grow. This article explores 
the latest trends and innovations in RF absorbing 
materials, focusing on advancements in material 
science, sustainability, and their impact on 
Electromagnetic Compatibility (EMC) and 
compliance engineering.

ADVANCEMENTS IN MATERIAL 
SCIENCE
New Developments in RF Absorbing Materials 
and Their Potential Impact on EMC and 
Compliance Engineering

Recent advancements in material science have 
led to the development of new RF absorbing 
materials with enhanced properties. These 
materials are designed to effectively control and 
mitigate interference, ensuring cleaner signal 
paths and improved device performance. Some 
notable developments include:
	y Ferrite Compounds: These materials are 
commonly used in consumer electronics to 
absorb high-frequency RF signals effectively. 
They offer excellent performance and are widely 
used in various applications.

	y Magnetic Silicones: Ideal for environments 
requiring both thermal and RF management, 
these materials provide a dual function, making 
them highly versatile.

	y Carbon-loaded Foam: This lightweight 
material is prevalent in military and aerospace 
applications, offering a broad range of 
frequency absorption.

	y MXenes: These two-dimensional (2D) 
transition metal carbide/nitride materials 
demonstrate superior properties, such as 
tunable electrical conductivity and unique layer 
structures. They are promising candidates for 
high-efficiency RF absorption.

	y Acoustic Metamaterials: These materials 
utilize intelligent design strategies to achieve 
subwavelength-scale structures, providing new 
possibilities for energy dissipation mechanisms.

These advancements are expected to have a 
significant impact on EMC and compliance 
engineering by improving the performance 
and reliability of electronic devices across 
various industries.

SUSTAINABILITY
The Push Towards Environmentally Friendly 
RF Absorbing Materials and Their Benefits

The push towards sustainability in RF absorbing 
materials is driven by the need to reduce 
environmental impact and promote eco-friendly 
practices. Some key developments in this 
area include:
	y Bio-based Materials: Researchers are 
exploring the use of biodegradable materials 
derived from biomass, such as kapok fiber-
derived carbon microtubes. These materials 
offer excellent microwave-absorbing 
performance while being environmentally 
friendly.

	y Recyclable Materials: Non-toxic, recyclable 
materials are gaining popularity due to 
their reduced environmental footprint. 
Evaluating the lifecycle and disposal methods 
of these materials contributes to a more 
sustainable approach.

Future Trends and Innovations in RF Absorbing Materials
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	y Lightweight and High Absorption Capacity: 
Sustainable materials with high absorption 
capacity and broad effective absorption 
bandwidth are being developed to address 
electromagnetic pollution.

The benefits of using environmentally friendly RF 
absorbing materials include reduced electronic 
waste, lower energy consumption, and improved 
overall sustainability of electronic devices.

SUMMARY/CONCLUSION
The future of RF absorbing materials is promising, 
with continuous advancements in material 
science and a growing emphasis on sustainability. 
These developments are expected to enhance the 
performance and reliability of electronic devices 
while reducing their environmental impact. As the 
demand for more sophisticated electronic devices 
increases, the role of RF absorbing materials in 
EMC and compliance engineering will become 
even more critical. 

REFERENCES AND FURTHER READING
1.	 Chang, L., Jiang, A., Rao, M., Huang, H., 

Zhu, Z., Zhang, Y., Wu, Y., Li, B., and 
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RSC Advances, Issue 60, 2021.

2.	 New England Die Cutting (NEDC), “The 
Essentials of RF Absorption in Electronics.” 

3.	 Guo, H., Wang, X., Pan, F., Shi, Y., Jiang, H., 
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Absorbing Materials,” Nano Research, 
Volume 16, 2023.
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Tao, J., Liao, J., Liao, X., and Zhao, Y., 
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Microtube as Broadband Microwave 
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“Bio-based Materials for Microwave 
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In the realm of radio frequency (RF) 
electronics, amplifiers play a pivotal role in 

enhancing signal strength and maintaining the 
integrity of transmitted data. This article delves 
into four critical parameters—gain, noise figure, 
linearity, and efficiency—providing insights 
into their significance and how they shape RF 
amplifier performance.

GAIN: THE MEASURE OF AMPLIFICATION
Gain, a fundamental parameter, quantifies the 
amplification provided by an RF amplifier. It is 
expressed in decibels (dB) and represents the 
ratio of output power to input power. Higher gain 
implies a stronger output signal for a given input, 
which is crucial in applications where signal 
attenuation over long distances is a concern.

The impact of gain on amplifier performance 
is multifaceted. While high gain can enhance 
signal strength, it must be balanced with 
other parameters to avoid distortion and 
maintain signal quality. In practical terms, an 
amplifier with an optimal gain ensures that the 
transmitted signal is robust enough to reach its 
destination without being drowned by noise or 
interference.

NOISE FIGURE: GUARDING SIGNAL 
INTEGRITY
The noise figure of an RF amplifier is a measure 
of the degradation of the signal-to-noise ratio 
(SNR) as the signal passes through the amplifier. 
It is expressed in decibels and indicates how 
much noise the amplifier adds to the signal. A 
lower noise figure signifies better performance, 
as it means the amplifier introduces minimal 
additional noise.

