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Excitonic effects in semiconductors
and their applications in opto-electronic devices

JIANG De-Sheng"

State Key Laboratory for Superlattices and Microstructures Institute of Semiconductors Chinese Academy of Sciences Beijing 100083  China

Abstract The excitons in semiconductors formed by electron — hole pairs bound by Coulombic interaction
have been well investigated. The excitonic effects have a great influence on physical processes such as optical
absorption luminescence lasing and optical non — linearity and have significant applications in semiconduc-
tor opto-electronic devices. In quantized electronic low-dimensional structures the excitons have much larger
binding energies than in bulk materials showing stronger excitonic effects and being more stable at high temper-
atures or under high electric field conditions. They are very beneficial to the fabrication of opto-electronic de-
vices with improved performance. The progress obtained recently in investigations on quantum wells quantum
dots and other low-dimensional structures have greatly promoted the applications of excitonic effects in many new
semiconductor light sources and non-linear opto-electronic devices.

Keywords Semiconductor exciton opto-electronic device

* 60276003
2004 -10 -12 2004 - 12 -27

t  Email dsjiang@ red. semi. ac. cn

34 2005 7 - 521



1931

x 13.6eV

1/m, "

522.

+1/m,”

nm
13.6 eV

m,
2

w'e
1/ =

a =

E ~4 meV

a 13nm.

—_

GaP

my/p &

GaAs



34

GaP

ET k

GaP

InGaAs/InAlAs

2005 7

2

GaAsP

ET

GaAs

GaAs

b

IR &L /10%em

W

2

90K 21K
InGaAs/InAlAs
300K
GaAs
1
Z
12
11k
1.0
09 -
08k
07| =
L]
o6 L » 186K 90K 21K
| | | | | |
142 144 146 148 150 152 154 156
HTER eV
(a)
L8 |- In@aAs/inalAs
16 f; =
14 if
L12K 3 jr‘
-l '
100K l e
1.0 - it 'l' =t
08 25
300k [V el
06 IE
04 [ [H
LY T
02 |
| | | | |
070 080 090 100 110 120  1.30
HETER eV
(b)
a GaAs b InGaAs/InAlAs
- 523




. 524-

%

a" L/ a"xl

30—40

InGaN/GaN
InGaN

GaAs/InGaAs

p-n
n 5x107%a""° a”
EHP .
InGaN/GaN
3
I-Vi
I-vi
7ZnCdSe/CdSe
40meV 31meV .
3 ZnCdSe/
CdSe
Nurmikko 4
ZnCdSe/CdSe

10°K.



d=235mm
300K

b
# H
= 5
[+ H
S \

0F *-// l

| |
24 25 2.6 2.7
ETFHER oV
3 2.5nm  ZnCdSe/CdSe 10K 300K
ZnCdSe
7.3 x 10"/

cm’ 5.

7 %107/ em’ ) .
240°K . B .
5.7%x10%/ em®

Franz-Keldish
4
I-vi
ZnSe 7ZnO
ZnSe 20 meV
7nS
" e5 quantum-confined Stark effect QCSE °
Wannier localization
ZnSe
GaAs/AlGaAs
8—
10 meV
4

- 525

34 2005 7



)
e ‘\I_g
e Pk
T -Twe,
OV
self electro-optic effect device SEED A o
p-i-n
4 InGaAs/InAlAs
yz Py, 2
i
L
Vi x . P,V
TV P,
GaAs/GaAlAs 30—100
SEED 5—10 V .
SEED 8
P-N
40GHz . SEED C-MOS
p-i-n 1
10nm
9
4 107"s.
Vi
. 1983
Jain  Lind CdS, Se, _,
S Se
40GHz. 2.
8V.

- 526-



1 . 1986 15 6 329 Huang K. Wuli Physics 6 Miller D A B et al. Phys. Rev. B. 1985 32 1043

1986 15 6 329 in Chinese 7 Zhang Yaohui Jiang Desheng Li Feng et al. J. Appl. Phys.
2 Yuan Z L Kardynal B E Stevenson R M et al. Science 1992 72 3209

2002 295 102 8 SuMY Carter SG Sherwin M S et al. Appl. Phys. Lett.
3 Schwarz U T Sturm E  Wegscheider W et al. Appl. Phys. 2002 81 1564

Lett. 2004 85 1475 9 . 2001 22 997
4 Ding J Jeon H Ishihara T et al. Phys. Rev. Lett. 1992 Jiang DS Li GH Han H X et al. Chinese J. Semicond.

11 1707 2002 81 1564 in Chinese

5 Newbury P R Shahzad K Cammack D A. Appl. Phys.
Lett. 1991 58 1065

ETH

Feshbach

Esslinger

Physical Review Letters 4 March 2005

Rensselaer
EEASSHE THEEEER

*  Troy New York U.S.A. July 2005
s JOIN OUR GRADUATE SCHOOL IN PHYSICS

Ph. D. in Department of Physics Applied Physics and Astronomy

+ Areas of research Terahertz Imaging and spectroscopy Terascale Electronics
, and photonics Nano-Particles Physics Bio-physics Origins of Life Astronomy
Elementary Particles Physics. Teaching research assistantships and fellow-
+ ships are available.

. Application http //www. rpi. edu/dept/grad-services/

Information http //www. rpi. edu/dept/phys/

-
@00S0080080000S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00 S

+  Email gradphysics@ rpi. edu

$00800S00S00800800S00S00S00SI0S00S00S00S00S00S00SI0S00S00SICS00S00S00S00S00S00S00S00S00SI0S00S00S00S00S00S00SI0S00S00S00S00S00S00S00S00

34 2005 7 - 527



