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Development of Niobium Nitride Thin Film for
Next Generation Superconducting Acceleration Cavity
Ryohei ITO*! and Tomohiro NAGATA™**

*I Future Technology Research Laboratory, ULVAC, Inc., 516 Yokota, Sammu, Chiba, 289-1226, Japan

S-I-S (superconductor-insulator-superconductor) multilayered structure theory has been proposed to achieve the

maximum acceleration gradient of superconducting radio frequency cavities higher than the theoretical limit of conventional

Nb cavities. In order to demonstrate this theory, we investigated the optimal deposition condition for reactive sputtering of

NbN-SiO, thin films and the correlation between the deposition conditions and the thin film properties. We finally made

multilayered sample consisting of NbN-SiO, thin films and bulk Nb substrate, which has good crystalline orientation.

Moreover, we clarified that the lower critical field of the multilayered sample was higher than a bulk Nb. In other words, we

succeeded in demonstrating the S-I-S theory for the first time in the measurement using the small sample.
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Table 1 Sputtering conditions for NbN and SiO, thin films.
. . . Input power Ar gas flow rate
Thin film material | Condition name (kW] [Pa - cm’/s]

A DC3.0 0.186
B DC6.0 0.186

NbN
C DC6.0 0.383
D DC6.0 0.862

SiO, E AC6.0 0.186
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Figure 3 Discharge voltage for varying N, gas flow rate.
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Figure 4 Nb, N, thin films resistivity at room temperature
for varying N, gas flow rate.
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Figure 5 XRD patterns of NbN-glass samples measured by
In-plane method.
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Figure 6 XRD patterns of NbN-Si samples measured by In-plane method.
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Figure 7 NbN thin films properties.
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Table 2 Surface roughness, film density, film stress and T..

Table 3 Refractive index of SiO..

Surface Film density Film stress T, Measurement Film thickness Refractive index
roughness [nm] [g/cm’] [MPa] [K] sample [nm] @633nm
A 3.34 7.84 —492 14.4 Sputtered film 96.1 1.47844
B 1.37 8.38 -975 13.8 Thermal oxide film 103.3 1.46464
C 3.11 7.12 - 78 13.6
D 3.37 6.15 —115 11.9
DTH 5. o
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Figure 8 Discharge voltage for varying O, gas flow rate.
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Figure 9 Nb substrates before and after coating.
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Figure 10 XRD pattern of NbN-SiO,-Nb sample measured by

Out-of-plane method.
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