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Abstract

NbsSn offers better RF performance (Q and Fucc) than
Nb at any given temperature because of its superior super-
conducting properties. The potential deployment of Nbs;Sn-
coated SRF cavities at 4 K, delivering similar performance
to that of Nb cavities at 2 K, will be a transformational
technology to enable new classes of SRF accelerator appli-
cations. A clean and smooth surface can enhance the per-
formance of the NbsSn-coated cavity, typically, the attain-
able acceleration gradient. The reduction of surface rough-
ness is often linked with a correlative reduction in average
coating thickness and grain size. A new approach to en-
hance the nucleation centers using the pre-deposition of Sn
on Nb is introduced for surface roughness reduction. Be-
sides Sn supply's careful tuning, the temperature profiles
were varied to engineer the coating surface with reduced
roughness as low as ~40 nm in 20 pm % 20 um AFM scans,
one-third that of the typical coating. Electropolishing of
coated sample shows surface a clear surface smoothening.
A few sets of coating parameters were used to coat 1.3 GHz
single-cell cavities to understand the effects of roughness
variation on the RF performance. This presentation dis-
cusses ways to reduce surface roughness with results from
a systematic analysis of the samples and Nbs;Sn-coated sin-
gle-cell cavities.

INTRODUCTION

Superior superconducting properties, NbsSn (7.
~18.33 K, Hi, ~425 mT, and A ~3.1 meV) promise better
performance and a significant reduction in operational cost
of SRF cavities compared to Nb (7.~ 9.2 K, Hy, ~210 mT,
and A ~1.45 meV) [1]. So, it promises a higher accelerating
gradient, quality factor, and operation temperature than tra-
ditional bulk Nb. Nbs;Sn superconducting radio frequency
(SRF) cavities at 4.3 K can deliver similar performance to
Nb cavities at 2 K, resulting in enormous cost savings for
future SRF accelerators by simplifying and reducing the
cost of cryogenic facilities. The successful deployment of
NbsSn technology can start a new era by benefiting numer-
ous SRF accelerators and enabling new classes of SRF ac-
celerator applications.

Despite NbsSn being considered the next-generation
SRF material, Nbs;Sn is restricted to its use in a thin film
form because it is prone to develop cracks under stress be-
cause of its brittleness and the lower thermal conductivity
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that reduce the efficiency of dissipated heat removal from
the cavity. NbsSn thin films should be deposited or grown
inside built-in metallic (e.g., Nb, Cu) cavity structures.
Since SRF cavities typically have complicated geometries
and demand uniformly coated surfaces, available thin film
deposition techniques are limited to achieve them.

The Sn vapor diffusion coating is the most mature and,
thus far, the only successful technique for growing quality
Nb3Sn on Nb cavities since the 1970s [2- 4]. In general, the
essence of the process is to create and transport Sn-vapor
to the Sn surface at suitable temperature environments.
This technique is adopted by most research institutions cur-
rently working to develop NbsSn-coated cavities around
the world [5-9]. Recent performance results of such cavi-
ties are promising, attaining high quality factors, with >
10" operating at 4.2 K at medium fields at > 15 MV/m in
several labs [5, 7, 10, 11]. The best-performing cavities
have attained an accelerating gradient in excess of
20 MV/m. A typical cavity coating process consists of two
steps: nucleation and growth. First, tin chloride is evapo-
rated at about 500 °C, depositing a Sn film and particles on
the niobium surface to mitigate potential non-uniformity in
the coating by depositing Sn improving nucleation [12].
These tin deposits act as nucleation sites, which are as-
sumed to facilitate Nb3Sn growth with the influx of tin va-
por during deposition at a higher temperature. The growth
temperature should be above 930 °C to exclusively form
the NbsSn phase as dictated by the binary phase diagram
of the Nb-Sn system. A temperature of about 1100-1200 °C
is typical for Nb3Sn growth at different labs.

The current understanding of performance limitations of
NbsSn-coated cavities is because of “extrinsic” factors
such as localized defects. A few known issues that poten-
tially contribute to performance limitations are forming
very thin patchy regions, non-uniformity, accumulating
Sn-residues, incorporating impurities, non-stoichiometric
grain boundaries, surface topography, etc. It is needed to
have pure NbsSn with a clean and defect-free-smooth sur-
face to enhance the performance. This contribution focuses
on the roughness (or topography) of vapor-diffused Nb3;Sn
and discusses ways to manage it with material analysis and
RF test results.

