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1 Introduction

This paper presents a synopsis of the work done
under my 2008-2009 JSA Graduate Fellowship.
Prior to the summer of 2008, I had been pursuing
several parallel research projects'. The receipt of
my JSA fellowship coincided with a decision be-
tween me and my advisors? to pursue multilayer
thin films for superconducting radio frequency
(SRF) cavities as the basis for my PhD disserta-
tion. The 2008-2009 JSA Graduate Fellowship
therefore supported the first part of my disser-
tation research. That work culminated in the
fall of 2009 with a poster presented at the 14th
International Conference on RF Superconductiv-
ity (SRF 2009) and a successful dissertation pro-
posal to my advisory committee.

2 Work completed in ’08-’09

The basis for my work under the JSA Gradu-
ate Fellowship, as well as for my dissertation,
is a paper published in 2006 by Alex Gurevich
[1]. The lower critical magnetic field H¢; of an
SRF cavity may be increased by coating the cav-
ity interior with alternating thin layers of super-
conductor and insulator. Such multilayer films
screen the cavity field from the bulk supercon-
ductor, as shown in Figure 2. The overall effect
is a higher effective H.; and a higher quality fac-
tor @ than an equivalent bulk Nb cavity (Figure
2). This would allow higher accelerating fields in
a given cavity without quenching the supercon-
ducting cavity walls. Higher accelerating fields
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Figure 1: As in [1], magnetic field at cavity
surface d = 0 nm is screened from the bulk
(d > 560 nm) by a thin layer of NbTi (white).

would mean more efficient particle accelerators,
since fewer cavities (and therefore less liquid he-
lium and tunnel space) would be required for a
given final beam energy. To date there is no ex-
perimental confirmation of this theory.

During academic year 2008-2009 I designed an
experimental program to verify and parameter-
ize the performance of multilayer films. Exper-
iments are conducted on small samples, which
are quick and cheap to prepare. (This approach
also decouples multilayer film performance from
the more complex and variable cavity fabrica-
tion process.) Briefly, 4 cm square samples are
deposited via sputtering, using facilities at TJ-
NAF’s Test Lab. A microstrip disk resonator?
is laminated to the sample surface and applies
a known magnetic field. H.; of the sample is
then measured by ramping the field supplied by

3Disk resonators are commonly used as planar mi-
crowave filters. See e.g. [2].
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Figure 2: Unloaded @) and H. for a bare Nb
cavity (red), a bulk NbsSn cavity (blue) and a
multilayer NbsSn/alumina/Nb cavity (green).

the disk resonator while monitoring the overall @
of the system. As suggested in Figure 2, a sharp
degradation in ) indicates thermal runaway and
therefore that H.; has been exceeded. Compar-
ison with single-layer sample performance then
shows the efficacy of the multilayer approach.

A key feature of the experimental design is
that multilayer samples are deposited simultane-
ously with single-layer control samples in order
to eliminate disparities in film quality between
the two. This allows for a direct comparison
between multilayer and control films. The two
samples are also tested side-by-side in the same
cryostat for similar reasons. For more details,
see [3].

The rough dimensions of the resonator and
samples can be obtained from Maxwell’s equa-
tions. However, simulation work was required to
model the input lines that couple power to the
disk and to study radiation losses. An example
of such a simulation is shown in Figure 2.

3 Current Work

With the design work completed, I expect to
start taking initial measurements before March
2010. Work is underway to accomplish that goal:

Figure 3: CST Microwave Studio finite ele-
ment simulation of the magnetic field from a mi-
crostrip disk resonator. The disk resonator is
shown at center, flanked on either side by rect-
angular input feedlines.

e Procurement began once the simulation
work was finished and the sample design was
finalized. At this point, all the major com-
ponents (cryostat insert, low-level RF con-
trol systems, mechanical coupling tuners,
etc.) for the experiment have been pur-
chased, found, refurbished, or built.

e Test Lab VTA crane certification for the
cryostat insert is underway.

e The sputtering chamber at the Test Lab has
been recently renovated and is in the final
stages of re-commissioning. I have procured
sputtering targets in anticipation of a func-
tioning chamber.

e The computer control of the mechanical
tuners is nearly finished.

e Once the mechanical issues related to in-
put power coupling are resolved, I can begin
testing samples.

