Application Notes

EM SIMULATION SOFTWARE OPTIMIZES LARGE MICROWAVE CAVITIES

NDUSTRIAL HEATING OFTEN re-
quires heating objects with com-
plex thermal profiles and long run
times. To reduce energy and optimize
the heating of certain materials, micro-
wave cavity heating devices often save
energy while enhancing performance.
Microwave heating is used to dry fab-
rics, wood, and fiberglass. Additionally,

es: controlling the power distribution
within the volume; controlling well-
defined E-field/B-field distributions; and
optimizing the amount of microwave
energy delivered to the goods being pro-
cessed. As the cavity size is often electri-
cally large, simulating tens to thousands
of cubic wavelengths can be computa-
tionally intensive. Inclusion of the mi-

it can be used to eradi-
cate pests in food crops,
pasteurize pasta, cure
synthetic/composite

materials, and post-cure
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crowave source also can
be critical for effectively
profiling the cavity. In
fact, it may require spe-

cial software integration.

optoelectronic adhesives. To effectively
heat these materials on an industrial ba-
sis, large microwave cavities with com-
plex modes must be simulated. CST AG
gives insight into modeling such cavities
in a whitepaper titled, “Modeling Of
Large Microwave Cavities For Industrial
And Scientific Applications”

The design of a large microwave cavi-
ty heater involves the following challeng-

An additional challenge could be model-
ing moving microwave sources, such as
rotating field stirrers.

To tackle these issues, a software
suite is needed that can efficiently model
both the time and frequency domains
with high levels of accuracy. Having the
ability to perform a frequency-domain
simulation enables an accurate, resonant
description to be achieved in a reason-

able amount of simulation time. For
larger cavities, having a simulation solver
with quality sub-gridding techniques can
typically reduce the computational de-
mand while maintaining critical simula-
tions in areas that require high detail.

As an example, a multi-sample dis-
solution-dynamic-nuclear-polarization
(DNP) system operating at 94 GHz with
cryogenic cooling is simulated. The DNP
is used to polarize particles within water.
As a result, patients will provide stron-
ger imaging signals during a magnetic-
resonance-imaging (MRI) scan because
of the liquid in their bodies.

The 218-cubic-wavelength volume
is effectively simulated. The design
renders 10- to 20-mW power require-
ments for maximum DNP enhance-
ment. The power requirement gained
from simulating reduces the thermal
stress in the sample. In doing so, it in-
duces higher polarization levels com-
pared to other designs.

metal cladding.

connector mounting while effectively sinking heat. It also may
allow groundplane mounting, increase dimensional stability
across the board, and enable robust mounting of the housing
fixture. Rogers Corp. offers an application note
on the uses of such cladding titled, “Thick Metal
Cladding on High Frequency Laminates.”

A high-frequency laminate, such as glass-
fiber or ceramic RT/duroid, can be augmented
with a thick metal cladding on one side of the board instead
of thin copper foil. The thermal conductivity of these substrates
is typically between 0.26 and 0.41 Wm~'K-". Obviously, alu-
minum metal or alumina with conductivities of 220 and 15.6
Wm~'K-" could greatly increase the heat dissipated by circuit
elements. Additional help in thermally regulating high-heat
sites can be gained by mounting diodes, resistors, active ele-
ments, and high-current density traces near or directly on the

THICK METAL CLADDING BENEFITS HIGH-FREQUENCY LAMINATES

TO SOLVE POTENTIALLY catastrophic thermal and mechanical
failures, high-frequency laminates are often enhanced with a
thick metal cladding layer. This layer can be used to harden
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To avoid alignment problems during assembly, the board can
be mechanically strengthened for edge-mounted launchers. It
also is advisable to lower the coefficient of thermal expansion
(CTE) mismatches between the board and housing. Such ap-
proaches will increase both reliability and yield. If the metal for
the cladding and the housing are the same, almost all CTE mis-
matches will be alleviated. Additionally, a thick
metal cladding on the board edges permits the
use of screw-mounted edge launch connectors,
which limit connector strain in the design. Includ-
ing a thick metal cladding also could reduce the
manufacturing issues associated with housing assembly due to
board stressing and flexing.

According to the application note, copper, aluminum, and
brass are the top choices for thick metal claddings. Aluminum
is the most common because it is lightweight and cost effective.
Yet it also is the weakest of the common claddings. Brass ranks
as the strongest and heaviest with the lowest CTE and thermal-
conductivity cladding. The most expensive, thermally conduc-
tive, and lowest-resistance cladding is copper.
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