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Introduction
The recent proliferation of commercial full wave
electromagnetic analysis tools has provided an
invaluable asset to those seeking to investigate
emission containment problems related to high
power microelectronics.  From an engineering
standpoint, the hope of achieving correct by
design solutions is an increasing prospect. An
even more ambitious goal for proof of
compliance with regulatory agencies including
the FCC and CISPR bodies require consistent
applications of these tools by multiple users and
using a variety of techniques.  The most
significant contribution of the work presented
here is in the application of a variety of tools by
multiple investigators.  By design, the single
problem defined here was chosen so that a broad
range of application tools could be applied
without significant modification on behalf of the
users.  Further, it is our intent to establish a
standard problem used to benchmark the
capabilities and ease of use for deploying these
and other vendor software tools.

Containing emissions from heat sinks on high
power microelectronics is rapidly becoming a
necessity caused by higher power levels and
faster clocking of digital circuits.  The
expectation of the microelectronics industry not
to deviate from Moore’s law is driving
microprocessors requiring power levels in the
10s of watts and clock frequencies well into the
microwave region.  As a result, simple lumped
circuit representations are no longer valid for
representing electrical behavior and distributed
full wave analysis tools are required.  EMC
engineers must no longer determine if heat sinks
must be grounded but how many ground points
must be used and where they should be located.

Fortunately for design engineers, a variety of
commercial full wave tools are available which
utilize finite-difference, finite-element and
method of moments technique capable of

analyzing heat sink grounding problems.  As
previously stated, it is the application of multiple
tools by multiple users to generate a single
conclusion which we are investigating.

Problem Definition
For simplicity, the heat sink has been modeled as
a conducting block measuring 88.9 mm (3.5 in.)
long, 63.5 mm (2.5 in.) wide and 38.1 mm (1.5
in.) high.  The conducting block was located in
the center of the simulation region, 6.0 mm
(0.2362 in.) above a perfect electrical conducting
(PEC) ground plane.

The ground plane had dimensions of 160 x 120
mm (6.290 x 4.740 in.).  The heat sink was
excited by a vertical source extending form the
ground plane to the base of the heat sink and was
offset 12.7 mm (0.5 in.) in the x and y directions
from the center of the heat sink.  An offset
source was chosen so that both even and odd
modes would be excited.  The geometry is
illustrated in Figure 1.

The exact nature of the source was left to each
investigator to chose an appropriate
implementation for the tool being used.  The
impact of this choice is discussed in the
presentation of the results.  Field probes were
inserted in the near field, at a distance that might
be representative of the distance between a
heatsink and a potential aperture.

Note that a solid block was used as the heatsink.
Early investigations showed clearly that
including the fins in the heatsink model did not
affect the results. In addition modeling the
heatsink as a solid block greatly simplify the
complexity of the simulation.



Several different grounding configurations were
investigated.  The heat sink was connected to the
ground plane through 6mm (0.2362 in.) square
legs.  The grounding points were located in
different positions to investigate the highest

frequency of grounding effectiveness as well as
the introduction of any resonances.  The
grounding configurations investigated are shown
in Figure 2.

.

Figure 1  Heatsink General Diagram

Figure 2   Ground Post Locations for Heatsink Grounding
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The effect of grounding the heat sink was
quantified by sampling many electric field points
in the near field (for FDTD analysis) as well as
in the far field (for MoM, FEM and FDTD
analysis where available).  The ‘advantage’ (as
defined later) was found to be the same, whether
the probes were in the near field or in the far
field.  A composite representation of the
grounding effectiveness was generated by
computing the maximum electric field at all the
sampled field points in the frequency domain.
Relative comparisons of this analysis with and
without the ground points present were used to
quantify the grounding effectiveness.

Tools used
Three separate FDTD tools were used:  EZ-EMC
distributed by EMS-PLUS, Ocotillo FDTD
distributed by Ocotillo ElectroMagnetics Inc.
and an FDTD code developed at the University
of Missouri at Rolla.

Two method of moments codes were used:
EMSIM is an internally developed code at IBM
and Comoran is distributed by INCASES).

Ansoft’s HFSS was also used to evaluate this
geometry but produced results which were
inconsistent with the FDTD and MoM results.
Investigation of a broad bandwidth required in
containment analysis resulted in long simulation
times.  Therefore, repeated solutions at every
frequency of interest was time prohibitive.  This
is especially true at higher frequencies where the
heat sink becomes electrically large.  Further, the
resonant nature of the heat sink was not observed
using this tool.

The most notable difference in the selection of a
tool is the implementation of the source.  FDTD
allows for impressed (hard and soft) sources for
voltages, currents and fields.  These sources may
contain lumped element models within the
source region.  The MoM source
implementations are constrained to impressed
currents along a wire which may also contain
lumped impedance models.  This type of source
is most like the FDTD hard current source and
continues to ‘short’ the electric fields even after
the driving function decays.

