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Automating the link betwee
design constraints. By Ron

he part of a design solution that
I breaks the constraints imposed by
emc legislation can often become
unacceptable as far as other aspects of a
design is concerned. One of the most
common examples of what we might call
interactive constraints is the one that links
emc performance with thermal design.

In a simplistic form, this emc and
thermal design problem says that if any
electronic system is placed in a com-
pletely sealed and grounded conducting
metal box, then emc radiation problems
vanish. However, if that box does not
allow heat to be removed at a rate at least
equal to its generation, disaster is only a
step away. Nowadays, real design solu-
tions must quickly find an acceptable
balance between the constraints imposed
by emc legislation and thermal design.

Here, eda tools from Flomerics
(www.flomerics.com) will be used to
explore how mutually acceptable solutions
to emc and thermal design problems can
be obtained, with emphasis on quick and
accurate solutions.

As was always anticipated, an ‘experi-
ence’ database has been built up with
respect to emc design solutions and
design engineers are now, in general,
aware of the pitfalls.

For those who monitor the electron-
ics industry, there is a general impression
that there are now fewer costly emc
‘catastrophes’ than when the legislation

n emc and thermal
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was first imposed. The jury is, however,
still out as far as the problems caused by
a conflict between emc and thermal
design requirements are concerned.

The problem facing those who rely on
the ‘experience database’ is that mistakes
tend to remain hidden, whilst solutions
that offer a proprietary advantage are not
put into the public domain.

For vents or apertures, the ‘experience
database’ — when shared by all — would
lead to an intuitive middle ground trial
and error solution to the ‘closed box’ or
‘open box’ problem: lots of small holes
that let cooling air flow through whilst
minimising the emission or ingress of em
radiation. This same common experience
database would also remind us that,
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when the dimensions of the holes and
apertures are similar to the wavelength of
the radiation, some unwelcome reso-
nance might occur.

Modern integrated thermal/em model-
ling eda tools can quickly expose the real
situation across a range of geometric
shapes and rf frequencies. Figure 1 is an
example of the airflow loss coefficient (for
turbulent flow) and RF transmission at
1GHz through a vent. A free air ratio
(FAR) of less than 30% is shown to have a
dramatic effect on pressure drop. Increas-
ing the FAR increases the em transmission
across the vent and it soon becomes clear,
in this case, that, for a fixed FAR, it is bet-
ter to have many small holes, rather than a
few large holes, represented by the green
em transmission curve. What the tools can
now do is move from what might be
potentially costly intuitive solutions to the
engineering numbers that tend to make
emc test an unnecessary formality.

To move beyond the simple example
of figure 1 and explore the versatility of
the software, three simple real world emc
problems were explored. The first used
the plane wave excitation in FLO/EMC
to calculate the shielding effectiveness at
the centre of a 0.3 x 0.12 x 0.3m enclo-
sure. The front panel of the enclosure had
three slots, each 160 x 4mm, and mod-
elled using the compact slot representa-
tion in FLO/EMC. The results indicate a
good agreement between field measure-
ments and FLO/EMC simulation results.

In the second example, FLO/EMC was

Figure 1: Thermal and em air vent characteristics
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used to calculate the electric field 3m from
the front panel of a 0.3 x 0.14 x 0.22m
enclosure. The front panel featured a 120
X 1Imm slot, represented by the compact
slot model in FLO/EMC. The source —a
thin wire — was modelled using the com-
pact wire model in FLO/EMC and repre-
senting, in this case, the inner conductor
of a coaxial cable. Again, there is good
agreement between the FLO/EMC results
and the field measurements.

The third test involved emi from air-
flow. For this, the perforated plate compact
model in FLO/EMC, was used to represent
252 10 x 10mm square holes of an airflow
aperture array on the front panel of a 0.4 x
0.2 x 0.5m enclosure. FLO/EMC makes it
possible to place monitor points at any
locations in space — both inside and outside
of the solution domain — allowing the field
values at large distances from the geometry
to be obtained very efficiently. The results
demonstrate a good comparison between
the predicted electric field 3m in front of
the enclosure from FLO/EMC and the
field measurement. Integrated thermal/em
modelling enables design conflicts to be
identified quickly and visualised.

