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Behind The Mystery of Electromagnetic Compatibility Design

C O N N E C T WITH MO U SER

In 1892, only 4 years after Heinrich Rudolf Hertz demonstrated experimentally
the existence of the electromagnetic waves, the German Parliament issued
the first EMC regulation in order to protect telegraph communications from
electromagnetic disturbances. Since then, technology and regulation have
grown in importance and complexity, and today we cannot live without
technology and technology, cannot function properly without EMC and its latest
derivations: Signal Integrity (SI) and Power Integrity (PI).

STEFFEN MUETSCH
Head of Product
Management
EMC & Inductive
Solutions

Electronic designs today combine or need to coexist with high-speed data
lines and processors, 5G, wireless power transfer, near field communication,
power inverters, smart battery management… all working in the same
electromagnetic environment with a high risk of interference.
At Würth Elektonik eiSos (electromagnetic and inductive Solutions) we have
been dealing the last 40 years with that environment, facing one by one
the impact of every new technology and in switching and communication
frequencies. We have developed the right components for every application
together with the most important IC manufacturers and EMC certification
laboratories worldwide, participating in the regulatory committees and, above
all, working day by day with the designers in every version of their prototypes.
Education is the best tool to face these new challenges, and this ebook
will provide you with a collection of articles dedicated to improving the
electromagnetic behavior of your design. Reducing the noise with chip bead
ferrites even at high frequencies, optimizing the electromagnetic impact
of your switching power supply, or selecting the right capacitor are some
examples of the practical content that our engineers want to share with you
in the next pages. ■

JORGE VICTORIA
Senior Product
Manager
EMC Shielding &
Thermal Materials

“

Education is the best tool to face
the new challenges.
Würth Elektronik 2022
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The advantages of using a WE-CBF HF:
■ Wide band of frequencies (broadband)

JOANNE WU
WÜRTH ELEKTRONIK

Behind the Magic of
High-Frequency SMT
Chip Bead Ferrites

■ Stable inductance
■ RF signal passes through to output

Anti-aliasing filter for Analog-to-DigitalConverter (ADC)

How to solve EMC problems! ||
The mystery of the buzzing speaker



Broadband Amplifier 5MHz–7GHz
Introduction
The movement toward higher frequency into
the gigahertz range has begun. The demand
to know the characteristics of electromagnetic
compatibility (EMC) components used beyond
their typical application range exists. The
following aims to explain some uncommon
applications where the Würth Elektronik
WE-CBF HF high-frequency series is a suitable
alternative to traditional design topologies.

Applications

■ Filtering harmonics for mobile communication

Many EMC problems from electronic devices can be solved with a
chip-bead ferrite solution in the EMI signal path. Numerous Internet
of Things (IoT) applications have wireless integrated into the devices,
and Würth Elektronik provides multilayer chip-bead ferrites to ensure
EMI problems are not generated. Many applications commonly use a
ferrite bead, including:

■ Data line filtering in high-speed bus systems (CAN, USB, Video,
RS232, Wireless LAN)

■ Suppression on signal lines

However, it is interesting to show different ways of using a chip bead
in different application scenarios. Here we introduce uncommon
applications of interest where WE-CBF HF is a suitable alternative to
traditional components in these circuit designs.

■ High-frequency radio frequency (RF) modules (In the Vcc lines to
make sure no EMI problems are generated)
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Broadband amplifiers are often needed in receiving applications when
using antennas to reproduce a wide range of signals with low noise.
The bias network is one of the critical aspects of RF circuit design.
It determines the amplifier performance over temperature as well as
DC bias conditions. The DC voltages applied in an amplifier cannot
be applied directly. Therefore, a high-impedance component ensures
that the complete RF signal passes through the device and not back
through the DC bias circuit.
The current bias is seen as a high-impedance element to the RF
signal, allowing most information to pass through the device—hence
supplying a stable current to the output. A standard inductor does not
operate over a wide frequency range, having a smaller resistive area
profile (roughly in the range of 200MHz to 2GHz only). For a standard
wire-wound ferrite, the parasitics begin to dominate, resulting in
capacitance and less inductance. An alternative to providing wide
bandwidth for broadband use is to substitute the air coil inductor with
WE-CBF HF ferrite beads at L1 and L2 (Figure 1 and Figure 2). High
impedances in the power supply path above 200Ω can drive the gain.
Additionally, impedances lower than 200Ω the RF signal at the output
of the gain block will be attenuated.

