New Efficient Filter Design for a Heat Sink
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Abstract. The heat sink design of a Switching Mode Power
Supply influences the EMC of the supply. The capacitive
coupling between electronic power device and the heat sink are
responsible for common-mode currents in the system. These
currents create EMC problems. This paper proposes a new filter
design to avoid heat sink radiation. Experimental results
validate the proposed filter.
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1. Introduction

Heat sinks are one of the main EMI sources in Switching
Mode Power Supply (SMPS) due to capacitive coupling.
Therefore, their shape and dimensions play a big role for
the electromagnetic field radiation. Heat sinks should be
well designed to ensure compliance with the EMC
standards.

The heat sink current depends prevalently on a parasitic
capacitance and the drain-source voltage variation. The
decrease in commutation time and the increase of the
insulation voltage of the power electronic components
lead to an increase of the time derivative of the voltage.
In consequence, the heat sink generates wide-band
interference spectra [1, 2, 3].

The first part of this paper investigates the main concepts
of common-mode EMI sources generated by SMPS. The
second part concerns filter modelling to reduce EMI
radiated emission of ungrounded heat sinks. The third
part deals with an experimental setup for measuring the
input impedance and the heat sink radiation.

2. EMI Sources
Radiation

and Electromagnetic

Power electronic semiconductors are generally mounted
on heat sinks to drain the produced heat. A parasitic
capacitance exists between the case of the semiconductor
and the heat sink. The insulating thermal compound is the
dielectric for this capacitor. It is shown as isolator 1 in
Fig. 1.
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Figure 1 Schematic representation of parasitic capacitance and
equivalent circuit
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The typical common-mode current paths are described in
[4]. If the heat sink is grounded, the common-mode
currents to the SMPS increase [5]. In other words, the
conducted EMI raises. If the heat sink is not grounded,
the common-mode currents to the SMPS decrease, but
the heat sink can become a highly efficient antenna
emission when EMI resonant phenomena occur. The
common-mode current paths are shown in Fig. 2.

The current path i. via Cy, and ground represents the
common-mode current and the current path i, via Cy, and
the PCB is the heat sink current. The common-mode
current i, produces conducted EMI, while i, generates
radiated EMI via the heat sink as an antenna. These
currents can be calculated according to the following
equation as a first approach for low frequencies
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Figure 2 Common-mode current paths through heat sink in an
AC/DC converter

The parasitic capacitance Cgq, exists between the
MOSFET and the heat sink. Cg, can reach approximately
100pF [4]. Other parasitic capacitances are smaller than
Caqn. For that reason, only Cg, is considered. The time
derivative of the drain-source voltage is dugy/dt.

The stray capacitance between the transistor and the heat
sink can be minimized by applying a screen between the
transistor metal casing and the heat sink (Fig. 3). The
sides of the screen are insulated with dielectric material.
The characteristics of the screen and the dielectric
material should provide a good thermal conductivity [6].
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Figure 3 Reduction of the common-mode current by screening

The disadvantages of this model are not only the
enhancement of the heat transfer resistance between the
transistor and the heat sink. Also the circuit acts like a
high pass filter. High frequency currents can radiate via
the heat sink. To solve this problem, the filter model for
heat sink is introduced. In this paper the common-mode
radiated EMI current loop between the heat sink and PCB
(see Fig.2) is considered. This is again shown in Fig. 4

Figure 4 Common-mode current loop between the heat sink and
the PCB
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, where Cy, is the parasitic capacitance between the drain
of the MOSFET and the heat sink and Cy, is the parasitic
capacitance between the heat sink and the PCB.

3. Filter Design

Ferrite cores are usually attached to a cable or wire to
suppress the electromagnetic noise emission from digital
information equipment [7]. This idea is used in the heat
sink model. The high magnitudes of disturbances due to
the heat sink were attenuated and the high harmonic
spectrums of heat sink currents were filtered. The block
diagram of the filter model is shown in Fig. 5.

EMI Source EMI Receiver

Figure 5 Block diagram of the filter model

A metal cylinder with similar material characteristics like
the heat sink is fixed to the heat sink. A ferrite core is
attached on the metal cylinder between heat sink and
transistor. The new filter model is shown in Fig. 6. The
main idea of this model is to reduce the high frequency
current through the heat sink via ferrite cores. This
current is given by

= 2

, where Uy, is the drain-source voltage of the transistor
and Z is the impedance of the network.
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Figure 6 Schematic representation of the filter model and its
equivalent circuit
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The modified heat sink model changes are shown in Fig.
6. An additional resistor due to the frequency depending
losses and an inductance have to be added in series to the
first model of this resonant circuit.

The disadvantage of this model is a higher heat resistance
as compared to the original setup. Yet this model has a
lesser heat resistance than the screening model.

4. Experimental Setup

4.1 Input impedance of the heat sink

Heat sinks are good thermal conductors, and with the fins
on the heat sink the effective cooling surface area is
increased [8]. These fins and their dimensions and
arrangement influence their electrical behaviour.
Therefore, three different heat sinks were used to
measure their  input impedance. A first set of
measurements was done as a reference for three different
heat sink shapes with the same the dimensions but
different fin arrangements. These geometric structures of
heat sinks are shown in Fig.7, respectively.

