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Fig. 1. Schematic diagram of the experimental setup. A lin-
early polarized laser with a wavelength of 532 nm serves as
the excitation source, and a rotating half-wave plate is used
to control the polarization angle for angle-resolved polariza-
tion-dependent PL measurements. The laser beam is fo-
cused onto the sample surface using a 100x objective lens,
and the excitation power keep below 0.1 mW to effectively
suppress photoinduced heating effects. Inset: side view of

the crystal structure of 1L-MoS,/NbIrTe, heterostructure.
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Fig. 2. Structural and optical characterization of the samples: (a), (b) Crystal structures of MoS, and NbIrTe,, respectively.
(c), (d) Schematic band structures of monolayer MoS, and the type-II Weyl semimetal NblIrTe,, highlighting their representative
electronic features. (e) Optical image of the 1L-MoS,/NbIrTe, heterostructure (HS). 1L-MoS, and NbIrTe, flakes are prepared sep-
arately via mechanical exfoliation. A dry-transfer technique is then used to sequentially transfer NbIrTe, and 1L-MoS, onto a
Si/Si0, substrate, forming a stacked 1L-MoS,/NbIrTe, HS. The HS sample is subsequently annealed in a vacuum environment at
120 °C for 6 h to enhance interfacial contact and structural stability. The white dashed outline indicates the region of monolayer
MoS,, the red dotted outline marks the NblrTe, region, and the purple solid line outline indicates the region of heterostructure.
Scale bar: 5 pm. (f) PL spectra of monolayer MoS,, the 1L-MoS,/NbIrTe, heterostructure and NbIrTe,. The orange and green

shaded areas correspond to the exciton X, and Xg, respectively.
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Fig. 3. Angle-resolved polarized PL spectra of monolayer MoS, and 1L-MoS,/NbIrTe, heterostructure: (a) The PL spectra of 1L-
MoS, with the linear excitation light is parallel and perpendicular to the b axis; (b) polar plots of the PL intensity of exciton X,
(purple) and Xy (green) in monolayer MoS,, where the dots represent experimental data and the solid lines correspond to fitted
curves; (c) the PL spectra of the 1L-MoS,/NbIrTe, heterostructure with the linear excitation light is parallel and perpendicular to

the b axis; (d) polar plots showing the angular dependence of PL intensity for excitons X, and Xp in the heterostructure, indicating

pronounced optical anisotropy.
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Fig. 4. (a) In-plane lattice of monolayer MoS, and corres-
ponding Brillouin zone projected from in-plane lattice of
monolayer MoS,; (b) schematic diagram of the interlayer
coupling regulation mechanism of 1L-MoS,/NbIrTe, hetero-
structure and corresponding Brillouin zone projected from

anisotropy MoS,.
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SPECIAL TOPIC—Semiconductor physics and devices
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Abstract

Luminescence and anisotropy in two-dimensional (2D) materials have important implications for both
fundamental material physics and potential applications such as polarized light-emitting devices. However,
many natural-occuring 2D materials typically exhibit either luminescence or anisotropy, but not both. In this
work, we utilize van der Waals (vdW) engineering to construct a heterostructure (HS) with anisotropic
luminescent properties, which is composed of isotropic monolayer (1L) MoS, (with strong intrinsic
luminescence) and low-symmetry NbIrTe, (strong anisotropy without photoluminescence). Experimentally, we
characterize the optical response of the HS by using angle-resolved PL spectroscopy. The results indicate that
the intrinsic anisotropic potential field of NbIrTe, at the interface effectively breaks the in-plane isotropic
symmetry of MoS,, inducing a pronounced polarization-dependent emission of A and B excitons. The anisotropy
ratio is enhanced to ~1.58, corresponding to a linear polarization degree of approximately 22%. This work
provides new insights into 2D interfacial coupling and offers useful guidance for the design and engineering of

next-generation high-performance, tunable polarized light-emitting devices.
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