For a more complex problem, Flomer-
ics' eda tools will be applied to a com-
puter design problem. The starting point
is a computer with P100 processor, a rel-
atively low speed and power device by
today’s standards. However, from that
starting point, we will imagine that the
system requires a processor upgrade. The
eda tools must determine whether there is
sufficient margin in the thermal and emc
design without a change in architecture
and whether the integrated thermal/em
modelling tools provide the answer?

Baseline model details

Initially, the computer was tested for em
emissions and temperatures at a compli-
ance laboratory.

e Thermal model

The model was defined using commer-
cially available Flomerics software. Ade-
quate boundary conditions were
specified to match the test environment.
The pc’s chassis, measuring 17 x 16 X 6in,
is constructed from mild steel. The
motherboard supports various cards such
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as modem, joystick and networking.
These cards were not active during the
tests and did not dissipate heat, but were
allowed to conduct. The graphics board
was assumed to dissipate approximately
2W. Blockages due to the connectors and
ram were represented in the model.

The chip set was constructed using two
plastic quad flat packages, each dissipating
1W. A Delphi compact model of the pgfp
provided an equivalent set of thermal
resistances. Of the many advantages of a
Delphi compact model, one can retain the
boundary condition independence.

The processor, a cavity down ceramic
pin grid array (cpga), was modelled in
detail. The power dissipation was assumed
to be the maximum of 10W since the pc
was running intense calculations during
the experiments. Other components dissi-
pate a total of 20W, typical for this type of
board. The remaining parts — such as the
floppy disk, cd and hard drive — block the
airflow, but do not dissipate. A power sup-
ply, cooled by an axial fan, extracts air out
of the chassis. An additional axial fan, fac-
ing the pin fin heat sink, provides air to
the motherboard. Ambient air tempera-
ture was measured at 24.5°C for the dura-
tion of the experiments.

e The emc model
The mechanical aspects are inherited
from the thermal model, with em attrib-

Engineering Watch

utes attached and wires/apertures added.
A wire passes through the front of the
enclosure to a reset switch on a plastic
face panel, whilst a metal cage on the
back of the face panel contacts the enclo-
sure when screwed together, forming an
emi shield around the reset wire.

The system was deliberately tested
and modelled with the front panel open
to investigate both conducted and radi-
ated emissions. The inlet vent has 2mm

Figure 2: The Pentium pc test bed

chipset
k-

pin fin heat sink

socket

PCl slots /\
modem
£ e

Pentium processor

seams display card

reset wire

power supply

cd drive

floppy drive

/ inlet vent followed

by a pushing axial fan

63



Constraint Busters

64

radius holes and 1mm metal thickness.
At the back of the pc, the lid overlaps the
rear panel by 1cm and is screwed to the
chassis in both corners and the centre.
This creates two 17cm long seams,
which the model treats as worst cases —
that is no electrical contact along their

length. There are 14 PCI slots, each
9.8cm long with a 0.5mm gap.

Near field probes scanned over the
motherboard to search for em ‘hot spots’
but, surprisingly, very little field could be
detected around the traces. However, the
fields were intense around the ics. Trace
fields are generally cancelled by their
images in the ground plane, whilst the
images of ic pins are additive. In the em
model, voltage pulses are attached to short
wires between each ic and the ground
plane. The spectrum is constant with fre-
quency, enabling broadband emissions to
be extracted from a single computation.
* Thermal baseline results
A thermocouple connected to the top sur-
face of the heat sink base measured the
temperature as 51.7°C, whilst the baseline
simulation gave 53°C. Figure 3 (see left)
displays the simulated surface temperature
distribution on the heat sink. The junc-
tion temperature in the cbga die is 59°C,
less than the design constraint of 85°C.

* EMC baseline results

Electric and magnetic fields were sam-
pled inside the enclosure and 3m away.
The radiated electric field around the pc
showed peaks at 133, 390, 825 and
900MHz, revealing the pc’s continuous
broadband response. The pc generates
discrete frequencies derived from clock
frequencies and their harmonics. The
P100 has a 33MHz clock and 0.15ns to

1.5ns rise/fall times.

