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Motivation for Thin Film R&D
• KEK and industries are working closer recently, and we constructed the 

Center-of-Innovation (COI) building to induce the innovation of SRF 
technology and to help industries produce the innovative products in 
SRF field. 

• To realize the COI concept, we really need higher gradient and 
innovation in SRF. Thin-Film technology is very good subject to pursue 
in the COI concept and in the COI building.

• Japanese HEP community is pushing the Japanese government to host 
the International Linear Collider (ILC) in Japan.

• One of problem to realize the ILC is the huge cost of construction.
• If the thin-film technology can improve the accelerating gradient of 

SRF cavity, the cost of ILC might be reduced drastically.



Superconducting Accelerator Promotion Center
/ Center-of-Innovation (COI) Building at KEK

Construction was finished 
in Jan. 2015.

Existing STF 
building New COI 

building

Promotion of KEK-industry collaboration 
to induce innovations in SRF technology
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New SRF facilities : promotion of SRF accelerator utilization in industies
Facility lay-out plan of the new COI building (80m x 30m) 

SC cavity inspection & process, vertical test, cryomodule assembly, cryomodule test

Still under 
installation
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New SRF facilities for cryomodule assembly in COI building at KEK

Long cantilever rod was 
delivered for the 9-cavity 
cryomodule assembly.

Clean-room for cavity-string 
assembly with 2-rail system.



ILC Cost Breakdown (RDR)

1 ILC Unit ~ 1 US dollar(2007) ~ 117 Yen

Detector: 460 – 560 Million ILC Units
~10 % of machine cost



SCRF specification for ILC
Parameters Value

C.M.  Energy 500 GeV

Peak luminosity 1.5 x1034 cm-2s-1

Beam Rep. rate 5 Hz

Pulse duration 0.73 ms

Average current 5.8 mA (in pulse)

Av. field gradient 31.5 MV/m +/-20%
Q0 = 1E10

# 9-cell cavity 16,024 (x 1.1)
# cryomodule 1,855

# Klystron ~400
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16024 x 1.1(Yield = 90%)  
~ 17600 cavities of mass-production

High quality

Linac (11km) x 2

ILC

Higher gradient by thin-film means less # of cavities / shorter tunnel.



A. Gurevich suggested the possibility to achieve higher gradient by thin-film 
structure on the inner surface of SRF cavity.

Thin-film 
superconductor

Thin-film 
insulator

Inner surface of cavity

Bulk superconductor
（Nb）

Consideration on theory
We started from some consideration of theory to minimize the experimental efforts.



Consideration on theory

Precise theory of H-max on thin-film is necessary to 
evaluate and compare the experimental results/data. 



Consideration on theory



Creation of thin-film samples by IBS 

Ion Beam Sputtering (IBS) method to make thin-film samples

Nb can be sputtered on the Si waferAr+
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Thin-film R&D by Atomic Layer Deposition (ALD) at KEK

KEK ALD device is now under development
Thin-film by Atomic Layer Deposition

Precursor Gas

Sample deposition chamber
with heater

Plasma exciter

Control PC

Purge Gas: Ar, N

Detoxifying apparatus

Almost ready to make film.

NbN ALD on Si-wafer,
at first.



http://ald2016.com
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1 Accelerator Laboratory, High Energy Accelerator Research Organization (KEK), Japan, 
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KEK is already collaborating with ULVAC for production of high-RRR 
Nb ingot and Nb sheet for a few year.

KEK has less experiences on the thin-film creation. On the other hand, 
ULVAC has a long history of thin-film business. If KEK collaborates with 
ULVAC, synergy is expected.

ULVAC might create thin-film samples and KEK might evaluate the SRF 
characteristics of the thin-film samples.

KEK will start collaboration with ULVAC for the R&D of SRF thin-film 
from August 2016.

Collaboration between KEK and ULVAC 
for Thin Film R&D  



Sputtering CVD
Deposition
in vacuum

Deposition
Polymerization

From the homepage of ULVAC



XPS/AES/SIMS for surface and x-section 
observation of thin-film samples at KEK 



Small-sized Cryostat with a Compact Refrigerator for 
Measurements of SC Samples (Tc, RRR, etc. / DC) 

Electric 
Current 
Source

Temperature monitor
and Heater controller

System controller and 
data-aquisition by a 
Personal Computer 
(PC) 

Degital Volt meter

Nb sample: 2.8 x 5 x 150 (mm3)
Resistance measurement 
with electric current = 50 mA

Tc=9.56K

X Measurement 1
O Measurement 2

Refrigerator is fixed in the center of 
top-flange. A cupper L-angle stage 
is attached on the top of rifrigerator 
head. Samples are fixed on the 
cupper L-angle stage.



