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Optics of 2D materials
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Transfer-Matrix-Method (TMM)
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Course description

Two-dimensional materials, such as Graphene for example, are atomically thin materials, with unique
physical, electrical and optical properties, and high potential for future optoelectronic technologies. In this
course, we will learn about the basic physical properties of 2D materials, with an emphasis on their optical
response, optical modelling of 2D materials, simulation tools for their characterization, and their
application as atomically thin optoelectronics devices.

Week Topic comments

1 A general introduction to 2D materials, the Lorentz model and the complex
frequency-dependent susceptibility of materials, the relation between the refractive
index, conductivity and permittivity.

2 Multilayer optics, thin layers approximations and the infinitesimal limit, the
Transfer-Matrix-Method (TMM).

3 TMM - continued, band structure and optical response of materials, Exc.1
symmetry effects.

4 Graphene

5 Optical conductivity of Graphene

6 Polaritons, surface-plasmon-polaritons and graphene plasmons

7 Graphene plasmons — continued Exc.2

8 Recap - semiconductors and Excitons, physics of 2D Semiconductor materials,
Transition-Metal-Dichalcogenides (TMDs)

9 Exciton optics in TMDs

10 Phonons and the Restrahlen band Exc.3

11 Phonon-polaritons, hyperbolic-polaritons in hexagonal-boron-nitride

12 Optoelectronic devices based on Graphene and TMDs

13 Summary
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