In RF systems, maintaining a high SNR is 
paramount for ensuring clear and accurate signal 
transmission. An amplifier with a low noise 
figure is essential for applications such as satellite 
communications, radar, and sensitive receiver 
systems, where even small amounts of added noise 
can compromise system performance. Therefore, 
the noise figure is a critical specification that 
engineers must consider when designing RF 
amplifiers for high-fidelity applications.

LINEARITY: PRESERVING SIGNAL PURITY
Linearity in RF amplifiers refers to the ability 
of the amplifier to produce an output signal that 
is a linear representation of the input signal. 
This parameter is crucial for maintaining signal 
integrity, particularly in applications involving 
complex modulation schemes. Non-linearity in 
amplifiers can lead to distortion, intermodulation 
products, and spectral regrowth, all of which 
degrade signal quality.

A linear amplifier ensures that the amplified 
signal retains its original characteristics without 
introducing unwanted artifacts. This is especially 
important in communication systems where the 
purity of the signal is essential for accurate data 
transmission. In practice, ensuring linearity 
often involves careful design considerations and 
trade-offs with other parameters such as gain 
and efficiency.

AMPLIFIERS

Understanding RF Amplifiers
By Don MacArthur
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EFFICIENCY: POWER MATTERS
Efficiency in RF amplifiers is defined as the ratio 
of RF output power to the total input power 
consumed by the amplifier. High efficiency is 
particularly critical in power amplifiers, where 
significant amounts of power are involved. 
Efficient amplifiers not only reduce energy 
consumption but also minimize heat generation, 
which can affect the reliability and longevity of 
the device.

In applications such as wireless communication 
infrastructure, satellite transmitters, and 
broadcast systems, the efficiency of power 
amplifiers directly impacts operational costs and 
thermal management. High-efficiency amplifiers 
help reduce electricity bills and cooling 
requirements, making them a preferred choice in 
commercial and industrial RF applications.

BALANCING ACT: THE INTERPLAY 
OF PARAMETERS
Designing an RF amplifier involves a delicate 
balance between these key parameters. High 
gain must be achieved without compromising 
noise figure or linearity. Similarly, enhancing 
efficiency should not lead to excessive non-
linearity or increased noise. Engineers must 
consider the specific requirements of their 
application and carefully optimize each 
parameter to achieve the desired performance.

SUMMARY
In conclusion, understanding the intricacies 
of gain, noise figure, linearity, and efficiency 
is essential for designing high-performance 
RF amplifiers. By carefully balancing these 
parameters, engineers can develop amplifiers 

that deliver robust, clear, and efficient signal 
amplification, meeting the demands of modern 
RF communication systems. 

REFERENCES AND FURTHER READING
Here are some references that can help you dive 
deeper into the key parameters and specifications 
of RF amplifiers:
1.	 Fundamentals of RF Power Amplifiers: This 

document by NXP provides a comprehensive 
overview of RF power amplifier topologies, 
their applications, and important 
considerations for component selection. 

2.	 Understanding RF Data Sheet 
Parameters: This application note by NXP 
Semiconductors reviews RF transistor and 
amplifier module parameters, including gain, 
noise figure, linearity, and efficiency.

3.	 Understanding Operational Amplifier 
Specifications: This application report by 
Texas Instruments covers the basics of 
amplifier specifications and how to select 
the right operational amplifier for specific 
applications. 

4.	 A Guide for Choosing the Right RF 
Amplifier for Your Application: This article 
from Analog Devices discusses how to select 
the right RF amplifier based on features such 
as gain, noise, bandwidth, and efficiency. 

5.	 Introduction to NMR/MRI Amplifiers: 
This guide by CPC Amps explains amplifier 
specifications in the context of NMR and 
MRI applications. 

These resources will provide a solid foundation 
for understanding the key parameters and 
specifications of RF amplifiers.
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In the world of electromagnetic compatibility 
(EMC) compliance, ensuring that electronic 

devices meet regulatory standards is paramount. 
A key component in achieving this compliance 
is the use of antennas, which are essential 
for testing and measuring electromagnetic 
emissions and susceptibility. This article 
explores the role of antennas in compliance 
testing, focusing on their construction 
and materials, setup and calibration, and 
maintenance and care. By understanding these 
critical aspects, engineers and technicians can 
ensure accurate and reliable measurements, 
ultimately leading to devices that perform 
optimally and comply with stringent 
regulatory requirements.

CONSTRUCTION AND MATERIALS
Antennas are critical components in various 
communication systems, and their construction 
and materials play a significant role in their 
performance. The choice of materials and 
design considerations for compliance testing 
antennas, such as biconical antennas, is essential 
to ensure accurate and reliable measurements.

Biconical antennas, for instance, are commonly 
used in compliance testing due to their 
broadband capabilities. These antennas 
are typically made from high-conductivity 
materials like copper or aluminum to minimize 
signal loss and improve efficiency. The design 
of biconical antennas includes conical-shaped 
elements that provide a wide frequency 
range, typically from 20 MHz to several 
hundred MHz. Additionally, these antennas 
often feature an integrated balun (balanced to 
unbalanced) structure to match the impedance 
of the elements to the transmission line. 

