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Abstract
A15 superconducting materials, like V3Si and Nb3Sn,

are potential alternatives to Nb for next generation thin film
SRF cavities when operated at 4 K. Their relatively high
T𝑐 and superconducting properties could allow for higher
accelerating gradients and elevated operating temperatures.
We present work on the deposition of V3Si thin films on pla-
nar Cu substrates and an open structure 6 GHz cavity, using
physical vapour deposition (PVD) and a V3Si single target.
The surface structure, composition and DC superconduct-
ing properties of two planar samples were characterised via
secondary electron microscopy (SEM), energy dispersive x-
ray spectroscopy (EDX) and in a magnetic field penetration
facility. Furthermore, the first deposition using PVD of a
V3Si film on a 6 GHz split cavity and the RF performance
is presented.

INTRODUCTION
As bulk and thin film niobium (Nb) superconducting RF

(SRF) cavities approach their theoretical limit, the require-
ment for alternative superconducting materials is increased.
Thin film A15 superconductors such as: V3Si and Nb3Sn
are promising candidates due to their relatively high critical
temperatures of T𝑐 = 18 and 17 K, and upper critical fields
(H𝑐2) of 28 and 24.5 T respectively [1]. These properties
may allow for operation of SRF cavities at higher temper-
atures (≥4 K instead of ≈2 K), potentially reducing cost of
cryogenics and may allow increased accelerating gradients,
simplifying infrastructure of the particle accelerator [2].

Previous production of thin V3Si films have implemented
a variety of methods: thermal diffusion, co-sputtering and
single alloy target magnetron sputtering, with varying levels
of success. In the thermal diffusion method, Si is either de-
posited on a vanadium substrate or introduced via SiH4 gas.
The substrate is then annealed (850 ∘C) forming the correct
A15 phase. This method resulted in a successful supercon-
ducting cavity, however it suffers from surface Si and per-
formance lower than a typical Nb cavity [3]. Co-sputtered
magnetron methods have produced successful V3Si thin
films on Cu, they also observed that the high deposition and
annealing temperatures produces Cu-Si phases and Cu inclu-
sions [4]. Further magnetron sputtered films on a stripline
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resonator formed on a thin sapphire substrates show an RF
response inline with weak coupling BCS theory predictions
with surface resistances significantly lower than Nb [5].

This paper focuses on the current progress of V3Si thin
films using pulsed DC magnetron sputtering deposition us-
ing a single target. The surface structure, composition and
DC superconducting properties of two planar samples were
characterised via secondary electron microscopy (SEM),
Energy-dispersive X-ray spectroscopy (EDX) and in a mag-
netic field penetration facility [6]. The latter section of this
report presents the first deposition of a a V3Si film on a split
6 GHz cavity with surface resistance measured in the RF
characterisation facility [7, 8].

THIN FILM V3Si
ON PLANAR Cu SUBSTRATES

Sample Preparation and Deposition
Two V3Si thin films were deposited on polycrystalline

oxygen-free, high conductivity (OFHC) Cu substrates (La-
belled S1 and S2). Both substrates underwent ex situ chemi-
cal treatment with BPS-172 solution, etching any surface ox-
ide formation and atmospheric contamination. Once loaded
into the vacuum system they were both heated to 500 ∘C
for 24 hours to remove any residual contamination from the
loading process.

V3Si deposition was performed in a stainless steel vacuum
chamber, with a base pressure 5 × 10−9 mbar, equipped with
a single planar magnetron source. The source was equipped
with a commercially bought V3Si target. The sample stage
is positioned 100 mm away from the magnetron source, with
sample heating up to 800 ∘C. Deposition was conducted
using a Pulsed DC magnetron power supply using the depo-
sition parameters shown in Table 1. During deposition Kr
is admitted into chamber as the process gas to a pressure of
5 × 10−3 mbar. Substrate temperature between S1 and S2
were 670 ∘C and 710 ∘C respectively.

