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Abstract

Studies show promise in magnesium diboride, a high critical temperature superconducting ma-
terial, for its application in cryogen free radio frequency cavities. The performance of a cavity
is limited by the impurities in the magnesium diboride coating from cavity preparation and pro-
duction, therefore, a system to test the quality of the coating for samples must be developed.
Microwave Studio, a simulation software was used to design an optimal open resonator model for
testing the quality of such coupons. Based on a previously reported cavity, a Fabry-Perot open
resonator was scaled to 30 GHz and optimized. The results of the simulations are presented.

Introduction

Superconducting radio frequency (RF) cavities are
used in particle accelerators around the world. Typ-
ically the superconducting material used is niobium
which requires the use of cryocoolers and cryogens to
maintain the necessary temperature. Recent stud-
ies [1] have shown promise in magnesium diboride,
a new superconducting material for superconduct-
ing RF cavities. The use of magnesium diboride
would allow for the elimination of cryogens from the
RF system which would greatly simplify the system.
However, cavity performance is limited by impurities
in the coating which result from cavity preparation
and production. Thus, a technique must be devel-
oped to test the quality of thin �lm coated coupons
created using various deposition techniques. A pa-
per by Martens [2] demonstrated a Fabry-Perot res-
onator that could be scaled to operating frequencies
that would be optimal for testing such coupons.

Superconducting Material:

Magnesium Diboride

Magnesium diboride has shown promise in stud-
ies for application in superconducting RF cavities.
The critical temperature of magnesium diboride is
39 K compared to niobium which is only 9 K
[1,3]. While there are many superconducting mate-
rials with higher critical temperatures than niobium,
magnesium diboride is the �rst to show promise for
use in superconducting RF cavities. Most high crit-
ical temperature materials have the problem of a
rapid increase in RF surface resistance with higher
surface magnetic �elds. Magnesium diboride has
demonstrated little increase in the RF surface re-
sistance and has even shown that the RF surface
resistance can be lower than that of niobium at 4 K
[3]. Through recent studies [4], it has been seen that

the same surface resistance can be achieved at 8-12
K with magnesium diboride that is achieved with
niobium at 4 K. Generally, cavities are restricted by
the quench �eld of niobium of 50 MV/m and the use
of magnesium diboride would allow for the increase
in the accelerating gradient beyond that limit [1].

Studies of magnesium diboride show feasibility
for designing helium-free superconducting RF cav-
ity systems using cryocoolers operating in the 8-12
K range.

Fabry-Perot Open Resonator

Fabry-Perot open resonators are used for many ap-
plications due to their strong �eld con�nement and
quasioptical nature [5]. A Fabry-Perot resonator is
an optical cavity with parallel spherical or parabolic
mirrors. In many cases, spherical mirrors are used
to focus waves without energy lost due to di�rac-
tion. Classically, the spherical mirror structure is
set up so that the center of curvature of each mirror
is at the other spherical surface; therefore the ra-
dius of curvature is equal to the separation between
the mirrors. This causes a more narrow beam waist
at the sample in the center of the system. These
resonators are used for millimeter-wave surface re-
sistance measurements of high temperature super-
conducting �lms because of the simplicity of struc-
ture, relative insensitivity of the experimental design
to frequency, and the very high quality factors that
are obtainable [5]. The resonator allows for separate
measurements of the heat deposited onto the sample
and into the rest of the cavity structure.

For this experiment, the half confocal resonator
was simulated. In this case, the sample is placed at
the center of the system and the second mirror is re-
moved. This is possible because the �elds are nearly
plane waves at the center of the structure and the
magnetic �eld is at a maximum at the sample. The
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TEM0,0,q modes of the cavity, found at f0,0,q, induce
magnetic �elds onto the sample. The magnetic �elds
result in measurable heat loads on the sample which
can be used to test the quality of the coating. The
resonant frequency of each TEM mode can be ob-
tained with the following equation [6].

f0,0,q =
c

2D [q + 1 + 1
π cos

−1(1− D
R )]

The parameter D represents the length of the full
resonator or twice the length of the half resonator
system that was used in this experiment, R is the
radius of curvature of the mirror, and q is the mode
number corresponding to the full resonator.

Simulation

The resonator used in this experiment was initially a
scaled version from a paper by Martens. Previously
in this experiment, a resonator at 8 GHz was used
due to an available traveling-wave tube ampli�er at
that frequency. The resonator demonstrated that 8
GHz was too low to contain the �eld within a 2 inch
coupon. For the current project, the frequency of 30
GHz was chosen due to commercially available am-
pli�ers at that frequency. Because of the frequency
choice, the wave guide entering the resonator is a
WR-28, the standard size for this frequency.