SETUP AND CALIBRATION
Setting up and calibrating compliance 
testing antennas is crucial to ensure accurate 
measurements. The setup process involves 
placing the antenna in the desired test 
environment, such as an open area test site 
(OATS) or a semi-anechoic chamber. The 
calibration process establishes the relationship 
between the values indicated by the measuring 
instrument and a reference standard.

For radiated emission measurements, the 
calibration must follow specific standards, such 
as ANSI C63.4-2014 or CISPR 16-1-4, which 
define the procedures for determining antenna 
factors (AF). Calibration measures field 
strength at specified distances using standard 
test procedures. 

MAINTENANCE AND CARE
Proper maintenance and care of compliance 
testing antennas is essential to ensure 
their longevity and performance. Regular 
maintenance includes cleaning the antenna 
elements to remove any dust or debris that 
may affect the signal quality. It is also 
important to inspect the antenna for any signs 
of wear or damage and to replace any faulty 
components promptly.

CALIBRATION
In addition to regular maintenance, periodic 
calibration is necessary to maintain the 
accuracy of the antenna. Calibration 
intervals should be determined based on the 
manufacturer’s recommendations and the 
frequency of use. Keeping a detailed record of 
calibration dates and results can help track the 
antenna’s performance over time.

Design and Operation of Antennas

ANTENNAS

By Don MacArthur
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When setting up compliance testing antennas, 
always ensure a clear line of sight between 
the antenna and the device under test (DUT). 
Any obstructions or reflections can introduce 
inaccuracies in your measurements. Keep 
detailed logs of your calibration settings 
and environmental conditions during each 
test session. This helps maintain consistency 
across tests and makes troubleshooting any 
anomalies much easier. Keeping a clean testing 
environment and regularly inspecting your 
antenna for wear and tear can further enhance 
the reliability of your measurements.

SUMMARY
In compliance testing, antennas are crucial 
for measuring and ensuring electronic devices 
meet regulatory standards. The construction 
and materials of these antennas, typically 
using high‑conductivity metals like copper or 
aluminum, ensure efficient performance. Proper 
setup and calibration, following standards 
such as ANSI C63.4-2014 or CISPR 16‑1‑4, 
are essential for accurate measurements. 
Maintenance practices, including regular 

cleaning, inspection, and periodic calibration, 
help sustain antenna performance and longevity. 
Understanding these aspects ensures reliable 
measurements and compliance, ultimately 
leading to optimal device performance. 

REFERENCES AND FURTHER READING

1.	 Emmanuel Ikimi, “Antenna Basics: Working 
Principle, Types, and Applications,” Maker 
Pro, February 28, 2020.

2.	 A.H. Systems, “Biconical Antenna Selection 
for Compliance Testing.”

3.	 Werner Schaefer, “Antenna Parameters 
and Antenna Calibration,” In Compliance 
Magazine, June 30, 2016.

4.	 Doug Kramer, “Introduction to EMC 
Antenna Calibration Methods,” ETS-
Lindgren, May 12, 2015.

5.	 A.H. Systems, various application notes.

Design and Operation of Antennas
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compliance testing antennas, 
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and the device under test



38  |  2026 PRODUCT RESOURCE GUIDE

Electromagnetic compatibility (EMC) test 
chambers are critical facilities where electronic 

devices are tested for their ability to function 
properly without emitting or being affected by 
electromagnetic interference (EMI). Designing an 
EMC test chamber requires careful consideration of 
several factors to ensure accurate and reliable testing. 
This article explores the key design considerations 
for EMC test chambers, focusing on material 
selection, chamber size, and configuration.

MATERIAL SELECTION
The materials used in the construction of EMC test 
chambers play a pivotal role in their performance. 
The primary materials to consider are RF absorbers 
and shielding materials.

RF Absorbers
	y Types of RF Absorbers: There are various types 
of RF absorbers, including ferrite tiles, pyramidal 
foam absorbers, and hybrid absorbers. Each 
type has its unique properties and applications. 
Ferrite tiles are effective at lower frequencies, 
while pyramidal foam absorbers perform well at 
higher frequencies. Hybrid absorbers combine the 
benefits of both types.

	y Performance Characteristics: The effectiveness 
of RF absorbers is measured by their reflection loss 
and absorption efficiency. High-quality absorbers 
should offer high reflection loss, ensuring minimal 
RF reflections within the chamber, and high 
absorption efficiency to reduce the incidence of 
standing waves and reflections.

	y Installation Considerations: Proper installation 
of RF absorbers is crucial for their performance. 
Absorbers should be evenly distributed and 
securely attached to the chamber walls, ceiling, 
and floor to ensure consistent performance across 
the entire testing area.

Shielding Materials
	y Types of Shielding Materials: Common 
shielding materials include galvanized steel, 
copper, and aluminum. These materials are 
chosen for their high conductivity and ability 
to attenuate electromagnetic fields.

	y Shielding Effectiveness: The effectiveness 
of shielding materials is measured by their 
shielding effectiveness, which quantifies 
the material’s ability to block or attenuate 
electromagnetic fields. High-quality shielding 
materials should provide effective attenuation 
across a wide frequency range.

	y Structural Considerations: The structural 
integrity of the shielding materials is 
important to maintain a continuous and 
effective shield. Overlapping seams, conductive 
gaskets, and proper grounding are essential to 
prevent leakage and ensure a complete shield.

