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Abstract. In this work, we experimentally investigate guided polaritons utilizing only 2D
van der Waals materials, with hexagonal boron nitride (hBN) as the waveguide layer and WS,
monolayer as the excitonic medium. We place the WS, monolayer at the maximum of the
waveguide mode electromagnetic field, therefore reaching optimal conditions for the strong
coupling between the exciton resonance and waveguide mode. To excite and detect the non-ra-
diating waveguide polariton modes, we use the back focal plane microscopy with a high-index
solid immersion lens. Polaritons in such all-van-der-Waals structures observed in ambient
conditions reveal new possibilities for studying fundamental aspects of light-matter interaction
and provide strong advantages in terms of miniaturization and integrability of future photonic
devices.
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JKCcnepMMeHTaJZibHOe uccsiegqoBaHue BaH-gep-BaanbcoBbix
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AnHOTanuda. B 5T0i1 paboTe MbI 3KCIIEpUMEHTAILHO UCCEAYeM BOJTHOBOJHBIE MOJSPUTOHBI,
MCMOJb3ysl TOJBKO JByMepHble BaH-gep-BaanbcoBbl MaTepualibl, € TeKcaroHajJlbHbIM
HutprgoM Gopa (hBN) B kauecTBe BONHOBOIHOTrO cjosi U MoHociaoeM WS, B KadyecTse
9KCUTOHHON cpenbl. MBI moMemaeM MoHOCTOM WS, B MAKCMMYyM 3JIEKTPOMArHUTHOTO TIOJIS
BOJHOBOJHOM MOJbl, T€M CaMbIM JOCTWTrasi ONTUMMAaJbHBIX YCJIOBUN [JIsI CUJBHOU CBSI3U
MeXIy SKCUTOHHBIM PE30HAHCOM M BOJIHOBOAHOI Momoii. [t BO30yXaeHUST 1 OOHApyXeHUS
HEeu3JIyJyalllX BOJHOBOJHBIX MOJSPUTOHHBIX MOJ Mbl MCHOJb3YyeM METOJ MUKPOCKONUU
3aiHeil (hOKaJTbHOM MIOCKOCTU C BHICOKOMHIEKCHOM TBEPAOTEIbHO UMMEPCUOHHON JIMH30IA.
IMonsipuToHBl B TakKuX NOJHOCThIO BaH-aep-BaanbCoBBIX CTpyKTypax, HaOdwgaeMbie Ipu
KOMHATHBIX YCJIOBUSX, OTKPBIBAIOT HOBBIC BO3MOXKHOCTH IUIST M3YyYeHUS (hyHIAMEHTAIBHBIX
ACTIEKTOB B3aMMOMICHCTBUSI CBETAa C BEIIECTBOM M OTKPBIBAIOT HOBBIE BO3MOXKHOCTU IS
MUHMATIOPU3ALUU U UHTETPUPYEMOCTU OYyAyIINX (POTOHHBIX YCTPOMCTB.
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Introduction

Over the last several years, polaritonics has attracted substantial attention as a promising
approach to developing non-linear optical and opto-electronic devices. Polaritons arise from
strong coupling between light and resonance transitions in matter and manifest themselves in the
energy spectrum as Rabi splitting between the transition and optical mode. One promising class
of materials for polaritonics is the family of transition metal dichalcogenides (TMDCs). In the
monolayer limit, TMDCs are direct bandgap semiconductors [1], and their optical response is
dominated by the excitonic resonance. Excitons in TMDCs have large oscillator strengths and
large binding energies; moreover, they are stable in ambient conditions, which makes monolayer
TMDC:s ideal candidates for room-temperature polaritonic devices [2].

Strong light-matter interaction can be achieved through coupling of excitonic resonances in
TMDC:s to resonant optical modes supported by stand-alone resonators, such as distributed Bragg
reflector mirrors [3], plasmonic nanoparticles [4], or subwavelength gratings [5]. Despite the
associated chip-compatible planar geometries, such systems often require complicated fabrication
processes, which limits their tunability and creates challenges for applications in real devices.

Here, we study excitons in monolayer WS, strongly interacting with a waveguide mode in
a subwavelength-thickness hBN waveguide. To excite and detect intrinsically non-radiating
polaritons propagating below the light line, we use the back focal plane microscopy approach with
a high-index solid immersion lens [6]. The complete device can be fabricated in a straightforward
way with the dry transfer technique. The geometry of the studied structure allows us to position
the WS2 monolayer precisely at the maximum of the waveguide mode’s electromagnetic field by
controlling the thickness of the hBN layers. Our results provide a basis for future investigations of
waveguide polaritons in devices fabricated entirely from van der Waals 2D materials.

Results and Discussion

The fabricated all-van-der-Waals polariton waveguide is schematically shown in Fig. 1, a.
A WS, monolayer and hBN flakes were mechanically exfoliated from bulk crystals and then dry
transferred onto a SiO, substrate. In order to place the WS, monolayer at the maximum field
strength of the waveguide mode with account for the presence of SiO, substrate, the bottom hBN
layer had a thickness of ~ 30 nm, and the top layer had a thickness of ~ 70 nm. The black solid
curve in Fig. 1, b represents the electromagnetic field distribution along the out-of-plane direction
in the sample. We used atomic force microscopy to accurately determine the thickness of the
constituent hBN layers and the final assembled structure.

In Fig. 1, d, one can see the experimentally measured angle-resolved reflectivity spectra, which
exhibit mode anticrossing at ~ 2.01 eV arising from the strong coupling between the excitonic
resonance in monolayer WS, and the waveguide mode in hBN. To support the experimental
observations, we performed a numerical simulation of the angle-resolved reflectivity from the
fabricated structure using the transfer-matrix method [7].

The simulation results are shown in Fig. 1, c. As observed in Fig. 1, ¢, d the experimental
results show qualitative agreement with the numerical simulations, with Rabi splitting values on
the order of tens of meV.
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5 Fig. 1 Schematic representation of the sample.
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The thicknesses of the top and bottom hBN
layers are 70 nm and 30 nm, respectively.
The thickness of SiO, is 1 um (a). Exemplary
distribution of electromagnetic field in the
sample (b). Numerically calculated angle-
resolved reflectance map with transfer matrix
method (c). Angle-resolved reflectance map
observed in the experiment using the back
focal plane microscopy approach with a high-
index solid immersion lens (d)
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Conclusion

We experimentally demonstrate waveguide polaritons in an hBN waveguide with an embedded
TMDC monolayer in ambient conditions. Our results pave the way towards miniature and chip-
compatible room-temperature polaritonic devices based entirely on 2D materials.
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