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Fig. 1. (a) Schematic diagram of the three quantum dot molecule system under the control of gate voltage;

(b) corresponding energy level diagram of the three quantum dot molecule system.
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Fig. 3. The transmission coefficient T', the polariza-
tion degree S, the nonlinear Faraday rotation angle
Yni, and the linear Faraday rotation angle ¥p, as a
function of the displacement A of the Zeeman effect.

Other parameters are given in the text.
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Abstract

In the past few years, many interesting optical phenomena, such as electromagnetically induced transparency,
coherent optical control of a biexciton, slow light and optical solitons, have been investigated in single quantum dot (QD).
However, in an actual semiconductor device there exist many quantum dots (QDs). Recently, QD molecule, which is
comprised of double semiconductor QDs coupled by tunneling coupling, has been proposed. In this new semiconductor
structure, many complex but interesting phenomena have been discovered. In fact, three QD molecules may also be
composed of three QDs, which can be coupled by interdot tunneling coupling. For the three semiconductor QDs molecules,
the influence of the interdot tunneling coupling strength must be considered. So, in this paper, with considering that
a weak, Tt-linear-polarized probe field can form left- and right-polarized components under the control of the parallel
magnetic field, and when they are combined with the tunneling coupling among the QDs, an electromagnetically induced
transparency medium of a five-level M configuration semiconductor three QDs is proposed. Subsequently, the nonlinear
Faraday rotation in the semiconductor three QDs is analytically studied.

For the linear case, the linear dispersion relation is driven by a method of multiple scales. Then, by studying the
linear optical properties, it is found that the system exhibits a single tunneling induced transparency window due to
the quantum destructive interference effect driven by the interdot tunneling coupling under appropriate conditions, and
the width of the tunneling induced transparency window can be effectively controlled by the strength of the interdot
tunneling coupling. Meanwhile, the “switch” regulatory effect, which changes from the anomalous dispersion regime to
the normal dispersion regime, is likely to be achieved by changing the strength of the interdot tunneling coupling.

For the nonlinear case, two coupled nonlinear Schrédinger equations, which govern the evolutions of left- and
right-polarized components of the weak, m-linear-polarized probe field under the applied longitudinal magnetic field, are
derived. By studying the nonlinear properties, it is shown that a large nonlinear Faraday rotation angle can be obtained
due to the quantum interference effect which is induced by the interdot tunneling coupling with a very low absorption
of the weak, m-linear-polarized probe field. In addition, it is also found that the nonlinear Faraday rotation direction is
opposite to line Faraday rotation for the same magnetic field. What is more, the nonlinear Faraday rotation angle grows
bigger than the linear Faraday rotation. These results mean that the Faraday rotation of the three semiconductor QDs

with the electromagnetically induced transparency can be more effectively controlled by the nonlinear effect.

Keywords: semiconductor quantum dot, nonlinear Faraday rotation, electromagnetically induced

transparency
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