Compact system to measure the SC characteristics of thin-film 
samples.

Handling of the system is easy because no need of complicated liquid-
He operation. The refrigerator starts cooling just by switching-on. (After 
measurements, warming up is done without complicated He-gas operation.)

The history log of 8 temperature-sensors (CERNOX) are recorded.

The temperature of samples can be controlled by a heater and a 
controller.

Data acquisition and the temperature controlling can be done by a 
Personal Computer (PC).

Small-sized Cryostat with a Compact Refrigerator for 
Measurements of SC Samples (Tc, RRR, etc. / DC) 



Temperature and X-ray maps of cavity are obtained during each test. T-map & Xray-map,
together with pass-band
mode measurement,
location of quench is identified.
Inspection camera visualize
what’s happen inside.

Eacc=25MV/m (Quench)

MHI-09  1st VT  π-mode

T-map Xray-map

Sensors installation Camera for inner-surface inspection

Vertical Test (VT) facility for cavity measurement at KEK



Middle-sized cryostat for the evaluation of 
thin-film samples.

Top-flange is flexible and 
compatible for various setups.



Middle-sized Cryostat for Hc1 AC(~kHz) Measurement

X

Small coil

Thin Film 
sample

Magnetic filed 
at ~ kHz by a 
small coil.

Thin Film 
sample

Oscillating voltage at ~ kHz is applied to the 
small coil and magnetic field at ~ kHz is 
created on the thin film sample. The voltage 
of the small coil is measured. Third 
harmonics of the voltage corresponds to 
the amount of penetrating magnetic field 
into the sample and the Bc1 is measured. 
The measurement of Hc1 is repeated by 
changing the temperature T.



Middle-sized Cryostat for Hc1 DC Measurement
Top-flange is flexible and 
compatible for various setups.

Magnetization measureament 
(Hc1 by DC field)

Sample-chamber

SC solenoid (5T)  
to create external 
magnetic field for 
SC samples.



Setup to measure the RF critical magnetic field（Hc1)

Middle-sized Cryostat

Liquid He

Mushroom-shaped cavity

SC Thin-film Sample

Dewar for liquid He

SGAmp

PLL

Power Meter

Input antenna

Pickup antenna SC thin-film sample

Fixture

Pumping portPumping port

RF power input

Pump
3.9GHz



Hc1 measurement for RF field

Al-model of mushroom-
shaped cavity for RF test at 
Room Temperature (RT).

Magnetic field on 
thin-film sample

Magnetic 
field

Mushroom-shaped cavity 
for RF measurements of 
a thin-film sample

Middle-sized Cryostat for Hc1 RF Measurement

Superconducting sealing 
is still under discussions 







Motivation of thin-film R&D is to produce compact SRF accelerators for industries 
and the cost reduction of ILC.

Theoretical consideration is done firstly to effectively use the limited experimental 
resources.

The experimental setups for thin-film creation are at Kyoto Univ. (IBS) and at KEK 
(ALD). KEK-ULVAC collaboration started for thin-film creation. 

A small-sized cryostat with a compact refrigerator is successfully installed at KEK 
(Tc, RRR, etc.).

The middle-sized cryostat is used for the measurements of Hc1 for SC samples by 
DC, AC, and RF fields. 

The Al-model of mushroom-shaped cavity for 3.9 GHz RF field is fabricated for RF 
test at Room Temperature (RT).

Preparation of third harmonic measurement is ongoing at Kyoto Univ.

Summary



Backup slides



High-gradient cavity with 
thin-film technology

Undulator

R&D of thin-film technology is matching the concept of 
Center-of-Innovation (COI) KEK-industry collaboration

Image of a compact XFEL machine

XFEL light for 
material analysis
In industries



International Linear Collier (Technical Design Report)

Accelerator tunnel

e+, e- main linac
Center of mass energy : 500 GeV = 250 GeV (e+) + 250 GeV (e+)
Length of linac: 11 km (e-) + 11 km (e+)
Length of tunnel： about 30 km

Damping Ring

Detectors

Tunnel design for Japanese mountain site
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