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Development of High Temperature and Rare-Earth Less Superconducting Thin Films by Co
ntrolling (Cu, C)-based Artificial Multi-layer Structure
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The investigation of structural origin and the development of practical growth tec
hnique of the (Cu, C)-1201 rare-earth element free, superconducting films have been performed. The compres
sive interfacial strain at the top and bottom of the 1201 layer is a dominant factor for the emergence of
superconductivity, which is optimized by controlling thickness of the over- and under-layers grown in the
strained epitaxial-mode. The optimization yields an emergence of superconductivity on the ultra-thin 1201
layer. The repeating growth of this layered structure is a promising method for improving the critical cur
rent density per unit width. The emergence of superconductivity has been also confirmed on the films grown

by the co-deposition of all of the constituents. As mentioned above, the fundamentals for the growth of t
he rare-earth free superconducting film and the foothold for practical growth techniques are established,
which means the objective of this research is successfully achieved.



700~900 °C

Hg, Tl

YBa2Cu307 (YBCO)

Y c-
YBCO 700°C

Tc

TI-1223 133 K

Cu
MCU.Oz (CU,
C)Ba,Can1CuyOx [(Cu, C)-12(n-1)n]

(Cu,
C)BaZCqur d [(Cu, C)-1201]
1) 480~520 ° C
as-grown
CUOQ
50K Tc
2) (Cu,C)-1223,1234

Cu0O2

3) (Cu, C)-1201
CaCuO2
Tc [ Te(p =0)> 70
K]
Tc
[(Cu, C)-1201])/[MCuO,]
M )
Tc
(Cu, C)Ba,CuO, [(Cu,
C)-1201]
500 ° C
50K Tc
[ Te(D =
0)>70K]
(Cu, ©)
Tc
Tc
(Cu,
C)-1201
nm 1201 1201
(Cu, ©)-1201
(Cu, C)-1201
(PLD)
Tc (Cu, C)
(Cu, €)



Tc

StTiO; (001)

500°C ¢
SrCuO, 002) X
SrTiO; SrCu0O, a
3.90 A 3.94 A
SrCuO,
SrCuO, c
3.8 nmn
c 1%
c
SrCuO, SrTiO; (001)
c (Cu,
O)-1201
5’-: 14.6nm

20nm
3.84nm

1 1 B Y
50 52 54 56 58 60
20[deg]
SrTiO; (001) 500°C ¢
SrCuO,
(002) XRD
3.50

— 348 |

g 3.46 |- .\'\'/4

% 3.44 1

.f 34 SrCu0,:343[ 1]

3.40 L !
0 5 10 15

SrCqu thickness [nm]

500°C ¢
SrCuO,

SrTiO; (001)

C

SrCuO, SrTiO3 (001)
5nm (Cu, C)-1201
(RHEED) SrCu0O,
SrTiOs

0 nm

(Cu, C)-1201 c

SI‘CUOz
(Cu, C)-1201

SrTiO; (001)

SrCuO,
Tc
1201
5 nm
SrTiO; (Cu, ©)-1201

(Cu, €)-1201  SrTiO;

(Cu,
C)-1201 -
h(2e? 645 kQ

6.2 nm
(Cu, ©)-1201
35 K Tc-onset

1201

8.2 nm
Te(p =0)
12.2 nm
Te(p =0) 38K

=27K

1201

SrCu0O,

8 nm 12 nm

SrCuO,

/StTiO5 (001)
5 nm (Cu, C)-1201

(RHEED)  SrCuO,



14~20 nm
1201
1201 SrTiOs
50~70 nm
1201
50 K
5 nm (Y, Pr)Ba,Cu;075
1201 1201
SrCuO, 1201
in-situ
SrCuO, RHEED
1201 (
0 nm)
SrCuO,
1201
1.5
¥1A0 6.2 nm
Q<:-'.’
= ~
14.2 nm
05 F
12.2 nm
0.0 . L L :
0 50 100 150 200 250
Temperature [K]
SrCuO, /SrTiO5 (001)
Snm (Cu, C)-1201 - SrCuO,
60
S0F c-onset ]
40 -
% 30 F -
L
20 | -
10 | -
0 % 5 1‘0 15
SrCqu thickness [nm]
SrCuO, /SrTiO; (001)
nm (Cu, C)-1201 Teonset  Tep =
SrCuO,

