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Superconductivity and magnetism in monolayer films formed on cleaved
semiconductor surfaces
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It is well known that external magnetic fields and magnetic moments of
impurities both suppress superconductivity. However, their combined effect on superconductivity has
not been elucidated yet. We have studied the superconducting transition in ultrathin Pb films with
magnetic impurities grown on a cleaved GaAs(110) surface. It was demonstrated that the transition
temperature can be enhanced by external magnetic fields applied parallel to the conducting plane.
Furthermore, we found that a Pb-Ce alloy, where superconductivity is totally suppressed at
zero-field, actually becomes superconducting in parallel magnetic fields. These phenomena were
explained in terms of the suppression of the spin-exchange scattering rate, which can be controlled

by the magnetic field.

Rashba



@) Pb
Rashba

Sekihara et al. Phys. Rev. Lett. 111, 057005
(2013) Rashba

Rashba
(2) Rashba Fulde-Ferrell-Larkin-Ovchinnikov
3)
(1) Pb Rashba
Pb
2
3)
GaAs
05K
(1) GaAs Al, Bi, In SR L o © 94nm?
< _‘ A 113nm2 |
L0 ‘~‘Q_ﬂnnooAnggnQ .
Al Pauli 2 b
-0.2 S AL J
o a
L \.\\‘\ J
Pb Bi —0.4}F . A i
Pb i dlium ® 104nm2 g A
A 12.5nm-2 ° A
_06 - \ \‘ -
In Pb \ \\
-0.8} ‘o -
1 " " " " 1 " " " " 1 " " " .\
Pauli 0 5 10 15
Hyp (T)
Pb
Pb
Rashba
Rashba

Sekihara et al. Phys. Rev. Lett. 111, 057005
(2013)



)

InSb
3 Pb
Ce
Ce Pb
Pb Ce

d=11nm

7.4% Ce

Pb

3K 0.6 K
Ce

1914 Kamerlingh Onnes

URhGe
Jaccarino-Peter JP
JP

Ce

Mn Cr

Cr Pb

Ce

0.01 Fe
15 T T T T
(@) Pb-Ce(7.4at%) |
= |
x 10} i
oT
40T
90T
05+ i
0.0 i | |
0 1 2 3
(K)
2.0_'|' T T ]
L (b) Pb-Ce(10at%) |
_1sf
0% Z
10} _
05 -
0.0 L~ ' N
0.0 1.0 15 2.0
(K)
Pb-Ce
(@) 7.4% Ce
(b) 10% Ce
Pb
100T
JpP
Kharitonov  Feigelman (KF)
KF
1/2
af 3d Ce
Pb
Ce
Mn




Pb Au Mn Mn
Au
KF

8

M. Niwata, R. Masutomi, T. Okamoto, Magnetic-field-induced superconductivity in
ultrathin Pb films with magnetic impurities, Physical Review Letters 119, 257001 (2017
).
DOI:10.1103/PhysRevLett.119.257001

52, 97-103 (2017
)

T. Sekihara, T. Miyake, R. Masutomi, T. Okamoto, Effect of parallel magnetic field on
superconductivity of ultrathin metal films grown on a cleaved GaAs surface, Journal of the
Physical Society of Japan 84, 064710 (2015 ).

DOI: 10.7566/JPSJ.84.064710

R. Masutomi, T. Okamoto: Adsorbate-induced quantum Hall system probed by scanning
tunneling spectroscopy combined with transport measurements, Applied Physics Letters
106, 251602 (2015 selected as Editor's Picks).

DOI:10.1063/1.4922990

36, 118-123 (2015

).
DOI:10.1380/jsssj.36.11

13
R. Masutomi, S. Tashiro, T. Okamoto, Y. Yanase, Observation of crossover from a

complex-stripe phase to a helical phase in multiple one-atomic-layer films, 31th
International Conference on the Physics of Semiconductors, (2018 ).

http://dolphin.phys.s.u-tokyo.ac.jp/

)

(MASUTOMI, Ryuichi)