It is usually necessary to place an anti-aliasing filter before an
analog-to-digital-converter (ADC) to attenuate the unwanted higher
frequency noise and signals. The common LC formation of a low
pass filter (LPF) may have effects of under damping, which creates
a resonant peak at a frequency band around the converter’s
switching frequency, consequently resulting in the amplification of
unwanted switching noises. Using a ferrite bead in series with the
inductor will dampen and smooth out the LPF response and act as
an impedance transformer.
The standard way to design a filter for an ADC includes RC
topologies and LC topologies with or without using operational
amplifiers (op-amp). As a first-order filter, an RC filter produces a
fall of -3dB at its cut-off and a steepness slope of 20dB/decade
step down frequency response, which generally is not enough
to provide a strong filtering system. An LC filter usually has low
resistivity and high inductivity; as a result, minimal damping
creates unwanted oscillation. Since an ADC does not have a
standard resistive load, when a peak load occurs, the measure
of this load can be identified as a resonating peak at the corner
frequency.

“

Many EMC problems from electronic
devices can be solved with a chip-bead
ferrite solution in the EMI signal path.

■ Filtering circuits
■ Impedance matching circuits
■ DC biasing

Figure 1: Gain amplifier circuit design. (Source: Würth Elektronik)

Figure 2: Gain amplifier test board with WE-CBF HF (742861160) (Source: Würth Elektronik)

Würth Elektronik 2022
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The WE-CBF is still the component
of choice when operating at lower
frequencies.

Instead of attenuating noise, the resonance peak will cause the noise
to amplify. Resistor and ferrite beads can be used to damp a system
to reduce the amount of resonant peaking; since a ferrite bead still
has a high Q factor, it acts as an inductor in the low frequency region
(Section 2). The resistive part of a ferrite bead does not become
dominant until reaching the megahertz range. Therefore, in general,
the WE-CBF HF has higher inductance compared to WE-CBF even in
low-frequency regions. Because of their construction, a low cut-off
frequency is achievable (Figure 3).

Figure 3: Gain response of a low pass filter for an inductor and ferrite beads.
(Source: Würth Elektronik)

The following circuit design with a WE-CBF HF will produce a cut off
frequency slope twice the amount to 40dB/decade and a filter drop of
more than -3dB (Figure 4). This suppresses the resonance peak at
the corner frequency so that a smoother transition can occur.
The advantages of using an additional chip bead ferrite:
■ 40dB/decade ramp down frequency response

Conventionally, the length of the antenna is used to transform the
system to the frequency range to terminate, such as a quarter-wave
impedance transformer (since the length works at a specific narrow
banded frequency), an alternative is to use a real component that also
has high impedance in the frequency range. An antenna with a stub
traditionally starts at the stub, and the cut-off is far from the stub
(Figure 6). Similarly, an antenna with a high impedance and highfrequency chip bead operates before the stub and has a cut-off far
from the stub. In contrast, a ferrite bead with not enough impedance
will cut off earlier near the stub, shortening the useable bandwidth.
For example, the WE-CBF HF (742862160) or (742863147) fulfill the
requirements with its high impedance peak ranging from 100MHz to
1GHz. By using a ferrite bead, not only is the same size PCB kept by
saving the space that would be occupied by the line transformation,
but the operative frequency range is also widened (Figure 7).

The advantages of using a WE-CBF HF:
■ Wider operating frequency (lower frequency region)
■ Smaller PCB size hence saves space
■ Lower cost alternative

Summary
The WE-CBF HF is a component suitable for suppressing EMI at
the higher frequencies commonly found in new and existing device
technologies. The WE-CBF is still the component of choice when
operating at lower frequencies. Due to the unique features of the
WE-CBF HF, it can also be used in a range of applications not
typically associated with chip bead ferrites. ■

■ Suppresses the resonance peaking
■ Takes less space and fewer components than an op-amp circuit
design
■ Overall filter design has lower cost

Terminating stub for log periodic dipole antenna
(LPDA)
Figure 4: LT Spice model of an anti-aliasing filter with WE-CBF HF
(742861160). (Source: Würth Elektronik)

Figure 5: Diagram of an LPDA terminating with a high impedance.
(Source: Würth Elektronik)
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Log periodic dipole antennas (LPDA) are now used in applications
operating over a wide band of frequencies. LPDA consists of several
dipole elements gradually increasing in length where the elements
are spaced at intervals following a logarithmic function of the
frequency. Printed LPDA layout is an alternative way of applying this
antenna array using microstrip printed technology. Designing an
antenna on a PCB has different considerations to take into account.
For example, an accurate calculation of the length and distances of
the element and the compatibility of the microstrip line tracks to the
PCB is just as important. In the design phase, there may also be PCB
size or material budget constraints.
The antenna feeder should include a high impedance termination
stub when a higher front-to-back ratio at the lowest frequency is
desired (Figure 5). This shortened stub acts as a reflector to ensure
a match is provided to the antenna feeder. This length Z is a quarter
of the longest element. Therefore, depending on the operating
frequency and size, a suitable length is calculated.