VAPOR DIFFUSION COATING
AND ROUGHNESS EVOLUTION

The quality of coated Nb3Sn layers is mainly contingent
on understanding the coating layer initiation and growth
during the process. To understand the evolution of the
Nb;3Sn thin film during the process, we ran a set of experi-
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ments a few years ago, as described in [13]. A set of me-
chanically polished (nanopolished) Nb samples with an av-
erage roughness of < 5 nm from atomic force microscopy
(AFM) scan size of 5 x 5 pm scans were coated. The out-
; comes at different stages of the coating were studied. After
initiating the heating process with Sn and SnCl, inside a
sample chamber, a sample was coated for 1 h at 500 °C,
2 finishing the nucleation stage. The other three samples
were further heated to the coating temperature of 1200 °C
for 5 min, 1 h, and 3 h; more details are available in [14].
The representative AFM images obtained from each sam-
ple are shown in Fig. 1. The roughness estimation from 4-
= 5 AFM scans resulted in average roughness of 54.8 =+
9.4 nm for the sample after the nucleation stage. The aver-
age roughness was 7.3 £ 0.6, 23.6 £4.6, and 61.8 £ 4.6 nm
for the sample coated for 5 min, 1 h, and 3 h, respectively.
The surface roughness is higher due to the distribution of
Sn-islands of height up to ~90 nm after the nucleation. As
the coating progresses, Sn particles on the surface convert
into NbsSn grains, resulting in a uniform coating layer. The
evolution of grain size and topography with the coating
time is clear. The grain size of a few tens of nm after 5 min
of coating time changes into a few hundred nm after 1 h
and about a micron after 3 h. As the coating grows, the
roughness grows with it, along with the reduction in the
number of grains. The interrelation between the grain size,

thickness, and roughness will be discussed in a later section.
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Figure 1: The evolution of surface topography with the
coating growth. AFM images were obtained from sampled
coated for 1 h at 500 °C and an additional 5 min, 1 h, and
3 h at 1200 °C, respectively.

The roughness of the vapor diffused NbsSn is typically
contributed by the grain boundaries’ channeling, depres-
sion in the middle of the grain, grain faceting, and other
contributing factors, including pits and void formation and
condensation of Sn-residues. The distribution of features
like sharp edges, pits, and protrusions on the surface will
likely enhance the surface magnetic fields above the criti-
cal field [15, 16]. This can lead to quenching the whole
cavity.

WEIAAO3
594

SRF2023, Grand Rapids, MI, USA
ISSN: 2673-5504

JACoW Publishing
doi:10.18429/JACol-SRF2023-WEIAAO3

An AFM image taken from a witness sample coated with
a cavity along with a sectional height profile is shown in
Fig. 2, where grain boundaries, voids, grain size distribu-
tion, depression, and protrusion in the grain can be seen.
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Figure 2: AFM image from a NbsSn-coated cavity witness
sample (left) and corresponding sectional height profile
(right). Labels 1, 2, 3, and 4 show the position of grain
boundary, void, depression, and grain protrusion, respec-
tively, and the corresponding variation in the surface
roughness. It has been observed that the grain boundary
channel (e.g., 2) gets deeper with grain size increase.

ROUGHNESS AND PERFORMANCE
OF NbsSn CAVITIES

Fermilab reported the performance of a record Nbs3Sn-
coated cavity achieving 22.5 MV/m with O ~10'° up to
~20 MV/m in SRF 2019 [11, 17], which was credited to
relatively thin shiny coating with a very low surface rough-
ness that was produced with a new coating process that in-
cluded a modified high-temperature nucleation step.

In the “Siemen configuration” with no secondary heater,
adopting and studying such coating protocols was not fea-
sible at JLab. From our sample studies, we have observed
the variation in grain sizes, roughness, and thickness but
had not yet tested in actual cavity coating. In 2021, lever-
aging the previous studies, we reduced the coating duration
at 1200 °C and implemented a “three-step” temperature
profile to avoid Sn-residues. Although the residue removal
was not entirely successful, the coating observed in the
cavity was smoother than usual [18].

