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Abstract

Kyocera and KEK have started joint research on the development of materials that satisfy the required characteristics
as RF window material. In this report, the characteristics of the new material AO479U were evaluated by comparing it
with other materials, including the presence or absence of Titanium-Nitride (TiN) coating. In order to clarify the influence
of materials or its manufacturing processes on heat generation and multipactor discharge generated in RF windows, we
measured important characteristics as RF window material (relative permittivity, dielectric loss tangent, surface resistivity,
volume resistivity, secondary electron emission coefficient, and TiN thickness), and investigated their correlation.
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Figure 1: Ceramic samples (AO473A without coating,
AO479B without coating, AO479U without coating,
AO0479U with TiN A coating, and AO479U with TiN B
coating from left to right) for secondary electron emission
coefficient measurement.
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Table 1: Ceramic Sample List for dsgg Measurement

Material Coating  Heat Treat- Rinsing #
ment (°C)

AO479U  Free No No/USR 172
AO479U  Free 1000 USR 3
AO479U  Free 800 USR 3
AO479U  Free 1000—800 USR 3
AO479U  Free 1000—800 O; 3
AO479U TiN A No USR 3
AO479U TiNA 1000 No/USR 172
AO479U TiNA 1000—800 No/USR 1/1
AO479U TiN A 1000—800 0O; 1
AO479U TiNB No USR 3
AO479B  Free No No/USR 1/2
AO479B TiN A No No/USR 172
AO473A  Free No No/USR 1/1
AO473A TiNA No USR 3
HA95 Free No USR
HA95 TiN A No USR 2
o -+-A0479U, No HT, USR

5 -=-AO479B, No HT, USR

511 ~+AO473A. No HT, USR

E 10 fe HA95, No HT, USR

D y =-A0479U, HT at 800°C, USR

S 9 ‘ ~=-A0479U. HT at 1000°C, USR

o e ~A0479U, HT at 1000°C — 800°C, USR
§ 8 y A0479U, HT at 1000°C — 800°C, Os
27
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Figure 2: Summary of secondary electron emission
coefficient for ceramic samples without TiN coatings.
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Figure 3: Summary of secondary electron emission
coefficient for ceramic samples with TiN coatings.
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Figure 4: Evaluation of systematic errors in equipment for
measuring dsgg at 1 kV.

AO479U#42, with Ti?
High Voltage : 6kV

0.47 | 0.39 | 0.42 | 0.44 | 0.41 | 0.43 | 0.55
BSEE

~0.29

0.30~0.34 0.39 [0.52 | 0.34 [0.:52 [ 0.42 [ 0.45 [ 0.55 | 0.54 | 0.52

0.35~0.39 0.36 | 0.32 | 0.37 | 0.46 | 0.50 | 0.50 | 0.55 | 0.51

0.40~0.44 | |50 [0:50 | 0:50 | 0.45 | 0:50 | 0.48 | 0.52 | 0.30 [ 0.50

0.45~0.49 0.45 | 0.34 | 0.50 0.45 | 0.42 | 0.53 0.42
0.50~0.54
0.50 | 0.40 [ 046 | 0.40 0.30 | 0.40
0.45 0.55 | 0.49 | 0.52
25
AVE | 0.47
20
}
245 MAX | 0.61
o
L 10 MIN [0.24
5
RANGE| 0.37
0
0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 STDEV|0.076
Secondary Electron Emission Coefficient

Figure 5: Evaluation of systematic errors in equipment for
measuring Osge at 6 kV.
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Table 2: Ceramic Sample List for € and tand Measurement

Material Coating Heat treatment (°C) #
AO479B Free No 5
AO0479U Free No 3
A0479U Free 1000—800 3
AO473A Free No 1

Figure 6: Ceramic samples (AO473A, AO479B, AO479U,
and AO479U after heat treatment from left to right) for
relative  permittivity and dielectric loss tangent
measurement.
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Figure 7: Ceramic samples of AO479U (The left side is the
sample for relative permittivity and dielectric loss tangent
measurement, and right side is a sample for secondary
electron emission coefficient measurement).
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Figure 8: Relative permittivity of AO479U.
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Figure 9: Dielectric loss tangent of AO479U.
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Table 3: Ceramic Sample List for ps and p, Measurement

Material Coating Heat treatment (°C) #
HA95 Free/ TIN A No 11
AO479B Free No 1
AO473A  Free/ TINA No 1/1
AO479U  Free/ TIN A No 11
AO479U Free 1000—800 1

Figure 10: Ceramic samples (AO473A without coating,
AO473A with TiN A coating, AO479U without coating,
AO479U with TiN A coating, and AO479U without
coating with heat treatment from left to right) for surface
and volume resistivity measurement.
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Table 4: Ceramic Sample List for Depth Profile
Measurement
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Figure 11: Surface resistivity measurement value of eight
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Figure 12: Volume resistivity measurement value of eight

Material Coating #
AO479U Company A 1
A0479U Company B 1
Ceramic C Company C 1
Ceramic D Company D 1
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Figure 13: The depth profile of AO479U with TiN coating
at company A.
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Figure 14: The depth profile of AO479U with TiN coating
at company B.
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Figure 15: The depth profile of ceramic with TiN coating
at company C.
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Figure 16: The depth profile of ceramic with TiN coating
at company D.
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Figure 17: Thickness of TiN coating and dsgk.

6. #Him

Sspe l%. TAITMEIZE > THERDHH TIN 2—F 1
THRIIMEIZEST —FBRITIK F L7z, s 1E TIN 22—
TALT OF LT BVLBRIC K> THIINL 72, LRk
ERLFEEHEIITAITFTOME B Br ﬂ_o
AO479U I3, FHEHRKLAEFERITRIL AO479B &[F%
Tholz, —7J7, ZIEHEHIRIZ AO479B & A0479U &
DOMNZZER BB THB B IZRIE L 722 ED AL T
AAEEMER BB, Ti DEIZRNELLBE . “IRE T
REIFIR T L=,

1. SEOFE
At KEK LOEFRFZETIL, v fhF 7 a2 ks
CWRE TR NELRDRREHET ST ETH
%o Elom B EBM O ZREF TR EE IR TS5
DI HEND TIN a—T 42 7 PSS O L fli7ra—
T4 T DR EED T TETHD,

B F

KWL TEIIvIF LT NLOF Y AR EERERD
725 T2z KEK 584, AO479U @ 3.4 GHz
TOWFER, FEIEEOFnME 2 TR 72720
72 KEK E8e4, ¥I7Iv 7 7L OB E BT
o TN WXV VB TE T NAADEEE, T
BARICEBEGH R L L E,

SE X

[1] Y. Yamamoto et al., “Recent Results for Study of Ceramic
and Copper Plating for Power Couplers”, in Proc. of
LINAC2018, Beijing, China, Sep. 2018, THPO097.

[2] Y. Yamamoto et al., “Ceramic study on RF windows for
power coupler waveguide, and klystron in particle
accelerator” in Proc. of SRF2019, Dresden, Germany,
Jul.2019 MOPO077.

[3] AET; https://www.aetjapan.com/hardware_de-tail.php?mic
ro01_diele_resonant

[4] B.W. Hakki et al., “A Dielectric Resonator Method of
Measuring Inductive Capacities in the Millimeter Range”,
IRE Transactions on Microwave Theory and Techniques, Jul.
1960, Vol. 8, Issue 4, pp- 402-410.
DOI:10.1109/TMTT.1960.1124749

[5] JFCC; http://www.jfcc.or.jp/

124 -