CHAMBER SIZE AND CONFIGURATION
The size and configuration of EMC test 
chambers are critical factors that influence their 
effectiveness and versatility.

Chamber Size
	y Determining Size Requirements: The size 
of the chamber should be determined based 
on the type of equipment to be tested and the 
test procedures. Larger chambers are required 
for testing larger devices or systems, while 
smaller chambers are suitable for individual 
components or small devices.

	y Compliance with Standards: The chamber 
size should comply with relevant standards 
and guidelines, such as CISPR 16-1-4 and 
ANSI C63.4, which specify the minimum 
dimensions and clearances for EMC testing.

Design Considerations for EMC Test Chambers

CHAMBERS

By Don MacArthur
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	y Future-Proofing: Consider future testing 
needs and potential growth when determining 
the chamber size. Designing a slightly larger 
chamber can accommodate future testing 
requirements and avoid the need for expensive 
modifications.

Configuration
	y Chamber Layout: The layout of the chamber 
should facilitate easy access to the device under 
test (DUT) and testing equipment. Adequate 
space should be provided for test personnel to 
move around and set up equipment.

	y Antenna Positioning: Proper positioning of 
antennas is crucial for accurate measurements. 
The chamber should allow for adjustable antenna 
mounts and clear line-of-sight paths between the 
antennas and the DUT.

	y Control Room: A separate control room adjacent 
to the chamber allows for remote operation 
and monitoring of tests. This setup minimizes 
interference and ensures safety for test personnel.

SUMMARY/CONCLUSION
Designing an effective EMC test chamber 
requires careful consideration of material selection, 
chamber size, and configuration. RF absorbers and 
shielding materials play crucial roles in ensuring 
accurate and reliable testing by minimizing 
RF reflections and attenuating electromagnetic 
fields. Proper chamber size and configuration 
are essential for accommodating different types 
of equipment and testing requirements while 
complying with relevant standards. By considering 
these factors, engineers can design EMC 
test chambers that provide accurate, reliable, 
and efficient testing environments, ultimately 
ensuring the electromagnetic compatibility of 
electronic devices.

By adhering to these best practices, engineers 
can ensure that their EMC test chambers 
are equipped to handle the rigorous demands 
of compliance testing, providing a reliable 
environment for evaluating the electromagnetic 
performance of electronic devices. 

REFERENCES AND FURTHER READING
1.	 Henry W. Ott, Electromagnetic 

Compatibility Engineering, Wiley, 2009.
2.	 Tim Williams, EMC for Product Designers, 

Fifth Edition, Newnes, 2016.
3.	 Louis T. Gnecco, Design of Shielded Enclosures: 

Cost-Effective Methods to Prevent EMI, 
Newnes, 2012.

4.	 R. Timothy Hitchcock and Robert M. 
Patterson, Radio-Frequency and ELF 
Electromagnetic Energies: A Handbook for 
Health Professionals, Wiley, 1995.

5.	 IEEE EMC Society, “IEEE Std 1128-1998 – 
Recommended Practice for RF Absorber 
Evaluation in the Range of 30 MHz to 
5 GHz,” IEEE Xplore.

Design Considerations for EMC Test Chambers
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In the world of electronics, ensuring compliance 
with regulatory standards is paramount to 

the successful launch and operation of any 
device. Compliance covers a broad spectrum 
of requirements, including electromagnetic 
compatibility (EMC), safety, and environmental 
considerations. This article delves into the critical 
design considerations for selecting components, 
layout and placement on printed circuit boards 
(PCBs), and effective thermal management, all 
aimed at achieving compliance.

COMPONENT SELECTION
Selecting the right components is fundamental 
to meeting compliance requirements. Here are 
key criteria to consider:
	y Voltage Ratings: Ensure that components 
can handle the maximum voltage expected 
in the application. Over-voltage can lead 
to breakdowns and compliance failures. 
Use components with voltage ratings that 
provide a safety margin above the maximum 
operational voltage.

	y Tolerance: Components must operate reliably 
within their specified tolerance ranges. Choose 
components with tighter tolerances for critical 
functions to ensure consistent performance 
and compliance. For example, resistors and 
capacitors with low tolerance variations can 
help maintain signal integrity and reduce EMI.

	y Thermal Stability: Components exposed 
to varying temperatures must maintain 
their performance characteristics. Select 
components with high thermal stability to 
avoid drift in values, which can affect circuit 
performance and compliance. Materials 
like ceramic or tantalum for capacitors and 
metal film for resistors are preferred for their 
thermal stability.

	y Certifications and Standards: Use components 
that are certified to relevant standards such as 
UL, CE, or RoHS. These certifications indicate 
that the components meet specific safety, 
environmental, and performance criteria, aiding 
overall compliance.

	y Reliability and Lifetime: Ensure the components 
are reliable and have a long operational lifetime. 
High-reliability components reduce the risk 
of failure, which is crucial for maintaining 
compliance over the product’s lifespan.

