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3.	 Evaluate whether testing can be conducted 
internally. If so, ensure that it can withstand 
regulatory scrutiny associated with internal testing 
and self-assessment and

4.	 If internal testing is not feasible, identify 
appropriate third-party testing partners and begin 
discussions as early as possible. 

Identifying what testing is needed is carried out by 
considering relevant essential principles of safety and 
performance against product characteristics. These 
safeguarding principles are generally adopted in many 
pieces of legislation and provide assurances the device 
is safe and performs as intended. They set out broad, 
high-level expectations for design, production, and 
postproduction (including post-market surveillance) 
throughout the product lifecycle.

There are many methods to generate evidence to verify 
your device meets relevant principles and requirements 
defined in applicable regulations and requirements. 
This includes bench performance testing methods, 
such as in vitro, in vivo, and in silico, based on 
consensus/recognized standards or validated methods. 
The voluntary use of certain product and process 
standards can give a presumption of conformity to 
relevant requirements. Standards generally satisfy only 
a portion of a submission/documentation but play a 
significant contribution to evidence of compliance 
to relevant principles. You also have the option to 
provide alternative data or information along with a 
scientific rationale for why the alternative addresses 
the principle.

Standards also give confidence that you are applying 
“state-of-the-art” requirements. They help you 
understand that a high level of protection has 

As we discussed in the previous section, it is important 
to align chosen regulatory and technical standards, 
specifications, and norms with why they are relevant to 
your compliance strategy. Table 2 provides an example. 

By documenting in this way, you can now utilize 
internal and external tools to identify, evaluate, and 
monitor regulations and compliance requirements 
across the lifecycle. Further, by using various product 
lifecycle management software, it is possible to 
document the sources of requirements that will inform 
your product design and evidence generation for 
conformity assessment.

ENSURING ROBUST SCIENTIFIC DATA 
THROUGH DESIGN VERIFICATION AND 
VALIDATION TESTING

Confirming within your organization exactly with 
which requirements you wish to comply creates 
a series of design and development activities that 
ultimately lead to verification and validation activities. 
Verification confirms that the medical device has 
been designed correctly, and validation confirms 
that the right medical device has been designed. 
This is a critical nuance within all aspects of medical 
device development, which means that compliance 
requirements derived from your compliance strategy 
will require verification and/or validation testing. 

In order to ensure robust scientific data has been 
gathered from testing, it is important that you 
undertake the following steps:
1.	 Confirm the compliance strategy and how you 

wish to comply with regulations and requirements 
detailed in applicable standards

2.	 Identify the requirements within applicable regulations 
and standards that require verification testing

Document reference and source
Date of 

applicability
Compliance 

considerations
Key compliance tasks required

Electromagnetic Compatibility 
(EMC) of Medical Devices, Guidance 
for Industry and  Food and Drug 
Administration Staff  

FDA online guidance database

June 6, 2022 •	 EMC-related device 
characteristics

•	 EMC Risks
•	 EMC Consensus 

standards
•	 Essential Performance 

immunity pass/fail 
criteria

•	 EMC Testing

•	 Determine if we want to 
comply with the non-binding 
requirements

•	 Incorporate within our design 
requirements

•	 Create necessary test plans
•	 Identify testing providers 

or develop in-house testing 
capability

•	 Confirm compliance

Table 2: Sample categorization of compliance documents
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been achieved, giving increased predictability and 
easing the premarket process. With a large number 
of recognized standards in each country (about 
1600 FDA consensus standards and about 200 China 
National Medical Products Administration (NMPA) 
national and industry standards), identifying relevant 
standards applicable to your device to meet essential 
principles can be a challenge. Keeping up to date with 
changes to standards adds to that challenge.

Once you have identified the relevant standard, you 
will want to achieve a level of confidence in the test 
results. One rationale for the refusal of premarket 
application (PMA) by the FDA is whether the 
collection of pre-clinical data has been conducted 
in compliance with good laboratory practices and 
supports the validity of the data generated. Selecting 
third-party testing providers early in your journey 
enables you to adapt your design verification and 
validation plans and gain confidence that what you are 
doing is correct and that the results are more accurate, 
helping to ensure that your device is safe and performs 
as intended. 

