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A study of both materials and phenomena with strong spin-orbit-interaction based
on topology concept and an application of them to spintronics devices
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Many researchers have investigated quantum spin Hall effects QSH in
honeycomb-materials like graphenes. However, they performed a calculation of electronic structures
of QSH phase under the open boundary conditions, assuming that the shapes at the open boundaries
(edges) are zigzag-type. This is because there exists a small gap at Fermi-level when you examine
electronics structures of QSH phase of nanoribbons with armchair-type edges in detail. This fact
suggests that the bulk-edge correspondence seems to be broken.

Generally, the QSH phase in bulk materials matches the QSH phase in nanoribbons according to the
bulk-edge correspondence. However, we have found that the QSH phase in nanoribbons does not match
the QSH phase in bulk materials with decreasing the widths.



Z2

Dirac
(Spin Quantum Cross Structure (SQCS) )
[(izlaiesmgiw‘ﬂé -~
\ P((Ggl:/ls ga:?-lg(?l:::]es etc.
ISZ
Vg, | \
l :ln):;u]\lla;:zﬁ Substrate
(@)) Rashba (AC)
Rashba Dresselhaus
Hamiltonian
(AC)
2 3 Rashba
1 Rashba AB
2 3 Rashba AB
2
3 Rashba AC

c,(a=X%Y,2)



A

Field of Strength

Faj

uv

ad
F.

1 Rashba

Rashba AC

Field of Strength F

P =08 -0.) 0,1 Ko, Ao,

ad
F.

Fu

UAC

vad = (a,uAvZ - avA;)O-Z

ad 2

€ X X
F.*=—(AA - A'AN)a,

h

U =xplifac -6),  Bac =KeoL(=nl,,1l,,0)

Ken N

X,y

AC

Rashba
Rashba

(@)
Quantum Dot

Quantum Nanowire

Quantum Dot

(&)

2:(a)
)
Kane Mee
Kane Meéle
Zigzag
armchair
4(b) armchair
An A

Rashba

B

®

(b) tight-binding

+ Ay

L

Spin Polarization (%)

[ ly

2(a)
2 3 Rashba
AB
2(b)

e e | inear Rashba
e = eSquare Rashba
@ Cubic Rashba

a=n/12, B=7/2

0 0.25 0.5

0.75 1
Magnetic Flux (in units of )

Rashba

2005

zigzag

4(a)

Zigzag

n



o -l

Finite[layers
N

-l

n+1

o LT N TN <

Infinite length
4(a) zigzeg 4(b) armchair

= —tZZcmqg—i—z)\qOZ Z vi;b m"z i

T (i) o {{i,3))

+ 2)\ Z Z V?.}a? GSZGJ a + )\V Z Z 52 C-?',J-

o ({&.3))
A, <332
M A B . .
Ao = (A +Ax5) 1 2 zigzag  armchair
5
(a) Zigzag, N=20 (b) Armchair, N= 20
' Pl e L 12} I s

o

- o =

5(a) zigzag QSH 5(b) armchair QSH
QSH QSH
Zigzag 20 QSH QSH
armchair 20 QSH
QSH
Armchair QSH QSH 100
armchair zigzag
27.7
9

K. Kondo and R. Ito, “Quantum spin Hall phase in honeycomb nanoribbons with two different
atoms: edge shape effect to bulk-edge correspondence”, J. Phys. Commun. (to be published) (2019),
, DOI: 10.1088/2399-6528/ab1c67.

M. Inoue, K. Inubushi, D. Mouri, T. Tanimoto, K. Nakada, K. Kondo, M. Yamamoto, and T.
Uemura, “Origin of biquadratic interlayer exchange coupling in Co2MnSi-based
current-perpendicul ar-to-plane pseudo spin valves”, Appl. Phys. Lett. Vol. 114, pp. 062401-1-
062401-5 (2019), , DOI: 10.1063/1.5082605.

H. Teramoto, K. Kondo, S. Izumiya, M. Toda, and T. Komatsuzaki, “Classification of Hamiltonians
in neighborhoods of band crossings in terms of the theory of singularities”, Journal of
Mathematical Physics, Vol. 58, pp. 073502-1-073502-39 (2017), , DOI:
10.1063/1.4991662.

K. Kondo, “A Derivation of Aharonov-Casher Phase and Another Adiabatic Approximation for



Pure Gauge under General Rashba Effects”, SPIN, Journal of World Scientific Vol. 6, pp.

1640006-1-1640006-11 (2016), , DOI: 10.1142/S2010324716400063.

Z. Lin, K. Kondo, M. Yamamoto, and T. Uemura, “Transient analysis of oblique Hanle signals
observed in GaAs”, Jpn. J. Appl. Phys. Vol. 55, pp. 04EN03-1-04EN03-5 (2016), , DOI:
10.7567/JJAP.55.04ENQO3.

K. Kondo, “Spin Filter Effects in Aharonov-Bohm Ring with Double Quantum Dots under General
Rashba Spin Orbit Interactions”, New Journal of Physics Vol. 18, pp. 013002-1 -013002-11 (2016),
, DOI: 10.1088/1367-2630/18/1/013002.

23

74 ( (2019 3

* 2 Honeycomb 2
66
( (2019 3 10 ).

Y. Ishida* and K. Kondo:” A Dependence of the Skyrmion Hall Effect on the Gilbert Damping
Constant”, 2018 International Conference on Solid State Devices and Materials (SSDM2018),
Hongo Campus, The University of Tokyo (Japan) (2018 9 13 ).

R. Itoh* and K. Kondo:” Fermi arcs for Weyl semimetals and line-node semimetals in topological
insulator superlattice”, 10th International School and Conference on Physics and Applications of
Spin Phenomenain Solids (PASPS10), Linz (Austria) (2018 8 6 ).

. 65
( (2018 3
17 ).

K. Kondo* and H. Teramoto:” An Arbitrary Order Effective Hamiltonian of Hexagonal Warping
Effects of Dirac Cone”, The 62nd Annual Conference on Magnetism and Magnetic Materials,
Pittsburg (USA) (2017 11 9 ).

*

78
( (2017 9 7 ).

R. Itoh* and K. Kondo:” Topological Spin Currentsin Graphene Nanoribbons”, Spintech IX,
Fukuoka (Japan) (2017 6 7 ).

* : 64
(2017 3 14 ).

R. Itoh* and K. Kondo:” A Revisit of Quantum Spin Hall Effect in Graphene”, The 17th
RIES-HOKUDAI INTERNATIONAL SYMPOSIUM on , Sapporo (Japan) (2016 12 13 ).

K. Kondo* and H. Teramoto:” A Warping Effect of Dirac Cone by the Perturbation up to 5th Order
under the Symmetry of C3v”, The 61st Annual Conference on Magnetism and Magnetic Materials,
New Orleans (USA) (2016 11 1 ).

* . C3v 5 Dirac Cone 2016
( (2016 9 13

o Editorial Board Member of Scientific Reports (Nature Publishing Group)
o http://qed4.es.hokudai.ac.jp/kondo.htm



€y

Uemura Tetsuya

20344476



