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Introduction

* The maximum accelerating gradient of
superconducting cavity is limited by the
magnetic field at which vortex avalanche

H=H,Sin wt
OCCurs. |
* |In this study, we calls such magnetic field as o
“effective H.,", H_; .

* Recently proposed theory predicts that H_; h S-layer
is pushed up by Superconductor-Insulator- layer
Superconductor structure (S-1-S structure)

[1][2](3](4]. Sayer

* In order to verify this scheme, we performed -
experiments.

[1] A. Gurevich, Appl. Phys. Lett. 88, 012511 (2006).
[2] T. Kubo, Y. Iwashita, and T. Saeki, Appl. Phys. Lett. 104, 032603 (2014).
51% ?lijirs,vézhéeArlczlr?j.véif.OTZ&iilfé%iééOOl (2017). Slide by R. Katayama (KEK)
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Motivation of multilayer study

 The proposed theory predicts an optimum set of the parameters to
exhibit a good performances

* Theoretical calculation of effective H_, at 0 K for Nb3Sn/Insulator/Bulk-Nb-
substrate is plotted below.

* The expected maximum effective H_, is 470 mT.
* Note that Hcl of pure bulk Nb is assumed to be 200 mT at O K in this calculation.

20 AGD 4.5‘“ J;.-dﬂ 430

ds: Thickness of S layer

d;: Thickness of | layer

(T. Kubo, Supercond. Sci. Tech-nol. 30, 023001 (2017).)
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Motivation of multilayer study

 The proposed theory predicts an optimum set of the parameters to
exhibit a good performances

e We focused on NbN-Insulator-Nb structure.

* Theoretical calculation of effective H_, at 0 K is plotted below.

* Note that Hcl of pure bulk Nb is assumed to be 180 mT at 0 K in this
calculation.

NbN-I-Nb ||
T=0K |

180

500+
' ® In order to evaluate this

scheme, we scanned parameter
regions (red line).

® NbN thickness: 50 - 800 nm

¢ SiO, thickness is fixed to 30 nm.

400}

300/

T w kness of Insulating layer
[nm]

‘-200; Max

o : : :
260 mT In this study, in order to determine

100} \ : effective Hcl, the third harmonic
nm i voltage method is used (explained

oL . NN \ in the following).
0 100 200 300 400 500
Thickness of SC layer [nm] Slide by R. Katayama (KEK)

(T. Kubo, Y. Iwashita, and T. Saeki, Appl. Phys. Lett. 104, 032603 (2014).).
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NbN/S102/Nb-Substrate samples

NbN Thickness: changed from 50 to 800 nm

5i02 Thickness: 30 nm (fixed)
Nb substrate Pure bulk Nb (Tokyo Denkai)

* NbN/SiO, thin-films with various thicknesses
are formed on pure bulk Nb [5].

* These samples were fabricated by ULVAC, Inc.
with DC magnetron sputtering.

[5] R. Ito (ULVAC), T. Nagata (ULVAC), et al., LINAC 2018 Proceedings, TUPOO050
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Setup of the third harmonic measurement

Cryostat

Coil

I(t) = Iy cos (wt)
G—

R

| Heater |

T-sensor

* ’S-|-S sample is installed in Cryostat.

* Liquid Helium keeps the
temperature of ‘S-I-S sample at the
cryogenic temperature.

* Coil is set just above ’S-I-S sample,
which can apply an AC magnetic
field H, cos(wt) (f ~ 5 kHz).

* Temperature of ‘S-1-S sample is

monitored by Temperature sensor,
and gradually increased by Heater.

* Coil voltage and current are
detected and digitized by V-A
meters installed outside of cryostat.

* Measure the third-harmonic
component of coil-voltage.

We can control the temperature and the magnetic field
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Principle of third-harmonic measurement

/ a0y costn) ] ° \ e j \
=0:01

\\ 2| Meissner Effect
, ’ ;
Hac - < Hac """""""""""
| N
3 | Region-i | Region-ii! Region-iii |
------------- et (0t <_> i N
/2 /2 /2 DA V)
(casel) (case2)
* H_, (critical field) > H_. (applied H) « H,, (critical field) < H,. (applied H)
region-Il
- Coil voltage is simply sin(wt) * (region-l or Ill) - Perfect Meisner effect
function. which is the same as case1.