Characterisation and Performance
Figure 1 displays two SEM images of the surface topog-

raphy of V3Si thin films on (a): S1 and (b): S2 samples.
The surface topography of S1 is a dense structure of small
grains that are a few hundred nanometers in size. S2 shows
a similar structure, however, the grain size is much larger
approaching micrometer in size. Further analysis using EDX
showed a difference in composition between the two samples:
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Table 1: DC Pulsed Magnetron Sputtering Deposition Pa-
rameters

Deposition Parameters Units

Voltage [V] 566
Current [A] 0.53
Power [W] 300
Frequency [kHz] 350
Pulse Length [μs] 1.1
Deposition Length [min] 180
S1 Substrate Temperature [∘C] 670
S2 Substrate Temperature [∘C] 710

2 μm

(a) Surface topography of S1

2 μm

(b) Surface topography of S2

Figure 1: Secondary electron microscopy images investigat-
ing the surface topography of the V3Si thin films on planar
copper substrates.

S1 had a measured V:Si percentage of 71 : 29%, whilst S2
a V:Si percentage of 76 : 24% was measured. The samples

were deposited using the exact same pulsed DC magnetron
deposition parameters and the same sputtering target there-
fore the difference must be associated with the increase in
substrate temperature during deposition. Both samples are
within the tolerance limit of the required stoichiometry of
the A15 phase, although S1 is slightly Si rich [9].

Once grown the superconducting properties of the films
were investigated using the magnetic field penetration (MFP)
facility at Daresbury Laboratory. The DC magnetic pene-
tration was measured at a series of fixed temperatures (4.2 -
16 K), where the full experimental procedure is described
in detail by Turner et al [6]. Figure 2a shows the ratio (R)
of the measured magnetic field as a function of magnetic
field strength at 4.2 K for both samples. Three values are
extracted as the first penetration (B𝑓 𝑝): the first derivatives,
99% and 98%. At 4.22 K, a significant difference is observed
between S1 and S2, where samples sustained a Meissner
state with a B𝑓 𝑝(98%) measured to be 258 mT and 189 mT
for S1 and S2 respectively.

Figures 2b and 2c shows the magnetic field at B𝑓 𝑝 as a
function of temperature. This highlights the performance dif-
ference between the two depositions as S1 sustains a Meiss-
ner state at significantly higher applied fields, at comparable
temperatures. However, in both cases the Meissner state
is not observed and a B𝑓 𝑝 could not be extracted when the
sample temperature exceeded the 10 K suggesting similar
T𝑐.

Discussion

Overall, a significant performance difference is observed
between the two depositions with temperature being the only
variable. SEM clearly shows a difference in grain sizes and
uniformity between the two samples. Whilst EDX results
suggests S1 to be Si rich (29%) and S2 to be about the correct
composition with a Si % of 24%. At first glance this would
suggest S2 will have better superconducting properties, how-
ever, in the magnetic field measurements we observe the
exact opposite.

A possible explanation in the variation between deposi-
tions could be temperature dependent introduction of dis-
order in the structure in the film. Previous work using Co-
sputtered magnetron methods observed that the high deposi-
tion and annealing temperatures produces Cu-Si phases and
Cu inclusions [4], which would negatively impact perfor-
mance. Further analysis is also required using X-ray diffrac-
tion allowing for in-depth analysis of the material phase to
determine if non-superconducting phases are present in S1
or S2, impacting performance.

Previous V3Si films measured in the MFP facility mea-
sured B𝑓 𝑝(98%) of 106 mT [10], showing a significant in
deposition and film quality has been achieved. Also, Nb
thin films measured at the facility recorded B𝑓 𝑝 values up to
157 mT [6], suggesting the potential of V3Si for SRF appli-
cations. However the samples produced were incompatible
with RF measurement facilities.
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First derivative

(a) 𝑅(𝐵1) measurements with the MFP facility at 4.2 K. for S1
and S2. Labels indicate the extracted B𝑓𝑝 at first derivative, 99%
and 99%.
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(b) 𝐵𝑓 𝑝 values for S1 at a series of fixed sample temperatures.