In September of 2009, the work described here
was presented as a poster at the 14th Interna-
tional Conference on RF Superconductivity in
Berlin, Germany [3]. Travel during that confer-
ence was supported by my JSA Graduate Fel-
lowship. The above work was also presented to



my advisory committee for my dissertation pro-
posal. That proposal was accepted on October
30, 2009.

4 Future Work

Work in the coming year will be supported by
the 2009-2010 JSA Graduate Fellowship. The
next significant near-term goal is the sputtering
of samples, followed immediately by cryogenic
testing. The two long-term goals for 2010 are
(1) presenting a poster at IPAC 2010; and (2)
writing and defending my dissertation.
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in Figure 4. RF power is capacitively coupled to the res-
onators via Nb stripline [7]. Variable coupling is achieved
by mounting movable Nb plates above the gap between res-
onator and stripline, creating a variable gap capacitance.
The Teflon sheet is used to help match the relatively large
edge impedance of the disk resonator to the 50 input and
output couplers. In this arrangement, RF power can be sup-
plied to one or the other disk resonator without removing
the samples from the liquid helium or disturbing the cou-
pling.

The disks, Nb stripline, and Teflon sheet together make
up a movable module. Fixed SMA-type RF connectors
are used to couple power to the resonators. Using the
same fixed resonator and coupler scheme ensures that field
strength and coupling constants do not vary between sam-
ples.

MEASUREMENTS

The RF breakdown field is characterized by entrant flux
vortices in the thin superconducting layers. The onset of
flux penetration in these layers can be measured via two
related phenomena: flux flow voltage signals propagating
in the thin dielectric layer, and a change in the Q of the
resonator.

Flux Flow Voltage

A transport current density J on the thin film surface
generates a Lorentz force per unit vortex length F/L =
J  o,where gisthe flux quantum. If the Lorentz force is
larger than the vortex pinning force, the fluxoid will exhibit
viscous flow across the film surface, perpendicular to J.
This flux motion, in turn, induces a dissipative electric field
parallel to J. Essentially, the motion of flux lines across the
film creates a propagating voltage signal in the dielectric,
which may be measured at the sample edge [3, 8].

Resonator ()

Because vortex motion is dissipative, flux flow voltage
signals can be directly correlated with a drop in resonator
Q. Below Hc; we calculate Qp 6 107. After the onset
of flux penetration, we can use the thermal feedback model
for vortex dissipation to calculate the extent of Q degrada-
tion [1, 2]. This approach requires knowledge of the tem-
perature dependence of the thin film surface impedance,
as well as the penetration depth. Therefore, measurements
must be made for each film. The new surface impedance
characterization (SIC) facility [9] at Jefferson Lab will be
useful in making such measurements.

CURRENT AND FUTURE WORK

Experimental design is complete and construction of the
apparatus is underway. We are currently assembling the
cryostat insert and the RF couplers. In parallel with this,
we have begun sample preparation. Note that the Nb-Ti

04 Measurement techniques
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films discussed here are a preliminary effort. In principle,
any superconductor of any thickness less than  may be
used with this system. We intend to evaluate as many su-
perconducting materials as possible.

Calculations of loaded Q and RF breakdown field de-
pend heavily on the thin film penetration depth, coherence
length, and thickness. Very rough a priori estimates are
possible, but accurate predictions of these values require
TEM and SIC measurements of prepared samples. Fur-
thermore, analytic calculations of the RF breakdown field
[1] use a vortex image approach that assumes a microscop-
ically flat film surface. We would like to model the effect
of film roughness on the multilayer breakdown field.
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