Before deciding on which test provider to use, 
it is prudent to review the website of a national 
accreditation body in the country where you want 
to conduct testing to verify that the test provider is 
accredited and has the competency to undertake the 
testing you require. Accreditation certificates for 
every testing provider are freely available to download 
and list the standards to which they are certified to 
test. Test providers may also be able to undertake 
testing for which they are not certified, but you need 
to consider the impact of any deviations that could 
impact the results and overall conclusions.

Testing undertaken to standards achieved by consensus 
is strongly encouraged by regulatory bodies and will 
make the regulatory conformity assessment process 
much smoother. Testing to recognized standards is also 
valuable when entering into commercial discussions, 
as end users gain confidence that standards of quality, 
safety, and performance have been met. 

Third-party testing partners are exactly that. They 
help you understand the test requirements, sample and 
conditioning requirements, variability and uncertainty 
within the test, the impact of deviations, and how 
to ensure robust scientific results that are impartial 
and free from bias. Check regulations on the use of 
in‑house and third-party testing facilities.

SUMMARY

A robust regulatory and compliance strategy is the key 
to success. It is critical that relevant product safety and 
technical specialists are involved in its development 
and implementation.

Regardless of how medical devices are brought to 
market and the regulations addressing conformity, 
we all need to work smarter rather than harder, using 
digital tools to augment strategies and evidence 
gathering for conformity assessment activities and 
producing faster yet reliable data/results that help us to 
bring safer medical devices to market. 

ENDNOTE

1.	 IMDRF/GRRP WG/N51 provides the following 
definition: Developed stage of technical capability 
at a given time as regards products, processes 
and services, based on the relevant consolidated 
findings of science, technology and experience. 
(ISO/IEC Guide 2:2004)

DISCLAIMER

The content of this article is provided for information 
only, and no reliance should be placed on it whatsoever. 
The information contained in this article is representative 
of the current status as of the date of drafting, is subject 
to change, and is provided on an “as is” basis, without 
any endorsement or representation made, and without 
warranty of any kind.

For clarity, the information provided in this paper:
•	 Does not, and is not intended to constitute formal, 

professional, or legal advice
•	 Is not necessarily comprehensive, complete, accurate, or 

up to date
•	 Is not intended to address the specific circumstances of 

any individual, organization, or entity, and
•	 Is representative of the opinions and views of Element 

Materials Technology Limited only and does not 
represent the views of any third parties.

The content of this disclaimer shall be governed by and 
construed in accordance with the laws of England and 
Wales. Any dispute arising from this disclaimer shall 
be subject to the exclusive jurisdiction of the courts of 
England and Wales.
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Every Noisy Component You Need to Know in a Switched-Mode Power Supply

FILTER DESIGNS FOR SWITCHED POWER 
CONVERTERS: PART 2

also influence how these harmonics appear in 
EMC testing (e.g., 9 kHz RBW from 150 kHz to 
30 MHz, and 120 kHz RBW from 30 MHz to 
108 MHz). This means that at lower frequencies, 
individual harmonics are clearly distinguishable. 

In contrast, in the tens of megahertz range, 
they become harder to resolve, especially when 
the fundamental switching frequency is below 
100 kHz. Designs in which the frequency is not 
stable will normally show modulation due to input 
or output ripple which has the effect of broadening 
individual harmonic lines so that an emission 
“envelope” is measured. Peaks in the emission 
profile are typical and can be caused either by 
resonances in the coupling path or by ringing on 
the switching waveform.

In Part 1 of this series of articles1, we provide an 
overview of EMI filter design for switch-mode 
power supplies (SMPS). In this part, we will 

examine specific aspects of switched power converters. 
The goal is to help readers understand:
1.	 Emission spectrum of an SMPS
2.	 Noise sources in a typical SMPS
3.	 Coupling mechanisms of noise in an SMPS
4.	 Grounding considerations in switched-mode 

power supplies and
5.	 Input and output capacitors

Some readers may notice that this discussion 
does not directly address filters. However, years 
of experience in the field have shown that a deep 
understanding of these topics is essential to truly 
solving EMI issues. While filters are required for 
most switched-mode converters, failing to address 
points 1–5 makes designing an effective filter strategy 
inefficient, if not impossible. In this article, we will 
focus on the converter itself, with special emphasis 
on grounding, input, and output capacitors, as these 
often determine whether a filter will be effective.