Figure 6: Gain over frequency of antenna with terminating stub
(Source: Würth Elektronik)

WE-CBF SMD EMI
Suppression Ferrite
Beads
Learn More



Figure 7: PCB of an LPDA with WE-CBF HF (742862160).
(Source: Würth Elektronik)

WE-CMB Common
Mode Power Line
Inductors
Learn More
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Caused by fast switching processes of semiconductor components,
usually MOSFETs, high-frequency oscillations occur in combination
with parasitic effects. In principle, the differential-mode current flows
from the mains power line “L” over a rectifier bridge, then over the
primary winding of the isolating transformer, over the MOSFET and
over the neutral conductor “N” back to the mains. The MOSFET is
mounted on a heat sink for cooling. In turn, this is connected to the
protective earth conductor “PE”. Capacitive coupling between the
heat sink and the drain of the MOSFET occurs here and produces
common mode interference. A capacitive coupled common mode
current “iCM” now flows along the earth line “PE” back to the switchmode power-supply input where it is coupled again via parasitic
capacitance both on the mains power line “L” and on the neutral line
“N”. The common mode current “iCM” now flows (Figure 1) over both
mains power lines, via the rectifier bridge to the MOSFET, where it is
again parasitically coupled via the heat sink to the earth line “PE”.

STEFAN KLEIN
WÜRTH ELEKTRONIK

Assuming that the current through the rectifier bridge is trapezoidal,
the EMC spectrum without line filter and without further Fourier
transformation can be approximately determined. The first corner
point of the enclosing amplitude spectral density is needed first:

The first corner frequency of the enclosing amplitude spectral density
is analogous to this:

The amplitude of the first harmonic can be determined from this:

Line Filter is the Last
Barrier in Switch-Mode
Power Supply
Motivation for the line filter
Switch-mode power supplies result in conducted
interference because they generate radio interference
voltage on the mains side. This can interfere with other
equipment supplied with mains power. Line filters help to
suppress the generated radio interference voltage. These
can easily be designed from passive components such as
current-compensated line chokes and X/Y capacitors. The
following concerns the design of a single-phase line filter.

Parasitic currents at the Switch-Mode
Power-Supply input
Parasitic currents result in radio interference voltage via
impedances. Figure 1 shows the main current flow of
parasitic currents in a switch-mode power supply.
Initially, a high-frequency active current “iDM” flows on
the mains side with the pulse frequency of the switching
regulator, which results in differential-mode interference.

“

Switch-mode power supplies result in
conducted interference because they
generate radio interference voltage on the
mains side.

Based on the assumption that the parasitic coupling capacitance “CP”
between the switch mode power supply and ground is 20pF, the first
harmonic common mode current can now be determined:

The rectified mains voltage is applied at the drain-source section. The
peak level of the rectified mains voltage corresponds to:

The radio interference voltage is measured using a Line Impedance
Stabilization Network (LISN) and an EMC test receiver. Due to the
parallel connection of the 50Ω input impedance of the EMC test
receiver and the 50Ω output impedance of the LISN, total impedance
“Z” of 25Ω is produced. The measured radio interference voltage
“Vcm” can now be calculated:

A switch-mode power supply with pulse frequency of 100kHz has
been used as an example. For this pulse frequency, the timing signal
corresponds to “T”, 10µs. The pulse duration is 2µs. Based on this,
the duty cycle can first be determined:

Converted to dBµV, this gives:

Expected interference spectrum

Figure 1: Parasitic currents at the switch mode power supply input (Source: Würth Elektronik)
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The result of the calculation is that high interference emissions can
be expected. For example, the product family standard EN 55022
can be used here for assessment of the interference emission. In
the frequency range of 0.15MHz to 0.5MHz, it defines a permissible
Quasi-Peak weighted interference level of 66dBµV to 56dBµV. Figure
2 shows the result of the measurement of the conducted radio
interference voltage of this switch-mode power supply without line filter.

“

The measurement
shows that a line
filter is absolutely
essential.

Design of a Line Filter
Figure 3 shows the schematic design of a simple single-phase line
filter. Würth Elektronik provides various models of line chokes, such
as the WE-CMB series, for the construction of line filters. A line choke
basically consists of a MnZn ring core on which two geometrically
separated windings are wound in opposite directions. Figure 4
shows the design of the WE-CMB. In this case, the WE-CMB acts as
a filter coil that counteracts the current and reduces its amplitude.
A common mode choke with as-low-as-possible SRF in the lowest
frequency range should be selected because the switch-mode power
supply used here switches with very low pulse frequency. Low SRF
causes high attenuation in the lower frequency range.

Figure 3: Single-phase line filter (Source: Würth Elektronik)

A suitable WE-CMB, size XS with 39mH of inductance in Figure 5
shows the characteristic curve of its attenuation in the 50Ω system.

The measurement shows that a
line filter is absolutely essential.

