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Abstract

In order to achieve a maximum acceleration gradient of superconducting radio frequency cavities beyond the physical
limit of conventional Nb cavities, a method of reducing the magnetic field reaching Nb base material by alternately
layering superconducting thin films and insulating thin films on the inner surface of that has been proposed. We
investigated the optimal deposition condition of NbN and SiO, layers and made multilayered samples consisting of NbN-
Si0, thin films and bulk Nb substrates by using reactive sputtering method. We will report the detail evaluation results

of the correlation between sputtering conditions and film properties such as critical temperature in this article.
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Table 1: Sputtering Conditions for NbN and SiO, Thin Films

Thin film material Condition name Input power [kW] Ar gas flow rate [Pa-cm’/s]
NbN A DC3.0 0.186
B DC 6.0 0.186
C DC 6.0 0.383
D DC 6.0 0.862
SiO2 E AC 6.0 0.186
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Figure 1: Discharge voltage for varying N, gas flow rate
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Figure 2: NbN thin films resistivity at room temperature
for varying N, gas flow rate [4].
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Figure 3: XRD patterns of NbN-Si samples measured by In-plane method [4].
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Table 2: Surface Roughness, Film Density, Film Stress and T,
Condition Surface roughness [nm] Film density [g/cm?] Film stress [MPa] Te [K]
A 3.34 7.84 -492 144
B 1.37 8.38 -975 13.8
C 3.11 7.12 78 13.6
D 3.37 6.15 -115 11.9
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Figure 4: Discharge voltage for varying O, gas flow rate
[4].

Table 3: Refractive Index of SiO,

Measurement Film thickness Refractive index
sample [nm] @633nm
Sputtered film 96.1 1.47844
Thermal oxide 103.3 1.46464
film

{b%Z7"9, Si0, DG B EI LR EIZERAT I 2%
B, ZOeART I A% /D U BIE N E LT EEI
TRERFENSEOI, EBRIC LR 0 ARSI
T Si Fo 1T Si0, ZRRIEL | 23 YU 7" A—%% Fu
TIEPTRAE TN L 7-4#5 5% Table 3 (271397, Table 3
Wi, BRH U C Si 2R LAE(100nm) D i T3R8 - Rl #
LCWBH, ZOJEITRITITVME S STEA S 2 LT
SiOs I THEFLIN TNAZENI DD,

4. ZRERESEHUTILOER

NbN & Si0, ZHE D HiLJE T ORIl TR HA 7ol
FMFETTIC, BIRE LB EORIEEZTo7, AL,
NbN & A3 200nm, SiO; &2 30nm DIEE L7225 L) R
L — P& Hil#IL 72, NbN ORESARIL, &b @\ O R
HARSIREE D15 H07=, Table 1 38108 Table 2 D5/
AZERL, EBHITEES 2.8mm O Nb A 48mm X
58mm (ZEIVHHL7=b D& LT, HOUD ARIERTIZ,
EMEHFEE, 22T =—)b BXOHBMRFED, 3 D
FoAe 3 i VR A Jifi L 7=,

NDbN-Si0; a5 (2 E L7~ XRD DOt % Fig. 512
JRT, XRD 73— Tl FETH2 Nb(Im-3m) &5
@ NbN(Fm-3m)?D 2 DD —7 DR IFERSNT-, 728
NbN Ov—Z75REE L, JIEFTICEDITH>ENTE
NEBENST-, DFD Nb et BIZ¥)— IR UEE O

12000

Nb
Im-3m

110)
(200)

10000 -
NbN =
Fm-3m S

(200)
(220)

8000 -

Intensity [cps]

4000 [

T L

0
20 25 30 35 40 45 50 55 60 65
26 [degree]

Figure 5: XRD pattern of NbN-SiO,-Nb sample measured
by Out-of-plane method [4].
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