LAYOUT AND PLACEMENT
Proper layout and placement of components on 
PCBs are crucial for minimizing electromagnetic 
interference (EMI) and ensuring compliance. Here 
are some best practices:
	y Minimize Loop Areas: Reduce the area of 
current loops to minimize EMI. Keep signal 
traces and their return paths close to each other. 
Route the positive and negative traces together 
for differential signals to cancel out common-
mode noise.

	y Segregate Analog and Digital Grounds: To 
minimize noise coupling, separate the analog 
and digital grounds and connect them at a single 
point. This helps maintain signal integrity and 
reduce EMI.

Building Compliant Electronics

COMPONENTS
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	y Shielding and Ground Planes: Use shielding 
and ground planes to isolate sensitive components 
and signals from noise sources. A solid ground 
plane reduces the impedance of return paths 
and provides a reference for signals, enhancing 
EMC performance.

	y Component Placement: Place components 
to minimize the length of high-speed signal 
traces. Keep high-frequency components away 
from sensitive analog circuits. Place decoupling 
capacitors close to power pins of ICs to filter out 
high-frequency noise.

	y Layer Stacking: In multilayer PCBs, use 
dedicated layers for power and ground planes. 
This reduces cross-talk and enhances signal 
integrity. Place signal layers adjacent to ground 
planes to contain EMI.

THERMAL MANAGEMENT
Managing heat dissipation is critical for compliance-
critical components, as excessive heat can affect 
performance and lead to failure. Here are some 
techniques for effective thermal management:
	y Heat Sinks: Attach heat sinks to components 
that generate significant heat. Heat sinks increase 
the surface area for heat dissipation, keeping 
component temperatures within safe limits.

	y Thermal Vias and Planes: Use thermal 
vias and planes to transfer heat away from 
hot components. Thermal vias connect the 
component pads to internal or external copper 
planes, spreading the heat and improving 
dissipation.

	y Active Cooling: In high-power applications, 
active cooling methods like fans or liquid 
cooling systems may be necessary. Active cooling 
helps maintain safe operating temperatures for 
compliance-critical components.

	y Component Spacing: Provide adequate spacing 
between components to allow for natural 
convection cooling. Crowded layouts can 
impede airflow and exacerbate thermal issues.

	y Thermal Interface Materials: Use thermal 
interface materials (TIMs) to enhance heat 
transfer between components and heat sinks. 
TIMs fill air gaps and improve thermal 
conductivity.

SUMMARY/CONCLUSION
Achieving compliance in electronic designs 
requires careful consideration of component 
selection, layout and placement on PCBs, and 
thermal management. By selecting components 
with appropriate voltage ratings, tolerance, and 
thermal stability, ensuring proper layout and 
placement to minimize EMI, and implementing 
effective thermal management techniques, 
engineers can create designs that meet regulatory 
standards and perform reliably.

By adhering to these design considerations, 
engineers can ensure that their electronic 
products meet compliance requirements and 
deliver optimal performance and reliability. 
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Electromagnetic interference (EMI) can disrupt 
the performance and functionality of electronic 

devices, leading to potential safety hazards 
and reliability issues. EMI filters are essential 
components that help mitigate these interferences 
by blocking unwanted electromagnetic noise. This 
article delves into real-world applications of EMI 
filters in consumer electronics, automotive systems, 
and industrial equipment, highlighting their 
significance and effectiveness in ensuring smooth 
and reliable operation.

CONSUMER ELECTRONICS
In the realm of consumer electronics, EMI 
filters play a crucial role in maintaining the 
performance and safety of devices such as 
smartphones and laptops. These devices are often 
packed with high‑density circuitry and operate 
at high frequencies, making them susceptible to 
electromagnetic interference from various sources.

Smartphones: Modern smartphones are equipped 
with numerous functions, including wireless 
communication, touchscreens, and high-resolution 
displays. EMI filters are used to protect these 
sensitive components from interference that can 
come from both internal and external sources. For 
instance, EMI filters help in reducing noise from 
power lines and radio frequency (RF) circuits, 
ensuring clear signal transmission for voice calls 
and data communication. In addition, these filters 
protect the touchscreen from noise generated by 
the display, enhancing the overall user experience.

Laptops: Laptops integrate multiple subsystems 
such as processors, memory, storage, and 
communication modules. EMI filters are employed 
to prevent noise from power supplies and switching 
regulators from interfering with these subsystems. 
By incorporating EMI filters in the power lines 
and signal lines, laptops can achieve stable 

operation, reduced electromagnetic 
emissions, and compliance with 
regulatory standards like the Federal 
Communications Commission (FCC) 
Part 15 for electromagnetic emissions.

AUTOMOTIVE SYSTEMS
The automotive industry has witnessed 
a significant increase in the use of 
electronic systems, particularly in electric 
and hybrid vehicles. These vehicles rely on 
high-voltage and high-frequency electronic 
components that can generate substantial EMI, 
affecting the performance of critical systems.

Electric and Hybrid Vehicles: Electric vehicles 
(EVs) and hybrid electric vehicles (HEVs) use 
power electronics extensively for motor control, 
battery management, and energy conversion. 
EMI filters are crucial in these applications to 
manage the high-voltage and high-frequency 
noise generated by power inverters, DC-DC 
converters, and electric motors. By filtering out 
unwanted noise, EMI filters ensure the reliable 
operation of the vehicle’s electronic systems, 
including the communication between the motor 
control unit and the vehicle control system. This 
not only improves the vehicle’s performance but 
also enhances passenger safety by preventing 
potential malfunctions caused by EMI.