EMISSION SPECTRUM OF A SMPS

Figure 1 shows a typical emission spectrum for 
two fixed-switching frequency converters. The primary 
source of SMPS noise emissions is the switching 
frequency and its harmonics. Due to the asymmetry of 
the switching waveform—determined by the PWM 
duty cycle—both odd and even harmonics are 
typically present.

If the fundamental switching frequency is stable 
and well-defined, the resulting emissions form 
a narrowband spectrum that can extend well 
beyond 30 MHz, particularly when transition 
times are fast. Measurement bandwidth settings 
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By Dr. Min Zhang

For low-power 
converters operating 
at 200 kHz 
switching frequency 
or higher (such 
as the 2.2 MHz 
converter in this 
case), emissions in 
the higher frequency 
range still appear 
in the narrowband. 
For example, in 
Figure 1, the blue 
trace demonstrates 
narrowband noise 
extending into the 
FM range.

Figure 1: A typical emission spectrum from a CISPR 25 conducted emissions test, comparing two 
switching power supplies, one operating at 87 kHz (red trace) and the other at 2.2 MHz (blue trace)

https://www.mach1design.co.uk
mailto:info@mach1design.co.uk
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rise and fall time, the worse the EMI performance, 
as shown in Figure 2. These transition times can be 
controlled via gate drive resistors connected to the 
MOSFET gate. By using a diode in series with the fall 
time control resistor (RG_off), designers can individually 
control rise and fall times. Increasing the resistor 
value slows down switching, reducing high-frequency 
EMI (particularly common-mode noise) but at the 
cost of increased switching losses.

P-N diodes, including the MOSFET body diodes, are 
another significant noise source due to reverse 
recovery charge (often referred to as Qrr in the 
component’s datasheet). In the time domain, this 
manifests as an overshoot during switching, while in 

NOISE SOURCES IN A TYPICAL SMPS

In our previous article, we discussed hot loop areas and 
the switched node, which are typically associated 
with near-field magnetic field loops and electric field 
antenna-like structures. In this article, we will examine 
all key noise components in a typical SMPS.

Types of Power Electronics Switches

Silicon-based MOSFETs are the most common choice 
for SMPS, used in voltage ranges from 3.3V to 800V. 
Before the introduction of SiC MOSFETs, silicon-
based MOSFETs dominated power applications.

One of the most critical factors affecting EMI 
performance is rise and fall time. The shorter the 

Figure 2: How gate driver determines emissions of an SMPS

Figure 3: Reverse recovery charge leads to current spikes in motor drive applications.
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physical proximity. This often results in resonance 
peaks in the emission spectrum. 

Figure 4 illustrates how placing a flux band around 
the transformer reduces leakage inductance, 
improving EMI performance.

the frequency domain, it contributes to high-frequency 
noise. Figure 3 illustrates this in a motor drive circuit.

To mitigate reverse recovery issues, Schottky 
diodes or fast-recovery diodes are often placed in 
parallel with MOSFETs. Since Schottky diodes do 
not have a PN junction, they 
theoretically eliminate reverse 
recovery charge (switching is 
essentially “instantaneous” with 
only a slight capacitive loading, 
which is much less of a concern). 
However, as we will discuss later, 
Schottky diodes are not always a 
perfect solution.

IGBTs, on the other hand, switch 
more slowly than MOSFETs 
and can withstand higher power, 
making them more suitable 
for high-voltage, high-power 
applications.

GaN and SiC transistors are becoming increasingly 
popular but introduce significant EMC challenges 
(again, due to the fact that they can be switched on 
and off much faster). We previously covered these 
topics in another of our articles2), and readers are 
encouraged to revisit that discussion.

PARASITIC EFFECTS IN SWITCHING DEVICES

Parasitic Capacitance and Resonance with Nearby 
Magnetic Component 

Parasitic capacitance in switching devices is often 
overlooked, even though it is clearly specified 
in device datasheets. Engineers typically focus 
on RDS(on), rise/fall times, and voltage/current 
ratings, but ignoring parasitic capacitance can lead to 
unexpected EMI issues.