Heat Sink 1

Heat Sink 2 Heat Sink 3
Figure 7 Geometric structures of heat sinks

The experiment setup for measuring the input impedance
of these heat sinks is shown in Fig. 8.

Heat sink—»
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Network
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\
PCB Isolator 2

Figure 8 Measurement setup for the input impedance of the heat
sinks

In a second step, we attached an extra metallic cylinder to
the heat sink but did not add the ferrite core. A third
measurement was done for a heat sink with three
different ferrite cores. The measurement set up for the
third configuration is shown in Fig. 9.
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Figure 9 Measurement setup for the input impedance of the
ferrite model

For the measurement a vector network analyser was used.
It measures the scattering parameters S;; of the structure.
From this, we get the input impedance of the network [9].

1+, 3)
1- S11 .

In this work, the frequency range from 300 kHz up to 1
GHz was considered.

Z . =50Q-
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4.2 Radiation of the heat sink

Biconic Antenna

14

|

Heat sink with ferrite ring

Ferrite ring3

€—MOSFET
Spectrum !

Analyser

Signal
—— Generator

3im

20 - 300 MHz
Figure 10 Measurement setup for radiation of the heat sink
inside in an anechoic chamber

In order to validate the proposed heat sink ferrite model
an experimental test was done inside an anechoic
chamber. This was done to avoid the presence of
environmental EMI noises in EMI measurements.

The RF signal generator was connected via a coaxial
cable to the heat sink ferrite model. On the other side a
biconical antenna receives the emitted electromagnetic
fields from the heat sink. This received RF signal is
detected by a spectrum analyser. In this work, the
frequency range from 20 up to 300 MHz was considered.

The attenuation of the heat sink radiation is calculated
with and without ferrite on the heat sink model. The
measurement setups were configured for frontal and
lateral radiation.
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5. Results and Discussions

The measured impedance results for the first
configuration are shown in Fig. 11. The curves of the
input impedance of the three heat sinks show that the heat
sink structures behave like series resonant circuits, as
described the equivalent circuit in Fig. 1. Up to a
resonant frequency f., the impedance behaves like a
capacitance and above the resonant frequency fi the
impedance behaves like an inductance. The following
equation is used for the calculation of the resonant
frequency of the input impedance

1

fres -
27['\[ Lloop loop (4)

Lioop 18 the inductance of the current loop and Ciqp is the
capacitance of the current loop of the input impedance.
All three heat sinks have the same values of the
inductance Li,,, because of the same current loop, which
is spanned. But they have different values of the
capacitance Cioop. That can be explained by the different
values of the parasitic capacitive coupling between the
heat sink and the PCB. C,,,, depends on Cg, and Cpy,. Can
is the same for all three heat sinks but Cy, has different
value for all three heat sinks because the fins of the heat
sinks have different shape, as mentioned before (in
Fig.7).
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Figure 11 Input impedance of three different shaped heat sinks

In other words, these heat sinks have different contact
areas between the heat sink and the PCB. That causes
different parasitic capacitances Cy,. Therefore, all three
heat sinks have different resonant frequencies. Fig. 12
shows an enlargement of the resonant frequency range
displayed in Fig. 11. The resonant frequencies for the
heat sink 1, the heat sink 2 and the heat sink 3 are 376
MHz, 405 MHz and 350 MHz, respectively.
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Figure 12 Enlarged curve of the Fig. 11 at the resonant
frequency range

The results of the second and third configuration (using
different ferrites) are shown in Fig. 13. The resonant
frequency of the reference heat sink model was shifted
down to the lower MHz frequency range because the
extended heat sink model has a larger current loop than
the reference model and a larger inductance. The
capacitance values of the ferrite core models are identical
at low frequencies. But at higher frequencies the
inductance values of the ferrite models are different. This
is because all three ferrite cores consist of different
materials and therefore have different magnetic
characteristics. The quality factors of the ferrite models
are smaller than the quality factor of the reference model.
This factor depends on the inductance of the ferrite cores.

The impedance of the ferrite heat sink model is increased
because a ferrite core has a huge impedance, due to its
permeability. This means that the heat sink currents will
be minimized by putting the ferrite core between the heat
sink and the transistor and the heat sink radiation is
reduced by this filter.
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Figure 13 Impedance of the reference, enhanced heat sink with

and without ferrite core
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Figure 14 Attenuation of the heat sink ferrite model in the
frequency range for frontal and lateral measurements [10]

The results of the radiation measurement show the
attenuation of the heat sink ferrite model in the frequency
range for frontal and lateral measurements of the heat
sink in Fig. 14. The average attenuation value and the
maximum attenuation value for the frontal are nearly 20
dB and 25 dB, respectively.

6. Conclusion

In this paper we discussed the influence of heat sink
geometry on the input impedances of the heat sinks and
their radiated emissions. Both values were measured for
commercially available heat sinks and were used for
reference purposes. Additionally, the alteration of a heat
sink by placing a ferrite core between transistor and heat
sink was investigated. This proved to be good method for
the suppression of interfering currents in the heat sink
due to a much larger input impedance. We found that in
the relevant frequency range the input impedance is up to
45 dB above the impedance of unaltered heat sinks. This
effect was explained using an equivalent circuit diagram.
As a second effect, radiated emission from the heat sink
is attenuated by the ferrite. Again, our proposals were
validated by measuring the effect and comparing it with
the emissions from an unaltered heat sink.
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