Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP028

AN=Y TS AT BFEETRESN =TS/ M- RBEE T Oy DL

CHARACTERISTICS OF FERRITE-COPPER BLOCKS FABRICATED
BY SPARK PLASMA SINTERING (SPS)

RN, ARGEHRIR A, BHER Y, A2 B, ARFHER D, BEFEE D
Yusuke Suetsugu®*), Takuya Ishibashi®), Shinji Terui®), Hiroyuki Ishizaki®), Atsurou Kimura®), Takahiro Sawahata®
A) High Energy Accelerator Research Organization (KEK)
B) Metal Technology Co. Ltd. (MTC)

Abstract

Ferrite is a well-known material for effectively absorbing electromagnetic waves, and has been used in accelerators
as higher-order modes (HOM) absorbers in beam pipes. However, one difficulty in using ferrite as absorbers is the
poor bonding strength between a base metal, resulting in the weak mechanical strength and also the small heat transfer
rate. Herein we report the fabrication of ferrite-copper block using the spark plasma sintering (SPS) technique in which
the ferrite powder is directly sintered on the copper block. The ferrite-copper block fabricated via SPS can be directly
brazed or welded to other desired metals or directly to the beam pipes. The ferrite has the RF properties comparable to

those of the ferrite tiles in commercial.
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Figure 1: Concept of the HOM absorber chamber for
Super KEKB.
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Figure 2: Schematic of several bonding methods
between ferrite and copper plate.
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Table 1: Comparison of the Bonding Methods (a)—(f) in
Fig. 1, where 0: Good, ¢: Moderate and e: Bad

Property @ b © @ @ O
Bonding strength ) 0 e o o o
Ferrite thickness o o e o o o
Area available e e O o e o
Heat transfer rate at

bonding plane ¢ b e o o o
HOM absorbing o o e o o o
High power HOM e O e O o o
Bakable temperature o o e e 0 o
Direct bonding to . e o o e e
chamber

Outgassing rate o o e e o o
Cost o 0 O o e 0

3. SPS THtfESN =751/ D44

3.1 HEAHEOPMEE

T T ANHRFER OB S m OB ERIL, V=T 1k
Ze—2THNEL . ZOREOSRFEA DOIRE A5
BRI AFED » 7, SOV fEIX, 9 1000 W K m2 &
FoEmNb DO ThoT, BAEMENENIEEZRL TN,

32 HAMHER
E 40 mm D2 HOT7 =TA~— ST vy & H
WTERIRQS5C) TOERRI N A HH =R 2 & LT, P
f#9 100 B2 . AR RITH 1x107 Pam?® s7! m™2
Thol-, — . TRO7 =T A ME#E 7 127 (1B004) T
13, #1107 Pa m® s7' m2 &, F—HTKD ~72, SPS T
FHESNT= 7 =T A T ay /s EZE R A T Cff
T 2I121%, (50O H AR HAKI & B T2, HIP
THRAVEESNT=7 =T A T By 71220 T, 200°C DR —
XL T BT ATLH DK —HT TR T2V ENHD

(@)
£

£l
Cu
Cuw

Cu
i LI

Cu

Figure 3: Ferrite-copper blocks fabricated by the SPS
method, with a ferrite thickness of 5 mm and a diameter
of (a) 30 mm and (b) 50 mm.
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Figure 4: (a) A square ferrite-copper block machined
from the cylindrical block in Fig. 3 (a), and (b) the
assembly of six ferrite-copper blocks brazed to a copper
block with cooling channel.
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Figure 5: Complex dielectric constant and permeability
of the ferrite fabricated by the SPS method (SPS) and
IB004 in commercial (IB004).
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Figure 6: (a) Test cavity and (b) setup for Sy
measurement.
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Figure 7: Frequency spectra of Sy; (a) without and (b)
with ferrite-copper blocks at the antechamber.
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Figure 8: Measured (Meas) and calculated (Cal) external
QO values and resonant frequencies for several modes.
Here “Cu” means no ferrite, and “Fer-1” and “Fer-2”
mean that one and two ferrite-copper blocks are attached
to the antechamber, respectively.
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