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3. Conclusion

We have analytically investigated the circuit approach to
integrate graphene and metamaterial in absorber design. Since
the graphene sheet and the metamaterial film have relatively
ultrathin optical thicknesses, their electrical properties are char-
acterized via effective surface conductivity. Simulated results
prove the validity of the transmission line model for GM absorber
design. An optimized metamaterial-embedded structure is then
proposed to build the frequency-tunable GM absorber depending
on the chemical potential. Our work shows a feasible methodology
to design tunable GM combined devices, which opens up new
possibilities for further innovations in switchable optics.
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