In-Car Entertainment and Communication 
Systems: Modern vehicles are equipped with 
advanced entertainment and communication 
systems that rely on wireless communication, 
touchscreen interfaces, and high-fidelity audio 
systems. EMI filters are used to protect these 
systems from interference generated by other 
electronic components within the vehicle. For 
example, filters are incorporated into audio 

Case Studies and Real-World Applications of EMI Filters
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systems to eliminate noise from power lines 
and maintain clear sound quality. Similarly, 
communication systems are shielded from EMI to 
ensure uninterrupted connectivity for navigation 
and infotainment.

INDUSTRIAL EQUIPMENT
In industrial settings, the reliable operation of 
machinery and equipment is paramount. EMI 
can disrupt the functionality of industrial control 
systems, sensors, and communication networks, 
leading to potential downtime and safety hazards.

Machinery and Automation Systems: Industrial 
machinery often operates in harsh environments 
with high levels of electromagnetic noise. EMI 
filters are employed to protect sensitive control 
systems, sensors, and actuators from interference. 
For example, in automated manufacturing 
processes, EMI filters help ensure accurate and 
stable operation of programmable logic controllers 
(PLCs) and motor drives. By filtering out noise 
from power supplies and signal lines, these filters 
enhance the precision and reliability of industrial 
automation systems.

Industrial Communication Networks: The 
proliferation of Industrial Internet of Things (IIoT) 
and smart manufacturing has increased the reliance 
on robust communication networks. EMI filters 
play a critical role in maintaining the integrity 
of these networks by preventing electromagnetic 

interference from disrupting data transmission. 
Filters are used in Ethernet lines, wireless 
communication modules, and other networking 
components to ensure reliable data exchange and 
prevent signal degradation caused by EMI.

SUMMARY/CONCLUSION
EMI filters are indispensable in various 
applications, from consumer electronics to 
automotive systems and industrial equipment. By 
mitigating electromagnetic interference, these filters 
enhance the performance, reliability, and safety of 
electronic devices. In consumer electronics, EMI 
filters ensure clear signal transmission and user 
satisfaction. In automotive systems, they protect 
critical electronic components from high-voltage 
and high-frequency noise, ensuring reliable vehicle 
operation. In industrial settings, EMI filters 
safeguard control systems and communication 
networks, preventing downtime and enhancing 
safety. As technology continues to advance, the 
importance of EMI filters in ensuring compliance 
with regulatory standards and maintaining optimal 
performance will only grow. 
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In the fast-paced world of technology and 
electronics, ensuring that products meet 

stringent regulatory standards is critical for 
market entry and consumer safety. Compliance 
testing labs play a vital role in this process 
by verifying that electronic devices adhere to 
electromagnetic compatibility (EMC), safety, 
and other regulatory requirements. This article 
explores the key features and capabilities 
of compliance testing labs, focusing on 
accreditation and certification, state-of-the-art 
equipment, and the expertise and experience of 
lab personnel.

ACCREDITATION AND CERTIFICATION
Accreditation and certification are fundamental 
to the credibility and reliability of compliance 
testing labs. Accreditation to standards 
such as ISO/IEC 17025 indicates that an 
independent body has evaluated a lab and 
meets the required standards for testing and 
calibration competencies. ISO/IEC 17025 is the 
international standard for testing and calibration 
laboratories, ensuring they operate competently 
and generate valid results.

Certification from recognized bodies, such 
as the Federal Communications Commission 
(FCC) or the International Electrotechnical 
Commission (IEC), further validates 
the lab’s capabilities. These certifications 
confirm that the lab follows standardized 
testing procedures and employs proper 
methodologies to achieve accurate and 
reliable results. For manufacturers, working 
with accredited and certified labs provides 
assurance that their products will meet 
regulatory requirements and avoid costly 
delays or rejections in the market.

STATE-OF-THE-ART EQUIPMENT
The quality of testing in compliance labs 
is heavily dependent on the equipment 
used. State-of-the-art equipment ensures 
precision, accuracy, and repeatability in 
testing procedures. Key pieces of advanced 
equipment commonly found in compliance 
testing labs include:
1.	 Anechoic Chambers: These are 

specialized rooms designed to completely 
absorb reflections of electromagnetic 
waves, providing an ideal environment 
for measuring radiated emissions and 
immunity. The chambers are equipped 
with absorptive materials and are free from 
external electromagnetic interference, 
ensuring accurate measurements.

2.	 Spectrum Analyzers: These instruments 
measure the magnitude of an input 
signal versus frequency within a specified 
frequency range. They are essential for 
identifying and analyzing electromagnetic 
interference (EMI) and ensuring that 
emissions comply with regulatory limits.

Key Features and Capabilities of Compliance Testing Labs
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3.	 Network Analyzers: These devices measure 
the network parameters of electrical 
networks, which are essential for assessing 
the performance of RF and microwave 
components. They help in evaluating the 
impedance, return loss, and insertion loss, 
which are critical for EMC compliance.

