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Figure S1. Crystal structures of orthorhombic b-As from (a) side view and (b) top view, 
showing its highly anisotropic nature.
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Figure S2. Polarization-resolved optical images of b-As flake.
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Figure S3. Grayscale values obtained from the A point in Figure S1 under different 

polarization angles as a function of the polarization angle.

Figure S4. The absorption(a), reflectivity(b), refractive index (c), and extinction (d) for b-
As considering XX, YY and ZZ directions. 



5

Figure S5. Schematic diagrams for six Raman-active modes in b-As. Green arrows 
indicate atomic displacements. 
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Figure S6. Atomic force microscopy (AFM) image of this typical b-As FET, the thickness 

of the b-As crystal is about 26.4nm.
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Figure S7. Room-temperature output characteristics (Ids-Vds) of this FET with the 

different directions (different symmetrical source-drain electrodes), the gate voltage is 

0V.
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Figure S8. Room-temperature transfer characteristics (Ids-Vg) of this FET with the 

different directions (different symmetrical source-drain electrodes), the drain-source 

voltage is 1V.

Note S1

For b-As, the Raman tensors of the phonons with , and  symmetry are𝐴𝑔 𝐵2𝑔

                       (S1)𝑅𝐴𝑔 = (𝑎 0 0
0 𝑏 0
0 0 𝑐) = (|𝑎|𝑒𝑖∅𝑎 0 0

0 |𝑏|𝑒𝑖∅𝑏 0
0 0 |𝑐|𝑒𝑖∅𝑐)

and

                              (S2)𝑅𝐵2𝑔 = (𝑎 0 𝑓
0 0 0
𝑓 0 0) = ( 0 0 |𝑓|𝑒𝑖∅𝑓

0 0 0
|𝑓|𝑒𝑖∅𝑓 0 0 )

where , , , , , , , and  are the magnitude and complex phase of the |𝑎| ∅𝑎 |𝑏| ∅𝑏 |𝑐| ∅𝑐 |𝑓| ∅𝑓

independent components of these two tensors, respectively. In our experimental 

configuration, the incident laser beam along the y direction (perpendicular to the layer 

plane of our arsenic sample). So, the polarization vector of the incident beam ( ) can be 𝑒𝑖

expressed as  ( is the sample rotation angle), and the polarization 𝑒𝑖 = (sin 𝜃  0  cos 𝜃)
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vector of the scattered light ( ) can be expressed as  and 𝑒𝑠 𝑒𝑠 = (sin 𝜃  0  cos 𝜃) 𝑒𝑠 = (cos 𝜃

 for the parallel and cross-polarization configurations, respectively. The   0  ―sin 𝜃)

Raman scattering intensity, which is related to the Raman tensor and the polarization 

vectors of incident laser beam and scattered light, is expressed as . As a 𝑆 ∝ |𝑒𝑖 ∙ 𝑅 ∙ 𝑒𝑠|2

consequence, the Raman intensities of  and  modes under parallel and cross-𝐴1𝑔 𝐵2𝑔

polarization configurations are written as following

                  (S3)𝑆𝐴𝑔 = (|𝑎|𝑠𝑖𝑛2𝜃 + |𝑐|𝑐𝑜𝑠∅𝑐𝑎𝑐𝑜𝑠2𝜃)2 + |𝑐|2𝑠𝑖𝑛2∅𝑐𝑎𝑐𝑜𝑠4𝜃

                          (S4)𝑆𝐴𝑔 = [(|𝑎| ― |𝑐|𝑐𝑜𝑠∅𝑐𝑎)2 + |𝑐|2𝑠𝑖𝑛2∅𝑐𝑎]𝑐𝑜𝑠2𝜃𝑠𝑖𝑛2𝜃

                                                   (S5)𝑆𝐵2𝑔 = |𝑓|2𝑠𝑖𝑛22𝜃

                                                   (S6)𝑆𝐵2𝑔 = |𝑓|2𝑐𝑜𝑠22𝜃

where  is the phase difference . As described, the Raman intensity of  and ∅𝑐𝑎 ∅𝑐 ― ∅𝑎 𝐴1𝑔

 modes shows different periodic variation with the sample rotation angle under 𝐵2𝑔

parallel and cross-polarization configurations of the scattered light. According to (3) and 

(5), under the parallel configuration, when the crystal orientation parallel to the scattered 

light, the Raman intensity of  mode has maximum or minimum value, while  mode 𝐴1𝑔 𝐵2𝑔
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is forbidden. In contrast, under the cross-polarization configuration, the  mode is 𝐴1𝑔

forbidden, and Raman intensity of  mode has the maximum value.𝐵2𝑔


