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Abstract
• Since 1990 KEK has been studying X-band accelerating 

structure fabrication technologies and been strongly g g y
collaborating with SLAC. So far high gradient and weak 
field performance test were curried out with both 
laboratories. 

• Currently various material, surface preparation and 
assemble technologies are studying in order to understand 
what determine breakdown and pulse heating damagewhat determine breakdown and pulse heating damage.
Especially microscopic study on materials and surface 
preparation are experimentally considering. 
Aft li ti f hi h di t l ti t t• After realization of high gradient accelerating structure, 
order of a few ten thousands structure sections must be 
manufactured with cost performance for construction of 
T V i l I hi i I illTeV energy region accelerator. In this presentation I will 
present a summary of the high gradient strycture 
fabrication efforts at KEK and future perspective of 
accelerating disks/quadrants fabrication technologies.



Key technologies are in hand 
establishment in representative structuresestablishment in representative structures

RDDS1RDDS1

KX01

T.Higo/KEK



Outline
• Fabrication of pulse heating samples

What determine pulse heating damagesWhat determine pulse heating damages
- Characteristics of copper and alloys
- Plan for small damage single cell SW structure fabrication
St di t d f t f• Studies on toward perfect copper surface
What determine β (field enhancement factor)

- Apply semi-conductor technologies- Apply semi-conductor technologies 
- High temperature annealing
- In-situ removing CuO/Cu2O by He ion

Pl f l β (20<) i l ll SW t t f b i ti- Plan for low β (20<) single cell SW structure fabrication
• Future studies of cost effective mass production

1 dollar disk fabrication -> G.Law (SLAC)/~19881 dollar disk fabrication  G.Law (SLAC)/ 1988
- Structure fabrication procedure at NLC/GLC
- Status of high precision diamond tuning and 3D milling technologies
- A disk auto loading system on the diamond turning machine



Fatigue slip band on the surface of 
cycled copper ref: ASM Handbook



Crack nucleation
ref: ASM Handbook



λ : heat conductivityλT: heat conductivity

c: specific constant

ρ: density







Longer the life time is depend onLonger the life time is depend on

0.2,0.5% Stress Strength at high temperature
• Heat conductivity
• Specific constant
• Density 
• Poisson coefficient
• Grain size
• Dislocation
• Thermal conductivity
• Thermal diffusivity
• Electric conductivity
@ Existing materials (polycrystal, alloy) are complicate



Typical pulse heating samples

6N 6N/HIP Electrodeposited Cu6N                                     6N/HIP                         Electrodeposited Cu

Single crystal Cu (100)                                          Electrodeposited Ag

not test yet







My questionsMy questions

Why damages are different?

T d !Today!

Focus on mechanical properties of
OFC, CuZr and CuAg



Out gas characteristics and electric conductivity
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Deformation due to 0.1kg/mm2 force at 800degC
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0.2%, 0.5% stress strength at 800 degC
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Hardness change due to temperatureg p
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Effective materialEffective material

OFC < CuZr < CuAg ????? 

BUTBUT

Purity, Grain size, surface stress due to 
machining are open questionsmachining are open questions.



Low temperature bonding/rf contact test for CuZr /CuAg

Indium: melting point 156.4 drg.Cg p g

Vacuum furnace 



No leak has found



Breakdown StudiesBreakdown Studies





Typical breakdown damage profile (Case 1)yp g p ( )

BA-IRS7



CB IRS 4CB-IRS-4



BA IRS9BA-IRS9



(Case 2)(Case 2)
BA-IRS5



Grain boundary on iris of high-gradient cell

Grain boundary in high electric field areaGrain boundary in high magnetic field area
Lisa Laurent, 20 March 2008



B WALLE2B-WALLE2



B Well6B-Well6



(case 3)

B-BMPS



Surface preparationp p

• Dust free surface Done, but conform againDust free surface Done, but conform again 

Red cing O t gas• Reducing Out gas
• Stress free surface
• Copper oxide surface
• Grain size/boundaryGrain size/boundary
• Work function measurement

Scanning field emission microscopy• Scanning field emission microscopy



Catalogs data of Si wafer cleaning by  KANTO CHEMICAL CO. 

Yasuo Higashi

Cata ogs data o S a e c ea g by O C C CO
Ltd.
We use Frontier Cleaner W-A02 



2nd Single cell SW structure preparation

A 02 solution + Megasonic cleaning All parts were applied megasonic cleaningA-02 solution + Megasonic cleaning

960kHz, 600 W, 5 minutes operation

Ultra Pure Water

All parts were applied megasonic cleaning

Assemble envelopment: Class 10

No vacuum leakUltra Pure Water No vacuum leak

300 degC baking, period : 5days



Out gas measurement by TDS

Thermo Couple

Gus analysis chamber
Sample

B-A gauge

Q mass filter

T b

B A gauge

Heater Orifice 0.0132m2/s

Specimen chamber
Turbo pump

Ta cup

Rotary pump Arrangement for heating samples in Ta cup for determination of gases 
evolved from copper
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Copper oxide surfaceCopper oxide surface
First principle molecular dynamics simulation

done by Osaka Uni.

