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Abstract

This thesis focuses on creating and testing two different simulation environments in HFSS
and analyzing the effectiveness of a micro-Faraday Cage on the RF Sensitive component by
exchanging the SMPS and RF Sensitive component with 25GHz Microstrip Patch Antennas.
Modern integrated circuit board systems consist of components that can generate
electromagnetic signals and components that may be sensitive to electromagnetic
interference. A switched-mode power supply (SMPS) is one component capable of producing
electromagnetic interference (EMI) through its fundamental and harmonic switching
frequency. By using a Faraday Cage to shield the RF-sensitive element, it is possible to reduce
its susceptibility to EMI from other systems and retain the signal's integrity. To develop the
micro-Faraday cage, HFSS can be used to create a simulation environment to design a micro-
Faraday cage in an LTCC (Low-Temperature Co-Fired Ceramics) substrate as LTCC allows
components to be embedded within the substrate. The initial dimensions were 40mm x
40mm x 10mm but then the height was reduced to 0.254 mm (10 mil) to cut down on sim
run time. After corrections, The Micro Faraday cage was shown to attenuate the signal in
both two and three antenna systems when compared to the antenna that was surrounded
only by the core material which only experienced a minor loss. This preliminary data shows
promising results for the effectiveness of the MFC however before an affirmative decision
can be made on the Micro-Faraday Cage’s effectiveness more trials need to be done using

different cage configurations and alternate antenna positioning.
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Introduction:

Modern integrated circuit board systems consist of components that can generate
electromagnetic signals and components that may be sensitive to electromagnetic
interference. A switched-mode power supply (SMPS) is one such component capable of
producing electromagnetic interference (EMI) through its fundamental and harmonic
switching frequency. [1] Unlike linear regulators, an SMPS uses switching regulators to
efficiently switch between states to convert AC to DC or DC to DC. An IC chip is one type of
component that is susceptible to the EMI generated by these noisy components. [1] EMI can
disrupt the natural function and can lower signal integrity when the signal in an IC
experiences electromagnetic interference or crosstalk. [6] Crosstalk in an IC can cause signal
propagation delay or failure. [6] If the susceptible component were to be isolated from EMI,
then the power supply and chip would be able to operate as necessary. By using a Faraday
Cage to shield the RF-sensitive element, it is possible to reduce its susceptibility to EMI from
other systems and retain the integrity of the signal. [4] A Faraday cage is an enclosure or
mesh made of conducting materials, such as copper. [5] When an electric field is applied to
the cage the material particles become charged which then generates an internal field that

cancels the applied fields’ effect. [5]

To develop the micro-Faraday cage (MFC), HFSS can be used to create a simulation
environment to design a micro-Faraday cage in an LTCC (Low-Temperature Co-fired
Ceramics) substrate. Due to its physical properties and low temp firing process, LTCC allows
components to be embedded within the substrate without damaging the component. To
simplify the simulation and analysis process both the SMPS and the RF Sensitive components
were replaced with 25 GHz antennas. An antenna can measure the effectiveness of the
Faraday cage because it can detect the strength of an electromagnetic field. [8] Since a
Faraday cage works by attenuating electromagnetic fields, if an antenna inside the cage
detects a weaker signal than one outside the cage, it indicates that the cage is effectively
blocking electromagnetic fields. [4] The value for the antenna frequency was chosen
arbitrarily. The final dimensions for the substrate were 40mm x 40mm x 0.254mm. Two
simulation environments were created. The first used a two-antenna system with one
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transmitting and the other receiving. The second used a three-antenna system with one

transmitting and two receiving.

To calculate the thickness of the Faraday cage walls to minimize material usage for
fabrication the skin depth equation was used. This equation gave a thickness of 0.0004123
mm. [2,3] Skin depth is a convenient way to identify the region of a conductor in which most
of the current will flow. [2,3] With skin depth, the current flowing is mostly on the surface
and decays exponentially with depth through the material. [4] Because the MFC has a finite
thickness, this determines how well the shield works; a thicker shield can attenuate
electromagnetic fields better and to a lower frequency. [2,3,7] Since this thickness falls
outside the bound’s capability for fabrication so the minimum fabrication thickness of

0.0254mm (1 mil) was used instead for the outer edge of the MFC.
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Two Antenna System - Experimental Method & Approach:

To create the testing simulation environment in HFSS, Patch Antennas were used in
place of SMPS and RF components. This design consisted of two antennas, a transmitting
(Tx) and receiving (Rx) pair. The transmitting antenna was placed at the top of the substrate
and the receiving antenna was shielded and embedded within the LTCC material as shown

below.

zzzzzzz

08 (mm)

Figure 1. Dual Antenna System V1

In Figure 1 above, the antenna at the top of the substrate is the transmitting antenna. The
embedded antenna in the middle and within the substrate is the receiving antenna. The
chosen design for the antenna was a microstrip patch antenna due to its simple design. The
patch design was made by referencing [8]. The blue material around the receiving antenna
is the Faraday cage made of copper and the inner material, dubbed “Core Material”, was
assigned an arbitrary dielectric constant value of k = 5. The purpose of this material was to
allow the top metallization layer of the micro-Faraday cage to be deposited without the

worry of collapse should the design be fabricated.
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Two Antenna System - Development & Discussion

The dual antenna system created shown in Figure 1 proved too large to simulate in HFSS
with preliminary sweeps taking over 3 days of continuous running. The initial height of the
substrate was set to 10 mm, but the total height had to be cut down to 10 mils for the sake of
time and to keep within the limits of the fabrication in the future. After resizing the original
design, the setup in Figure 2 was the result. The final dimensions were 40mm x 40mm x

0.254mm.

Ansys
w2

Figure 2. Dual Antenna System V10 - Revised

In Figure 2, the red antenna at the top of the substrate is the transmitting antenna.
The orange antenna near the center and within the substrate is the receiving antenna. With
the structure built, the next step was to simulate in HFSS to determine if the antennas were
coupling as intended and if the transmission antenna was radiating at the proper frequency.
Port 1 was assigned to the receiving antenna and port 2 was assigned to the transmitting
antenna; This would make the forward transfer gain S(1,2). Usually, port 1 would be
assigned to the port from where the signal emerges and port 2 would be where the signal is
applied. The S(1,2) forward transfer gain or transmission coefficient for the antenna system

in Figure 2 is shown below.
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Figure 3. V10 S(1,2) Forward Transfer Gain

Although the forward gain, S(1,2), did have a dip near 25GHz, the signal itself was
unstable across the entire sweep. Because of this no significant conclusion could be inferred

from the plot and so another sweep was run on a larger range with all S-Parameters.
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Figure 4. V10 S-Parameters Sweep

The graph in Figure 4 contains the S(1,1), S(1,2), S(2,1), and S(2,2) parameters. Even
on the larger frequency range the transmission coefficient, S(1,2) remained unstable and the
reflection coefficient remained unaffected at 0 dB leaving S(1,1) and S(2,1) inconclusive.

More simulations were run with different settings, however, all results produced similar
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waveforms to the graph above making them inconclusive since no real interpretation could

be drawn from the data.

One oversight that occurred during previous simulations was a warning stating that the
feedline and radiation boundary were overlapping but since no showstoppers occurred the
simulations continued. Shortening the feedline from the edge helped correct the

inconsistency as shown in the following S(1,2) graph.

S Parameter Plot 1 HFSSDesigni ANSYS
2022 R2
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Figure 5. S(1,2) Revised Feedline Gain

This change produced a forward gain graph with a more stable trend however the
graph was still incorrect as there was no formation over the 25GHz range. After this, the next
step was to focus on one antenna. The purpose of this was to get the transmission antenna
to radiate properly by itself and then apply similar settings to the receiving antenna to
develop the two-patch system. At this point in the experiment, an important characteristic
of the antenna had been overlooked, the impedance-matching inset feed. Impedance
matching is important because it helps reduce the reflections in the system. [8] The
reflections were high since the feedline had an impedance of 50 Ohm and the edge of the
patch antenna had an impedance of over 350 Ohm. After correcting this issue, the new single

transmission patch antenna produced the following results.
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Figure 6. Patch Redesign
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Gain Plot 1
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Figure 9. 3D Radiation Pattern
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The improved transmission antenna design is shown in Figure 6 on top of an LTCC substrate
within HFSS. From the plot in Figure 7, the new gain value was found to be-13.8dB at the
resonance frequency of 25GHz. The radiation pattern in Figure 9 demonstrates the antenna
now has a proper radiation field. This is further supported by the 2D radiation plot in Figure
8 which shows the 2D graph of the electromagnetic field at Phi = 0 and 90 degrees. With the
antenna now radiating properly, it was then swapped into the original two-antenna system

and the following figures were produced.

