Optoelectronics YL, 2013, 3, 29-33 Hans X
http://dx.doi.org/10.12677/0e.2013.33007 Published Online September 2013 (http://www.hanspub.org/journal/oe.html)

All-Optical Switching Based on EIT Effects of Semiconductor
Multiple Quantum Wells Exciton Levels

Mingdi Du'?, Wei Yan'?"

'Department of Electronic and Information Engineering, Hunan Science and Technology Economy Trade Vocation College, Hengyang
*Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology
Email: "weiyanhust@yahoo.cn

Received: Jul. 18" 2013; revised: Jul. 24", 2013; accepted: Jul. 27", 2013

Copyright © 2013 Wei Yan, Mingdi Du. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract: We report a new all-optical switching. The all-optical switching is based on EIT effect of semiconductor mul-
tiple quantum wells exciton energy levels, the use of quantum coherence effects can reduce the absorption of the probe
light field, and the intensity of the absorption for the probe light field can be adjusted by the control light field. If the
control light field is pulse light field, the all-optical switching can be performed. We can select the appropriate intensity
of control light field; the efficiency of switching can reach almost 86%.
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Figure 1. (a) Three energy levels model of GaAs multiple quantum
wells is composed by |[g> ground state, single-exciton state and
two-exciton state, (b) the simplified model of (a)
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Figure 2. The absorption spectrum curve diagram of the probe
field versus detuning at different control field strength
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Figure 3. The transmission spectra of probe field versus detuning
at different control field strength with r31=0.9x10" Hz
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Figure 4. The transmission spectra of probe field versus detuning
at different decay rate with Q.~=0.8 THz
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Figure S. The transmission spectra of probe field versus detuning
with Q= 0.5 THz and r3; = 0.02 x 10" Hz
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Figure 6. The pulse diagram of control field
6. REHIFHEBKHE

0.9
0.8
0.7}
0.6
3¢ 03]

0 5 10 15 20
Tips)

Figure 7. The transmission spectrum of probe field with pulse
control field

B 7. J9iRiMAIE S R R AR B AL Lk E

Copyright © 2013 Hanspub

TSI RIIER, TFRBEN 86%. T F FihZ
B VPG AR AR, BRI S 2
B TP, AFAKRIIR SR AR AT

E=X
o

SEVHEL (References)

(1]

(2]

(3]

(4]

(5]

(6]

[12]
[13]

[14]

[15]

O. A. Kocharovskaaya, Y. I. Khanin. Coherent amplification of
an ultrashort pulse in a 3-level medium without a population in-
version. JETP Letters, 1988, 48: 630-634.

S. E. Harris. Lasers without inversion-interference of lifetime-
broadened resonances. Physical Review Letters, 1989, 62:
1033-1036.

M. C. Phllips, H. Wang. Exciton spin coherence and electro-
magnetically induced transparency in the transient optical re-
sponse of GaAs quantum wells. Physical Review B, 2004, 69:
115337

S. M. Ma, H. Xu and B. S. Ham. Electromagnetically induced
transparency and slow light in GaAs/AlGaAs multiple quantum
wells in a transient regime. Optics Express, 2009, 17: 148902-
148908.

W. Yan, T. Wang and X. M. Li. Electromagnetically induced
transparency and theoretical slow light in semiconductor multi-
ple quantum wells. Applied Physics B-Lasers and Optics, 2012,
108: 515-519.

W. Yan, T. Wang and X. M. Li. Theoretical ultraslow bright and
dark optical solitons in cascade-type GaAs/AlGaAs multiple
quantum wells. Optics Communications, 2012, 285: 3559-3562
W. Yan, T. Wang and X. M. Li. Electromagnetically induced
transparency and slow light in a A-type three-level system of
GaAs/AlGaAs multiple quantum wells. Journal of Modern Op-
tics, 2012, 59: 784-788.

W. Yan, T. Wang and X. M. Li. Tunable amplification and absor-
ption properties in double-A system of GaAs/AlGaAs multiple
quantum wells. Chinese Science Bulletin, 2013, 58: 53-58.
E R GO T AT KRBT AT AU R )], MEL, 2012,
41(1): 9-19.

BRUE, A5k, A MU T ORI 5
Fa[n). JeT2ER, 2005, 34(1): 98-101.

H. Kang, G. Hernandez, J. Zhang and Y. Zhu. Phase-controlled
light switching at low light levels. Physical Review A, 2006, 73:
011802(R)

J. Zhang, G. Hernandez and Y. Zhu. All-optical switching at
ultralow light levels, Opgics Letters, 2007, 32: 1317-1319.

A. C. Dawes, L. Dawes and S. M. Clark. All-optical switching in
Rubidium vapor. Science, 2005, 308: 672-674.

M. Wagner, H. Schneider, D. Stehr, et al. Observation of the
intraexciton Autler-Townes effect in GaAs/AlGaAs semicon-
ductor quantum wells. physical review letters, 2010, 105:167401
H. Kang, Y. H. Park, 1. B. Sohn, et al. All-optical switching with
a biexcitonic double lambda system. Optics Communications,
2011, 284: 1045-1052.

33



