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Fig. 1. Theoretical model considered in this paper: (a) Schematic band diagram of a single period of the GaAs modulation-doped

quantum wells structure separated by a Alg.33Gag.¢7As barrier. The positions of the calculated energy subbands and the corres-

ponding modulus squared of the electronic wave functions are also displayed. (b) Schematic of the energy level arrangement. Dur-

ing forward transmission, the light fields ng (red), 2 (dark blue), 24 (light blue) interact with the corresponding energy level

transitions to generate a mixing field £2f (green); during backward transmission, the three light fields .QE (rose red), 2, £24 are

coupled with corresponding energy level transitions. (¢) Schematic diagram of the SDQW sample interacting with all optical fields.
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Fig. 2. Simulation diagrams of the forward probe field and the backward probe field at different optical depths: (a) Phase diagram
of the forward probe field .Q[f, and the backward probe field .QE in the optical depth range 0 to 800; (b) diagram of the amplitude

of the forward probe field and the backward probe field changing with o ; (¢) diagram of the phase shift of the forward probe field

and the backward probe field changing with «. Other parameters are 21 = 0.2 meV , v31 = va1 =2meV, 2 = 24 =24.5I",

6p =0 =0, 6g =100.25I" , and I' =4 meV .
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Fig. 5. Simulation results when used as an optical isolator:
(a) Graph of transmission coefficients T2 and T with
probe detuning &, ; (b) graph of isolation ratio IR and
insertion loss IL with probe detuning Jp . Parameters are
the same as in Fig. 2, except that a = 630.
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Table 1. Comparing of the performance metrics for
four optical isolators.
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Fig. 6. Simulation results when used as an optical circulator: (a), (b) Relationship between the transmission coefficients of the

forward cycle and the backward cycle and the probe detuning dp ; (c) fidelity F and average survival probability n of the optical

circulator versus probe detuning 6y . Parameters are the same as in Fig. 2 except for o = 630.
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Table 2.  Comparing of the performance metrics for

four optical circulators.

AT F n IL/dB
SCHk[15] 0.94 0.72 1.42
SCHR[31] 0.98 0.85 0.7
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Abstract

Optical nonreciprocity has been a popular research topic in recent years. Semiconductor quantum wells
(SQWs) play a key role in many high-performance optoelectronic devices. In this paper, we propose a
theoretical scheme to achieve nonmagnetic optical nonreciprocity based on the four-wave mixing effect in SQW
nanostructures. Using the experimentally available parameters, the nonreciprocal behavior of the probe field in
forward direction and backward direction is achieved through this SQW, where both nonreciprocal transmission
and nonreciprocal phase shift have high transmission rates. Furthermore, by embedding this SQW
nanostructure into a Mach-Zender interferometer, a reconfigurable nonreciprocal device based on high
transmission nonreciprocal phase shift that can be used as an isolator or a circulator, is designed and analyzed.
The device can be realized as a two-port optical isolator with an isolation ratio of 92.39 dB and an insertion loss
of 0.25 dB, and as a four-port optical circulator with a fidelity of 0.9993, a photon survival probability of 0.9518
and a low insertion loss with suitable parameters. Semiconductor media have the advantages of easier
integration and tunable parameters, and this scheme can provide theoretical guidance for implementing

nonreciprocal and nonreciprocal photonic devices based on semiconductor solid-state media.
Keywords: optical nonreciprocity, semiconductor quantum well, four-wave mixing
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