A distinction is always made in the attenuation between the
common mode (black line) and differential mode (red, dashed
line) suppression. In common-mode operation, the WE-CMB line
choke reaches its maximum attenuation at 150kHz. However, the
attenuation drops with increasing frequency. Other X/Y capacitors
are required because the line filter should suppress interference up
to 30MHz. An X capacitor is placed both before as well as after the
line filter to block differential mode interference from the mains side
and the switch-mode power supply. With its leakage inductance,
the WE-CMB, in combination with the X capacitor, forms a low-pass
filter that reduces the differential mode interference and subsequent
common mode interference. Two X capacitors with a value of 330nF
have been selected here as an example. Their SRF is approximately
2MHz.

Figure 4: Design of the WE-CMB (Source: Würth Elektronik)

“

For safety reasons, a resistor must be
placed on the mains side in parallel with
the X capacitor to discharge the capacitor
if the switch mode power supply is
disconnected from the mains.

For safety reasons, a resistor must be placed on the mains side in
parallel with the X capacitor to discharge the capacitor if the switch
mode power supply is disconnected from the mains. A varistor should
also be placed before the line filter so that transient overvoltage from
the mains are short-circuited. Würth Elektronik disk varistors from the
WE-VD series are ideally suitable for this. Overload protection such
as a fuse must also be considered and this should always be placed
before the varistor. The protection trips in the case of a short-circuit
by the varistor. Y capacitors are required for further suppression of
the common mode interference. In combination with the WE-CMB,
they form a corner frequency “f0” which is defined by the “Thomson”
oscillation equation:

Figure 2: Radio interference voltage of a switch mode power supply without line filter (Source: Würth Elektronik)
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Figure 5: Attenuation of the WE-CMB XS 39mH (Source: Würth Elektronik)

Würth Elektronik 2022
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Attenuation of 40dB is required to achieve levels below the
permissible interference level of 66dBµV (at 150kHz). This
corresponds to two decades in the logarithmic representation.
One-tenth of the pulse frequency is used as factor for the corner
frequency or further calculation of Y capacitors. The oscillation
equation is now converted and used to determine Y capacitance:

As two Y capacitors are needed, the calculated value is divided by
two. Y capacitors conduct common mode interference from the
switch-mode power supply back to the protective earth. Depending
on the device type, only leakage currents of 0.25mA to ≤ 3.5mA
are permissible, no capacitance with a value greater than 4.7nF
should be used. Two Y capacitors with an E12 value of 2.2nF have
been selected for this reason. Figure 6 shows the result of the
measurement with this line filter.
With the filter in circuit, the result of the radio interference voltage
test is a pass. The margin between the respective interference limits
and the quasi peak and average measurements at the frequency of
150kHz is greater than 10dB, and this margin significantly increases
across the frequency range.

Figure 6: Radio interference voltage with line filter (Source: Würth Elektronik)

WE-TI Radial Leaded
Wire-Wound Inductors
Learn More
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Error due to dispensing with Line Choke

Conclusion

It is often tried at the beginning to only use X and Y capacitors to
suppress interference in order to dispense with a common mode
choke. However, this is contrary to the principle of the line filter of
counteracting the interference current by adding a high-impedance
filter element. The radio interference voltage using the same filter
without common mode choke has been measured as an experiment.
Figure 7 shows the measurement.

A line filter for switch-mode power supplies without a common mode
choke is not sufficient. Individual capacitors are not sufficient to
completely suppress the interference emission. Additional longitudinal
coils before the line filter help if further suppression of the differential
mode interference is required. Using a line filter, all interference levels
are below the permissible limit value and the switch-mode power
supply can pass an EMC test. ■

As expected, the interference emission in the lower frequency range
increases strongly without the WE-CMB line choke. At 200kHz, the
quasi peak shows a value of approximately 78dBµV and the average
shows a value of 60dBµV. The permissible interference level is
exceeded up to 600kHz both by the quasi peak and by the average
measurement. A line filter without a line choke is inadequate.

A line filter for switch-mode power supplies
without a common mode choke is not sufficient.

Figure 7: Radio interference voltage with line filter without WE-CMB (Source: Würth Elektronik)

WE-PD2 Power
Choke Inductors

WE-SD Rod Core
Inductors+

Learn More

Learn More
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conductive wall

FRANK PUHANE
WÜRTH ELEKTRONIK

Aluminum Electrolytic
vs. Aluminum Polymer
Capacitor

LISN

DUT

EMI
reciever

non-conductive table

Figure 2: Setup of the EMC measurement according to CISPR 35 (Source: Würth Elektronik Group)

The EMC Measurement

“

Measurements were made according to the CISPR 32 standard
(which replaces CISPR 22 and 15) in an RF-shielded chamber with
the corresponding connection to the ground surface of the cabin
(Figure 2). The test receiver was an R&S ESRP 3, and as network
simulation, an ENV216 two-wire V-net simulation was available.

