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Research Progress in Photodetectors Based on Topological Insulators
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Abstract: Because of their excellent optical and electrical properties and the special band structure,
topological insulators have great prospects in the development of high-performance broadband
photodetectors. However, owing to the late discovery of topological insulators, research based on them, in
the field of photodetectors, is still in its early stages. Therefore, there are several problems that need to be
resolved, such as the preparation of topological insulator materials of a higher quality. This review
summarizes the development of topological insulator materials and further delineates the research progress
of photodetectors, based on topological insulator materials from the perspective of material preparations and
material systems; furthermore, it details the prospects for the development of topological insulator materials

in the field of photodetectors.
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Fig.1 Energy band diagram: (a) conductor; (b) insulator; (c) semiconductor; (d) topological insulator
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Table 1 Preparation technology and device performance statistics table of photodetectors based on topological insulator materials

Device performance

Materials Bandgap/eV Preparation methods Wavelength detectivity Responsivity Ref.
/nm /Jones I(A-WY)

Pb;.,Sn,Se 0.43 Van der Waals epitaxial 375-980 5.95(473 nm) [18]
Pby,Sn, Se 0.4 Van der Waals epitaxial 375-2000 1.14x10(632 nm) 0.21(632 nm) [19]
In,Ses 1.3 Van der Waals epitaxial 633 1650 [20]
Bi,Se,/Si 0.3 Physical vapor deposition 300-1100 4.39x10%(808 nm) 24.28(808 nm) [21]
Bi,Se; Solvothermal synthesis 532 2.048x107 [5]
Bi,Sesnanowire /Si 0.4 Vapor-liquid-solid method ~ 380-1310 2.38x10'2(808 nm) 924.2(808 nm) [22]
Graphene/Bi,Se; Molecular beam epitaxy 3500 1.7x10° 1.97 [23]
Bi,Se;sTe; s Solvothermal synthesis 450-1550 [24]
Bi,Sesnanowire Mechanical exfoliation 532-1064 7.5x10°(1064 nm) 300(1064 nm) [25]
Bi,Se4/Si nanowire Wet chemical route 890 2.35x10"3(890 nm) 9384 [26]
Graphene/Bi,Tez Chemical vapor deposition ~ 523-1550 35(532 nm) [27]
Bi,Tes/Si 0.165 Molecular beam epitaxy 1550 3.32x10%(1550nm)  [28]
Bi,Tes/Si 0.15 Pulsed laser deposition 370-1550 2.5x10™(635 nm) 1(635nm) [29]
WS,/Bi,Te; Pulsed laser deposition 370-1550 2.3x10" 30.4 [30]
SnTe/Si Physical vapor deposition 1064-1550  1.54x10'(1064 nm) 2.36(1064 nm) [31]
SnTe/Si 0.18 Chemical vapor deposition ~ 254-1550 8.4x10% 0.128 [32]
SnTe 0.25 Molecular beam epitaxy 405-3800 3.75(2003 nm) [33]
Sb,Te, 0.26 Molecular beam epitaxy 980 1.22x10M" 217 [34]
Sb,Tey/ STO 0.3 Molecular beam epitaxy 405-1550 8.6x10"°(405nm)  4.8x10°(405nm)  [35]
Sh,Te,/Si Physical vapor deposition 520-980 1.36x1073 [36]
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Fig.3 Bi,Se; material structure and photodetector based on it: (a) Schematic diagram of Bi,Se; crystal structure; (b) Bi,Ses/Si

nanowire near-infrared photodetector; (c) Bi,Se; nanowire photoconductive detector; (d) Bi,Ses thin film photoconductive

detector; (e) Bi,Ses/Si photodetector; (f) Schematic diagram of the Bi,Ses/Si energy band
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Fig.4 Photodetectors based on Bi,Te; material: (a) Bi,Tes/graphene photodetector; (b) Bi,Tes thin film photoconductive detector;

(c) Bi,Tes thin film photoconductive detector; (d) Bi,Tes/Si photodetector; (e) Bi,Tes based photodetector
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Fig.5 Sh,Tes material structure and photodetectors based on it: (a) Sb,Tes crystal structure schematic; (b) Sh,Te; photoconductive

detector; (c) Sh,Tes energy band schematic; (d) Sb,SeTe, photoconductive detector; (e) Sb,Tes/STO photodetector
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Fig.6 SnTe material structure and photodetectors based on it: (a) Schematic diagram of SnTe crystal structure; (b) SnTe photocon-
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