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OverviewOverview

Standard problem investigating heatsinkStandard problem investigating heatsink 
grounding
With many high speed signals runningWith many high speed signals running 
through high-current chips, heatsinks can 
be a major generator of EMIbe a major generator of EMI.
This presentation will go over the 

i f diff t i t t icomparisons of different via strategies, 
and how they help reduce emissions. 



Standard ProblemStandard Problem
The standard heatsink problem is defined in theThe standard heatsink problem is defined in the 
following paper:
“Comparison of Various Numerical Modeling p g
Tools Against a Standard Problem Concerning 
Heat Sink Emissions,” B. Archambeault, S. 
Pratapneni, L. Zhang, D. Wittwer
This is published as part of a standard EMI 

bl h f ll i b iproblem set on the following website:
http://www.ewh.ieee.org/cmte/tc9/



Standard HeatsinkStandard Heatsink
All ground plane and 
heatsink dimensions 
specified
Heatsink and ground vias 
modeled as solid perfect 
conductor objects
Grounding vias placed in 
various locations to 
investigate effective 
frequency range of 

i iemissions
All simulations, unless 
noted, were performed 

ith A ft HFSS 11with Ansoft HFSS v11



Heatsink Stimulus
Excitation “method” left up to 

Heatsink Stimulus
p

users of individual 
electromagnetic solvers
E it ti iti fi dExcitation position fixed as 
slightly offset from center of 
heatsink

To excite multiple modes of 
heatsink

Current source was chosen forCurrent source was chosen for 
simplicity

Excited 1 A of current between 
heatsink and ground planeheatsink and ground plane



Heatsink ObservationHeatsink Observation
Field probes were not explicitly called out in paperp p y p p
Observation quantities were not explicitly defined either
Two points were chosen to monitor the field values –
(80mm, 0, 44.1mm) & (0mm, 60mm, 44.1mm)

The cmplxMag of Ex, Ey, and Ez were monitored at both p g x y z
of these points



Heatsink CalculationsHeatsink Calculations
Generating an absolute EMI measurement isGenerating an absolute EMI measurement is 
extremely difficult
An “Advantage” quantity is defined for the g q y
purposes of this investigation
Using the heatsink problem with NO grounds as g p g
the reference:

Advantage(dB) = reference(dB) – trial(dB)
This should mitigate differences between tools in 
stimulus and observation methods



Heatsink – 1 GroundHeatsink 1 Ground
To determine the best observation quantity and position, q y p ,
the various advantage curves were overlayed with the 
paper results.

l M (E ) f 2 i t l dd d t thcmplxMag(Etotal) for 2 points was also added to the 
observation quantities

60
Reduction in Emissions (Advantage) with One Ground Contact
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Comparison – 1 GroundComparison 1 Ground
60

Reduction in Emissions (Advantage) with One Ground Contact
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Conclusions for 1 GroundConclusions for 1 Ground

One ground via provides an “advantage ”One ground via provides an advantage,  
or reduction in emissions over no grounds, 
for frequencies up to 450 MHzfor frequencies up to 450 MHz.



Heatsink – 2 Side GroundsHeatsink 2 Side Grounds

Ground vias now placed on either longGround vias now placed on either long 
side of the heatsink

This increases the effective frequency 
t 700 MHrange to 700 MHz



Comparison – 2 Side GroundsComparison 2 Side Grounds
60

Reduction in Emissions (Advantage) with Two Long-Side Ground Contacts
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Heatsink – 4 Corner GroundsHeatsink 4 Corner Grounds

Ground vias added to all four corners ofGround vias added to all four corners of 
heatsink

Pushes the frequency advantage to 900 
MHMHz



Comparison – 4 Corner GroundsComparison 4 Corner Grounds
60

Reduction in Emissions (Advantage) with Four Corner Ground Contacts
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Heatsink – 8 GroundsHeatsink 8 Grounds

For this example ground vias removedFor this example, ground vias removed 
from corners, and multiple vias placed 
along sides of heastinkalong sides of heastink

I d ff ti t 2 GHImproved effectiveness range to > 2 GHz



Comparison – 8 GroundsComparison 8 Grounds
60

Reduction in Emissions (Advantage) with Eight Ground Contacts
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Summary ISummary I

Adding more vias to ground a heatsinkAdding more vias to ground a heatsink 
improves the EMI performance relating to 
the frequency content of the emissionsthe frequency content of the emissions.
More vias pushes out the “cutoff” 
frequency of the EMI advantagefrequency of the EMI advantage



HFSS performanceHFSS performance
V11 Simulations performed above took ~30 minutes to complete on 
a Intel Core 2 Duo T7200 (2.0 GHz)
This includes ~ 2 minutes for adaptive process and ~ 28 minutes to 
solve 100 discrete points

Using Distributed Solve Option, this total simulation time can be 
reduced to ~ 4 minutes with 10 machines

The reference paper has this to say about HFSS performance:



HFSS v8.5HFSS v8.5
The above problems were created and solved in v8.5 p
(circa 2002)
Results were extracted and compared to v11 results
V8.5 was not capable of extracting the same fields 
quantities as v11, so some differences are visible in the 
resultsresults
V8.5 uses Fast Frequency sweeps instead of discrete 
sweeps



HFSS v8.5 PerformanceHFSS v8.5 Performance
SimulationsSimulations 
performed on a Intel 
Xeon Workstation 
(2.66 GHz)
~ 11 minutes to 
adapt and solve a 
single fast frequency 
sweepsweep



HFSS – v11 vs. v8.5
1 Ground Via

Reduction in Emissions (Advantage) with One Ground Contact
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HFSS – v11 vs. v8.5
2 Side Ground Vias

Reduction in Emissions (Advantage) with Two Long-Side Ground Contacts
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HFSS – v11 vs. v8.5
4 Corner Ground Vias

Reduction in Emissions (Advantage) with Four Corner Ground Contacts
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HFSS – v11 vs. v8.5
8 Grounds

Reduction in Emissions (Advantage) with Eight Ground Contacts
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Summary 2Summary 2

HFSS v8 5 (circa 2002) delivers similarHFSS v8.5 (circa 2002) delivers similar 
results to current generation code
Simulation times are not significantly out ofSimulation times are not significantly out of 
proportion to v11 results



ConclusionsConclusions
The standard heatsink problem is a simple oneThe standard heatsink problem is a simple one 
to test the efficacy of the EM solver
HFSS (v11 & v8.5) predict results similar to ( ) p
codes utilized in reference paper
HFSS v11 simulated these problems 4x faster, p ,
and with 2x less memory than v8.5
HFSS is an accurate tool for prediction of p
EMI effects related to insufficient 
groundingg g