The cavity, TEINS002 performed well with low field Oy
about 2.5x10'% at 4.3 K and 1x10'" at 2 K, followed by a
mild Q-slope present with a quench field >17 MV/m at4 K
Qo>10'°. Further analysis of the witness samples revealed
that even the better-performing cavities in the past, such as
RDT7, reported in SRF 2019 [7], had lower surface rough-
ness. Table 1 below summarizes test results from several
cavity coating experiments coated in the course of different
studies. The average surface roughness of the witness sam-
ple is typically correlated with the achievable maximum
accelerating gradient. Cavities with no significant Q-slope
(e.g., RDT7, TEINS002) have the lowest surface rough-
ness. Even with observed Sn-residues, others have
achieved maximum accelerating gradients close to
20 MV/m with Q-slope. Note that the improvement in the
attainable gradient could be the combination of the
smoother surface and the thinner coating; the first can re-
sult in less heating in the surface, and, due to the lower
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thermal conductivity of Nbs;Sn, a thinner layer is more ef-
ficient removing in terms of dissipated heat than a thicker
one.

Table 1: Performance of single-cell cavity coated with
NbsSn  with varying surface roughness. Average
Roughness values are estimated from 20 umx 20 pum AFM
scans from 3-4 areas of each sample.

Low field E, . with

ace Max E

Cavity Q Q>10" X Face (11121?1)

at43K at43K (MV/m)

RDT7 3x 10 15.5 15.5 57+4
TEN1S002 2.5 % 10" 16.5 17.5 683

P4P5 1.3 x 10" 10 20.7* 98 +4
TEINS001 1.6 x 10" 11 18.9 874
TEINS001 2.3 %10 9.5 16 102 £ 16
TEINS001 1.7 x 10" 9 16.5 154+ 10
TEINbSn01 1.3x10" 7.5 19.2* 77+ 1

CORRELATION BETWEEN ROUGH-
NESS, GRAIN SIZE, AND THICKNESS

The roughness increases along with the growth of the
coating during the process, as discussed above. Figure 3
shows thin film thickness, surface roughness, and grain
size measured from samples coated in identical coating set-
ups by varying the coating time and temperatures. A posi-
tive correlation between the growth of the thin film with
increasing grain size and the surface roughness can be ob-
served. Similar data were reported before from our group
and others [11, 19]. The trend was typically followed for
many coatings prepared with different coating conditions
with known coating layer thickness.

ROUGHNESS REDUCTION

Grain size or thickness variation directly affects the
roughness of as-coated Nb3Sn. Since roughness correlates
with grain size and film thickness, we seek to design a coat-
ing process that minimizes roughness by tuning the nucle-
ation and coating growth parameters. Our previous study
showed that varying the nucleation parameters using SnCl,
has no significant effect on the microstructure of the final
coating [12]. The pre-deposition of a thin Sn-layer on the
substrate before the coating was examined, aiming at a
high nucleation center density for uniform coating growth
to reduce the surface roughness. Following our previous
sample studies, the microstructures can be controlled by
adjusting the coating parameters that can be leveraged to
obtain a coating with desired microstructures for smoother
coating. Here we discuss an alternate way to enhance the
nucleation by depositing a thin Sn-layer on Nb before the
deposition and adjusting the coating parameters. Another
way is to manage the roughness with post-processing tech-
niques. We present some results from a recent elec-
tropolishing experiment.
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Figure 3: The variation roughness and thickness with grain
size of vapor diffused NbsSn. Average surface roughness
values were measured from 50 pm x 50 um AFM scans.

Pre-Deposition of the Sn Layer

The current understanding of the NbsSn thin-film growth
is that Sn particles and ultra-thin Sn-films are deposited on
the surface during the nucleation stage via SnCl, dissocia-
tion, which initiates the formation of Nbs;Sn nucleation
sites required for the uniform coating. These nucleation
sites initiate the growth of NbsSn grains and grow until all
the grains are connected and cover the Nb surface with a
layer of NbsSn. Then the NbsSn growth proceeds at the
Nbs;Sn-Nb interface, so subsequent growth occurs via grain
boundary diffusion of Sn.

The distribution of nucleation sites impacts the grain size
distributions and the roughness. Without sufficient nuclea-
tion sites, it will likely develop ‘patchy’ regions (large thin
grains). One can imagine that a compact uniform distribu-
tion of nucleation sites can lead to homogeneous grain
sizes with lower roughness with generous grain boundary
density for the growth of the coating.