The unique feature of aluminum
electrolytic capacitors is using a
conductive polymer instead of a
liquid electrolyte.
100

Aluminum polymer capacitors are a sub-form of electrolytic
capacitors. The unique feature of aluminum electrolytic capacitors is
using a conductive polymer instead of a liquid electrolyte. During the
manufacturing process, a chemical reaction known as polymerization,
a liquid monomer instead of an electrolyte is impregnated onto the
separator paper—insulator—and heated while cross-linked to a
solid polymer. The result is the growth of a new electrical conductive
polymer. The various combinations that are possible today for
electrolytic capacitors fabrication in electrodes and the property of
the electrolyte are shown in Table 1. This application note discusses
the use of aluminum polymer capacitors in the field of filtering and
voltage smoothing.
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Figure 1: Equivalent circuit diagram of a real capacitor
(Source: Würth Elektronik Group)

14

100

dBµV

Table 1: Construction possibilities of electrolytic capacitors
(Source: Würth Elektronik Group)
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dBµV

Understanding Polymer Electrolytic Capacitors

100

dBµV

During the first step, further input filters on the layout were
dispensed. Only in the last measurement was a T-filter with a
separated coil placed. This filter was constructed according to
the specifications in the datasheet. For the first measurement, an
100 865 060 343 004
aluminum electrolytic capacitor WCAP-ASLL
was used for the input capacitor C1. The electrical properties of the
80 rated voltage 16V with an
capacitor are as100
follows: Capacitance 47μF,
ESR 411mΩ and ESL 19nH. The associated measurement result is
803).
shown in (Figure
60
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CISPR 32 Average
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C
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CISPR 32 Average
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CISPR 32 Average 30 MHz
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Figure 3: First EMC measurement with an aluminum electrolytic capacitor as C1 (Source: Würth Elektronik Group)
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Attenuation

It can be seen that the limit values of CISPR 32 class B are exceeded.
Noise levels of up to 100dBμV are detectable. But where do these
interfering signals come from? The capacitor as a real component
has parasitic effects, particularly the ESR and the parasitic effects
of the layout (the lead inductance) generate a high-frequency
voltage drop that can be detected by measurement. This is shown
schematically in Figure 4. An aluminum polymer capacitor can be
used as a first approach to achieve acceptable levels of emissions
and stay below the limits. The aluminum polymer capacitor’s
electrical properties in terms of capacity and rated voltage are the
same as those of the aluminum electrolytic capacitor.

Figure 4: Schematic representation of the cause of the disturbances
(Source: Würth Elektronik Group)

The design is also equivalent at the capacitance of 47μF, and the
capacitor fits the original land pattern. The aluminum polymer
capacitor used was a WCAP-PSLP 875 105 344 006 (Link to
REDEXPERT) with a capacitance of 47μF, rated voltage of 16V, and
an ESR of 20.7mΩ and ESL of 3.9nH. Because of the very low ESR
and ESL, the following measurement of the interference spectrum is
achieved (Figure 5).

Figure 6: Built-in input filter with simulated filter performance (Source: Würth Elektronik Group)

It can be seen that by changing only one component, the EMC
performance was significantly improved. The voltage drop generated
by the fundamental frequency and the first harmonic of this frequency
are reduced, generating less interference. However, the limit could
not be met, so further filters have to be placed. The structure of the
input filter was based on datasheet information. The filter’s insertion
loss (in a 5Ω system) is shown in Figure 6. The input filter was then
included on the PCB, and another measurement was performed.

80
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60

dBµV

100

dBµV

100

40

40

20

20

0
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-20
100 kHz 150 kHz
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30 MHz
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Average

QPeak

CISPR 32 Average

Figure 5: EMC measurement with an aluminum polymer capacitor as input capacitor CIN (Source: Würth Elektronik Group)
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The result is shown in Figure 7, where the interaction between
the aluminum polymer capacitor and the input filter is visible. The
combination of input filter and low ESR and low ESL of the polymer
electrolytic capacitance make it possible to push the level broadband
below the limit of class B. Values of less than 40dBμV (average and
quasi peak) are easily possible (compared to the first measurement
with around 100dBμV), so the measurement is passed.

30 MHz

10 MHz
Frequency

CISPR 32 QPeak

Average

QPeak

CISPR 32 Average

CISPR 32 QPeak

Figure 7: EMC measurement with input filter and aluminum polymer capacitor CIN (Source: Würth Elektronik Group)
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The lifetime of electrolytic capacitors is very important in industrial
applications and other applications requiring a high lifetime. Here,
the capacitor is not used as a kind of predetermined breaking point
(also called planned obsolescence) in consumer electronics but is a
durable and reliable component. The life of a capacitor depends on
many factors of the application. An important factor is a temperature
or thermal load, which is responsible for the fact that internal
structures age over time and the electrical properties deteriorate.
This results in increased leakage current, increasing the ESR, which
leads to a further increase of the temperature. The reason for the
temperature increase is the power loss generated by the ESR. If
these limits are not exceeded, high lifetime expectancies are possible
when the inner temperature load of the component is in a lower
range. A comparison of the lifetime of aluminum electrolytic and
aluminum polymer capacitors by temperature load is listed here. The
basis of this consideration are two formulas. With liquid electrolytic
capacitors, the expected lifetime doubles when the temperature
at the component is reduced by 10°C (2). For polymer electrolytic
capacitors, life increases tenfold when the temperature at the
component is reduced by 20°C (1).
The formula for aluminum polymer capacitors:

