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Abstract: As a focus on the study of metamaterials, the gain medium attracts a wide range of atten-
tion due to its excellent amplification characteristics. However, high external energy is needed to ex-
cite the gain material to compensate loss or create laser, which greatly limits the practical application
of the gain materials. We investigate a computational scheme allowing for a self-consistent treatment
of periodic arrays of subwavelength apertures coupled to a gain material incorporated into the nano-
structure. Taking advantage of the amplification of extraordinary optical transmission ( EOT) phe-
nomena, the resonant electric-field intensity is enhanced associated with the effect of surface plas-
mon polariton(SPP). We present a simulation framework allowing for EOT coupled to gain media,

which enables complete Ohmic loss compensation by using a moderate pump intensity level. The
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active gain media is represented with four-level atomic system by solving the semiclassical electronic

rate equations. Finite-difference time-domain ( FDTD) method incorporated with auxiliary differenti-

al equation is used to simulate electromagnetic field. Our results can be used as instruction for the

realistic experiments, and provide a deep insight into the interaction between nanostructure and gain

materials.
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Fig.1  Structure simulated in this work
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Fig.2 Schematic diagram of the four-level atomic model
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