A set of Nb samples was subjected to a typical vapor dif-
fusion coating protocol. Sn layers of 0 nm, 10 nm, 20 nm,
and 1 um were deposited before the coating using the mag-
netron sputtering technique in a separate coating system
[20]. The details on the Nb3Sn coating protocol are availa-
ble in [18]. The sample with pre-deposited 1 um thick Sn
was placed outside the sample chamber, packaged tightly
inside a Nb foil refraining from Sn vapor, allowing the
coating to grow from the Sn on the surface. The atomic
force microscopy (AFM) images obtained from the sample
with and without pre-deposited Sn-layer, shown in Fig. 4,
show the topography variation between samples. Table 2
summarizes average grain size and roughness estimations,
showing a significant roughness reduction sample with
pre-deposited Sn than the regular sample with no prior Sn
deposition.

The roughness and grain size were reduced more with a
thicker Sn layer on the pre-coated sample. Note the reduc-
tion in the standard deviation associated with measured
roughness measurements, with increased thickness of Sn-
layer showing more homogeneous coating in the sample
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with 20 nm deposited layer of Sn. The reduction in rough-
ness or the grain size in the pre-deposited Sn layers is likely
due to improved nucleation with available Sn from the be-
ginning, resulting in more grains in the beginning.

The Nb sample with pre-deposited 1 um Sn thickness
was also analyzed. Since the sample wrapped inside an Nb
foil was not sitting flat, the same area appeared to have
melted Sn. Several areas on the sample surface showed
dense small grains; the roughness values were typically
~50 nm in these areas. Another Nb sample in the same foil
exposure indicated Sn evaporation from the surface during
the thermal treatment. Thermal conversion of electrode-
posited Sn on Nb into Nb3Sn inside a single-cell Nb cavity
is already underway, resulting in significantly smoother
coatings than vapor-diffused coating [21].

X 35 pnvdiv
Z 1 um/div

Figure 4: AFM images from Nbs3Sn grown on Nb sample
(NX11) and Nb with pre-deposited Sn layer of thickness
10 nm (X100) and 20 nm (XS5). Note the variation of sur-
face roughness with and without pre-deposited Sn layers.

Table 2: Average roughness and grain sizes of Nb3Sn
grown on regular Nb sample and Nb with pre-deposited Sn
layers.

SRF2023, Grand Rapids, MI, USA
ISSN: 2673-5504

Thickness of pre- Average Average
Samples deposited Sn grain roughness Ra
(nm) size (um) (nm)
NX11 0 1.85+0.14 180+324
X100 10 1.52+0.10 125+22.6
X5 20 1.26 +0.07 83+3.12
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Tuning Coating Parameters

We previously reported results from investigating sev-
eral factors that influence Sn supply and consumption dur-
ing the NbsSn film growth affecting the thin film's micro-
structures [18]. Depending on the source size and the sub-
strate area, one can carefully tailor desired microstructure
by modifying a temperature profile or the available Sn flux.
We examined the roughness of the coating for a fixed coat-
ing temperature profile by varying the size of Sn-crucibles
for a constant volume or changing the coating volume to
fix the source sizes. Table 3 shows the grain size and rough-
ness variation as a function of the size of the Sn crucible
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for samples coated with identical coating parameters. It can
be seen that as the crucible size or the Sn-flux increases, it
results in larger grain sizes and surface roughness. A simi-
lar trend was observed while the Sn source was fixed, and
the substrate area was varied.

Table 3: Roughness and Grain Size Variation with Sn Con-
sumption

Diameter (;ross-sec- Sn use Grain Average
(inch) tional area @ size (um) Roughness
(cm?) Ra (nm)
1.0 5.07 0.81 1.63+0.02 126 £ 1.0
0.5 1.27 0.33 1.21+0.06 95.8+3.4
0.25 0.32 0.10  0.56+0.02 28.2+3.3

The latest standard coating process for a single-cell cav-
ity at JLab consists of 90-minute nucleation at ~540 °C fol-
lowed by three temperature steps; 40 min, 45 min, and 85
min coating at 1200 °C, 1150 °C and 1100 °C, respectively.
In a set of experiments, the temperature profiles were
shortened by changing the time for different temperatures
aiming at a thinner coating for a smoother surface. Samples
were coated inside a mock cavity using the temperature
profile shown in Table 4 by keeping the nucleation profile,
amount of Sn (~ 1 g), and SnCL (~ 0.5 g) constant.