5

0

SrCu0O, 1201
(Cu, ©)-1201
SrCu0O,/(Cu, C)-1201; 5 nm/SrCuO,; 12
nm/SrTiO; (001) SrCuO,
SrCuO2 a 3.92
SrCuO, (Cu, ©)-1201

(Cu, C)-1201

SrCuQ,/(Cu, C)-1201; 5 nm/SrCuOy;
12 nm/SrTiO; (001)

SrCuO,
2

Tc

SrCu0,/(Cu, C)-1201

SrCuO,
C)-1201 /

/10

500 °C

1.0 nm

2.0 nm

(Cu, C)-1201

SrCuO,/(Cu,
nm/SrTiOs (001)

(RHEED)

0)-1201;

SrCuO,

5

nm/SrCuO,;

5.0 nm
Te(p
8.0 nm Te(p
SrTiO;
(Cu,
1201
1201
1201

12



1201

SrCuQO, 1201

SrCuO,

Resistance (arb. units)

(Cu, C)-1201

(Cu, ©)-BaCaOfilm 7

(Cu, C)-1201

. . .
0 50 100 150 200 250
Temperature (K)

(Cu, C)-Ba-Ca-O
Cu-Ba-Ca-O

1201

(Cu,
€)-1201

(Cu,
€)-1201

1201

1201

Norio Terada, Hideki Morita, Kosuke
Chochi, Sho  Yoshimoto, = Masahiro,
Mitsunaga,Shogo Ishizuka, Hajime Shibata,
Akimasa Yamada, Koji Matsubaraand
Shigeru Niki, Characterization of Electronic
397 y T y y Structure of Oxysulfide Buffers and Band
Alignmentat Buffer/Absorber Interfaces in
} CIGS-based Solar Cells, Jpn. J. Appl. Phys.,
, vol.53, 2014, pp. 05SFW09
Masakazu Ito, Naotoshi Kado, Kazuyuki
] Matsubayashi, Yoshiya Uwatoko, Norio
} Terada, Shuji Ebisu, Shoichi Nagata,
+ : Magnetic properties of spinel CuCrZrS,
under pressure, J. Magn. Magn. Mater.,
(I) i ;1 é glg , V01.331, 2013, pp98-101
StCu0, thickness [nm] Masakazu Ito, Tatsuya Furuta, Norio Terada,
Shuji Ebisu, Shoichi Nagata, Relaxation of
SrCu0,/(Cu, C)-1201; 5 nm/SrCuOy; 12 nm/SrTiO; magnetization in spinel CuCrZrS,, Physica B,
(001) SrCu0, ,vol.407,2012, pp.1272-1274
Masahiko Hiroi, Iori Yano, Kenta Sezaki,
Iduru Shigeta, Masakazu Ito, Hirotaka
Manaka, and Norio Terada, Substitution
1ok 1 effect on the magnetic transitions of
Fe,MnSi, Journal of Physics: Conference
Series, ., Vol.400, 2012,
pp-032021(1)-032021(4)
Masahiko  Hiroi, Haku Ko, Shingo
Nakashima, Iduru Shigeta, Masakazu Ito,
Hirotaka Manaka, and Norio Terada,
som | (Cu0)-1201 |1 Spin-glass and antiferromagnetic transitions
2mm|  SiCuO, | in  Ruy,Fe,CrSi, Journal of Physics:
SITiO, &4R Conference Series, , Vol.400, 2012,
COTE 0 TR0 0 250 pp-032020(1)-032020(4)
Temperature [K] N. Terada, A. Kirihara, T. Takahae, Y. Shiota,
S. Niki, S. Ishizuka, H. Shibata, A. Yamada
SrCu0O,/(Cu, C)-1201;5 nm/SrCuO,; 12 nm/SrTiO; and K. Matsubara, CHARACTERIZATION
(oot) - $rCu0, OF  BAND  ALIGNMENT AT