The primary concern with parasitic capacitance is 
that it resonates with inductance in the system. 
A switching device can self-resonate, but, more 
commonly, it resonates with inductance from PCB 
traces and tracks. A proper PCB layout can 
minimize inductance caused by traces, but another 
significant resonance source is the isolation 
transformer, used in nearly all isolated power supply 
designs. The leakage inductance of the isolation 
transformer can strongly resonate with the parasitic 
capacitance of the switching device due to its close 

Figure 4: Common mode current measured when a flux band was applied on the transformer of an SMPS

https://emcchicago.org
mailto:frank@electronicinstrument.com
https://emcchicago.org/sect
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is not properly grounded, it can worsen EMI 
issues. Additionally, mounting these devices at the 
PCB edge may exacerbate EMI problems due to 
unexpected return current paths. We have covered a 
detailed case study on this in another article3. 

Another example of parasitic inductance affecting 
EMI is with Schottky diodes. In one case, an external 
Schottky diode introduced radiated emissions due 

If power switches are already chosen, design engineers 
have no control over the parasitic capacitance of the 
device itself. Instead, they must optimize the layout 
and minimize the inductance of PCB traces and 
magnetics to reduce noise.

Another issue with parasitic capacitance is its 
impact on EMI when mounting switching devices 
on heatsinks. The larger the parasitic capacitance, 
the greater the common-
mode current coupled into 
the heatsink. Additionally, 
the larger the heatsink, 
the greater the common-
mode noise. In most cases, 
the dominant factor may 
be the heatsink size rather 
than the switching device 
itself. This highlights 
the importance of proper 
grounding and EMI 
mitigation techniques when 
integrating heatsinks.

Parasitic Inductance and 
Self-Resonance of Devices

Now that we 
understand parasitic 
capacitance, we turn our 
attention to parasitic 
inductance in switching 
devices. Just like in 
all EMC-related 
topics, geometry plays a 
crucial role in inductance.

One common package 
option of a power electronics 
switch is the through-hole 
device (such as TO-247). 
The long leads of these 
devices introduce significant 
inductance, which 
can negatively impact 
EMI performance. 
Engineers often prefer 
these packages because 
they allow for mounting 
on the PCB edge with 
heatsinks attached. 
However, if the heatsink 

Figure 5: A parallel Schottky could lead to worse EMC performance

Figure 6: Time domain measurement of the Schottky diode
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completely, allowing noise to directly couple into other 
connected systems. In EMC testing, a LISN is used to 
measure conducted emissions.

2.	 Near-field coupling: This occurs through magnetic and 
electric field coupling. One common issue is noise 
coupling onto input and output cable leads, effectively 
bypassing the filters, and reducing their effectiveness. 
This is a frequent reason why filters fail to work 
efficiently.

3.	 Radiated coupling: The power stage of the SMPS can 
radiate noise directly, which can be detected by far-field 
antennas in EMC testing.

4.	 Common impedance coupling: This occurs when an SMPS 
shares the same ground connection with another circuit. 
A star grounding scheme can sometimes introduce 
common impedance coupling.

For the reasons previously mentioned, it is advantageous 
to place the high-frequency components of an EMI 

to a high-frequency resonance between the diode 
inductance and the combined capacitances of both the 
Schottky and MOSFET. Since both MOSFET and 
diode capacitances vary with voltage, analyzing and 
mitigating these interactions can be challenging. 

Figure 5 illustrates this scenario, showing the 
frequency-domain measurements of the resonance 
phenomenon. A near-field loop probe placed close 
to the Schottky diode revealed the resonance issue 
described in time domain (Figure 6).

COUPLING MECHANISMS IN A SMPS

Using an isolated SMPS as an example, noise can 
couple into a system through multiple paths:
1.	 Conducted coupling: Noise propagates via 

conductive paths through power and signal 
lines. While input and output filters provide 
some suppression, they often cannot block noise 

Figure 8: Near-field coupling between an SMPS and input wires

https://www.emcfest.org
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filter near the power 
connector rather than 
on a PCB. In military 
applications, such 
filters were traditionally 
implemented in an “EMI 
doghouse,”4 but modern 
commercial/industrial 
designs increasingly 
incorporate shielded 
enclosures to enhance 
performance. We 
will explore this topic 
in greater detail in 
future articles.

As briefly mentioned earlier, mounting power 
electronics devices on a floating heatsink can 
introduce EMI challenges. Due to its size, 
the heatsink can act as an unintended antenna, 
coupling common-mode noise and either conducting 
or radiating EMI out of the system.

