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R from the QO data using Ry = G/Qp, where G = 300 Q
is the cavity geometrical factor. The latter method is less
accurate because it includes extra contributions from the cav-
ity couplers. Figure 6 shows the results of Ry measurement
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Figure 6: Ry measurement results for Nb (black), Nb3Sn
- 50 nm (blue) and Nb3Sn - 100 nm (red). Nb and 50 nm
thick NbsSn samples were characterized using heater power
compensation technique, 100 nm thick sample was derived
from Q; measurement.

for the three superconducting samples. Here Nb and 50 nm
thick Nb3Sn films were measured using the power compen-
sation technique. For the 100 nm thick Nb3Sn sample, R,
was inferred from the Q; data.

DISCUSSION

Figure 6 shows that the 50 nm thick Nb3Sn sample had
the largest surface resistance. This can be attributed to the
RF fields partly penetrating through the thin Nb3Sn film into
the substrate and causing dielectric losses in the sapphire.
To corroborate this, a 100 nm thick Nb3zSn sample was made
for SIC characterization. The power compensation measure-
ment was not available at that time so Ry of this sample was
extracted from the Q; measurements. We found that the
residual resistance of this sample, even though it was not
measured by the calorimetric technique, was indeed about
an order of magnitude lower than R,. measured on the 50
nm film.

To analyze our data, we used the standard expression for
the surface resistance at low temperature T < 7, /2:

Aw? A
Ry (T) = T €Xp (_kB_T) + Rres. €))

Here the first exponential term describes the BCS contribu-
tion Rpcs(T), where w is the cavity angular frequency, A
is the superconducting energy gap, A is a material related
constant, and R,., is a temperature-independent residual
resistance. The analysis of our data has revealed a large resid-
ual resistance which dominates over Rgcs (7). For instance,
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for the 50 nm Nb3Sn film and the Nb sample, which were
both measured by the calorimetric method, R, ., dominates
over Rgcs(T) from 4 K to 8 K. We obtained R, .y ~ 1.3
mQ for the Nb sample and R; ~ 5.1 mQ for the 50 nm thick
Nb3Sn film sample. On the other hand, surface resistance of
the 100 nm thick Nb3Sn saturates at R,y ~ 0.5 mQ. The
large residual resistances observed in our experiments can
come from both material-related and the SIC-related sources
which are subjects of the ongoing investigation.

CONCLUSION

We investigated two thin film Nb3Sn samples measured
using SIC system. Both the 50 nm and 100 nm films exhibit
good superconducting properties and the respective critical
temperatures of 17.4 K and 16.75 K close to 7. of stoichio-
metric Nb3Sn. We observed a significant enhancement (by
more than an order of magnitude) in the quality factor Q.
below T, which indicates good SRF properties of these
NbsSn films as well. However, the surface resistance of our
films measured at temperatures 7' < T, /2, is dominated by a
large residual resistance. The work on reducing the residual
resistance and optimizing the thin film growth conditions is
ongoing.
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