4.	 EMI Receivers: These receivers are designed 
to measure electromagnetic interference from 
electronic devices. They are used to detect and 
quantify emissions, ensuring that products 
meet the necessary standards.

5.	 ESD Simulators: Electrostatic discharge 
(ESD) simulators replicate the electrostatic 
discharges that electronic devices might 
encounter during their lifecycle. They help test 
the resilience of devices against ESD events, 
which is crucial for ensuring product reliability 
and safety.

EXPERTISE AND EXPERIENCE
The expertise and experience of the engineers 
and technicians conducting compliance tests are 
as important as the equipment they use. Skilled 
personnel are essential for interpreting test results, 
identifying potential issues, and recommending 
corrective actions. Their deep understanding of 
regulatory standards, testing procedures, and best 
practices ensures accurate and reliable testing.

Experienced engineers and technicians can 
troubleshoot and resolve complex issues that may 
arise during testing, ensuring that products meet 
the necessary standards without unnecessary 
delays. Their knowledge also helps in optimizing 
designs to achieve better EMC performance, 
enhancing the overall quality and reliability of 
the products.

SUMMARY/CONCLUSION
Compliance testing labs are integral to the 
process of ensuring that electronic devices meet 
regulatory standards for EMC, safety, and other 
requirements. The key features and capabilities of 
these labs, including accreditation and certification, 
state-of-the-art equipment, and skilled personnel, 
contribute to accurate and reliable testing results. 
By partnering with accredited and certified labs 
equipped with advanced testing tools and staffed 
with experienced professionals, manufacturers can 
ensure that their products comply with regulatory 
standards, enhancing their marketability and 
consumer trust. 
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PRODUCT

AK-40G Antenna Kit 20 Hz- 40 GHz
A.H. Systems’ AK-40G Portable antenna kit offers the best frequency range and 
performance in one case. This is the antenna kit you need for everyday testing. 
Just grab it and go. Inside the case is all the reliable antennas, current probes, and 
cables needed to satisfy a wide array of customer requirements. The antenna kit 
also comes with a tripod with azimuth and elevation head for antenna positioning 
and a tripod carrying case. Excellent performance, compact size and a lightweight 
package make this kit a preferred choice for field-testing and can ship with 
next‑day, on-time delivery. Other antenna kits available.

Strength Through Partnership
At Absolute EMC LLC, we deliver world-class support and products across 
all EMC markets. Our team strives to be proactive, responsive, and efficient—
working alongside you as a true partner. By collaborating only with manufacturers 
who share our commitment to quality and customer care, we ensure your testing 
challenges are met with confidence and success.

MARKETPLACE

AR BP Series | Advanced Pulsed Power
The AR BP Series offers solid-state, Class A-AB, air-cooled amplifiers designed for 
low-duty-cycle pulsed RF applications. With output power from 20 kW to 500 kW 
and bandwidth from 1 MHz to 400 MHz, they deliver high gain, wide instantaneous 
bandwidth, and proven reliability—ideal for NEMP testing and other demanding 
environments. Discover more at https://www.ar.ametek-cts.com.

AP Americas
A leading global manufacturer of RF/anechoic chambers and RF shielded rooms 
for various applications in EMC, antenna testing and high-frequency technology. 
Our expertise lies in the development, design, and realization of test environments 
to verify the electromagnetic compatibility of your products according to national 
and international requirements in industries including military, aerospace, wireless, 
automotive, and OTA. We also provide RF secure facilities for various applications 
including EMP shielding, SCIF rooms, and secure conference rooms.

A curated collection of innovative solutions from key industry suppliers.  

Find the right fit for your projects.

https://www.ar.ametek-cts.com
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Precision Common Mode Choke Search Tool for EMI Solutions”
Coilcraft’s MAGPro® Common Mode Choke Finder is a powerful search and 
analysis tool for finding the optimal off-the-shelf common mode chokes. It allows 
you to search for your desired impedance, attenuation, or inductance, as well 
as specific current rating and frequency range. Whether you are designing a line 
filter, or addressing a specific EMI issue, this search and analysis tool provides 
the analysis you will need to find the right part in the shortest time, reducing your 
design cycle time.

IPX1 / IPX2 Drip Box System
Products intended for outdoor environments, or wet environments, often require 
Ingress Protection (IP) Code testing. ED&D’s cutting-edge solution for the IPX1 and 
IPX2 tests is the DBX Series Drip Box Test Systems. ED&D also invented IP Code 
Turntables, including a mini-turntable (shown) that allows for meeting requirements 
of the IP Code. ED&D also offers the device mounted in a chamber or it can be 
offered in combination with the Spray Test Chamber (STC-DBX Series). Other 
products for the IP Code include Dust Chambers, Spray Test Chambers, Spray 
Nozzles, Jet Nozzles, Accessibility Probes, and Oscillating Spray Testers. 

Fast Track to the Future of EMC Compliance
The future is now! As technology in our homes and industries becomes 
increasingly sophisticated, the potential for electromagnetic interference grows 
significantly. In the automotive world, where vehicles are essentially computers 
on wheels with varying levels of automation, ensuring the safety and reliability 
of these emerging technologies is more critical—and more challenging—
than ever. With decades of expertise, ETS-Lindgren is Committed to a 
Smarter, More Connected Future.