* (region-ll) The third harmonic component
k / appears in the coil voltage: sin(3wt+d’).
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Setup of third-harmonic measurement at Kyoto University

= B w— @ = [(000) W~
wog—  HfAHe  BEA  k—L  HERE o L R

Coil set in the upper
Cu plate

Fins are dipped in the liquid helium. ‘

s!1

Setup inside
the cryostat

Sample is set in
between two Cu plates.

Coil is just on the upper side of
the sample.

Cryostat

Sample on the Cu plate
measurement stage

We have a similar and independent setup at KEK.
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Independent measurement systems and analysis processes
at Kyoto University and KEK

NbN/SiO2/Nb multilayer samples are prepared by ULVAC (industry) in collaboration with KEK.

Kyoto U niv.

‘\ . '/ e >_"

NbN-I-Nb samples

Measurement and analysis by ULVAC, Inc. Measurements and analysis
by Ryo Katayama (Kyoto Univ. / KEK) by Hayato Ito (Sokendai Univ. / KEK)

SRF2019 THFUA2 ﬁ SRF2019 TUPO78

We obtained consistent results at two independent setups!

Both measurements and analysis processes were
presented at SRF2019 (THFU2 and TUPQ78)
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The measurement result of the eftfective Hel of
NbN/Insulator/bulk-Nb by the setup at Kyoto Univ.

——o— Pure bulk Nb
N(250 nm)/Si02(30 nm)/Nb
N(270 nm)/Si02(30 nm)/Nb
N(400 nm)/Si02(30 nm)/Nb
N(800 nm)/Si02(30 nm)/Nb

N
@)
O

N

Nb
Nb
Nb
Nb

150

Effective Hc1 [mT]

Hey e (T =0 K)

100

SRF2019 50
R. Katayama
THFUA2
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Temperature [K]

“The 9th International Workshop on Thin Films SRF", T. Saeki —11/19



Hcl (T=0K) vs. thickness of NbN layers.

* Experimental results and theoretical curves are
superimposed below.

H,, (T=0K) [mT]

260

A  Experiment Result

250

Theoretical Curve for n=1

Optimum

Theoretical Curve for n=0.9

240
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Theoretical Curve for n=0.8
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Data from the
setup at Kyoto
University.

SRF2019
R. Katayama
THFUA2

NbN Film Thickness [nm]
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cool down the solenoid coil. The gap LHe [ 2
distance of 0.05 mm between sample = oy
i

surface and coil stage is kept by nine SiN balls embedded in the coil stage. Jo ol measurement setup, is in good

q P e S e 1] - :
Please find arXiv:1906.08468 which describe our measurement system in detail. ) S e e 2 %60 Sa“bN fhf‘gknjgglnﬁm agreement with the theoretical curve.)

nm sample, which is measurement result
during the development stage of the

from the applied magnetic field. | NDN-Si0,-Nb sample |
[ M ] — =0
easurement system i Z0prerp | sample ——— D f
¢ y 4 £ a0 wor IR Sevan NEN-Si0,Nb sample ata rom
A b T,—l gj‘ggz e e B wens produced by ULVAC, Inc..
= = 1 ; ik {50, 100, 150, 200, 250, 300, and
ar E 140§ Nb 400 nm thickness MoM and 30 the Setup
Rk nm thickness Si0;)
1EICE R Ito, T. Hagata, et &, “Construction of Thin filn Coating System
B0 F Toward the Realizati on of Supereonducting Multilayered Structure”, a o
B0 LINAC2018 Proceedings, B eijing, China
o The above samples were measured and
%E compared with H;, of bulk Nb sample.
1 2 d 4 & E Terﬁpzrat%re [I<1]D
£ [T L The comparison between the SRFZOlg
e ol GO = 1 measurement values and the theoretical
— ¥ 7 curve show that optimum thickness H It
The sample stage has two copper OO o atia o ~——gg| g < exists for the NbN-SiC,-Nb multilayer . 0)
f - H g : Xy sive ) = 4
fins which are equipped with heater for Gl ‘Sm N i o Ny structure. ) TUPO
increase sample temperature. The coil | i w e N * Our meaSlt.lre_tn:letr:lt r?r?ults ?"e I'” good " 78
stage has also two copper fins whose . = i 4 ] f']g_r%e;qfono";'exceept fi?ﬁ;cgsﬁ'tn;?;;
bottom ends are immersed in LHe to Sample stage Temp. Sensor 53 \” ] 200 nm sample. {the open circle for 200