Ansys

2022 R2

Figure 10. Two-Antenna System

The image in Figure 10 demonstrates the positioning of the two antennas. The
receiving antenna is still red however the receiving antenna is now a maroon color. This is
due to the green coloring of the inner core material and the blue coloring of the Faraday
copper cage surrounding the entire structure. Unlike the previous two-antenna design in
Figure 2, this design has noticeably thinner shielding and inner material wall with the

thickness of each material being 0.0254mm (1 mil).
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S Parameter Plot 1 HFSSDesign1 ANSYS
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Figure 11. Two- Antenna System S(2,1) Gain

The plot in Figure 11 shows the S(2,1) plot for the two-antenna system. S(2,1)
represents the power transferred from Port 1(transmitting antenna) to Port 2(receiving
antenna) in a two-port network with the magnitude of S(2,1) indicates how much power is
transferred from Port 1 to Port 2. [2,3,8] In the plot above the loss of the system from port 1
to port 2 was -258 dB. Although some irregularities are present, this is to be expected as the
distance between the antenna positions could place the antennas within their respective

near fields.
Three Antenna System - Results and Discussion:

Over the course of the experiment, it was decided that a third antenna would be added to the
design. This third antenna will be another receiving antenna whose purpose will be to
provide a reference for the effectiveness of the micro-Faraday cage. To create the three-
antenna system a second receiving antenna was mirrored over the Y axis, so it lies opposite
the shielded antenna to maintain symmetry. The transmitting antenna was left in the same
spot. The three-antenna system and its results are shown in the following Figures.
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Figure 12. Three-Antenna System
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S Parameter Plot 3 HFSSDesign1 ANSYS
w22 R2

1
-10

— dB(S(3,1))
Setup? : Sweep

m1

dB(S(3,1))

-60 7
-70

-80

-0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
125 15.0 175 20.0 225 250 275 30.0 32

Freq [GHz]

Figure 14. Three-Antenna System S(3,1) Gain

The three-antenna design is shown in Figure 12. The third antenna was assigned port
3 and was given an orange color to help distinguish it from the other two. The green material
surrounding the antenna is the core material with the same dimensions as the total cage
surrounding the other receiving antenna. Port 1 and port 2 assignments remained the same
from the two-antenna system. The S21 plot in Figure 13 shows the loss to be -252 dB. This
loss is consistent with the loss of -256dB from the two antenna S(2,1) simulation. In contrast,
the S(3,1) plotin Figure 14 reveals the loss to be significantly less at only -31 dB from port 1

to port 3.
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Conclusion:

Ultimately the Dual Patch antenna system helped provide a basis on which to create
the three-patch antenna system. The initial figures revealed the S parameter plots for the
preliminary dual patch design to be inconclusive. After altering the feedline, the forward
transmission performance improved for the system, but an entire patch antenna redesign
was required. After providing adequate radiation results the final patch design was used in
the Dual and Triple Patch Design. From the data in this report, the Micro Faraday cage was
shown to attenuate the signal by over -250 dB in both two and three antenna systems when
compared to the antenna that was surrounded only by the core material which only
experienced a loss of -31 dB. This data shows promising results for the effectiveness of the
MFC however before an affirmative decision can be made on the Micro-Faraday Cage’s
effectiveness more trials need to be done using different cage configurations and alternate
antenna positioning. An alternative design for the Faraday cage would be to use a mesh-style
design. Another alternative design would be to place two additional transmitting antennas
parallel to the receiving antennas in the Three-Antenna system. A few errors encountered
throughout this experiment were some limitations in the software capability when creating
the structure and assigning boundaries. These created challenges when designing or
processing data, however over time these issues were resolved. As this research is still in its
early stages more work is required before a finalized simulation environment is created. The
ultimate objective is to replace the antenna with IC components, such as SMPS/ Power Chips
or RF chips. Since this research is part of a larger Radar Consortium, the final design will
utilize collaboration with other universities within the Consortium for fabrication and
thermal management of power chips, such as with Michigan State University and their 3D
metal printer for the Faraday cage development and the University of Nebraska- Lincoln and

their diamond heatsinks for thermal management.
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