[
o
[N

a - axis lattice parameter [ A ]
w s
o o
- w
T T
——
——
—

™
o
w

0~80m | SrCuO,




BUFFER/ABSORBER INTERFACES AND
GRAIN BOUNDARIES IN CIGS-BASED
SOLAR CELLS, Technical Digest of 21st
International  Photovoltaic Science and
Engineering Conference, , 2011, pp.
3B-31-01
Masahiko Hiroi, Shingo Nakashima, Kohei
Nakao, Tsugumi Rokkaku, Masakazu Ito,
Iduru Shigeta, Hirotaka Manaka, Norio
Terada, Magnetic Properties of Ru-rich
Ru,Fe,CrZ (Z= Si, Ge), Journal of
Superconductivity and Novel Magnetism,
, Vol.24, 2011, pp.753-756
H. Manaka, T. Etoh, Y. Honda, N. Iwashita,
K. Ogata, N. Terada, T. Hisamatsu, M. Ito, Y.
Narumi, A. Kondo, K Kindo, Y. Miura,
Effects of Geometrical Spin Frustration on
Triangular Spin Tubes Formed in CsCrF,
and alpha-KCrF,4, Journal of the Physical
Society of Japan, , Vol.80, 2011,
pp.084714(1)-084714(11)
Y. Tanaka, T. Yanagisawa, A. Crisan, P. M.
Shirage, A. Iyo, K. Tokiwa, T. Nishio, A.
Sundaresan, N. Terada, Domains in
multiband superconductors, Physica C,
,vol.471, 2011, pp.747-750

, MBE-CdS/CZTSSe
in-situ PES/IPES ; VI

, 6l )

2014 03 17 2014 03 20 ,

Sundaresan Athinarayanan
(Cu,0)
, 61

,2014 03
17 2014 03 20
Norio Terada, Hideki Morita, Kosuke
Chochi, Sho  Yoshimoto, = Masahiro,
Mitsunaga,Shogo Ishizuka, Hajime Shibata,
Akimasa Yamada, Koji Matsubara and
Shigeru Niki, Characterization of Electronic
Structure of Oxysulfide Buffers and Band
Alignmentat Buffer/AbsorberInterfaces in
CIGS-based Solar Cells, 2013 JSPS-MRS
Joint Symposia, 2013 09 16 2013

09 20 ,
Norio Terada, Hideki Morita, Hironori
Chochi, Sho Yoshimoto, Tatsuo Fukano,
Shin Tajima, Kazuo Higuchi, Hitoshi Tampo,
Hajime Shibata, Koji Matsubara, Shigeru
Niki, Study of Effect of Chemical
Treatments on Electronic Structure of
CZTSSe Surface and CdS/CZTSSe,
Interface, 2013 Spring Meeting Materials
Research Society, 2013 04 01 2013
04 05 , San Francisco USA

, Zn(S,0,0H)
CIGS

, 60
,2013 3 27 H~30

, CZTS
CZTS, CZTSe
, 60
,2013 3 27H~
30 ,
Sandaresan Anaharayan , (Cu,
0)-1201 ( ):

, 60
,2013 3 27 H~30

Takayoshi  Shiota, Tomoyuki Takada,
Yoshiaki Takeuchi, Shinya Nakano, Akira
Koga, Kozo Obara, Tetsuji Okuda and Norio
Terada, Study of Electric-Potential Profile in
Microcrystalline  Si Solar  Cells by
Cross-Sectional of by Kelvin Probe Force
Microscopy, 2012 Spring Meeting European
Materials Research Society, 2012 5 14
5 18 , Strasbourg, France
Akiyoshi  Kirihara, Takayoshi Shiota,
Masanobu Izaki, Shogo Ishizuka, Koji
Matsubara, Shigeru Niki and Norio Terada,
Characterization of electronic structure
Indium oxysulfide and interface between
CBD-In(S, O) layer and CIGS, 2012 Spring
Meeting European Materials Research
Society, 2012 5 14 5 18
Strasbourg, France

E > >

__, CBD-Zn(S,0,0H)
, 23
, 2011 11 26

, 2011 11 26 27

(1)
TERADA Norio

20322323

(2)
OBARA Kozo

10094129
OKUDA Tetsuji

20347082