20 40 60 80 100
T2 [K]

0

50

100

150

B f
p [

m
T]

dB2/dB1
99 %
98 %

(c) 𝐵𝑓 𝑝 values for S2 at a series of fixed sample temperatures.

Figure 2: Magnetic field penetration measurements for S1
and S2.

V3Si SPLIT 6 GHz CAVITY
Deposition

V3Si was deposited on a split 6 GHz cavity manufactured
from OHFC at Daresbury Laboratory. The design allows

for thin film deposition in an open geometry, coating the
cavity in two halves using a planar magnetron. The full
design and manufacturing process is described in references:
[7, 8]. Initially the cavity was coated with a Nb thin film
using pulsed DC power supply with a 300 W pulse power of
frequency of 350 kHz and width of 1.1 μs. The cavity was
mounted onto a infrared (IR) heating stage and heated to
400 ∘C.

After RF measurements, discussed in more detail in the
next section, a V3Si thin film (around 4 μm) was deposited.
The photo shown in Fig. 3 shows the split cavity in situ
mounted on the IR heated sample stage. The two cavity
faces were deposited sequentially using the same vacuum
system as described above, using the same parameters stated
in Table 1. The sample was only heated to 530 ∘C due to the
limitation of the IR heating stage.

Figure 3: Split 6 GHz cavity during deposition with each
half of the cavity deposited sequentially.

Surface Resistance Measurements
The average surface resistance (R𝑠) measurements were

performed in the facility described in references [7]. The sur-
face resistance was calculated from the scattering (S) param-
eters of the cavity, measured using two antennas connected
to a vector network analyser (VNA). The measurement was
conducted at VNA low power (10 dBm) and at a temperature
range of 4 K to 11 K.
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Figure 4 shows the measured R𝑠 as a function of temper-
ature for both the Nb and V3Si cavity. At 4.2 K, R𝑠 for Nb
was measured to be 134 μΩ, whilst the V3Si was measured
to be around a factor 2 higher at 302 μΩ. At the higher tem-
peratures, a superconducting transition is observed in the Nb
coated cavity at approximately 9 K. In comparison, the criti-
cal temperature cannot be approximated as a transition is not
observed in the V3Si coated cavity. When the temperature
exceeded 10 K, signal to noise hindered acquisition.

Discussion
Work conducted by Deambrosis et al, produced a 6 GHz

V3Si cavity following a thermal diffusion method. It was
reported that initial RF tests were unsuccessful, however
after in vacuo annealing at 850 ∘C the quality (Q) factor
improved up to 1 × 106[11] after 48 hrs. This is inline with
the Q factor reported on the split 6 GHz cavity (1.05×106 at
4.2 K) with no post processing applied.

The cavity underwent mechanical finishing but did not
receive any form of polishing before being coated and tested.
As expected the R𝑠 measurements are dominated by the
residual resistance of the cavity due to a non-ideal surface
quality. However, an increase in the R𝑠 of the V3Si film rela-
tive to the Nb film suggests a non-ideal growth. This can be
attributed to the deposition temperature potentially introduc-
ing non-superconducting V-Si phases and grain boundaries.
Further complications may have arisen from the large diffu-
sion coefficient of V into Nb at high temperatures leading to
metallic inclusions further increasing R𝑠.

4 6 8 10
T [K]

102

103

104

105

R s
 [

]

V3Si
Nb

Figure 4: The surface resistance as a function of temperature
for the Nb and V3Si coated split cavity.

CONCLUSION
This report highlights the promising superconducting

properties of V3Si thin films for SRF applications. V3Si thin

films have been successfully grown on planar Cu substrates
as well as a split 6 GHz cavity by means of single target DC
pulsed magnetron sputtering. SEM shows variation in the
surface topography of the planar samples due to different
deposition temperatures, which in turn dramatically changed
the DC superconducting properties. A first deposition of
V3Si on a 6 GHz cavity at Daresbury Laboratory has been
achieved. The R𝑠 was a factor of 2 higher than that of the Nb
coated cavity, further improvements can be made through
chemical polishing of the cavity and deposition temperature.
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