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Abstract. Recently emerged van der Waals antiferromagnetic CrSBr provides new opportu-
nities for developing compact integrated photonic and optoelectronic devices since it exhibits
high refractive index, strong excitonic response, and magnetic ordering. However, experimental
methods for nanostructuring CrSBr to tailor its photonic properties are not yet well developed.
Here we demonstrate photonic dispersion engineering in subwavelength-thick CrSBr slabs
through patterning and creating slab photonic crystal structures. Using mechanical scanning
probe lithography — a non-destructive technique benefiting from piezostage precision — we fab-
ricate nanostructured CrSBr flakes of controlled geometry. Back-focal-plane reflectance spec-
troscopy measurements reveal modified photonic dispersion characteristics, with the photonic
crystal dispersion tuned close to the CrSBr exciton resonance. The demonstrated engineering
of the photonic dispersion in CrSBr, with tunable alignment between the photonic crystal reso-
nance and the exciton energy, provides a base for further studies of exciton-photon interaction
in 2D magnetic materials.
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Annoranua. Hoswiit Ban-gep-BaanbscoB antudeppomarnetuk CrSBr oTKpbIBaeT mepcriek-
TUBBI JJISI KOMITAKTHBIX (POTOHHBIX U OINTOIJIEKTPOHHBIX YCTPOMCTB Ojiarojgapsi COUETaHUIO
BBICOKOTO TOKa3aTesisl IPeJOMJIEHUS, CUJIIBHOTO 3KCUTOHHOIO OTKJIMKA W MArHUTHOTO
ynopsinoueHusi. OpgHako MeToabl HaHOCTpyKTypupoBaHus CrSBr mig ynpaBiaeHUsI €ro
(OTOHHBIMU CBOMCTBAMMU TTOKA HEAOCTATOUHO pa3BUTHI. B naHHO# paboTe Mbl 1€ MOHCTPpUPYEM
ynpasiaenue ¢otoHHoil aucrnepcueit B CrSBr mytem co3manusi (pOTOHHO-KPUCTATUTMYECKUX
cTpykTyp. Mcmonb3yss MexaHMYeCKy0 30HIOBYIO JTUTOTpaUI0 — Hepa3pyllaiollylo METOIUKY
C TMPELM3UOHHBIM MbE30MO3UIIMOHUPOBAHUEM — Mbl CO3Ja€M HAHOCTPYKTYPUPOBAHHBIE
¢ortonHbie Kpuctamibl B CrSBr ¢ KoHTpoiMpyeMolii reoMeTpuei.
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Introduction

In recent years, enhanced light-matter interaction in novel van der Waals materials has attracted
significant attention as a promising approach for developing nonlinear optical and optoelectronic
devices. In the regime of strong light-matter coupling, exciton-polariton quasiparticles can be
formed, which are manifested in the energy spectrum as Rabi splitting between material and
optical dispersions. A promising platform for realizing exciton-polaritons with additional degrees
of freedom is the two-dimensional van der Waals magnetic semiconductor CrSBr. Its optical
response is dominated by an excitonic resonance, with excitons exhibiting high oscillator strength,
stability under ambient conditions, and strong anisotropy — making CrSBr a promising candidate
for room-temperature polaritonic devices with enhanced functionality [1]. Typically, strong
light-matter interaction is achieved by coupling excitonic resonances in thin-layer materials to
resonant optical modes supported by external cavities, such as distributed Bragg reflectors [2] and
subwavelength gratings [3]. CrSBr is also a high-refractive-index semiconductor (refractive index
of ~5), enabling its use as a waveguide for self-hybridized polaritons [4].

Additionally, since CrSBr excitons are sensitive to magnetic order [5], this provides a new
degree of freedom for tuning the optical response. However, nanostructuring this material for
creating waveguides and photonic crystal slabs remains largely unexplored. In this work, we
investigate photon dispersion engineering in CrSBr to align the photonic crystal resonance with
the exciton energy via scanning probe lithography.

Materials and Methods

To fabricate photonic crystals in CrSBr, we employed mechanical probe lithography, a technique
chosen for its non-degradative impact on the material, simplicity, and dynamic tunability via
high-precision piezostages. To enhance contrast and photonic crystal quality factor (Q), we
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selected samples with 50-100 nm thicknesses supporting only a single transverse electric (TE)
mode. The required thickness was achieved via iterative mechanical exfoliation from bulk crystals
with low-residue Nitto tape monitored via optical microscopy. Atomic force microscopy (AFM)
was used to precisely determine sample thickness after dry transfer onto SiO,/Si substrates with
oxide thickness of 1000 nm.