To mitigate this issue, it is highly recommended to 
ground the heatsink at multiple points to provide 
a low-impedance return path and minimize unwanted 
noise coupling. (More detailed recommendations on 
heatsink grounding strategies can be found in the 
sources referenced in endnotes 5, 6, and 7). A heatsink 
can unexpectedly couple noise into the common mode 
path. We will dedicate an article to this topic in a 
future publication to address this issue in greater detail.

GROUND POTENTIAL DIFFERENCE IN 
ISOLATED SMPS

For non-isolated SMPS, the ground design strategy is 
relatively simple, as there is only one common ground. 

Figure 9: Grounding of an SMPS can affect the filter performance

Figure 10: Input filter and input capacitors of a buck converter

However, isolated SMPS inevitably create multiple 
ground potentials. If these different grounds 
are not properly connected in RF terms (e.g., using 
appropriately placed capacitors), a high common-mode 
voltage can develop between them. This voltage can 
drive common-mode currents across the isolation 
barrier, typically through the primary-to-secondary 
capacitive coupling of the isolation transformer. 

This is a common cause of unexpected EMI 
emissions in isolated designs. In our Part 1 article, we 
demonstrated the impact of capacitors linking these 
isolated grounds. 

It should be noted that filter performance often 
depends on both the grounding of the filter circuits 
and the grounding of the switched-mode power supply 
itself. In the following example, a design contains four 
switching converters, with the manufacturer 
incorporating three PCB mounting holes to 
electrically connect the board to the chassis. Ignoring 
whether three mounting holes are sufficient (the 
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answer is no, they are not), the common-mode 
current behavior changes significantly depending 
on which combination of mounting holes is used 
for grounding. Despite using the exact same filter, 
the EMC performance varies greatly. 

This highlights the importance of proper grounding 
in SMPS design. When a seemingly well-designed 
filter fails to perform as expected, one of the first 
areas to check is the system grounding.

INPUT AND OUTPUT CAPACITORS IN SMPS

One of the most frequent mistakes in SMPS EMI 
design is confusing EMI filter capacitors with input/
output capacitors.

For example, in Figure 10, we illustrate a buck 
converter where C1–C4 are best understood as input 
capacitors rather than components of an EMI filter. 
While these capacitors do interact with the inductor 
(L1) part of a multi-stage filter, their primary 
role is to provide a stable voltage source for the 
converter. A common issue arises when engineers 
insert an inductor between the input capacitors 
and the switching devices, mistakenly believing an 
L-C filter is necessary for switching noise, or place 
the input capacitors too far from the converter, 
following an application note that suggests locating 
the filter away from the main stage to minimize 
coupling. These mistakes stem from a fundamental 
misunderstanding of the distinction between input 
capacitors and the filter stage.

SUMMARY

This concludes Part 2 of our discussion on 
SMPS filters. As we explained in this article, 
understanding converter noise and coupling 
mechanisms is crucial before designing and laying 
out a filter. A solid grasp of these fundamentals 
also enhances simulation accuracy for those using a 
simulation-based approach to filter design.

Additionally, as we emphasized, filters are an 
essential part of SMPS design, but they cannot solve 
all noise issues. A key takeaway from this article 
is to first focus on good EMC design at the power 
stage before addressing the filter design.

In our next article, we will provide a step-by-step 
guide on designing effective filters. 
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INDUCTOR IMPEDANCE EVALUATION 
FROM S-PARAMETER MEASUREMENTS
Part 1: S11 One-Port Shunt, Two-Port Shunt, and Two-Port Series Methods

By Bogdan Adamczyk, Patrick Cribbins, and Khalil Chame

This is the first of two articles devoted to 
the topic of inductor impedance evaluation 

from the S parameter measurements (capacitor 
impedance evaluation from the S parameter 
measurements was described in [1] and [2]). This 
article describes the impedance measurements 
and calculations from the S11 parameter using 
the one‑port shunt method, two-port shunt, and 
two‑port series methods. The next article will 
discuss impedance measurements and calculations 
using S21 parameters with two‑port shunt and 
two‑port series methods. 

ONE-PORT SHUNT METHOD

One-port shunt configuration is shown in Figure 1.

For this configuration, the inductor’s impedance in 
terms of the S11 parameter was derived in [1] as

	 (1)

TWO-PORT SHUNT METHOD

The two-port shunt configuration is 
shown in Figure 2.

