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Spin devices having InAs nanowire / ferromagnetic metal hybrid structures formed by
selective-area growth

Akabori, Masashi

4,100,000

InAs (112)B
50 nm InAs

CoFe-InGaAs MnAs/InAs
/GaAs(111)B

For the application of selective-area-grown InAs nanowires to spin devices, we
carried out growth on (112)B substrates, formation of 50-nm-thick InAs nanowires by wet etching, and
fabrication and characterization of nanowire transistors. Also as the technologies of ferromagnetic
electrode formation and spin characterization, we carried out fabrication and characterization of
CoFe-InGaAs non-local spin-valve devices, ?rowth of MnAs/InAs/GaAs(111)B, and fabrication and
characterization of transmission-line-model devices. As a result, we successfully obtained knowledge for
spin device application.

MBE 1InAs FET MnAs



(ITRS)

(Beyond
CMOS)
InAs InGaAs InSb InGaSh
(FM)
FET)
FM
1990
FET
1
2
FM
1
FM
InAs (NW)
NW
1
NW
(NWFET)
(More Moore)
ITRS NW
NWFET
NW
(111) (001)
(MOVPE)
(MBE)
- - (VLS)
ni-v NW
111 B
NW
NW NW
(110)
111 B
NW 22-23
(B) InAs
NW NWFET
300
nm 1pum 10%
(110) MBE
InAs NW NWFET

MBE
InAs
NW FM FET
NW
GaAs(110)
MBE InAs NW
100 nm
3 um InAs NW
NW 2
InAs NW FM
(EBL)
Fe FM ex-situ
MBE NW MnAs
FM in-situ
NW/FM
NwW
NwW
InAs NW
ex-situ in-situ
4
NwW
EBL MBE ex-situ
Fe FM
ex-situ
in-situ
InAs NW/MnAs
MBE ex-situ
in-situ InAs
NW/MnAs
ex-situ in-situ
NW/FM
InAs NW 1(a)
1 111 B (112)B
(111)B
NW NwW
NwW
1(b) 111 B
NwW
111 B NW



(1-10)

(a)

(111)
11-1)

(10-1) | (01-1)

< (00-1) >

(-1-1-1)

(-110)

| InAs NW on

()

r»[-llO}
[-1-1-1]

20.0kV X38.0K 1.2@sm

20.08kV X38.06K 1.80»rm

1 (a) (112)B

(b) 112)B
)

MBE
NW

)
<

(at room temp.)

(a)

o
&)

1 15 2

Vps [V]

Ip InA]

20

9m 8]

(at room temp.)

5 2 e 6 5 00
Vas V]
(b)
2 InAs NWFET
() (b)
NW ~1-2 um
~300-400 nm ~20 %

—
i 100 pm

24.25 P
| ——up sweep
— i =——=down sweep
S
o 243 e
z
o
[o)
Q
f =
8
B 2435 _
0
<
®
Q
8 L
c 2441 _
S L T=16K
z
r L=1um :
[ 10 sweeps averaged ]
DTy ST O I P
5 100 50 0 50 100 150

Magnetic field B [mT]

(b)
3 (a) ex-situ CoFe-InGaAs
)]
InAs NV’V
1(c)
NW 50 nm
NW
NWFET
2(a)(b)
NW
As NwW ( )
In
ex-situ
NwW
InGaAs 2
3(a)(b)
CoFe-InGaAs
FET 1
FM
(ALD) A1203 MgO
in-situ
NW
GaAs(111)B
InAs MnAs
X
4@ o
GaAs InAs 3 NiAs



