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Photonic crystals (PhCs) are a well-established alternative to Fabry-Pérot (FP) cavities when studying exciton polaritons
and the strong coupling region. For practical applications it is advantageous to efficiently feed energy into polaritons
with no loss. It is therefore desirable to design metal-free and ultra-compact devices that can enhance absorption
in the strong coupling regime. It has been demonstrated that structures consisting of PhC slabs and transition metal
dichalcogenides (TMDs) [1] can achieve a perfect absorption in the weak coupling regime [2] and in the strong
coupling regime via multi-port excitation. [3] However the existence of 100% absorption has yet to be demonstrated
for single-port excitation in the strong coupling regime. Based on rigorous coupled wave simulations and coupled
mode theory we have theoretically demonstrated that PhC-TMD structures (Fig. 1a) can function as perfect coherent
absorbers in the strong coupling regime. Here, two photonic modes with opposing symmetries, with respect to the
mirror plane of the PhC slab, simultaneously couple to the A1s exciton of a WS2 monolayer, with the system being
in the strong coupling regime. In Fig. 1b two distinct pairs of upper and lower polaritons can be observed and the
absorption reaches 100% where the resonances overlap. Another characteristic phenomenon of PhC slab - TMD
structures is the coexistence of strongly and weakly coupled excitons within a single unit cell. This observation of two
different exciton species, reflected as upper and lower the polariton branches with a Rabi splitting of approx. 25meV
and the energetically constant weakly coupled A1s exciton peak, can be attributed the drastically varying electric field
amplitudes in PhCs.
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Figure 1: (a) Schematics of the studied WS2 monolayer placed on top of the Si-based 2D photonic crystal slab. (b)
The absorption spectrum over the incident energy and the PhC thickness as a detuning parameter for the system in (a).
It can be observed that 100% absorption is achieved and that two different photonic modes simultaneously strongly
couple to the A1s exciton without any exciton-mediated interaction between them. Additionally the optical response
of the weakly coupled A1s exciton remains visible independet of the photonic crystal thickness.
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