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CHANGES IN CHARACTERISTICS OF CERAMICS FOR RF WINDOWS DEPENDING
ON ENVIRONMENTAL CHANGES
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Abstract

Kyocera and KEK are conducting joint research on the development of materials that meet the requirements for RF
windows. Based on previous studies, the material properties of the alumina material AO479U have been evaluated to be
equivalent to those of other materials such as AO479B used for RF windows. The effects of the environment during
manufacture and use on the characteristics were evaluated, and the changes in the characteristics after heat treatment in
various brazing furnaces, the secondary electron emission coefficient of ceramics in the actual size of the RF window for
the input coupler, and the temperature characteristics of permittivity and dielectric loss tangent were confirmed. And, the
characteristics of chromium-oxide (Cr,O3) coating which suppresses the multipactor discharge was evaluated.
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Figure 1: Ceramic samples (AO479U with TiN coating
non-heat-treated, heat-treated in CETD’s Brazing furnace,
heat-treated in KEK’s vacuum furnace, heat-treated in
KEK’s hydrogen furnace, heat-treated in KC’s vacuum
furnace, heat-treated in KC’s vacuum furnace from left to
right) for secondary electron emission coefficient
measurement.
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Figure 2: Summary of secondary electron emission
coefficients of TiN coated ceramic samples heat-treated in
various furnaces.
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Table 1: Ceramic Sample List for 6sgg Measurement

Material

Heat Treat-
ment (°C)

furnace

A0479U

No

A0479U

1000—800

CETD’s brazing furnace

A0479U

1000—800

KEK’s vacuum furnace

A0479U

1000—800

KEK’s hydrogen furnace

A0479U

1000—800

KC’s vacuum furnace

A0479U

1000—800

KC’s brazing furnace
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Figure 3: The depth profile of TiN coated AO479U without
heat treatment.
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Figure 4: The depth profile of TiN coated AO479U with
heat-treated in CETD’s brazing furnace.
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Figure 5: The depth profile of TiN coated AO479U with
heat-treated in KEK’s vacuum furnace.

PASJ2022 FRP034

2.2 BULFEIZLD TIN a—TF 17 OIREEZAL,

AFEF CEGLBRL R AR B A I E L7 ak
B XBOEE LS (XPS) EZLITUAFY (Arh) %
RoBY o I RIS TEL -, XPS 1XE£ N5
B nm OESIZBITDILRMRE DT T DHIETHY,
EETTaT 7 AIVSHHIAT L A B L XPS G
HHZLETHMAIRETHD, A4 FIT Art, A NwH Ty
F UL 9 nm/min, IR Si0, BV {LARIE I #a
LTz, WER A Fig. 3-8 127377,

70
60
50
40

Atomic Concentration (%)

A TAT

R

——

40

60 80

Sputter Depth (nm)

Figure 6: The depth profile of TiN coated AO479U with
heat-treated in KEK’s Hydrogen furnace.
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Figure 7: The depth profile of TiN coated AO479U with

heat-treated in Kyocera’s vacuum furnace.
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Figure 8: The depth profile of TiN coated AO479U with

heat-treated in Kyocera’s vacuum furnace.
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Figure 9: Real size ceramic of RF window for secondary
electron emission coefficient measurement
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Figure 10: Secondary electron emission coefficients of
A0479U ceramic sample divided into eight areas.
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Figure 11: Secondary electron emission coefficients of
AO479B ceramic sample divided into eight areas.
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Figure 12: Secondary electron emission coefficients of
Company A’s ceramic sample divided into eight areas.
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Figure 13: Secondary electron emission coefficients of
Company B’s ceramic sample divided into eight areas.
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Figure 17: Ceramic samples (AO479U and AO479B from
left to right) for relative permittivity and Dielectric loss
tangent measurement.
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Flgure 15: Ceramlcrsamples placed on the measurmg table Figure 18: Frequency of AO479U and AO479B

of the SEM. vs. Temperature.
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Figure 19: Relative permittivity of AO479U and AO479B
vs. Temperature.

High Voltage [kV]

Figure 16: Summary of secondary electron emission
coefficients of OD92 and OD 19 ceramics samples.

1.0
—-A0479U
4. BEH-HBEER-FEERORESY £ o - 0usn
fR0 JE 2 AR IS o gk D KB ) SRR LR B 975 iy
= LA 3 & (IR BT T O IS LB 2 8 e
DT K i RO B L OR R ED £ o
Eﬁ%ﬁ%i’f’)fio g ﬁz M
41 8.5 GHz CORMIL-FHEH - HEEHEONE = o1
HEZI2T, R CTHEIL =M & 2R LIRS O Iz 0.0_40 20 0 20 40 60 80
ﬁﬁ%?&%*ﬁ(?’/lx:f%i‘ﬁ)&ﬁéhT%Ekéhé“%%:)ﬂ Fempernurelcl

v \T{*E\UEE%?TOf“O HfRd D TEO0LL E—F1 T&f EIS Figure 20: Dielectric loss tangent of AO479U and AO479B
D, B GHz, bifERe,, HE LR tand ZHE T vs. Temperature.

- 1005 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 FRP034

42 FEHEPAXTOFEEREONE

A% 101 mm NEE 25.4 mm JEA 7 mm DEIIv7|T
T 2.5 GHz fHECTOFEEIEH:%4 Fermilab @ Sergey
Kazakov fRIZHIEV 7202, BIEREHE Fig. 21 (ZH]
ERERE Fig. 22 1ORT,

Figure 21: Ceramic samples (AO479U and AO479B from
left to right) for Dielectric loss tangent measurement.
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Figure 22: Dielectric loss tangent of AO479U and AO479B
vs. temperature.
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Figure 23: Summary of secondary electron emission
coefficients of CrO; coated ceramic and TiN coated
ceramic.
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