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Fig. 1. Schematic diagram of three energy level in the semiconductor quantum dot: (a) Ladder-type; (b) A -type energy; (c) V-type.
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Fig. 6. Schematic diagram of A -type three energy level in
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Fig. 7. Linear absorption coefficient Ko as a function of the
detuning Apz with different control fields (2c2, other para-
meters used are y32 = 3.3 ueV, 21 = 3.3 x 1074 peV,
and 13 = 1976 cm~ eV, respectively.
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Fig. 8. Storage and  retrieval of optical solitons,
£2,2(0,t) = 16sech (t/70). [f2c270| represents the switching
off and on of the control pulse. Lines 1 to 5 represent

z =20, 5, 10, 15, 20 cm , respectively.
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Fig. 9. Schematic diagram of V -type three energy level in

the quantum dot EIT configuration.
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Fig. 10. The linear absorption coefficient Kp; as a function
of the detuning Apz with different control fields (23,
where 21 = 3.3 eV, v32 =3.3x 104 peV, and ~13 =
1976 ecm~—1 - peV , respectively.
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Effect of energy level configuration on storage of optical
solitons in InAs/GaAs quantum dot electromagnetically
induced transparency medium’
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Abstract

Based on the current growth technology of quantum dot in the experiment, considering that the probe
fields and control fields at different frequencies are coupled between different energy levels of the InAs/GaAs
quantum dot, the ladder-type, A-type and V-type energy level configurations can be formed. The linear and
nonlinear properties of these energy level configurations of InAs/GaAs quantum dots are studied by using
semiclassical theory combined with multiple scale method. It is shown that in the linear case, electromagnetic
induction transparency windows can be formed among ladder-type, A-type and V-type energy level
configurations. And the width of the transparent window increases with the strength of the control pulse
increasing. For the nonlinear case, under the current experimental condition, optical solitons can be formed and
stored in ladder-type configuration and A -type energy level configuration. However, optical solitons cannot be
formed in the V-type energy level configurations, which is because the nonlinear effect of the system is very
weak. Furthermore, it is demonstrated that the fidelity of the storage and retrieval of the optical solitons is
higher than that of linear optical pulse and strongly nonlinear optical pulse. Interestingly, it is also found that
the amplitude of stored optical solitons in A -type energy level configuration is higher than that in ladder-type
energy level configuration. This study provides a theoretical basis for semiconductor quantum dot devices to

modulate the amplitude of the stored optical solitons.

Keywords: electromagnetically induced transparency, storage and retrieval of optical solitons, semiconductor

quantum dot
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