e

i CONCLUSION i
+ The third harmonic measurement system was constructed in KEK, and the bulk Nb sample and the NbN-SiO,-Nb samples were measured and
compared esach other.
+ We found that the optimum thickness existed for the NbN-SiG,-Nb multilayer structure.
* Inthe case of n = 0.7 to 0.8, the maximum improvement of 24 to 31 % for the NbN-SiO,-Nb multilayer structure is expected compared with bulk Nb.
+ These results support that SRF cavity with the NbN- SiO2-Nb multilayer structure has the potential to achieve the higher accelerating gradient respect to
. conventional SRF cavity. y
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Third-harmonic measurement results
of NbTIN thin-film samples

New results!

NbTiN/Insulator/bulk-Nb thin-film samples were prepared at Jlab and sent to KEK/Kyoto-Univ. for the
third-harmonic measurements.

The NbTiN/AIN bi-layers were deposited on bulk Nb substrates using reactive DC magnetron sputtering
(R-DCMS) in an ultra-high vacuum deposition system with a base pressure in the 10-10 Torr range. The
NbTiN films were deposited using an 80/20 (%wt) NbTi target at a fixed distance to substrate of 8 cm.
The AIN films were deposited with an Al target and with a fixed target to substrate distance of 11 cm. The
N2 partial pressure was respectively ~¥23 and 33 % for NbTiN and AIN, for a total pressure of ~¥2 mTorr,
and a substrate temperature of 450 ° C. Prior to film growth, the substrates were etched with BCP 1:1:2,

rinsed with DI water with a final rinse in an ultrasonic bath of methanol and annealed at 600 ° C for 24
hours under vacuum.
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Theoretical calculation of Hc1-effective for NbTiN/Insulator/Nb sample

+ T. Kubo (KEK) calculated the expected Hc1-effective as the function of d, (Insulator
thickness) and d (NbTiN thin-film thickness).

NleN 90 110 130 150 170 190 210 (mT)

Data from L. Zhang et al., Appl. Phys. Lett. 107, 122603 (2015) E [
C 250: T T T T T ¥ T T T T T T !i
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d : Thickness of NbTiN film (nm)
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Third-harmonic measurement result of
NbTiN/Insulator/bulk-Nb sample

Preliminary

Third-harmonic — 025 : : :
- — —— Nb Calibration Curve
component B B —— NbTIN(248 nm)/AIN(20 nm)/Nb
= B ———— NbTIN(133 nm)/AIN(20 nm)/Nb
V3 S 02 ——— NbTiN(312 nm)/Nb
2 : ;
)
=
3]
D 0.15
He1(T) L
He1(0) ]
Hac>‘\‘\|\\\ 0.1
0 | {emperature‘ I — HCl-EffeCtive Of
0.05— NbTiN(248nm)/AIN(20nm)/Bulk-Nb = Ny .
« Fitting function of H, : ~ samples is higher than that of bulk-
0,
Her(T) = Hey (0) X (1-(T/T?) (NBBvaboutsORe I
OOIIII1IIII2IIII3IIII4.IIII5IIII6IIII7IIII8IIII9 II10

Temperature [K]
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Development of Quad THD system @ Kyoto U.

Test setup under preparation:
® Four samples can be measured at one LHe charge (~one day).
® Programmable heater and measurement sequence.
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Development of Quad THD system @ Kyoto U.

= |l .

Speed up
the measurement cycle.

-

Fast search of wide
parameter space! Both
thin-film creation
parameter space and film-
thickness / material
parameter space.
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Summary

Theoretical predictions of Nb3Sn and NbN thin-film structures are discussed.
Creation of NbN/Si/Nb-substrate thin-film sample by ULVAC is explained.
Setup and principle of third harmonic measurement system are shown.

We have the third-harmonic measurement systems at Kyoto university and
KEK, one for each.

The third-harmonic measurement results of NoN/Si/Nb-substrate samples at
Kyoto university and at KEK are shown.

NbTiN/Si/Nb-substrate thin-film sample was coated at Jlab. The third-
harmonic measurement results of the NbTiN/Si/Nb-substrate samples at
Kyoto university are shown. New results!
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