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Synopsis :

In terms of the surface activated bonding and electro-plating methods, we have developed a
complex metal substrate which is consisted ol a nickel (Ni) plating layer, a

a cold-rolled copper (Cu)

foil and an austenitic stainless steel (ASS) thin plate. This substrate is characterized by its high
crystal orientation of the Ni layer and expected to be a new substrate for REBazCusOy (REBCO,

RE :

rare earth metals) superconductive wire as the next generation.

In this study, CeOz, as the first buffer layer, was spultered (o form a thin film on the substrate and
its suitable depositing conditions were investigated. As a result, the CeOz was grown by epitaxy and
could have a higher crystal orientation than that of the Ni layer, especially it was superior in
relation to out-of-plane texture. This improvement intensively occurred at around the location of
the substrate which corresponded to the right above erosion area of CeOz target. On the contrary, it

did not occur at around the location of the substrate which is far from the erosion area.

This

difference is considered to be related to the difference of the activity and the amount ol oxygen at
each location. In addition to it, we observed the interface of CeOz and Ni in the regions having an
improved crystal orientation by TEM (Transmission Electron Microscope). In the measurements of
diffraction pattern at the interface of the CeOz/Ni sample, the diffraction pattern between CeOz and
Ni was tilted at about 3.0 degrees toward substrate’s ¢ axis. Namely, the CeOz film grew on the Ni
layer with tilting toward substrate’s ¢ axis from the initial depositing stage and the tilt of about 3.0
degrees was basically derived from the out-of-plane texture. Furthermore, it is confirmed that this
tilt is caused by distortion of crystal lattice of the CeOz. Consequently, it is assumed that the
distortion is due to the step-flow growth induced by adding oxygen because the improvement of
crystal orientation occurs intensively at around the location of the substrate corresponding to the
right above erosion area of the CeOz target.

Keywords : superconductive wire; REBCO; RABITS; surface activated bonding; crystal orientation; nickel,
CeOg; RF magnetron sputtering; epitaxial growth
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Fig.1 Schematic illustration of the complex metal substrate

for REBCO superconducting wire.
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Table 1 Composition of the sputtering target

Composition wit%
CeO2 99.96

Lax,O3 <0.020

PrsOnl <0.010

Nd203 < 0.005

Ca0 < 0.005

Fex0O3 < 0.002

Table 2 Conditions of the CeOz deposition

Factors Condition
Target CeO:
Sputter gas Ar
Sputter gus pressure [Pa] 1.0
Substrate temperature [K] 673
RF power [W] 50
Depotition rate [nm/min] 6
Thickness of CeO2 deposition [nm] 100
Target-substrare distance [mm] 40, 60, 80
Diameter of substrate [mm] 50
Diameter of target [mm] 50

EE e

Substrate

TS=40, 60, 80 mmy

target

Fig.2 Schematic diagram of the target-substrate configuration
in the sputtering chamber.
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Fig.3 Relationship between 6 and L for the target-substrate
configuration in the sputtering chamber.
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Fig.5 Aw, A ¢ and misorientation rate from (001}<110> as a function of the @ in the deposited CeOz films.
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Fig.6 Aw, A ¢ and misorientation rate from [001}<110> as a function of the L after depositing CeOz
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Fig.7 Misorientation maps of Ni layer from [001}<100> and CeQz layer from {001}<110> in the same position of the CeOz= deposited
substrate and the crystal latlice images of grain A and B by means of the EBSD analyses.
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Fig.9 Misorientation maps of Ni layer from (001]<100> and CeOz layer from {001}<110> in the same sample position of the
CeOz deposited substrate by means of the EBSD analyses.
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(a) NBD pattern at TD

(b) NBD pattern at RD

Fig.13 The NBD patterns of various point at the interface area
between the CeOz and the /Ni layers shown in Fig.12.
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Fig.14 Magnified TEM images of the CeOz/Ni interface shown
in Fig.12 (a), (b) (x4,000,000) and corresponding Fast
Fourier Transforms (FFT) of the interface.

Fig.15 Inverse Fast Forier Transforms (IFFT) ol the interface

obtained from Fig.14 (a) and (b), respectively.