Results
We have introduced a figure of merit called
“advantage” to facilitate comparison of results
generated using different sources.  We define
“advantage” as the difference between a

reference and trial case expressed in decibels.
For example, a given simulation of a heat sink
having no ground points produces a maximum
radiated field, “A”.  After adding ground points,
the simulation produces a maximum radiated
field 30 dB below “A”.  We refer to the reduced
emissions at that frequency as a 30 dB
advantage, viz.,

Advantage (dB) = reference (dB) – trial (dB)

This figure of merit is used to allow for
differences in the source and location of the
measured response used in each simulator,
allowing for comparisons of results from all
simulators on the same scale.  The following
figures represent the advantage observed from
each simulator for the configurations shown in
Figure 2.

Discussion/Conclusion
The primary reason for investigating heat sink
grounding is to determine the highest frequency
of effectiveness for a particular grounding
scheme.  This frequency is indicated in the
graphs above as the point which the advantage
becomes negative (disadvantage).  The highest
frequency of grounding effectiveness for each
grounding configuration considered is tabulated
in Table 1, below. It is also observed that an
increased number of ground points increases the
resonant frequency of the structure (since the
inductance decreases as more posts are added.
Suppression of emissions at lower frequency
may generate resonant frequencies1 which may
enhance radiation at higher frequencies.  The
maximum disadvantage of the grounding
schemes considered is also tabulated in Table 1.

The near field results were very dependant on
exact probe location, relative to the heatsink and
source.  While the above plots show very
reasonable agreement, a better agreement
between tools might have resulted from a careful
design of the probe points to be exactly the same
in all modeling cases.

                                                       
1 The resonances observed are believed to be
caused by the parallel combination of the
capacitance between the heatsink and the
ground-reference plane, and the inductance of
the grounding posts.  As more posts are added,
the total inductance decreases, and the resonant
frequencies is observed to more higher.



As mentioned earlier, the source representation
was found to be very important.  If the source
had any internal inductance, the results changed,
especially in the no-ground posts case.  (In this
case, the source provided the parallel inductance
for a resonance).  This was observed in both
FDTD and MoM results.  FDTD allowed the
source to be specified without inductance, and all
the FDTD results are shown from this type
source.  The MoM (EMSIM) model allowed no
way to remove the inductance from the source.
The advantage plots show this tool reported a
resonant peak in the 600 – 800 MHz range.
Unfortunately, this resonance often over
shadowed the effects of the grounding posts.
This effect highlighted the need to be very
careful when designing the source and selecting
the modeling technique for a given task.

FDTD
The FDTD technique allowed a wide range of
frequencies to be analyzed with one simulation.
There was no difficulty in finding the field
amplitudes at near field locations, but any far
field locations required extra postprocessing.
Care was required to ensure the ‘proper’ source
was used so as to not introduce extra resonances.

MoM
The MoM technique required each frequency to
be analyzed individually.  One MoM tool
allowed easy near and far field analysis, while
the other only allowed far field analysis.  When
the heatsink was modeled as a solid block, it
added many unknowns (increased the size and
run time of the model).  One of the MoM tools

allowed the heatsink to be modeled as a hollow
box, which made the problem size more
manageable.  The source implementation
required that inductance be included, which
introduced a resonance that tended to obscure the
desired result.

FEM
The only FEM code available to us provided
results that were completely different than the
other tools.  Because of the limitations
mentioned earlier, it was decided that FEM was
not a convenient modeling technique for this
type problem.

Summary
A variety of different modeling techniques  and
different vendor’s modeling tools were applied
to a heatsink grounding problem.  The primary
goal was to provide a standard modeling
problem, and some example results,
demonstrating how this problem could be solved.
It is hoped that others will use this same problem
(when appropriate) to evaluate possible vendor
software, and be able to compare the results from
the software-in-question to the results here, to
gain confidence in the results of the tool under
investigation.  A more complete report of the
results from the modeling activities of this
standard modeling problem, and other standard
modeling problems, can be found on a joint
IEEE/EMC TC-9 and ACES web site
(www.emcs.org/tc9).

Number of Ground
Points

Highest Frequency of
Grounding Effectiveness

Maximum disadvantage
to grounding
effectiveness

1 ground point (end) 350 –  400 MHz -21 dB
2 ground points (ends) 550 –  750 MHz -14 dB
2 ground points (long wall) 550 – 850 MHz -15 dB
4 ground points (corners) 750 – 1500 MHz -20 dB
4 ground points (edges) 850 -  2500 MHz -14 dB
8 ground points 1300 – 2500 MHz -17 dB

Table 1 – Impact of heat sink grounding



Figure 3 – Reduction in Emissions (Advantage) with One Ground Contact

Figure 4 – Reduction in Emissions (Advantage) with Two-Long-Side Ground
Contacts
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Figure 5 – Reduction in Emissions (Advantage) with Four-Corner Ground Contacts

Figure 6 – Reduction in Emissions (Advantage) with Eight Ground Contacts
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