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Linear Polarized Photoluminescence Properties of Few-Layer ReS2 and ReSe2
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Introduction
	Transition metal dichalcogenides (TMDs) have recently emerged as a new class of layered materials that can be exfoliated into atomically thin crystals. Unlike group VI MX2 TMD layered crystals that consist of 2D hexagonal layers with isotropic in-plane electronic and optical properties group VII MX2 TMDs crystals exhibit strong in-plane anisotropy of physical properties. In particular, the in-plane anisotropy of the direct band-edge excitons in bulk ReS2 has been evidenced in temperature-dependent polarization-resolved optical absorption, reflectance and photoluminescence (PL) studies [1]. Broad linearly polarized emission features associated with excitonic transitions have been reported in a recent study of single- and few-layer ReS2 crystals at room temperature [2]. However, more detailed PL study of ReS2 and ReSe2 thin layers is necessary for establishing anisotropy of their optical properties and for better understanding of their potential in future applications.
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Experimental
	 Micro-PL setup has been used to measure polarization resolved PL response on few-layer ReS2 and ReSe2 sample prepared by mechanical exfoliation of bilk crystal on SiO2/Si substrates. The excitation light from a CW 532 nm laser was focused to a spot of about 3um with the average power of 400uW or less. The samples were placed on a piezoelectric x-y-z stage for accurate positioning and adjustment of the focal point on the sample. The probe with the objective and the sample stage was inserted into a helium-flow variable temperature cryostat enabling measurements in the temperature range T= (10-300)K. The collected PL emission was analyzed with f=320mm spectrometer equipped with 600g/mm gratings and a TEC-cooled CCD camera. The presented spectra were recorded with the spectral resolution of 0.46nm. 
 Fig.1 (a) Layer dependent photoluminescence response of ReS2 measured at 10K. (b) Plot of ReS2 and ReSe2 photoluminescence spectra at 10K. Inset shows the linear polarization properties of ReS2 and ReSe2.

Results and Discussion 
 	At T=10K, the PL response of ReS2 and ReSe2 are found to be dominated by two strongest excitons referring to them as peak A(lower energy peak) and peak B(higher energy peak)(Fig.1). We compare the PL spectra measured at T=10K on the samples with different thickness, Thinner flakes show gradual decrease in PL intensity (Fig.1.a), which is consistent with the picture of the weakly coupled ReS2 or ReSe2 layers with an indirect gap band structure. The PL emission exhibits strong in-plane anisotropy as demonstrated by polarization resolved spectra (Fig.1.b).
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