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Table 1.  Anisotropic optoelectronic properties of low-dimensional semiconductors.

AR TENE JeV M FEEE/cm>V s e o7 588 B T EEE S50
ey 0.1375(1(4;%;%@;) 1000 (%55, 2)600 (257, ) 14.2 mA/W 8.7 (1550 nm) [29]
- 0.3 (TR 1— 376.7 (T, zigzag)1.5 (AT, armchair)
Al 15 (R2) 60.7 (257, zigzag) 10606 (257, armchair) [14,30]
Bl 1.3—1.7 100 (3.2 eV) (31]

23.1 (27, DS-chains/7[)14.8 (F T, &

ReS, L4 (HHH) DS-chainsJ514]) 10° AW (532 nm) ~4 32,33]
ReSe, 11712 10 1.5 mA-W (633 nm) 2 (633 nm) [34]
MoTe, SRR 110 mA-W ! (1064 nm) [10]
WTe, IMREE R 4.9 (514.5 nm) [35]
GaTe 1.7 0.2 (Z77) 10* A-W! (532 nm) (36]
TiSe 0.73 1.48 AW (633 nm)  2.56 (633 nm) [37]
SnS 1.3 20 (215828 sigrng/ Marmehair = 1.7 365 AW (808 nm)  1.49 (808 nm) [38,39]
CeSe 1':1)’47((12{;;’;?‘) 4.25 AW 2.16 (808 nm) [40]
GeS, >3 2.1 (325 nm) [41]
GeSe, 2.74 3.4 (450 nm) [42]
0.83 ({Ahtk

CeAs 2.07(@1%? 4.4 (808 nm) [43]
0.51 ¥

GeP 1'68(1?;?%?) WL E: 1.52 3.11—0.43 AW 1.83 (532 nm) [44]
0.98 ¥ o .

GeAs, 62(1?£gj ) 2.5 (%57, a)L.3 (357%, b) 2 [45]
ZrS, 1.79 (4 230 m A-W ! (520 nm)  2.55 (520 nm) [46]
TiS, 1.13 2500 A-W ! (808 nm) 4 [47]

a-MoO, 2.7 0.06-0.09 (HLF, )0.03—0.04 (LT, ¢) 67.9 AW ! 5 (254 nm) [12]
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Fig. 1. Characteristics of black-phosphorus(Reproduced with permission, Copyright 2016, American Chemical Society): (a) Atom-

ic structure; (b) typical polarized Raman spectra; (c) band structure of trilayer black-phosphorus and theoretical polarized absorption.
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Fig. 2. (a) Optical image of the polarized-light detector with the circular electrode, (b) polarized photoresponse along armchair and

zigzag orientations under 400—1700 nm illumination of black-phosphorus (reproduced with permission’?, Copyright 2015, Springer

Nature); (c) polarized-light detector based on the black-phosphorus/MoS, heterojunction(reproduced with permission®, Copyright

2018, Springer Nature); (d) polarized-light detectorenhanced by the plasmonic structure(reproduced with permission?”); Copyright

2018, American Chemical Society).
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Fig. 3. Crystal structures: (a) ReS,(reproduced with permis-

(a) ReS,P%; (b) WTe,l™

sionB?, Copyright 2015, American CheIIllC‘ll Society); (b)
WTey(reproduced with permission/™, Copyright 2016, RSC

Publishing).
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Fig. 4. (a) Schematic of polarized photoelectric test(reproduced with permission®!, Copyright 2016, American Chemical Society);
(b) photocurrent and absorption of ReS, in the polar coordinates(Reproduced with permission®, Copyright 2016, John Wiley and
Sons); (c) polarized photoresponse of ReS,/ReSe, heterojunction(reproduced with permission™, Copyright 2018, John Wiley and
Sons); (d) polarized photoresponse of WTe,(reproduced with permission®!, Copyright 2018, John Wiley and Sons).
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Fig. 5. (a) Crystal structure of GaTe(reproduced with permission®, Copyright 2016, American Chemical Society); (b) STEM im-
age of T1Se and (c) photocurrent of the polarized photodetector based on TlSe (reproduced with permission*”, Copyright 2018,

American Chemical Society).
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Fig. 6. (a) Crystal structure of MX (reproduced with permission®], Copyright 2015, AIP Publishing); (b) crystal structure of

GeS,(reproduced with permission!*!l, Copyright 2019, John Wiley and Sons); (c) response times of SnS along different directions(re-

produced with permission¥, Copyright 2017, Royal Society of Chemistry); (d) polarized photocurrent of GeSe, under the 450 nm il-

lumination(reproduced with permission*?, Copyright 2018, American Chemical Society).
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(b) crystal structures of GeAs, (reproduced with

permission*’l, Copyright 2018, John Wiley and Sons).
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Fig. 8. (a) Optical image of ZrSz and (b) crystal structure
of ZrSs(reproduced with permission/*l, Copyright 2019,
John Wiley and Sons); (c) crystal structure of KP5(repro-
duced with permission®, Copyright 2018, American Chem-
ical Society).
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Fig. 9. (a) Polarization-resolved absorption spectra of GeSe(reproduced with permission(*), Copyright 2017, American Chemical So-

ciety); (b) absorption spectra of ZrS; nanoribbon under polarized light in different directions and (c) polarized photocurrent of ZrSs

nanoribbon under 450 nm and 532 nm laser illumination(reproduced with permission!*’l, Copyright 2019, John Wiley and Sons).
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Fig. 10. (a) Polarized photocurrent of GeSe under the 808 nm laser illumination(reproduced with permission!’”), Copyright 2017,

American Chemical Society); (b) polarization-resolved absorption spectra of GeAs, (c) polarization-sensitive photocurrents plotted

with the linear-polarization laser of 520 and 830 nm of GeAs in the polar coordinates, and (d) polarization-dependent photocurrent

mapping of GeAs device under 30 mV gate voltage and the linear-polarization laser (reproduced with permission(*, Copyright 2018,

American Chemical Society).
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Abstract

Polarized photodetection technology has good application value in the fields of remote sensing imaging,
environmental monitoring, medical detection and military equipment. Polarized photodetectors based on low-
dimensional materials can use the natural anisotropy of materials to detect polarized information. Some two-
dimensional materials have strong in-plane anisotropy due to their low-symmetrical crystal structure, such as
black-phosphorus, black-arsenic, ReS,, GaTe, GeSe, GeAs, and TiS;. These anisotropic two-dimensional
materials are appropriate for the working medium of polarized photodetectors. Numerous researchs focused on
polarized photodetectors with different materials and device structures and our works are introduced. Polarized
photodetectors based on such low-dimensional materials have realized a broadband photodetection, including

ultraviolet, visible, and infrared lights.
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