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The Josephson junction has been a subject of a large number of studies.
Ordinary a Josephson junction basically consists of superconductor-insulator-superconductor (SIS)
tunnel junctions. AI/AI0x/Al and Nb/AlOx/Nb Josephson junctions are generally used for
superconducting application. On the other hand, various superconducting devices have been proposed.
For example, there is an electric field-controlled Josephson junction. The device consists of a
coplanar superconductor-semiconductor-superconductor Josephson junction with insulated gate formed
over the semiconducting channel. We have fabricated the NbN/1ZO/NbN junction and carried out
electrical transport measurements/. Non-linear 1-V characteristics appeared below 10K by
superconductivity of NbN electrode and showed diode-like behavior.



NbN
DC
2015 10nm
CMOS(Competently NbN
Metal-Oxide-Semiconductor)
Large Scale XRD TEM SEM
Integrated Circuits LSI
LSI
120
CPU DC
CPU
1 FET Fieldeffect
transistor —
NbN Si
1GZ0 NbN
2
NbN
Si
NbN
NbN
120
SFQ
SFQ
FET -1
FET 120 FET
FET 120
120
-2 42K
-1
On-Off
TiN




1ZO electrode (Source-Drain) (100nmy
IZO (30 nm)

" . 5i02(300 nm)
W‘ 7S (500um)

Ti electrode (Gate) (100nm)

Si RHEED

12O
F T ..
-3 o |
10 : ®
. . .
< ®
~ I ()
0104
L2107 ° ?
3 o 3
o ooccee®
10'# 1
-10 0 10
Ve (V)
2 120
NbN
MgO
MgO 0.421nm NbN
0.439nm
5 (100)
Si 0.543nm
19 Si
NbN
TiN
9.10) TiN 0.424nm
NbN
TiN 100
TiN
2 Si(100)
1
85
10
Si
1
Si 2

Mo

—_ 10_6, T T T T T T E|
éﬁ_/ E Max temp. 773K‘f
T
5 L
L 107
2 i
o
a
S e
= 10 »
D— 1 " 1 " 1 " 1 " 1 |
0 10 20 30 40 50
Time (min)
Si
773K
RHEED
Si

RHEED

1x10 "Pa Ti
30 773K
Si
Si-H Si-H,
20
673K
, 773K
Si
773K
TiN



300—— . .
'(a) T _ T T T
200} a 8 .
r z z
100(- i = B
g C, l; T T T v T h; 2 ]
S 3000P g s
2 r ) ) 1
@ 2000F g z A
2 1000 g " .
C L 1 L 1 e ]
(C) T T T T
' g
30000} S .
g
L L L L
%7 36 38 20 22 24
2 6 (deg)
Si
TiN XRD
a (b) 773K
(c) 873K

10 200 300

STEM
() ( )1073K

TiN Ar N,

T (K)
TiN
DC
Ti
Ar N,
10sccm,4scem
0.13Pa
1.7A
TiN XRD
@
(b)773K  (c)873K
TiN(111) TiN(200)
CPS
77 3K
TiN(111)
TiN 200
873K TiN
TiN(111) TiN(200)
Si
TiN
TIN
HAADF-STEM Si TiN
Si
TiN
1073K TiN
TiN
XRD
K
100 TiN
1073K
TiN XRD
0.424nm
TiN 7
TiN



MgO
TiN 1073K
TiN
0.424nm NbN 0.44nm
MgO NbN (100)
NbN
Si(100) 1073K
TiN 50nm
NbN TiN
DC
Nb
, TiN 0.13Pa
1.7A
TiN
Ar N,
10sccm,5scem XRD
NbN
200
Si NbN
(111)
Si 1073K
TiN (200)
50nm TiN
NbN
Si NbN
200
100
TiN
T. 20K p
(20K) T:=13.2K,

p (20K)=148.3u Qcm
7=15.3K, p (20K)=37.2u Qcm

MgO NN
TiN
MgO (100) NbN

T. p (20K)

14
W. Qiu, K. Makise, H. Terai, “Dielectric
Loss in Superconducting NbN (200) CPW
Resonator Developed on Si Substrate”,
IEEE Trans. Appl. Supercon. 27 (2017)

1501403. ( )

DOI: 10.1109/TASC.2017.2649840
Y. Uzawa, M. Kroug, T. Kojima, K. Makise,
A. Gonzalez, S. Saito, Y. Fujii, K. Kaneko,
H. Terai, Z. Wang, “Design of Terahertz SIS
Mixers Using Nb/AIN/Nb  Junctions
Integrated With All-NbTiN Tuning Circuits”,
IEEE Trans. Appl. Supercon. 27 (2017)
1500705. ( )