Using the time domain solver in CST Microwave
Studio, the resonator was optimized to result in the
highest heat load deposited onto the sample while
maintaining the mode that was desired. Aspects of
the resonator that were varied during optimization
include the radius and height of curvature of the mir-
ror, the coupler radius, the separation between the
mirror and the sample, and the radius of the sample.

Figure 1: Diagram of the open resonator with dimen-
sions listed in table1.

Another resonator that was attempted was a
closed resonator of the same dimensions as the open
resonator with a copper shell with a thickness of 0.3
millimeters. This was used to force a trapped mode
in the resonator. For this resonator, all of the power
should be loss into the walls of the cavity.

Figure 2: Diagram of the closed resonator with dimen-
sions listed in table 1.

Description Scaled Value Ideal Value

Frequency 30.11 GHz 29.80/29.78 GHz
Radius of mirror 110 mm 110 mm
Height of curvature 45.72 mm 45.72 mm
Coupler Radius 1.50 mm 1.77 mm
Separation 66.00 mm 66.00 mm
Radius of sample 25.40 mm 29.05 mm

Table 1: Dimensions of the open resonator that was
scaled from a paper by Martens [2] (scale fac-
tor of 1.2) and of the resonator (open/closed)
that results in the highest power dissipated
onto the sample.

Simulation Results

While maintaining the desired mode, as seen below,
many of the listed aspects did not change from the
scaled numbers. This was expected due to the op-
timization of the resonator by Martens [2]. How-
ever when varying the dimensions of the resonator,
only small di�erences were observed in the amount of
power dissipated onto the sample. Changing the di-
mensions of the system should have resulted in larger
di�erences in the amount of power dissipated onto
the sample. This could be because of the amount
of power dissipated out of the system. For example
when changing the radius of the sample, the amount
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of power dissipated into the sample is expected to
increase as the sample size increases. However, the
power dissipated into the sample was fairly consis-
tent among all the sample sizes.

Even after the optimization of the resonator the
amount of power dissipated onto the sample was very
small, only 0.35 percent of the total power put into
the resonator while approximately 99.2 percent of
the power is still in the system or has been lost ac-
cording to the scattering parameters. This power
dissipated onto the sample should have been much
larger and shows that the mode was not trapped
in the resonator. Energy was dissipating out of the
sides of the resonator.

Figure 3: Cross-sectional view of the electric �eld pat-
tern for the open resonator in the desired
mode, TEM0,0,26.

Figure 4: Graph of the power loss into the sample for
the open resonator where the total power en-
tering the resonator is 0.5 watts. The marker
represents the frequency of the desired mode.

Due to the amount of energy that dissipated from
the system, the closed resonator was considered to
try to measure how much power was escaping con-
�nement in the open resonator. However, a similar
problem was seen with this resonator as the pre-
vious. The total amount of power dissipated into
the resonator walls was only 4.97 percent of the to-

tal power that entered the resonator. According to
the scattering parameters, approximately 46.2 per-
cent of the total power that entered the system has
not propagated. The amount of power dissipated
into the walls should be orders of magnitude greater
and should approach 100 percent as the simulation is
run for longer periods of time resulting in a smaller
amount of power that has not propagated. This
demonstrates that the energy of the system is be-
ing re�ected back from the cavity.

Figure 5: Cross-sectional view of the electric �eld pat-
tern for the closed resonator in the desired
mode, TEM0,0,26.

Figure 6: Graph of the power loss into the sample for
the closed resonator over a frequency range
where the total power entering the resonator
is 0.5 watts. The marker represents the fre-
quency of the desired mode. The other fre-
quencies are those of higher order modes.

Additionally, as can be seen from the graphs of
the power loss in the sample, adding the shell around
the system caused the frequency to shift. The shell
should not a�ect the frequency at which the open
mode is present.

Summary

Development of magnesium diboride thin-�lm
coated radio frequency cavities would allow simpli�-
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cation of the RF systems in accelerators due to the
ability to operate at higher temperatures. Operat-
ing at higher temperatures would eliminate the need
for cryogens and the equipment used for the storage
and transfer of cryogens.

The quality of the coating greatly a�ects the
performance of the cavity. Therefore, a mechanism
must be developed to e�ectively test the magnesium
diboride thin-�lm coated copper coupons. Initial
simulations using Fabry-Perot open resonators was
examined but found that the power dissipated onto
the sample does not produce a large enough heat
load to measure. In order to determine the reason
for this, the closed resonator needs to be looked at
more closely with the walls and the sample split into
di�erent pieces. This should provide data on exactly
where the power is dissipated onto the cavity and
will hopefully provide some insight into the reason
for the open and closed resonators not matching up.
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