122 — MnAs§(102) : @ 8 ® MnAs
WIE B JL B2 g (LD
_10° ' 19273 | 120445 L 4(0)
g e MnAs-InAs
g10° \ = .
810t g 8 g ( -6
.27103 ? 119510 B 120418 ; ohm-mm) InAs NW
g o MnAs
o g B §
10 }$ 119.598 3 120.406 E
10°
)
10?180 -120 -60 0 60 120 180 InAS NW
( ) Phi [deg.]
a
W | BT | | InAs NWFET
1 - 5(a)
5(b)
(b)
70
E e
<}
g 50
g wf
g 30
% 20
E
2 U s e
00 0.01 0.02 0.08 0.04 0.05 0.06
(C) Channel length [mm]
4 MnAs/InAs/GaAs(111)B
(a) X ®
(b) 3
(c) TLM 1) S. Hidaka, T. Kondo, M. Akabori, and S.
Yamada: “Verification of electrical spin
6 v T T =200 nA injection into InGaAs two-dimensional
i' e T=1.6K 7 electron gas from CoFe electrode by
= 3 3 E four-terminal non-local geometry”, AIP
”E,O 5 Conf. Proc., Vol. 1566, pp. 329-330
© (2013). [ ]
© b 2) M. Akabori and S. Yamada: “Magneto-
1 transport properties of InAs nanowires
2t 0V0-5 (.)OffSEt bg.gf’ eh | laterally-grown by selective area
(a) i e B(T) : molecular beam epitaxy on GaAs (110)
410 ‘ 1100 masked substrates”, AIP Conf. Proc.,
' 200 | s Vol. 1566, pp. 219-220 (2013). [ ]
- 405 17772 | 3) S.Hidaka, M. Akabori, and S. Yamada:
0y 1000 g, “High-efficient long spin coherence
9 400 @ jos0 2 electrical spin injection in CoFe/
5 looo 8 InGaAs two-dimensional electron gas
= 395| £ lateral spin-valve devices”, Appl. Phys.
) 180 = Express, Vol. 5, pp. 113001-1-3 (2012).
390 w w w w 800 [ ]
0 02 04 06 08 1
(b) B(T)
12
5 InAs NWFET
2DEG
(b)
MnAs 6 4(b) 20156 23
MI'IAS ( )




2) Md. E. Islam, C. T. Nguyen, M.
Akabori: “Contact properties of MnAs/
InAs grown on GaAs(111)B by
molecular beam epitaxy”’, the 5th
International Symposium on Organic
and Inorganic Electronic Materials and
Related Nanotechnologies, 2015 6
16-19 ( ).

3) C. T. Nguyen, Md. E. Islam, M.
Akabori: “Molecular beam epitaxial
growth of MnAs/InAs/GaAs(111)B
heterostructure” 62

2015 3 11-14
(

4)
InAs
26
2014 11 7-8
( ).
5) C. T. Nguyen and M. Akabori: “In-
plane  oriented InAs  nanowire
field-effect transistors formed by
combination of selective area molecular
beam epitaxy and wet-etch thinning
process”, 2014 Asia-Pacific Workshop
on Fundamentals and Applications of
Advanced Semiconductor Devices,

2014 7 1-3 (
).
6)
GaAs(211)B
InAs 74
2013 9  16-20
(
).
7 GaAs
InAs
2013
8 89 (
)

8 M. Akabori, T. Murakami, and S.
Yamada: “In-plane oriented InAs
nanowire formation by selsctive area
molecular beam epitaxy on GaAs
(211)B substrates”, the 16th
International Conference on
Modulated Semiconductor Structures,
July 1-5 (2013), Wroclaw, Poland.

9) GaAs(110)

InAs

2012
2012 9 18-21
( ).
10)

/ In InGaAs-2

2012 2012 9 1821
( )

11) M. Akabori and S. Yamada: “Magneto-

transport properties of InAs nanowires
laterally-grown by selective area
molecular beam epitaxy on GaAs (110)
masked substrates”, the 31st
International Conference on the
Physics of Semiconductors, July 29 -
August 3 (2012), Zurich, Switzerland.

12) S. Hidaka, T. Kondo, M. Akabori, and S.

Yamada: “Verification of electrical spin
injection into InGaAs two-dimensional
electron gas from CoFe electrode by
four-terminal non-local geometry”, the
31st International Conference on the
Physics of Semiconductors, July 29 -
August 3 (2012), Zurich, Switzerland.

0

http://www. jaist.ac. jp/ms/labo/akabori.

html
(n
(AKABORI MASASHI)
50345667
2



3
(YAMADA SYOJI)

00262593