For this configuration, the inductor’s 
impedance in terms of the S11 parameter 
was derived in [1] as

	 (2)

TWO-PORT SERIES METHOD

The two-port series configuration is 
shown in Figure 3.
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Figure 1: One-port shunt configuration

Figure 2: Two-port shunt configuration

Figure 3: Two-port series configuration
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IMPEDANCE MEASUREMENT SETUP 
AND RESULTS

The impedance measurement setup and the 
PCB boards are shown in Figure 4. The boards 
were populated with Murata RF inductors, 
LQG18HH47NJ00, LQC18HH15J00, 
LQG18HH27J00, of the values 47 nH, 150 nH, 
and 270 nH, respectively.

Figures 5 and 6 show the impedance curves for 
a 47 nH inductor based on the S11 parameter 
measurements. Figure 5 compares the one‑port 
shunt and two-port shunt configurations, while 
Figure 6 compares the two-port shunt and 
two‑port series configurations.

Figure 7 shows the inductor impedance curve 
obtained from the Murata Design Support 
Software “SimSurfing.” [3]. 

The one-port shunt, two-port shunt, two-port 
series, and Murata measurements at 50 dB and at 
self‑resonant frequencies are shown in Table 1.

For this configuration, the inductor’s impedance in 
terms of the S11 parameter was derived in [1] as

	 (3)

Figure 4: Measurement setup and PCBs 

Figure 5: S11-based impedance curves - one-port shunt vs. 
two‑port shunt (L = 47 nH)

Figure 6: S11-based impedance curves - two-port shunt vs. 
two‑port series (L = 47 nH)

Figure 7: Murata “SimSurfing” impedance curve for 47 nH inductor

Table 1: Impedances at 50 dB and self-resonant frequencies (S11 methods)
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Clearly, the one-port shunt, two-port shunt, and 
two-port measurements do not agree with the 
Murata values. 

Figures 8 and 9 show the impedance curves for 
a 150 nH inductor based on the S11 parameter 
measurements. Figure 8 compares the one-port shunt 
and two-port shunt configurations, while Figure 9 
compares the two-port shunt and two‑port series 
configurations.

Figure 10 shows the inductor impedance curve 
obtained from the Murata Design Support Software 
“SimSurfing.”

The one-port shunt, two-port shunt, two-port 
series, and Murata measurements at 50 dB and at 
self‑resonant frequencies are shown in 
Table 2.

Again, the one-port shunt, two-port 
shunt, and two port measurements do 
not agree with the Murata values. 

Figures 11 and 12 show the impedance 
curves for a 270 nH inductor based 
on the S11 parameter measurements. 

Figure 8: S11-based impedance curves - one-port shunt vs. 
two‑port shunt (L = 150 nH)

Figure 9: S11-based impedance curves - two-port shunt vs. 
two‑port series (L = 150 nH)

Figure 10: Murata “SimSurfing” impedance curve for 150 nH inductor

Table 2: Impedances at 50 dB and self-resonant frequencies (S11 methods)

The overall conclusion is that the inductor’s impedance evaluation from the S11 parameter 

measurements is not accurate. The next article will discuss the inductor’s impedance 

estimation from the S21 parameters and show its superiority over the S11-based methods.
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Figure 11 compares the one-port shunt and two-port 
shunt configurations, while Figure 12 compares the 
two-port shunt and two-port series configurations.

Figure 13 shows the inductor impedance curve 
obtained from the Murata Design Support Software 
“SimSurfing.”

The one-port shunt, two-port shunt, two-port series, 
and Murata measurements at 50 dB and at self-
resonant frequencies are shown in Table 3.

Once again, the one-port shunt, two-port shunt, 
and two-port measurements do not agree with the 
Murata values. 

The overall conclusion is that the 
inductor’s impedance evaluation from 
the S11 parameter measurements is not 
accurate. The next article will discuss the 
inductor’s impedance estimation from the 
S21 parameters and show its superiority 
over the S11-based methods. 
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Figure 11: S11-based impedance curves - one-port shunt vs. 
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Figure 12: S11-based impedance curves - two-port shunt vs. 
two‑port series (L = 270 nH)

Figure 13: Murata “SimSurfing” impedance curve for 270 nH inductor

Table 3: Impedances at 50 dB and self-resonant frequencies (S11 methods)
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