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Recent results on power coupler R&D
for future accelerators

Yasuchika Yamamoto (KEK)

Kirk .
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US-JAPAN cost reduction R&D

MEEEHNS B K DRI TSRFDcost reductionD = DREDMIEEH>TULVS

Short-term R&D (2-3 years)

A-1. Niobium material preparation

A-2. SRF cavity fabrication for high gradient and high Q

[A-3. Power input coupler fabrication ]

A-4. Cavity chemical treatment

Presented by S. Michizono

- LCWS2016 SRF Shin MICHIZONO
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TIN coating-free ceramic as new material

9.8% Alumina for R

Application
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Volume Resistivity ohm+cm min. 1 X 1014 min. 1 X 1014 -
Surface Resistivity ohm/ 8.9 X 1014 7.4 X 1015 1.2 X 1014
SEE Coefficient - 11.4 4.6 3.2
Electrical
Property Die'ectric lMHZ - 99 102 =
Constant 8GHz - 9.9 10.0 10.0
Dielectric Loss | 1MHz - 1X 104 1 1X 104 1 -
Angle 8GHz - 4 X 105 1 X 104 3 X 103
Ave. Flexural Strength(RT)
. ASTM D2442 TYPE3 MPa 300 330
Mechanical
Property Young'’s Modulus GPa 370 380
Poisson Ratio - 0.23 0.25
Thermal((éc_nrr)\ductlwty W/mK 29 24 ]
Thermal Cooft
Property o€t RT-
Therm_al 400deg.C ppm/K 7.0 7.4 -
Expansion
K. lwamoto, et al., in TTC meeting 2014
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STF- type power coupler with TIN coating-free ceramic
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High power test at test bench in STF
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H r: Technical interlock system
€ \Warm/Cold vacuum level (2x10- Pa)

& Arc sensor @Warm window/waveguide system
@ Forward/backward power limit

¢ No TIL for electron emission @Cold window

— B#i%. BARF dutyd &S 5TB0KWT
12MW 1RE U EX—THELINESH
A

RFD#EYIRL(E5 Hz
20ps 30us 100ps || S00ps |/ 1500ps|/ 1650ps
8/A

time.-5[8l B A MERFRF QKM



High power test stopped by unusual heating In 2016
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€ Ultrapure water rinsing

€ Unusual heating

\_

€ Enormous electron emission

~

B R QSTF
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€ Ultrasonic rinsing

& No electron emission

@ Little heating
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Comparison of Ultrasonic Rinsing Methods

Company/Institute

TETD (M. Ishibashi)

LAL/IN2P3 (W. Kaabi)

IRFU/CEA (C. Arcambal)

Project STF E-XFEL ESS
Vendor KALIO BANDELIN SONOREX VWR Branson Ultrason
TECHNIK RM 180 UH (USC2600TH) (B 8525-36)
120 ~ 1200
Power [W] (600) 2000 300 3000
. 0.26 ~ 2.56
Power per liter [W/(] (w/ WRS) 10 (at max.) 12 8.6
Frequency [kHz] 38 40 45 25
Water temperature [°C] ~25 50 50 ~ 60
Detergent Tickopur R33 (2.5 %) Tickopur R33 (5%) Tickopur R33 (2.75%)
Time duration [min] 30 15 10
Bath size [(] 468 200 25 350
BHNEDIER

> BEIRED/INT—
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%15E B ANEF LR F L0 KAl

12



AR REEBDNAINT—TADFER

Trend graph at 1.65 msec/5 Hz
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Ultrasonic rinsing had drastic effect for reduction of electron emission!

Scattered plot at 1.65 msec/5 Hz

Test #1: Black (w/o USR)
Test #2: Green (0.3 W/{)

Test #3: Purple (1.3 W/)
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Ultrasonic rinsing had drastic effect for reduction of electron emission!

Scattered plot at 500 usec/5 Hz
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1,47 Temperature trend at 1650 usec/5 Hz
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“Updated understanding” for TIN coating-free ceramic

Avalilable for normal conducting accelerator, waveguide, klystron

Not available for superconducting cavity due to heating phenomena

N

We can try more powerful ultrasonic rinsing!
Heating phenomena may disappear completely.



LALOBEE RAEFEEZEHLETE5D

v" Ultrasonic rinsing —> more powerful machine
v' Baking —> 150°C or higher
v" High power test —> higher power level, cross check for measurement system

Ultrasonic rinsing machine
Baking furnace

High power test stand

are still available at LAL

8/Aug/2018 FEBANERFEELQERM 18
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Scanning electron microscope with beam blanker

Measurement device
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Secondary Electron Emission Coefficient on ceramic sample

;}.__’ 9.0 | <¢Ceramic sample  SAverage ‘

Pulse mode (w/ beam blanker: 150V)
Spot intensity: adjusted at ~100pA
Injection mode: Area
Collimator set: 0
Magnification: x200
Oscilloscope: 400pusec/div
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Research on ceramic properties [trrosscsz

KEK s researching properties for six kinds of ceramics fabricated by four companies

;Z \ Surface/VVolume resistance

Relative permittivity
Dielectric loss angle

Secondary electron emission

8/Aug/2018
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Research on copper plating

THPO53 CTH %

® Research on change after brazing process (heat treatment)
® RRR measurement in KEK/CEA
® Analysis of Cu-Ni inter-diffusion by SIMS in LAL
® Research on plating thickness by KEK/LAL

® Research on adhesion strength
® Peeling test done by KEK
® Ultrasonic rinsing test by CEA and LAL

® Cross check for RRR measurement system between KEK and CEA
® Target RRR: 20 ~ 40 (for ESS)
® RRR measurement done using same sample by KEK and CEA

® Research on acid temperature dependence (for more effective process)
® Possible cost reduction (suggested from a vendor)



Three SUS316L samples for copper plating study

Plate shape

Like head of inner conductor

For adhesion test

Bar shape

THPO53 TH K

For RRR measurement

In F.Y. 2017, adhesion test was done by KEK-CEA collaboration.
The results were presented in LCWS2017 at Strasbourg.

~N

8/Aug/2018
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Commissioning test for RRR measurement in KEK

SUS316L

Sample #1, 150 x 5 x 0.5 mm (SUS316L), 19.4 um (Copper plating), ImA, Cool-down
3.5E-02

o0 0®
%Z.HE-HZ —-—o 0 ° ° Q: SUS3I16L + Copper plating (2017/Dec)
g Q: SUS316L (2018/Mar)
=
'é 1.5]
=1
1.
S I I t t ] SAE-03
y 0.0E+00
S0 0

R Commissioning test]

RRR = P300k _ 30~50 (target)

Too low! Investigation in progress
Pak

FISE HAMRFZFEFEQRM THPO53—G%§§
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Study for TIN coating with TIGOLD Corporation

THPO53TH &

Recently, KEK started the study on TiN coating with TIGOLD corporation.
The main purpose:

® More effective & Larger quantity
® Cost reduction

Vacuum furnace for TiN coating @TIGOLD

& v i
e |
: > I | VRN
ol |

TIN coating for ceramic samples
Target thickness: 10 &= 2 nm

- A S B AIER YL 520 EM 27
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Summary

@ TiN coating-free ceramic passed the power specification at test bench

@ Ultrasonic rinsing for power couplers brought drastic reduction of emitted electrons
€ SEE measurement for ceramic samples are successfully done

€ Commissioning test for RRR measurement of copper plating is finished

€ Study for TiN coating just started



Thank you very much
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