Results and Discussion

Crystal orientation was determined via polarization-resolved photoluminescence revealing the
excitonic easy axis (b-axis), which is critical for dispersion control. Photonic crystals were fabricated
via mechanical probe lithography. The method is schematically illustrated in Fig. 1, a. Designs
for 4 photonic crystals were calculated via Fourier modal method (FMM) and implemented via
scanning probe. Fig. 1, b and Fig. 1, ¢ show the AFM maps and profiles of the resulting photonic
crystals. Atomic force microscopy measurements confirmed that the spatial parameters of the
fabricated photonic crystals closely match the designed values.
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Fig. 1. Schematic illustration of the scanning mechanical probe lithography method (a), AFM images
of fabricated photonic crystals (b), AFM profiles of the obtained photonic crystals (¢)

Using the FMM method, the dispersion relations of the fabricated photonic crystals were
calculated as angle-resolved reflectivity spectra. Fig. 2, a shows the simulation results for the 4
structures with thickness of 105 nm, duty cycle of, 0.3, and different grating periods indicated
above each plot. The optical dispersions of the fabricated nanostructured CrSBr films were
experimentally investigated through back-focal-plane (BFP) photoluminescence measurements
with angular resolution in the polarization channel corresponding to TE modes. The experimental
dispersion characteristics are shown in Fig. 2, b and exhibit good agreement with the results of
FMM simulations.

In Fig. 2, b, the red line indicates the exciton resonance position, while the orange dashed line
shows the lower polariton branches calculated using the coupled oscillator model. From the plots,
we observe increasing bending of the dispersion curve away from the exciton resonance as they
approach each other for gratings with smaller periods. This is due to increase of the exciton-photon
interaction, which can be described by a coupled oscillator model with parameters including the
coupling strength and excitonic/photonic relaxation rates. The exciton-photon coupling strength g
values were derived from curve fitting for all gratings. It was found to be in a range of 35-45 meV,
indicating a sizeable interaction between the photonic and excitonic modes. The results showed
that the photonic-crystal dispersion can be sensitively controlled via the pitch and duty cycle of
the grating fabricated in the CrSBr flake and thus can be brought into resonance with CrSBr
exciton at 1.34 eV. The demonstrated coupling strength (g = 35—40 meV) significantly exceeds
the polariton linewidth (y =20 meV), which suggests that the system operates in the strong light-
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Fig. 2. Simulated grating dispersions using FMM (a) and experimentally measured photoluminescence
spectra in the back focal plane from fabricated CrSBr gratings (b)

matter coupling regime. Future studies should characterize temperature-dependent linewidth
narrowing to fully exploit the light-matter hybridization for polaritonic devices.

In Fig. 3, a, the expected energy of the original photonic mode without coupling to the exciton
resonance is shown as extracted from fitting the experimental data with the coupled oscillator
model. In Fig. 3, b, the actual experimentally observed energy is shown, when coupling to the
exciton resonance is present. The overall energy is lower in the coupled case (Fig. 3, b) due to
anticrossing, while the photonic mode (Fig. 3, a) can actually reach the exciton energy at 1.34 eV
and cross it. The difference in energy for 2 selected wavevectors (empty and filled symbols,
corresponding to 0.5 um™' and 3.5 um™') is smaller in the coupled case (b), which is due to the
increased fraction of excitons in the polaritons at higher k.
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Fig. 3. Photonic dispersion energy in (a) in the absence of exciton-photon coupling.
Polaritonic dispersion energy in (b) in the presence of exciton-photon coupling

Conclusion

Using mechanical scanning probe lithography, we successfully patterned subwavelength
thick flakes of van der Waals antiferromagnetic CrSBr and engineered its photonic dispersion,
achieving tunable alignment between the photonic crystal resonance and the excitonic transition
energy. The coupling strength between the excitonic and photonic modes was evaluated and
determined to lie in the range of 35-40 meV. These results create further opportunities for
achieving enhanced light-matter coupling in nanopatterned CrSBr for developing novel compact
photonic and optoelectronic devices.
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