PRODUCT
MARKETPLACE

Advance Your Battery Designs
Advance your battery designs with Element’s performance testing. We deliver 
precise insights through charge/discharge cycling, calendar life, aging, and thermal 
runaway testing. Our experts go beyond compliance, providing data you can trust to 
optimize safety, quality, and reliability.
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SGS was the First NRTL to Certify e‑Mobility Devices under OSHA Standards
SGS was the world’s first NRTL accredited by OSHA to test and certify personal 
e-Mobility devices and e-Bikes for US markets. We are one of a few labs 
authorized for ANSI/CAN/UL 2272 and UL 2849 safety standards. Our services 
include substance screening, battery evaluation, mechanical durability and 
design‑to‑market consulting. Ensure your product meets mandatory safety 
benchmarks. Partner with SGS today!

EVTS 150C12 E-vehicles HV Test System
The EVTS 150C12 E-vehicles HV Test System is designed according to 
ISO 21498 - 2, LV123, VW80300, with test voltage up to 1500 V, current up 
to 840 A. Max., and ripple signal of 160 Vpp/400 App (10 kW). It includes a 
4-quadrant power supply, artificial networks, coupling transformer, and control 
software. Higher configurations can be achieved by adding extendable power 
sources. The system is equipped with safety protection design and over-voltage 
and over-current protection functions. Visit https://www.3c-test.com.

Power Up with Würth Elektronik!
With our wide portfolio of high-quality components, a toolbox full of technical 
guidelines, our design platform REDEXPERT, books, and application-based 
content, we provide the right solution for every aspect of your design. Our team of 
experts provides you with personal and digital support for all questions relating to 
power conversion. Power up your efficiency and design-in time with us. Visit us at 
https://www.we-online.com/en/components/products.

PRODUCT
MARKETPLACE

AMP20085 – 1.0–10.0 GHz, 100 W Broadband Amplifier
Exodus Advanced Communications’ AMP20085 is a rugged, compact solid-state 
amplifier covering 1.0–10.0 GHz. Delivering 100 W minimum with 50 dB gain, this 
Class A/AB design outperforms TWTs. Features include forward/reflected power 
monitoring in dBm/Watts, plus VSWR, voltage, current, and temperature sensing 
for extreme reliability. Compact 5U chassis, 30 kg.

https://www.we-online.com/en/components/products
https://www.3c-test.com
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A.H. Systems, Inc.
https://www.ahsystems.com

AR RF/Microwave  
Instrumentation
https://www.ar.ametek-cts.com

ETS-Lindgren
https://www.ets-lindgren.com

Exodus Advanced 
Communications
https://www.exoduscomm.com

Coilcraft
http://www.coilcraft.com

Würth Elektronik
https://www.we-online.com

Element
https://www.element.com

Suzhou 3ctest Electronic 
Co, Ltd.
https://www.3c-test.com

E. D. & D., Inc.
http://www.productsafet.com

FEATURED
SUPPLIERS

Absolute EMC, LLC
https://www.absolute-emc.com

Quickly locate and 

connect with trusted 

industry partners for 

your business needs.

AP Americas
https://apamericas.com

MPE
https://www.mpe.co.uk

SGS
https://www.sgs.com

HV TECHNOLOGIES, Inc.
https://www.hvtechnologies.com

https://www.ahsystems.com
https://www.ar.ametek-cts.com
https://www.ets-lindgren.com
https://www.exoduscomm.com
http://www.coilcraft.com
https://www.we-online.com
https://www.element.com
https://www.3c-test.com
http://www.productsafet.com
https://www.absolute-emc.com
https://apamericas.com
https://www.mpe.co.uk
https://www.sgs.com
https://www.hvtechnologies.com
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This is Part 4B of seven devoted to the topic 
of shielding to prevent electromagnetic wave 

radiation. The first article [1] discussed reflection 
and transmission of uniform plane waves at a normal 
boundary. The second article, [2], addressed the 
normal incidence of a uniform plane wave on a solid 
conducting shield with no apertures. The third article, 
[3], presented the exact solution for the shielding 
effectiveness of a solid conducting shield. In Part A 
of the fourth article [4], Version 1 of the approximate 
solution was derived. In this article, a more practical 
Version 2 of the approximate solution (obtained from 
Version 1) is presented.

SHIELDING EFFECTIVENESS – APPROXIMATE 
SOLUTION – VERSION 2

An approximate solution for the reflection loss 
(Version 1) was derived in [4, Eq. (10)] as

	 (1)

Substituting h0 = 120p and using Eq. (24) (from [4]) 
in Eq. (1), we get

	 (2)

resulting in

	 (3)

This is an alternative expression to Eq. (1) for the 
reflection loss for good and thick conductors in the far 
field. Note that the reflection loss is greatest for high 
conductivity-, low permeability- materials, and at low 
frequencies.

Now, let’s derive an alternative expression for the 
absorption loss. The exact formula was given by Eq. 
(11) in [4] as

	 (4)

or

	 (5)

Skin depth in good conductors is given by [4]

	 (6)

Using Equations (22) and (23) (from [4]), in Eq.(6), 
we get

 
	 (7)
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