The formula for aluminum electrolytic capacitors:

“
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Temp.
(°C)

The capacitor is not used as a
kind of predetermined breaking
point (also called planned
obsolescence) in consumer
electronics but is a durable and
reliable component.

Aluminum-Polymer-Capacitor (h)

125

2.000

105

20.000

8.000

2.000

1.000

85

200.000

20.000

32.000

8.000

4.000

65

2.000.000

200.000

128.000

32.000

16.000
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10.000 h

105 °C
85 °C
Capacitor Temperature

1.000 h
65 °C

Alu 125°C 2000h

Alu 125°C 1000h

Alu 105°C 2000h

Alu 105°C 1000h

Poly 125°C 2000h

Poly 105°C 2000h

specified hours in this diagram are always the nominal lifetime value
of the component at this temperature. Apart from this advantage, of
course, the other parameters of the capacitors must be compared.
It might be that, in a special application, the expected lifetime is the
same. Still, the better ESR and ESL are critical to the application and
speaks for the aluminum polymer capacitor.

Figure 8: Overview of the expected lifetime of aluminum and aluminum
polymer capacitors (Source: Würth Elektronik Group)

Furthermore, in this table, you can see at which ambient temperature
aluminum polymer capacitors have their advantage in a lifetime.
Suppose the specified component temperature for aluminum
electrolytic and aluminum polymer capacitors is the same (for
example, 2000h at 105°C). In that case, it can be seen at 85°C, the
polymer electrolytic capacitor has a longer lifetime. Only aluminum
electrolytic capacitors with a long specified lifetime at the maximum
specified component temperature have a higher intersection point,
but the point of intersection will always occur (Figure 8). The

Summary
Aluminum polymer capacitors, because of their construction, have
significant advantages for electronic applications. Low ESR and low
ESL values, in addition to a very high expected lifetime, make this
technology extremely interesting for many diverse applications. The
possible use should be considered based on the information provided
in this application note. This can improve the behavior of the design
and ultimately increase the performance of the application.

Aluminum-Electrolytic-Capacitor (h)
2.000

2.000

100.000 h

125 °C

Table 2: Lifetime overview with different ambient temperatures (Source: Würth Elektronik Group)

To further illustrate, the
calculated lifetime values are
shown in Table 2 such as
temperature values. Here, the
maximum specified component
temperature is used to compare
aluminum electrolytic and
aluminum polymer capacitors.

1.000.000 h

Table 2 shows lifetimes for both types. The application temperature
is defined in formulas (1) and (2) as the ambient temperature Ta. The
hour’s definition at 105°C in the first row for the aluminum polymer
and the aluminum electrolytic capacitor is the nominal lifetime of the
component LNOM. This is linked to the maximum specified temperature
at the component and is defined as T0. The other hours in the second
row are the calculated lifetimes LX using formulas (1) and (2). In
the aluminum polymer capacitor column, the calculated lifetime is
2.000.000h at 65°C ambient temperature. This means a theoretical
lifetime of 228 years. To guarantee such a lifetime is not possible.
The typical maximum expected lifetime varies for different vendors
and is between 13 and 15 years.

Expected Lifetime

Lifetime Consideration

Aluminum Electrolytic
Capacitors
Learn More



Aluminum Polymer
Capacitors
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Overview and Requirements for
Gate Control
In applications using SiC/GaN high-voltage
semiconductor devices under hardswitching operation, galvanic isolation
is a common requirement for safety
and functional reasons. Depending on
the application, a basic or a reinforced
insulation will be required. The operating
voltage, insulation material, pollution
degree, and the applicable regulatory
standards set the minimum creepage
and clearance distances as well as the

Figure 2: High ∆I/∆t current paths on turn-ON of SiC/GaN FET. (Source: Würth Elektronik)

dielectric isolation voltage requirement affecting the components
placed across the isolation barrier. The high-speed isolated gate
driver integrated circuit (TI UCC21520) and the transformer in the
isolated auxiliary power supply (DC/DC Block in Figure 1) both
bridge this isolation barrier, leading to stringent safety and functional
requirements.

