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Abstract: Compared with traditional compound semiconductor materials, new materials such as silicon-based,
graphene, tellurium compounds, transition metal dihalogenated compounds and perovskites have unique structures
and properties, and are important materials for the preparation of low-power and high-performance photodetectors.
This paper reviews recent research progress of silicon-based near-infrared photodetectors based on PN and PiN

heterojunction structures, introduces the research progress of near-infrared photodetectors based on
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two-dimensional materials, including graphene, tellurium compounds, transition metal dihalogenated compounds
and perovskite materials. Performance parameters of related near-infrared photodetectors are analyzed and
compared in this review, which can provide reference for the subsequent research of high-performance
near-infrared photodetectors.
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Perovskite
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Figure 2-1 Structure diagram of N-MoS;/P-Si heterojunction device
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Figure 2-2 Cross-sectional view of N-TiO/P-Si heterojunction device
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Figure 2-3 Cross-sectional view of P-PbS/N-Si heterojunction device structure
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Figure 2-4 Cross-sectional view of PiN photodiode
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Figure 2-5 Structure diagram of silicon germanium PiN photodetector
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Figure 2-6 Graphene-silicon PiN photodiode structure diagram
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Figure 2-7 Structure diagram of germanium PiN photodiode
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Table 1 Silicon-based near-infrared band detectors with good performance in recent years

Rt PRI A (nm) Wi % (mA/W) LRI 2 (Jones) WSS SR
N-MoS,/P-Si 550 9000 104 16ps [14]
N-TiO,/P-Si 620 23070 4.5x10%? - [15]
P-PbS/N-Si 1540 264 1.47x10% 7.38us [16]
PtSe,/Si 808 520 3.26x10% 55.3/170.5ps [21]
Gr/N-Si 808 456 7.96x10 - [22]
MoS,/Si 808 300 101 3/40ps [23]
Graphene/ Si 890 730 4.08x10% 320/750us [24]
Sn0; /SiO,/P-Si 365-980 285-355 1.7x10%? <0.1s [25]
Ag/SiN,/Si/Ag 800 1880 3.14x10% <40ms [26]
GQDs/WSe,/Si 740 707 4.51x10° 0.2ms [27]
GeSi(P-i-N) 1550 920 - - [18]
Graphene/Si(P-i-N) 1550 11 - 15ps [19]
Ge on Si(P-i-N) 1550 133 - - [20]
Ge-On-Insulator(P-i-N) 1550 390 - - [28]
Si(P-i-N) 850 440 [29]
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Figure 3-1 Graphene/silicon Schottky near-infrared photodetector structure
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Figure 3-2 Structure diagram of silicon-graphene hybrid plasma waveguide photodetector
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Figure 3-3 Graphene/germanium Schottky junction photodetector structure
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Figure 3-4 Structure diagram of single-layer graphene photodetector
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Figure 3-5 Graphene/indium phosphide Schottky junction photodetector structure
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Figure 3-6 Structure diagram of graphene plasma photodetector
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Figure 3-7 Schematic diagram of two molybdenum telluride structure photodetectors
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Figure 3-9 Structure diagram of tin telluride nanomembrane photodetector
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Figure 3-10 Structure diagram of tin telluride/germanium heterojunction photodetector
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Figure 3-8 Structure diagram of platinum telluride/silicon heterojunction photodetector
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Figure 3-11 Metal-semiconductor-metal photodetector structure diagram
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Figure 3-12 Structure diagram of molybdenum disulfide/cadmium telluride PN heterojunction
photodetector
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Figure 3-13 Structure diagram of tin disulfide/zinc heterojunction photodetector
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Figure 3-14 Structure diagram of silicon/molybdenum disulfide heterojunction photodetector
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Table 2 In recent years, near-infrared photodetectors based on two-dimensional materials have been more

advanced

PRI EHARAY PRIBA (nm) RS2 E - CmA/WD FEERII# (Jones)  WAIRIAT ] 23 Sk
Graphene/Ge 1550 1200 1.8x10%° - [33]
Graphene/P-InP 808 5.2 1.3x10%° - [35]
Graphene/SisNg 1675 460 - - [36]
MoTe,/ graphene/SnS, 405-1550 1.17x10* 1.06x10° - [45]
MoTe,/graphene/snS; 1064 2.6x10% 1.1x10% 28.6 ms [46]
Graphene/MoTe,/Graphene 473-1064 0.20 - 0.07ms [47]
Ge/Graphene 350-1650 6.62x10* - - [48]
MoTe,/Ge 915 1.246x107 3.3x10%12 5ms [37]
MoTe,/Ge0,/Ge 915 1.56x10* 4.86x101* 5ms [37]
PtTe,/Si 980 406 3.62x10%2 44.21ps [38]
SnTe/Ge 940 1710 3.46x10" - [39]
GaTe/InSe 1550 150 102 0.8s [49]
MoTe,/Si 980 190 6.8x10%3 150 ns [50]
Te 1700 1.6x10* 2x10° - [51]
2H-MoTe; 1260-1360 400 - - [52]
MoS,/CdTe 200-1700 36.6 6.1x10% - [42]
Si/MoS; 650 5.66x108 4.76x10%0 - [44]
MoS,/Graphene/GaAs 808 19.9 4.86x101° 46.8/55us [53]
MoS; 637 3.26 x 106 9x10™ 480 us [54]
MoS,/GaN/Si 300-1100 23810 1.18x101 1.166ms [55]
SnS/Si 980 1170 10%? 11/11.ms [56]
snS 1030 190 9.213x101 2s [57]
Graphene/SnS; 1064 1460 1.28x10% - [58]
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Figure 4-1 Structure diagram of lead methylamine iodide/bismuth ferrite heterojunction photodetector
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Figure 4-2 Structure diagram of lead methylamine iodide/bismuth ferrite heterojunction photodetector
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Figure 4-3 Structure diagram of lead methylamine iodide/silicon nanowire heterojunction photodetector
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Figure 4-4 Structure diagram of silver/barium titanate/silver photodetector
NHE D T REE TS BRI L0 BRI 2 ORI TERERE , 3% 3 A LEEBON e b
AR SR I VERESHL, T IIEEAT 1% 0 BRI &1k 5E 2 O L 23 Ao
3 /LR TSR SR RIS B RN |

Table 3 In recent years, the more advanced near-infrared photodetector based on perovskite

IR A S FEIE K (nm) WIS (mA/W) H £ % (Jones) W 7 6 J] BH iR
CH3NHsPbls/BiFeOs 800 2000 7.8x1012 0.828s [64]
CH3NHsPbls/CulnSe; 850 20 7.7x101 - [65]

Ag/BaTiSs SCs /Ag 780 1220 3.8x1010 - [67]

MAPb(11-<Brx)3 740 331 4.2x10%° 380us [68]

FA0.66MA034PbosSnosls 940 500 2.5x10% 1.67us [69]

MAPbI3/CdS 730 430 2.3x101 - [70]

MAPbI, sBros/CQD 975 100 4x10%2 10us [71]
FAPbosSNosls/SnS QDs 850 522 2.57x10%2 41ps [72]
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