56 9 2007 9
1000-3290/2007/56 09 /5436-05

ACTA PHYSICA SINICA

Vol.56 No.9 September 2007

(©2007 Chin. Phys. Soc.

InAs

2006 11 9
1
PACC 7320D 7360]
1.
“* n 1
7 Harju 6
Korkusinski
Hawrylak *
9—11
* indium-flush” ’
12 13 14
15—19
InAs
19 8
* 10674084

t E-mail qrdong@ semi. ac.cn

*
¥
250014
1 9
InAs
0
19
0 1
6
2.
1  InAs/GaAs
W WL
GaAs
H 1—2 nm R 7T—
12 nm . D
D — H GaAs InAs
VO .
R, =m, 127w
ag = h’*im.e m, ¢
R, ay



5437

InAs
Q*R 7
2 ¥ 2
GaAs H T om k2
4 0% R ar 0
ﬁSlH(XCOS(XSIH
Ins d oh
. 1 o fe) )
D-H * IQZCOSG( rsinf 90 ~ cosforl 4
i Hl
InAs H
H
2
1 InAs/GaAs H=H +H, + " 5
H D
H  H,
2 S,
. o r 0 z
z S
B =B 0 cosa sina a y v
A = Bzcosa — Bysina/2 Bxsina/2 0 W r, or, = Zau g 00z oy 0, 2
i<j
Hy r 0z = Epr 0 z + =10 0,5 g 0z
"o i(rgré az) Qsina, $=0 S=1
T2\ or o6 2h ¢
O’Rmsina, QPR
+ 3% o+ ZmJiZLOb a ; o
Qsz 0 E,.
~om, hz sina cosasin
0 ( 1 2 9 )
+ 1R COSAN TG B0 T cosfor
3 6
- aazz +Voraz
V.rz ==Y,
V.rz =0 OQ=w/Ry w,=heB/m,c.
3.
1
. =17T 2
1_i(§§ 8)Qsina _
Ho==0\rarart o) * 2n & H=2 nm
) 7.5 nm R =12 nm 1 eV
O’ Rm.sina ,
+ ]k r InAs  GaAs InAs
> m, =0.023 m, GaAs
a2tV m, =0.067 m,. @ = 0°—180°

S=1 S=



5438

56

-0.55 | B
-0. 60
> —-0. 65
2
=070
-0. 75
-0.80 | .
0 2I0 4I0 6I0 8I0 1(;0 12'0 1;0 1(;0 180
a/(")
2 B=17T
H=2nmxm D=7.5 nm R=
12 nm. « y . S5=0
S=1
0° 180° S=0 S=1
V4
. a=64°—72° 108°—116°
S=O S:l
V4
S=0
S:1 S:O
S=1
S:() S:l
S=1
60 ieVIT  S=0
S=0 S=1 AE
3 H
=2 nm D=7.5 nm R=12
nm. S=0
S=1
S=0 S=
1
6 20
S=0 S=1

20 b

10 1 b

AE/meV

75 1 Il 1 1 1 1
100 120 140 160 180

0 20 40 60 80

a/(%)
3 AE B=17T
H=2nm D=7.5 nm
R=12mm. « y
S=0 S=1
4 AE
S=1
S=0
z
AE
6 AE
6 AE 10
wol T T T T ]
18T
16| 1
>
g 10} 17T i
~
b
0
N4 \ XV
-5 L L L L
40 60 80 100 120 140
a/(%)
4 AE B=17T
H=2nm D=7.5nm
R=12 nm. « ¥

B=17T 18T 19T



9 InAs 5439
4.
InAs
0 1
1 Kastner M A 1993 Phys. Today 46 1 24 11 Luyken RJ Lorke A Fricke M Kotthaus J P Medeiros-Ribeiro
2 Palacios J ] Hawrylak P 1995 Phys. Rev. B 51 1769 G Petroff P M 1999 Nanotechnology 10 14
3 Tokura Y Austing D G Tarucha S 1999 J. Phys. C 11 6023 12 Lundstrom T Schoenfeld W Lee H Petroff P M 1999 Science 286
Bryant G W 1993 Phys. Rev. B 47 1683 2312
4 Pryor C 1998 Phys. Rev. Lett. 80 3579 13 Dong Q R 2005 Acta Phys. Sin. 54 1794 in Chinese
5 Fonseca L R C Jimenez J L Leburton J P 1998 Phys. Rev. B 58 2005 54 1794
9955 14 Fafard S Wasilewski Z R Allen C N Hinzer K McCaffrey J P
6 Harju A Siljaméki S Nieminen R M 2002 Phys. Rev. Lett. 88 Feng Y 1999 Appl. Phys. Lett. 75 986
226804 15  Burkard G Seelig G Loss D 2000 Phys. Rev. B 62 2581
7 NiH Q 2004 Acta Phys. Sin. 53 1474 in Chinese 16 DongQR LiSS NiuZC FengS L2006 Physica E 33 230
2004 53 1474 17 Hawrylak P Fafard S Wasilewski Z R 1999 Condens . Matter News
Korkusinski M Hawrylak P 2001 Phys. Rev. B 63 195311 716
9 Wasilewski Z R Fafard S McCaffrey J P 1999 J. Cryst. Growth 18  Burkard G Seelig G Loss D 2000 Phys. Rev. B 62 2581
201 1131 19 DongQR LiSS NiuZC FengSL Zheng HZ 2004 J. Appl.
10 Blick RH Pfannkuche D Haug R J Klitzing KV Eberl K 1998 Phys . 96 3277
Phys . Rev. Lett. 80 4032 20  Butkard G Loss D DiVincenzo D 1999 Phys. Rev. B 59 2070



5440 56

Two-electron InAs quantum-dot-molecular qubit modulated by
the orientation of magnetic fields *

Dong Qing-Rui’
College of Physics and Electronics ~ Shandong Normal University — Jinan 250014  China
Received 9 November 2006 revised manuscript received 9 January 2007

Abstract

The electronic structure of a two-electron quantum-dot molecular has studied using the effective mass approximation. The
quantumrdot molecular consists of two vertically coupled self-assembled quantum disks in a magnetic field with varying
orientation. Based on the calculation a qubit modulated by the orientation of magnetic field is proposed with the total spin of the
system. Electron correlations may lead to the switching of the total spin between S =0 and S =1 states. The switching is realized
not by the changing strength but by the changing orientation of an external magnetic field. Our results provide a possibility to use
the total spin of the system as a qubit modulated by varying the orientation of the magnetic field. Since high-quality vertically
stacked quantum disks can be fabricated successfully it is realistic to obtain qubits of this type.
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