Table 4: Temperature profiles used for the coating and
measured average surface roughness, grain size, and

thickness.
Grain Thick-
1330 1 3(5:0 1 0130 Salm- Ra i ness
ple — (m)  Gm)  (um)
0l 10min 45min  85min  CW36  69+3 093 -
02 10min  45min = - CW44 4041 075  1.0+02
03 10 min - - CW20  27+2 055  0.75+0.15
04 10min - 85min  CW07  43.5+1.5 0.6  1.02+/0.17

Figure 5 shows the 20 pm x 20 pm AFM images from
samples in Table 3. It can be seen that a longer coating cy-
cle results in relatively larger grains and higher surface
roughness, as expected. The growth of ~ 1 um thick Nb3;Sn
coating with an average surface roughness of 40-50 nm
would be particularly appealing for SRF cavity coating. No
non-uniformity or ‘patchy’ region formation was observed
in these sample experiments.

Following the sample studies, a 1.3 GHz single-cell cav-
ity, TEINDb3Sn02, was coated following a similar coating
protocol used to coat sample CW36. The visual inspection
after the cavity coating revealed some asymmetry between
the two half-cells. The half-cell visible from the top, out-
of-sight from the Sn sources, showed some shiny features
which looked like the edges of underlying Nb grain bound-
aries but coated. The witness sample hung from the top has
‘patchy regions’ unlike another sample at the bottom, as
shown in Fig. 6. The roughness measured from these sam-
ples was 80+£10 nm, which was not as smooth as aimed for
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compared to CW36. We believe the short coating period at
1200 °C was insufficient for uniform nucleation at the be-
ginning of the coating growth.

000nm

5008 pm

£00.0nm

500.0nm

r 0 1
00 1: Helght Sensor 2004m 00 1: Height Sensor 200pm

Figure 5: AFM images obtained from samples coated with
temperature profiles listed in Table 4.

+ Height Sonsor

r
00 1: Height Sensor

Figure 6: AFM images from the witness sample coated
with TEINb3Sn02 placed inside at the bottom and top, re-
spectively. Note the patchy region on the sample hung
from the top on the right.

Despite the patchy regions, the cavity was tested at 4.3 K
and 2 K; see Fig. 7. The Q-values were lower than expected
at both temperatures, dominated by the residual resistance.
A reproducible Q-switch was observed at ~ 12 MV/m, re-
sulting in a partial quench degrading the Q-factor; eventu-
ally, the test was limited by the input RF power. The Q
switch was absent in the 2 K test, indicating the partial
quench in the 4.3 K test was a thermal phenomenon. The
cavity was measured up to 18.8 MV/m, limited by availa-
ble rf power and exhibited a Q-slope. It is possible that the
thinner and smoother coating may have helped to attain
such a gradient despite the presence of ‘patchy’ and visible
shiny features. We have coated a couple of additional cav-
ities and avoided the non-uniformity in a visual inspection
and will be testing soon.
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Figure 7: Performance of a 1.3 GHz single-cell cavity fol-
lowing the coating temperature profile, first in Table 4.

Electropolishing

The previous section discussed potential ways to grow
smoother vapor-diffused Nbs3Sn film. Because of the com-
plication of the bi-elemental composition, the limited
thickness of the material, and brittleness, the post-coating
polishing techniques are challenging. Despite a burst of in-
itial efforts, the effort had subsided for several years. Fer-
milab researchers are working to develop mechanical pol-
ishing using centrifugal barrel polishing, where the initial
results are exciting [22]. We recently revisited the elec-
tropolishing process with a Nb3Sn-coated Nb sample by se-
quentially removing thin layers of Nb3Sn [23]. A set of me-
chanically polished samples was coated after the final sub-
strate surface preparation. These samples were subjected to
150 nm EP removal. For the treatment, a voltage of 9 V
was used, resulting in ~ 20 mA/cm? current density. The
chosen voltage was higher than the previous EP experi-
ments at 6.5 V. AFM images captured from as-coated and
EP-treated same samples are shown in Fig. 8. The polish-
ing of the sample is evident with a reduction in roughness
from 161 nm to 121 nm in 20 um % 20 um scans and 93 nm
from 142 nm. Some “scratch-like” features appeared on the
surface following the EP, along with some particles. EDS
analysis revealed nothing besides Nb, Sn, and their oxides.
The sequential EP removal showed that the coating de-
graded from these “scratch-like” features and was exposed
to substrate faster than other areas. Since these defects ap-
pear randomly, their origin needs to be understood, which
we plan to investigate further.

