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Abstract. In this paper, a new filter design for a heat sink at different frequencies depending on the heat sink geometry
is presented. The parasitic couplings between electric powefBrench 1994, (Das and Roy1998.

devices and the heat sink are responsible for common-mode In particular, the heat sink can become an efficient antenna
currents. The main focus is on the reduction of these currentsvhen resonant phenomena occiratniano et al. 2004.

to reduce the heat sink radiation. For this purpose a newrhis paper investigates the origin of common-mode cur-
filter design is proposed. In addition, experimental resultsrents generated by SMPS and shows a filter design to reduce
are shown to validate the proposed filter. common-mode currents of ungrounded heat sinks and an ex-
perimental setup for validating the input impedance and the
heat sink radiation.

1 Introduction

o ) 2 EMI generator and heat sink radiation
In general, power-switching semiconductors (MOS-

FET's/IGBT's) are mounted on heat sinks to keep theA parasitic capacitanc€qn (see Fig.2) exists between the

power semiconductors within a given temperature range. Ametal case of the semiconductors and the heat sink. The in-

parasitic capacitance can be formed between the case of thglating thermal compound acts as a dielectric for this capac-

semiconductors and the heat sink. The insulating thermajtance. Due to this capacitance and the time varying drain-

compound Pamiano et al.2004 is the dielectric of this  source voltage a noise currépgisecan be calculated accord-

capacitance. Itis shown as isolator 1 in Fig. ing to the following equation, as a first approach for low fre-
Common-mode EMI is usually the result of parasitic ef- quencies an@'gn > Chp>> Chg

fects (Tihanyi, 1995. Due to these capacitances common-

mode currents are generated in Switching Mode Power Supl—noise(t) = Cgn- d“ds’ (1)

ply (SMPS) circuits. In consequence, these currents could dt

violate the EMC standards by their radiation. Therefore, theyherequ gs/dt is the time derivative of the drain-source volt-
heat sink should be well designed. age. Cgn can reach approximately 100 pFilfanyi, 1995.

The drain-source voltage variation increases by decreasinghjs noise curreningiseis split into the conducted EMI cur-
the commutation time of the transistor and by increasing theent; and the radiated EMI currei

insulation voltage level. Consequently, a high number of har-
monic components are generated which makes the heat sinkoise(t) = in() +ic(1)- (2)
an EMI generatorginclair et al, 1993. . L
The shape and the dimension of the heat sinks play a majoThe noise current paths through the heat sink in AC/DC con-

role in the power electronic system design. In general, as thé(elrter z?jre sthowg In Ft'gz as Z_n te>:jamp!e._ f the heat sink
size of the heat sink increases, the radiation efficiency alsg n order to reduce the radiated émissions of the heat Sink,

increases. However, the maximum radiation will take placeIt mgy b? grqunded. Consequer_1tly, the conducted EMI cur-
rentic raises in the power suppliihanyi, 1995. The results

of the previous worksL( et al., 1993 Radhakrishnan et al.
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The noise current loops are shown in F&g.The current  Fig. 4. Reduction of the common-mode current by screening.
pathic via Chg and ground represents the common-mode cur-
rent and the current path via Chp and the PCB is the heat ) )
sink current. If the heat sink is not grounded, the conductedd ~ Filter design
EMI currenti; can be reduced but the radiated EMI current
in to the SMPS raise$-€lic and Evans2001).

An efficient method to reduce radiated emissions of a hea
sink was introduced in a previous studyagel 1999. By in-
serting a copper screen between the heat sink and the po

Due to the extensive use of digital information and commu-
pication equipment, EMC problems have increased. To miti-
gate this problem, ferrite cores are usually attached on the ca-
Wg}e/ wire (see Figb) to suppress electromagnetic noise emis-

device the capacitance can be minimized. This screen is ap's-'onS from digital information equipmenSgmir and Fuji-

plied as a shield for the heat sink. Furthermore, the sided/ara 1999. This idea was intfegrateq in the heqt sink filter
of the screen are insulated with a well thermally conduct-des'gn o attenuate the heat sink radiated emissions.

ing dielectric material. This screening design is illustrated in The heat sink is e_xtended W'th a me_talllc fihg bar_ which
Fig. 4. has the same material characteristics like the heat sink. Fur-

In this work the radiated EMI current via the heat sink (See_thermore, on the extelnded part O.f the heat sink a ferrite core
: : - is attached. The ferrite core is fixed between the heat sink
Fig. 3) is considered. . L .
and the power device. This is illustrated in F&gy.
The high frequency current is attenuated due to the ferrite
core. This current can be calculated by the following equa-

tion :
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Fig. 5. Block diagram of the filter design.
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Fig. 6. Schematic representation of filter design and equivalent cir-
cuit. Fig. 8. Measurement setup for the input impedance of the ferrite
heat sink design.