ANDREAS NADLER,
ELEAZAR FALCO,
EMIL NIERGES
WÜRTH ELEKTRONIK

Some of the latest SiC-MOSFET devices require typical gate voltages
of +15V for full turn-on and -4V for reliable turn-off. For a GaN-FET
usually only +5V and 0V are required respectively, although a small
negative voltage can also be applied to ensure turn-off in presence
of excessive gate voltage ringing. Note that these values can vary
depending on manufacturer. In Figure 1, a half-bridge configuration
is shown, and several of these stages are typically required in an
inverter circuit to drive AC motors in the kW range. Each SiC/GaN FET
would require an independent gate driver stage with its own isolated
auxiliary supply. This enables individual control of each SiC/GaN
device and helps keep the gate current loop small and local to the
device, minimizing the adverse effects of parasitic loop inductance
and ground bounce caused by the very high ∆I/∆t generated during
the switching transition (Figure 2 and Figure 3).

Extremely Compact, Isolated
Gate Driver Power Supply for
SiC-MOSFET (6 - 10 W)
Introduction

Compact Power Supply SMT Transformer
for SiC-MOSFET’s



Wide bandgap power semiconductor devices, including Silicon
Carbide (SiC) MOSFETs, are enjoying growing popularity in many
modern power electronic applications such as E-mobility and
renewable energy. Their extremely fast switching-speed capability
helps to increase efficiency and reduce the overall system’s size and
cost. However, fast switching together with high operating voltages
and increasing switching frequencies present important challenges
to the gate driver system. Rugged galvanic isolation, compliance with
safety standards, control signal noise immunity, and electromagnetic
interference (EMI) performance are just some of the most important
aspects to consider. An optimal design of the isolated auxiliary supply
providing the voltage and current levels to drive the SiC/Gallium
Nitride (GaN) device is critical to help the full gate driver system meet
the many requirements set by state-of-the-art applications.

Figure 1: Overview of a HV half-bridge control of the High-side & Low-side
SiC-MOSFET. (Source: Würth Elektronik Group)

“

Fast switching together
with high operating
voltages and increasing
switching frequencies
present important
challenges to the gate
driver system.
Figure 3: High ∆I/∆t current paths on turn-OFF of SiC/GaN FET. (Source: Würth Elektronik Group)

20

Behind The Mystery of Electromagnetic Compatibility Design

Würth Elektronik 2022

21

Otherwise, this might cause uncontrolled turn-on/off of the MOSFET
and thermal issues. Some SiC MOSFETs are designed with an
additional low-impedance Kelvin source connection (Figure 4) for
a gate current return path. This connection does not carry the high
switching current and has a lower interference potential than the
source connection, which significantly improves gate driving (such as
Infineon IMZ120R045M1 1200V/52A),
Regarding the auxiliary supply, it should be compact with its output
capacitors (with minimal ESL and ESR) placed very close to the gate
driver and SiC/GaN device to minimize the gate current loop and
associated parasitic effects.

Isolated Gate Driver Power-Supply Requirement
A large selection of compact, isolated 1 – 2W DC/DC converters
are available on the market. For a SiC-MOSFET such as the Infineon
IMZ120R045M1 1200V/52A, up to 1W power requirement per
device can be estimated (see example calculation (1)). However, an
application with over 5kW load power would require the use of either
a SiC-MOSFET module (ROHM BSM600D12P3G001 1200V/600A)
or alternatively several discrete SiC-MOSFETs in parallel (current
sharing). In a module solution, several semiconductor dies are
paralleled to form the final SiC-MOSFET. This technique reduces
the effective RDS(ON) but results in a very high Total Gate Charge,

which places a higher power requirement on the gate-driver system
power supply (example calculation (2)). Above 2W of power, a limited
number of off-the-shelf isolated DC-DC converter modules are
available. Despite their convenience, the modules are often large,
weighty, expensive, and with efficiencies lining under 79 percent.

The SiC-MOSFET modules available feature a total gate charge of
3000nC. With an increase in the switching frequency or load power
(requiring more paralleled SiC-devices with the corresponding
increase of the total gate charge), 6-9W of driver system power
can be expected for the most demanding present and near-future
applications.

PGate

Total power required to drive the SiC device gate

Among the solutions available that meet the above specification, one
of the best 6W isolated converter modules on the market has the
following specification:

PDriver

Power loss in the gate driver section (approx. 0.3W)

■ Input voltage range: 9-18V

QGate

Total Gate Charge value (from datasheet)

■ Output voltage: +15V/-5V @ 6W

FSW

Maximum switching frequency

■ Size: 40mm x 28mm x 9mm

∆VGate	Maximum voltage swing at the gate from –Vee to +Vdd
(e.g. -4V to +15V = 19V)
Example calculation (1) with Infineon IMZ120R045M1 1200V / 52A:

■ Efficiency: 76-79%
■ Parasitic coupling capacitance: 15pF
■ Weight: 12g
■ Basic insulation for VBus: 800V

Example calculation (2) with ROHM BSM600D12P3G001 1200V /
600A:

The parasitic capacitance (CP) between primary and secondary
sides is mainly set by the interwinding capacitance of the DC/DC
power transformer device. With latest SiC-MOSFETs switching at
∆U/∆t slew-rates of 100kV/us, 10pF parasitic capacitance across
the barrier would cause a peak displacement current of 1A, which is
coupled by the switching transistor across the isolation barrier. A high
dielectric displacement current degrades the insulation barrier in the
long run, disturbs the control signals, and leads to common mode
currents in the corresponding device, which can be seen as typical
EMC problems.