YFAEEEH A 7 7 v FEER(NI/Cu/SUS) EIC BB L 72 I CeO2 i S Bl i o dic

£ 9 step mismatch mechanismZ3F £ 442 12k -T
CeO2JdHNIJ Iz L TG THE L 725558,  #5ALEC E
il L EHEI E B,

4. &S

Ni/Cu/SUS#: & #% X :1 2REBCOfM M 7 7 v F &%
FEMEA~DOPHEECeO2% IE T 28D ¥ —77 » b L RIEAZ
DRl EEG I W THEEL, 2ol 25
FRELIAME OGS 2 = X Ao w TR L aREE, BTo
AR P
(1) CeOzf@oilEEmtEIzy —4y bxu—Yarvifit
DAEILRE (REL, ¥—7y rxo—varifia
FE ETHIET S 2 ETRE (SET 5.
B E OB Z A w DADWETH D, true-A ¢
FEGEE LGy,

il e P 1A 2 O & AL A R E D RS AL R D W TTEM
WL % i L 7255, CeOz/NifLifi 12 THIZ. 0° D
W2 DEFEEDSIER S, ZoE £ A wddEEED
BIE T2 26, Z0CeOz/NifLHTHNI. 0°
O = 1%, SUBHEELFZ[001] & NiF[001] & O F 4o %)
LT, aWBHERIZA[001] & CeOQ:E[001] £ @ T L3RR
ENfizm L TE D, IHREMELPED BEE I EF
SLTwaEtEIZoND,

CeOQz/NiF [ D TEMG 12 > TIFFTE T % 920 L 7=
FEHL, NiER Lo A7y 7HEENEREEZ 5D
CeQeD (- EAR MR T L LBTE,
AEBETORERRAMSHEZY -y oo -V 2
VI IEE ETHEfT L Tw B, Z OfEATIdEE#rich
BEET EEZGN, 0k AR THEIENS Z
LTI - TlECeOz D 25 v 77 n — R EMI 2
D, % Gk F 2 E A& P4 U Astep mismatch
mechanism!c X O Nifg FicCeOzfghsfiiv: THE L,
fEEEC A E L2 b D I E D,

5 A X ®
BT AR A i - HS IR gR & i (R, Bl X
Stk - 74— AR, (2013),1.
2) 3 H AR A - B A S & A

1)

39

Sz F - 74— - TAHH, (2013),9.

BT AR S i A EEE S L SRR S L
ST R - 74— TAHE, (2013),135.

Y.lijama, N.Tanabe, O.Kohno and Y.lkeno : Appl.
Phys.Lett.,60 (1992),769.

5) A.Goyal, D.P.Norton, J.D.Budai, M.Paranthaman,
E.D.Specht, D.M.Kroeger, D.K.Christen, Q.He,
B.Saffian, F.A.List, D.F.Lee, P.M.Martin,
C.E.Klabunde, E.Hartfield and V.K.Sikka : Appl.
Phys.Lel(.,69 (1996),1795.

[l ¥SE, R ], BIEE, s B, UK
HEARER, ki El, k FIE  HARREE 2R
(20108k%), 217.

H.Okayama, T.Kurokawa, K.Nanbu, T.Koushiro,

3)

4)

6)

7)
Y.Hashimoto, G.Honda, K.Ohki and T.Nagaishi :
Applied Superconduclivity Conference Program
Book (2012),242.

W s, i RS, s Bk, KR IESE, Sl
Hi—, Bt PERE:SEIF 2 =4 L L ¥ 2 —, 184 (2014),
77-

T.Minami, T.Miyata, T.Yamamoto and H.Toda :
J.Vac.Sci.Technol., 18 (2000),1584.

“RABITS Substrates Reserch & Development” .
OAK RIDGE NATIONAL LABORATORY. htip://
www.htspeerreview.com/2003/pdfs/presentations/
dl_pres.pdf (accessed 2014-12-01)

J.D.Budai, W.Yang, N.Tamura, J.Chung,
I1.Z.Tischler, B.C.Larson, G.E.Ice, C.Park and
D.P.Norton : Nature Materials,2 (2003),487.
C.Cantoni, A.Goyal, X.Li, M.W.Rupich, C.Thieme,
A.A.Gapud, T.Kodenkandath, T.Aytug, M.
Parantahman, K.Kim, J.D.Budai and D.K.Christen:

8)

9)

10)

1)

12)

IEEE Transactions on Applied Superconductivity,15

(2005),2981.

C.Cantoni, E.D.Specht, A.Goyal, X.Li and M.Rupich:

J.Mater.Res.,24 (2009) ,520.

14) H.Nagai : J.Appl.Phys.,45 (1974),3789.

15) G.H.Olesen and R.T.Smith :
(1975),739.

13)

phy.stat.sol.,31