SURFACE ROUGHNESS AND
ACCELERATING GRADIENT
As shown in Fig. 2, the topographical features of as-
coated Nb3Sn could be a major factor contributing to the
current limitations in the NbsSn-coated cavity. During the
growth of the film, it seems to develop voids, depressions,
protrusions, facets, and deep grain boundary channels with
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Figure 8: Surface roughness reduction following 150 nm
EP NbsSn-coated samples. AFM images from as-coated
and same sample EP’ed are in the top and bottom rows,
respectively.

thermally grooved grains [13]. This presents a vulnerabil-
ity to enhancing the magnetic field [24] at or suppressing
the superheating field at the grain boundary [16, 25].
Roughness or grain size may be used as a metric to estimate
accelerating gradient since surface roughness scales with
grain size, as shown in Fig. 9(a). The increase in surface
roughness may also explain the increasing width of the dis-
tribution of magnetic field enhancement factors, 8, as
shown in Fig. 9(b).

(a) 150 (b)

o £0.06
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E £0.04
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- >
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Figure 9: (a) Measurement of surface roughness, R,, as a
function of grain size. (b) Relative frequency of the mag-
netic field enhancement factor calculated from AFM to-
pographies using a perfect electrical conductor model. The
colors shared between (a) and (b) indicate measurements
derived from the same AFM topography.

We have coated several single-cell cavities and moni-
tored roughness, as summarized in Table 1. A qualitative
correlation between the roughness and attainable acceler-
ating gradient seemed to exist, as suggested in Fig. 9. De-
spite the problem of Sn residues or even patchy regions,
single-cell cavities reach ~ 19 MV/m more frequently. The
performance of two representative single-cell cavity test
results is shown in Fig. 10. Both cavities were coated sev-
eral times before, but the gradient was maximum when the
surface roughness estimated from the witness sample was
minimum. The larger error bars in the low-field test data
for P4P5 are due to a highly over-coupled input antenna.
This cavity reached the maximum gradient of 20.6 MV/m

WEIAAO3
598

SRF2023, Grand Rapids, MI, USA
ISSN: 2673-5504

JACoW Publishing
doi:10.18429/JACol-SRF2023-WEIAAO3

at 2 K with no quench; the input power limited both tests
at2 Kand 4 K.

TE1Nb3Sn01-1.3GHz-2 K-1stCooldown
TE1Nb3Sn01-1.3GHz-4 K-1stCooldown
TE1Nb3Sn01-1.3GHz-2K-2ndCooldown

TE1Nb3Sn01-1.3GHz-4K-2ndCooldown
P4P5-1.5GHz- 4K

P4P5-1.5GHz- 2K

|Average <100 nm (20 pmx 20 pm AFM)|

emmenme

Q

1E10

1E9 ! !

EGCE ( lem)

Figure 10: Performance of two single-cells with estimated
average roughness <100 nm in the corresponding witness
samples.

SUMMARY AND OUTLOOK

There is a well-accepted notion that SRF cavity surfaces
must be “pure,” “clean,” and “smooth” for optimal perfor-
mance. If ~1 um coating is deposited by adjusting these
parameters, it could improve the performance by reducing
the losses because of the roughness and making heat re-
moval more efficient than the thicker coating of poor con-
ducting NbsSn. Since the surface roughness of Nb3Sn films
grows as the thin film grows thicker along with the grain
size, one way to manage the topography is to vary the coat-
ing parameters such as coating time, temperature and time,
Sn-flux, etc. The surface roughness reduction by varying
the coating parameters can be made carefully, avoiding a
marginally thin coating. We showed that depositing a thin
layer of Sn before the coating makes it possible to produce
even smoother surfaces by creating homogeneous nuclea-
tion without compromising the coating thickness. A plan is
in place to implement this to a 2.45 GHz single-cell cavity
using this hybrid technique. Sn will be sputtered into a cav-
ity and subjected to typical vapor diffusion. We presented
some results from the electropolished NbsSn-coated sam-
ple. Despite the promising roughness reduction, more stud-
ies are needed to understand the surface defects, their effect
on performance, and surface chemistry.
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