4 Input impedance of the heat sink

In= U_ds (3) .
Z 4.1 Experimental setup

Inis the heat sink current artdys is the drain-source voltage e different configurations were necessary to analyze the
of the transistor and is the impedance of the network. inputimpedance of the heat sink designs. The first setup is an

The |n|t|§1I heat smk's.etup_of Fid. changes to the filter original heat sink design for measuring the input impedance
design of Figh. An additional impedancgs hastobe added 5475 reference. It was placed to the vector network analyzer
in series to the resonant circuigs is the impedance of the {3 measure the scattering paramet&yrs(see Fig.7). A sec-

ferrite core. _ _ ond and third measurement setup were made for the extended
This new design has a higher heat transfer resistance thfjaa¢ sink design without ferrite core and with ferrite core,

the original setup, but it has a lesser heat transfer reSiSIanqeespectively. The scattering parametsis of these setups
than the screening design. were measured by a vector network analyzer (seedFig.
From these scattering parameters of all three configu-
rations, the input impedances were calculated by using
(Diepenbrock et al2007)
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Fig. 10. Equivalent circuit for original heat sink design. Fig. 12. Attenuation of the heat sink ferrite design in the frequency

range for frontal and lateral measurements.

1+ 811 @ The impedance of the heat sink is given by
1-S811°

Zinput= Zo-
Zn=Rn+]jwLp- (6)

whereZinpyt is the input impedance to the network, the used . ) .
normalization impedancgo is 50 Ohms, and the measured The resonant frequency of the original heat sink design can

scattering parameter datads. In this work, the frequency D€ €xpressed as:

range from 300 kHz up to 1 GHz was considered. 1
Jresi= ———F——— 7)
4.2 Results and discussions 27/ Lioop- Cioop

The results of all three configurations are illustrated in Big.  UP 0 the resonant frequendles, the input impedance be-
The curves of the first (reference heat sink design) and secd1@ves like a capacitance and above the resonant frequency
ond (extended heat sink without ferrite core) configuration Jres1 the impedance behaves like an inductance. The reso-

show, that the heat sink structures behave like series resonafignt freduencyfresz of the second configuration was shifted
circuits. into the lower MHz frequency range because the extended

The result of the first configuration can be explained by hea_t sink design has a larger current Ioc_)p thqn the reference
the following equivalent circuit (see FigO0.) design. In other words, the second configuration has a larger

The input impedance of the reference heat sink design Ca}pductance than the origingl heat sink setup. In consequence,
be expressed as: the resonant frequencfeszis smaller than the resonant fre-
qguencyfres1. The resonant frequencies of the first and second
. configuration are 300 MHz and 180 MHz, respectively. The
Zinput= jwCan +Zh+jwchp' ©) capacitances of the third configuration (extended heat sink
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with ferrite core) are the same as first and second configuraé Conclusions
tion. But the inductances of the heat sink are increased by
the ferrite cores. This is because all two ferrite core consisin this paper a new filter design was introduced. It can
of different materials and therefore different magnetic char-be used to reduce the heat sink common-mode currents in
acteristics. The quality factor of the system is reduced by theSwitching Mode Power Supply circuits. The validation of
ferrite core. Furthermore, it depends on the ferrite materialghe input impedances of the heat sinks have verified that the
which is used. input impedances can be increased at some frequencies up to
The input impedance of the heat sink is increased becaus#b dB due to the ferrite core between the heat sink and the
aferrite core has a very large impedance due to its permeabilPower device. Therefore, the heat sink current can be mini-
ity_ This means that the heat sink currents will be minimized mized. In addition, the radiated emissions from the heat sink
by adding the ferrite core between the heat sink and powe@re attenuated by the filter. Again, our proposed filter design
device and the heat sink radiation is attenuated by this filter.reduces the heat sink noise currents and attenuates the heat
sink radiated emissions.
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