OH O Cu-H2O

Bonding energy reducing

Cu atoms

g gy g

C O/C O l il t b ki ti l t /i ?CuO/Cu2O layer easily evaporate by kinematics electron/ions ? 



Grain size/boundaryy

Reducing breakdown rate on grain 
boundaries

6N 6N/HIP6N                                    6N/HIP



Work function measurement using Kelvin techniques

Vb

Measuring conditions

sample probe -Probe dia.           0.3mmφ

-Material /WF        Au /5.28eV

Vb
Vb= Vcpd

-Scanning             100μm pitch 

-Area                     3mmx3mm

The Kelvin Probe consists of a vibrating reference electrode in plane 

Vb=-Vcpd
Sample                 including grain   boundaries

g p
parallel orientation to the sample, creating a capacitor. The sample and 
probe are connected via a voltage source called the "backing potential" 
(Vb). When Vb is set to zero, a contact potential difference (Vcpd) equal 
to the difference in the probe and sample work functions appears acrossto the difference in the probe and sample work functions appears across 
the probe/sample faces. The change in work functions is detectable 
because wf = eVcpd where e is the electronic charge. At the unique 
point where Vb=-Vcpd the circuit is balanced, and the electric field 
between the plates vanishes resulting in a null output signal. This null 
condition, and deviations from it, can be detected with high precision, 
thereby directly measuring the changing sample work function. 



Class 1 sample



CuZr sample



6N/HIP copper samplepp p



6N copper sample



Calculation of field emission current at 200MV/m using measured work function

Work function measurement

Method : Kelvin method

Purpose

Measurement of field emission

Electric field = 200MV/m
6NHIP i 080919Electric field = 200MV/m

Method : Kelvin method

Probe: 0.3mmφ, Environment: in air

Measurement of field emission 
enhancement at grain boundary
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Field emission at 200MV/m with β = 1
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ResultsResults
@ All samples Work function are similar@ All samples Work function are similar
@ All samples Field emission are similar

Measuring sensitivity (lateral resolution)Measuring sensitivity (lateral resolution)  
was low!!

• Who decide β value ?• Who decide  β value ?



Attempt on small amount of dark current and 

Yasuo Higashi

breakdown late at high gradient by removing particles 
and metal impurities on the cavity surface

removing particles and metal impurities techniques

- Using a semiconductor wet cleaning solution and Mega-sonicg g g

Making thin Cu2O layer on the cavity surface

- Vacuum baking at 500 deg.C

Keeping good cleanness at installation into the high gradient test setup

- Making class 100 environment

High gradient test structures

- Single and 3-cell SW structure

Test data analysis

- Needs statistically analysis

- Single cell : 7 structures, 3-cell : 5 structures should be required



Scanning field emission microscopy

D.T surface

Ry 20nm

Scanning

Ry 20nm
CMP Ry 
1nm

1~10μm 
gap/100~1kV

W tip (φ1μm)

Under perpetrating



Future planp

N h k f b i i• New choke structure fabrication 
(1C-SW-A3.65-T2.6-Ellips-R2.2-CH 4.0)(1C SW A3.65 T2.6 Ellips R2.2 CH 4.0)
using 6N/HIP, CuZr and CuAg material.

• Comparison of the breakdown 
characteristics of Single cell SW structure g
(1C-SW-A3.65-T2.6-Mf-KEK-#2)

i Cl 1 6N 6N/HIP C Z C Ausing Class1, 6N, 6N/HIP, CuZr, CuAg
with advance technologiesad a ce ec o og es



(1C-SW-A3.65-T2.6-Ellips-R2.2-CH 4.0) 
Diamond Tuning/ SLAC 

etching/Brazing/Rinsing/Baking at 500degC.

Previous

New choke cavity
RF designed by V. Dolgashev



(1C-SW-A3.65-T2.6-Ellips-R2.2) for CuZr, CuAg

Diamond Tuning/ ~250degC. Low temp. diffusion bonding 
with Indium shelling

RF designed by V. Dolgashev



ScheduleSchedule

All ill b f b i d b h d• All structures will be fabricated by the end 
of December.



Future studies of cost effective 
mass production















































結テストワークの加工結果

テストワーク加工の段取り 加工ワーク表面



テストワークの加工結果

加工後の形状精度
加工後の加工面性状



Newly developed ultra-precision aspheric
generator with linear motor drive
(Model: ULG-100D (H3))



1nm step feed command response1nm step feed command response





別紙１ 外観
50mm

通常切削加工による
実験結果

楕円振動切削加工による
実験結果実験結果 実験結果



Quadrant structure fabrication study by FANUC Co.

230mm230mm

45°

横からの図









SummarySummary

• Continually studying surface preparation for

- Pulse  surface heating
- Break down

• Studying quadrant structure fabrication 
technologies having low break down rate


