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SOLID-STATE QUANTUM COMPUTING

JIN Guang-Sheng” AHMAD Abliz LI Shu-Shen NIU Zhi-Chuan YANG Fu-Hua FENG Song-Lin
National Laboratory of Superlattices Institute of Semiconductors Chinese Academy of Sciences Beijing 100083 China

Abstract Quantum computers can provide much greater computing power than classical computers. It is widely
believed that quantum computers will ultimately be realized in solid-state systems. In this paper we describe three sol-

id-state quantum computer proposals based respectively on solid-state NMR  superconducting junctions and quan-

tum dots.
Key words quantum computers solid-state proposals
1 qubit.
3
1994 Shor 12
Grover Deutsch
— Jozsa
RSA . QC.
. Shor QC
quantum computer . QC

QC . QC QC

Qc o . 7
4 qubit
.QC QC
qubit >
qubit . Qubit 10 . QC
I QC qubit
|qubit = al0 + Bl1 lal?+ |BI? = 1.
1 * 60120401
2002-03-15 2002 - 05 - 31
T .E-mail gsjin@red. semi. ac.cn

qubit

qubit



QC.

QC
2 QC
1998 Kane
QC ° !
6 Sp
8g; 3p
20nm  3Si S
31 P
A . A

J

a L
r'e 100 Bk Hyc{mlDT )
B{=2T)

1 Kane QC
2.1 Qubit
3p I1=1/2
Kane
qubit.
T=1.5K
10h. *Si I'=
0 311)
2.2
31P Si M
Si
31P
2 7
B z
31P
QC
B=2T T < 100mK
B=2T T =100mK.

. -
--------

AayIyay
2 Bsi ip
qubit
2.3 Qubit
qubit qubit
— not
qubit
QC .Kane p
A
qubit 'p
J
qubit
2.3.1 qubit
J qubit
qubit -
H=7v7.S5B+7,5B-AS. S,
S; St Ve Tn
A :%W#Bgn#nl vo
A
| 0 12
A qubit
hvy =2g.punB +2A + /%1;.
A A
3lp
v 0 |2
8 Ay
Vs
vy Rabi
/2 qubit
A B,

control

qubit

31P

Vg -



qubit

V-0 ¥ g M b
= S E——
} Al | ATl .—I_; 2B
¥ i g o
B 8i foson) > ,” [¥¥}
. J0 ArAy ket ooy ¥ =¥
p o e ny — = [10-01) Ty
“0}:'01) 0 7 ;
— |00}
3 A
4 CN
2.3.2 CN J
bit
J qubt 31p
.]=0 AAZAl—A2>O.
qubit B
Hyp= H + H,+ IS, S, 3 J J<B5 AA=0
Hl HZ 2 J #BB
< HB2
H, 16x16 / 1=
o =E|n | v —Elwwo |§y T
CN J J=0 AA =0.
4 6 1.
1
J=0 A>0 J<%; A=0 J>>%3 A =0 Y
T
1 vy 11 | v v 11 | v v [10+01 | ¥ ¥ [10 | ¥ v
2 10 | ¥ ¥ 10+01 | ¥ ¥ [10+01 | ¥ ¥ 11 vy 1] vy
3 oL | v ¥ 10-01 | ¥ v I Ay-vt miry-v4 01 | vy
4 00 | ¥ loo | v ¥ 00 |4y -yt 00 [ty -v4 00 | v v
|
o1 =10 /1, Kane
vy =1y ¥,
10401 =/14/0,+ 0,/1,
| 4 2.4.1
vy A =l - v, CN
',
2 vy 0,
2 Ay -yt
|11 10 o1 00 qubit A ]
| 10 11 | o1 | 00
1y
2.4.2
10 CN Sp N

2.4



2.5

A
2
Kane
Kane
31 P
T<1K
Si Ge
31 P
qubit
Vrijen
qubit QC
3 QC
2e .
n

QC

QC

qubit
qubit

ESR

qubit  CN

qubit

31P

QC

| n+1

A n . A
Ec
Si
n k¢
Kane QC Ec.>E, E
? n
Vrijen
. B=2T qubit.
H}’n:ECn—ngz—EJcos}’ 3
Y n
g .
qubit 9
hYy n = —1ih n:—iﬂ. n,=
Cc,V c
Kane 2e ’
Mahklin “ ?
14
qubit H=0.
e Yamamoto
2
Mahklin
SQUID
5b
14 SQUID 03]
SQUID Ly
SQUID
2F, Ey=0 n=n,
“ ? qubit LC
Nakamura qubit
qubit
n qubit
qubit
qubit.
1ps.
14 qubit



18 19

e Ej, ¢} B
N
E——as
@
5 qubit 19 20
a qubit b qubit
Keldysh
qubit Landauer-Biiittiker
15 i
. qubit
qubit .
Y. Makhlin " LC
qubit
qubit 11 no 05
qubit
5
QC
QC . Kane
qubit
qubit
qubit
qubit. . qubit
1617 InAs/GaAs QC
- qubit
a2
o |1 QC
QC
QC 1 ”

QC



10 Vrijen R et al. Phys. Rev. A 2000 62 012306

1 Shor P W. In Proceedings of the 35th Annual Symposium on the 11 Loss D Divincenzo D P. Phys. Rev. A 1998 57 120
Foundation of Computer Science. Los Alamos CA IEEE Computer 12 Ladd T D et al. quant-ph/0109039
Society Press.1994.124—133 13 Nakamura Y Pashkin Yu A Tsai J S. Nature 1999 398 786
2 FEkert A Jozsa R.Rev.Mod.Phys. 1996 68 733 14 Makhlin Y Schén G Shnirman A. Nature 1999 398 305
3 . 2001 21 2 183 Zhao Z 15 YouJ Q Lam C H Zheng H Z. Phys. Rev. B 2001 63 R180501
Feng M Zhan M S. Progress in Physics 2001 21 2 183 in Chi- 16 LiSS XiaJB LiuJ L et al.]. Appl. Phys. 2001 90 6151
nese 17 LiSS Long G L Bai F S et al. Pro. Natl. Acad. USA 2001 98
4 Vandersypen L M K et al. Nature 2001 414 883 21 11847
5 Divi 20 D P. Fortschr. Phys. 2000 48 771
rmeenzo T TOTSE. Ty 18 YouJ Q Zheng H Z.Chin. Phys. Lett. 1999 16 594
o Kane 3 B Nature 1998 353 133 19 Yo Zh H Z.Phys.Rev.B 1999 60 13314
7  Berman G P Doolen G D Tsifrinovich V 1. Superlattices and Mi- ouJQ Zheng HZ. Phys. Rev.
crostructures 2000 27 89 20 YouJ Q Lam C H Zheng H Z.Phys.Rev.B 2000 62 1978
8  Galindo A Martin-Delgado M A.Rev.Mod. Phys. 2002 74 347 21 Vion D et al. Science 2002 296 886
9 Kane B E. Fortschr. Phys. 2000 48 1023 22 YuY et al.Science 2002 296 889

0@00#00400S00S00400S0040040000S00S00S00S00S00S00S00S00400400400400400400400400400400400400S00400400400400400400400400400400S00S00S00S00S0

Making Bosons Act Like Fermions

- B. Paredes
- BEC
BBC . BEC
BEC
5
10 000
5
BEC .
Phys.Rev. A September 2002
Solar Surgery
Blaustein J. Gordon
8W 10W/
mm’

Appl. Phys. Lett. 30 September 2002