DOI: 10.1109/TASC.2016.2632628
T. Tsuneoka, K. Makise, S. Maeda, B.
Shinozaki, F. Ichikawa, “Localization and
pair breaking parameter in superconducting
molybdenum nitride thin films”,JOURNAL
OF PHYSICSCONDENSED MATTER. 29
(2017) 015701. ( )
DOI: 10.1088/0953-8984/29/1/015701
L. Shigeta, T. Kubota, K. Makise, S. Kimura,
S. Awaji, K. Koyama, K. Takahashi, M.
Hiroi ” Fabrication and Characterization of
Epitaxial Films of Superconductor NbN and
Highly Spin- Polarized Heusler Alloy
CO2Fe0.4Mn0.6Si” |IEEE MAGNETICS
LETTERS 8(2017) 3305605 ( )
DOI: 10.1109/LMAG.2017.2687878
K. Makise, H. Terai, Y. Tominari, S. Tanaka,
B. Shinozaki,”Duality picture of
Superconductor-insulator ~ transitions on
Superconducting nanowire”, SCIENTIFIC
REPORTS6 (2016) 27001 ( )
DOI: 10.1038/srep27001
R. Sun, K. Makise, L. Zhang, H. Terai, Z.
Wang, “Epitaxial NbN/AIN/NbN tunnel
junctions on Si substrates with TiN buffer
layers”, AIP ADVANCES 6 (2016)
065119( )
DOI: 10.1063/1.4954743
K. Makise, H. Terai, Y. Uzawa,
“NbN/AIN/NbN/TIN Tunnel Junctions on
Si (100) Substrate for Superconducting
Devices”, IEEE Trans. Appl. Supercon. 26
(2016) 1100403. ( )
DOI: 10.1109/TASC.2016.2528548
K. Makise, Y. Matsubara, S. Tasaki, K.
Mitsuishi, B. Shinozaki,” Superconductivity
of In/Mo narrow wires fabricated using
focused Ga-ion beam”, PHYSCA
E-LOW-DIMENSIONAL  SYSTEMS &
NANOSTRUCTURES 75 (2016) 235 (

)
DOI: 10.1016/j.physe.2015.09.038
K. Makise, T. Odou, S. Ezaki, T. Asano, B.
Shinozaki,” Superconductor-insulator
transition in two-dimensional NbN/MgO
and NbN/AIN/MgO films”, MATERIALS
RESEARCH EXPRESS 2 (2015) 106001(
)

DOI: 10.1088/2053-1591/2/10/106001
R. Sun, K. Makise, W. Qiu, H. Terai, Z.
Wang,” Fabrication of (200)-Oriented TiN



Films on Si (100) Substrates by DC

Magnetron Sputtering”, |IEEE Trans. Appl.

Supercon. 25 (2015) 1101204. ( )
DOI: 10.1109/TASC.2014.2383694

Y. Uzawa, M. Kroug, T. Kojima, K. Makise,
A. Gonzalez, S. Saito, Y. Fujii, K. Kaneko,
H. Terai, Z. Wang, “Tuning Circuit Material
for Mass-Produced Terahertz SIS
Receivers”, IEEE Trans. Appl. Supercon. 25
(2015) 2401005. ( )

DOI: 10.1109/TASC.2014.2386211

K. Makise, K. Hidaka, S. Ezaki, T. Asano, B.

Shinozaki, S. Tomai, K. Yano, H.
Nakamura,” Metal-insulator transitions in
120, 1GZO, and ITZO films”, JOURNAL
OF APPLIED PHYSCS 116 (2014) 153703
( )

DOI: 10.1063/1.4897501

R. Matsunaga, N. Tsuji, H. Fujita, A.
Sugioka, K. Makise, Y. Uzawa, H. Terai, Z.
Wang, H. Aoki, R. Shimano,” Light-induced
collective pseudospin precession resonating
with Higgs mode in a superconductor”,
SCIENCE 345 (2014) 6201 ( )

DOI: 10.1126/science.1254697

K. Makise, K. Mitsuishi, M. Shimojo, B.
Shinozaki,” Microstructural analysis and
Transport Properties of MoO and MoC
nanostructures prepared by focused electron
beam-induced deposition”, SCIENTIFIC
REPORTS4 (2016) 5740 ( )

DOI: 10.1038/srep05740

NbTIN
70
, ,2015 3
" NbN/AIN/NOLN/TIN tunnel
junctions on Si (100) substrate for
superconducting devices”12™  EUropean
Conference on Applied Superconductivity
(EUCAS2015)
,2015 9 8
”Growth of (100)-oriented NbN
thin films on Silicon substrate using TiN
buffer layer”15th International
Superconductive Electronics Conference
(ISEC 2015) , 2015 77
TiN NbN
62
, 2015

TiN Si
NbN
75
2014 .9
“Fabrication and characterization
of epitaxial TiN-based Josephson junctions

for superconducting circuit applications”
Applied superconductivity conference 2014
2014 8

10 15

" Diode like behavior of 1ZO
junction with superconducting electrode at
low temperatures”SSDM 2014 ,

2014 9 9 -11

@
MAKISE, Kazumasa
ICT
60363321
@
(©)
)