The broadband spectrum is multi-
plied by the clock spectrum in the simu-
lation. The results are compared with test
data taken in an anechoic chamber. The
emissions are virtually within FCC Class
B limits (46dBmV/m between 216MHz
and 960MHz), despite the reset wire
being unshielded. The simulation exag-
gerates emissions at frequencies of more
than 700MHz, since there is no electri-
cal contact along the seam in the model.

EM modelling enables surface cur-
rents and fields to be visualised. This is
valuable for determining why emissions
peak at certain frequencies. The emc sim-
ulation provides a cylindrical scan around
the system on a 3m radius, mimicking the
FCC emc test standard. The scan shows a
high level of vertically polarised radiation,
suggesting the seams are the culprits.

Hypothesised upgrade
The design challenge is to replace the
P100 processor with a device having
twice the clock frequency, half the rise/fall
time and twice the power consumption.
On the thermal side, the design con-
cerns would be about any increase in junc-
tion temperature, since the device is now
operating at 20W. The chip set power lev-
els will correspondingly increase to 2W per
chip. The results show an increase in junc-
tion temperature to 81°C, which is too

Figure 4: Current and electric field distributions at 133 and 825MHz
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Table 1: Simulated upgrade results

design upgrade shield shield and
constraint NiCu piece
Processor junction 85 76 77
temperature (°C)
Chip set junction 100 103 110
temperature (°C)

/
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close to the limit (85°C). Similar behav-
iour can be noticed for the chip set, which
has a junction temperature equal to the
design constraint (100°C). The emc
results show that emissions have increased,
most noticeably at 700MHz and higher,
where the field now exceeds 65dBmV/m.
There is a risk the existing design will
be inadequate from both the thermal and
emc points of view. The thermal design
could be improved by using a new heat
sink with a larger surface area, but it may
come at a price and worsen em perform-
ance. Heat sinks can, potentially, behave
like antennas where the resonant fre-
quency depends on the physical size.
There is an option to increase the free
area ratio of the inlet vent, but this will
make electromagnetic emissions worse.
To improve the emc design, techniques
such as emi gaskets in the seams and the
application of ferrite or bypass capacitor
filters to the reset wire could be used, but
would not benefit the thermal design. A
further option would be to place an emi
shield over the processor and chip set, but
it is not obvious how this will affect ther-
mal performance. If we perforate the top

and sides of the shield, air would filter
through and this is worth investigating.

Table 1 shows a slight increase in the
chipset junction temperature, which
exceeds the design constraint. On the
other hand, the processor temperature
has decreased, mainly because the emi
shield offers an additional path for the
heat conducting from the processor to the
heat sink. The chip set does not benefit
from the new conduction path, since it is
not in contact with the shield.

Perforations are closed

The perforations in the emi shield
directly above the chip set are closed.
Surprisingly, Table 1 reveals the chip set
junction temperature is worse! The
processor heat spreads into the shield and
heats the chip set.

The em results show a significant
reduction in radiated emissions. This
model assumes continuous electrical con-
tact between the side walls of the shield
and the motherboard ground plane — the
‘best case’ situation. The model could be
refined to examine the effect of non con-
tinuous grounding and to determine the

optimal ground points.

The lesson learned is that emc design
has considerable margins and does not act
to constrain the thermal design; in fact,
the requirements could be further relaxed
to give more design space to the thermal
engineer. Perhaps a more efficient heat
sink could be placed on the emi shield to
bring the thermal design into specifica-
tion and, since the heat sink is grounded
through the emi shield, it should be pos-
sible to avoid em resonant behaviour.

This article has demonstrated the
thermal/emc conflict typical of electron-
ics design today and — by means of an
investigation of the em emissions and
thermal performance of a Pentium based
pc and then hypothesising a processor
upgrade — how design tools can be
applied. Integrated thermal and emc
modelling techniques can help engineers
explore design options quickly and, ulti-
mately, help reduce the risk of equip-
ment either overheating or failing
compliance tests.

For ~more information contact:
www.flomerics.com

‘ Figure 5: Temperature profile for the upgraded system
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