Efficiency, weight, and especially the parasitic coupling capacitance
are often critical parameters in high-performance systems. Especially
at higher switching frequencies of the converters and the resulting
very steep switching edges, the harmonics must be capacitively
decoupled between the converter output stage/gate driver and the
system power supply, such as from the DC-DC converter.

■ IP electrical displacement current
■ CP parasitic coupling capacitance
It is recommended to keep Cp in the auxiliary supply below 10pF.
Würth Elektronik has addressed all these requirements, and it is
presenting an optimized solution with its new SiC gate driver powersupply reference design.

“

Efficiency, weight, and especially
the parasitic coupling capacitance
are often critical parameters in
high-performance systems.

WE-XHMI Xtreme High
Current Inductors

Figure 4: Kelvin connections and critical parasitic inductances in a half-bridge
configuration. (Source: Würth Elektronik Group)
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“

With the new transformer series WE-AGDT,
Würth Elektronik is demonstrating its
innovative strength addressing the future
challenges in the power electronics field.

In addition to the controller (Analog Devices), the key component in
the design is the new power transformer (WE-AGDT-750318131). A
compact EP7 customized package was used and optimized to meet
the following requirements:

Würth Elektronik Solution up to 6W (10W)
The high-performance bipolar isolated auxiliary power supply design
of Würth Elektronik features the following specifications:

A comprehensive reference design document RD001 is available for
download (6W bipolar solution for SiC-MOSFET), alongside with the
corresponding PCB Layout design files.

■ Input voltage range: 9-18V
■ Output voltage: Bipolar +15V/-4V or Unipolar 15-20V

Note that the power capability can be easily scaled to 10W with
an EP10 transformer core and appropriate uprating of some
components.

■ Power up to 6W
■ Peak efficiency of up to 86 percent (83 percent @ 6W)

The new WE-AGDT Gate Driver Transformer series from Würth
Elektronik features six different transformers, each of them optimized
for different specifications and their own reference design. These
transformers offer flexibility, ease of use and a combination of bipolar
and unipolar output voltage rail options, covering the gate-drive
requirements of state-of-the-art SiC-MOSFETs and GaN-FETs and
widespread silicon IGBT and power-MOSFET devices.

■ Parasitic coupling capacitance less than 7pF

Figure 5: Würth Elektronik reference design for a compact, isolated DC/DC
converter for HV SiC/GaN/IGBT Gate Driver (Source: Würth Elektronik Group)

■ Size: 27mm x 14mm x 14 mm (L x W x H)
 Over 50 percent smaller than similar DC/DC converters
currently on the market
■ Weight: <4g
■ Basic insulation for VBus: 800V
■ 4000Vrms insulation voltage Pri-sec

-3.85 V

15.00 V

Voltage

Voltage

-3.80 V

Negative Rail Load Regulation @ VIN = 12 V

-3.90 V
-3.95 V

Positive Rail Load Regulation @ VIN = 12 V

14.95 V
14.90 V

0W

1W

2W

3W

4W

5W

6W

■ High saturation current of 4.5A
■ Very low interwinding capacitance, typically 6.8pF

Summary

■ Very low leakage inductance for highest efficiency

With the new transformer series WE-AGDT, Würth
Elektronik is demonstrating its innovative strength
addressing the future challenges in the power
electronics field. For the first time, the developer has the
possibility to easily implement a compact and efficient
gate driver supply with up to 6W output power capability
and top performance.

■ SMD Pick and Place ready

14.85 V

■ Creepage and Clearance distance minimum 5mm
■ Safety Standard IEC-62368-1, IEC-61558-2-16

14.80 V

-4.00 V

■ Wide Input Voltage Range: 9-36V

0W

1W

2W

3W

4W

Output Power

Output Power

5W

6W

■ Basic Insulation
■ Dielectric Isolation minimum 4kV AC
■ Temperature Class B 155°C

Figure 6: Voltage of Positive and Negative rails versus load power (@ VIN (nominal) = 12V) (Source: Würth Elektronik Group)

WCAP-CSGP
General-Purpose
MLCCs
Learn More
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WE-MPSA & WE-MPSB
Multilayer Ferrite Beads
Learn More



■ AEC-Q200 Qualification

WE-UCF Universal
Common Mode Chokes
Learn More



High-Power Auxiliary Gate
Drive Transformers
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