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Research progress of micro-nano structures

enhanced infrared detectors (Invited)

Zhu Peng, Xiao Lei, Sun Tai, Shi Haofei’

(Micro-nano Manufacturing and System Integration Center, Chongqing Institute of Green and Intelligent Technology,

Chinese Academy of Sciences, Chongqing 400714, China)

Abstract: Infrared detectors play an important role in the areas of military investigation, remote sensing,
communication, precision guidance and aerospace, which have been concerned by the world for a long time and
have high research value and good application prospect. The integration of micro-nano structures and traditional
semiconductor detector can effectively improve the photon coupling efficiency and equivalent optical path,
exceed the absorption limit of traditional bulk materials, improve the quantum efficiency of photoelectric devices
and reduce the dark current of devices, providing a new technical means for the research of high-performance
infrared detectors. Various types of enhanced infrared photodetectors with micro-nano structures were reviewed
in this paper. Firstly, the basic principle of performance enhancd infrared detectors with micro-nano structures
were introduced. According to the different materials and functions of micro-nano structures, it was classified and
compared; Secondly, the research progress of the above micro-nano structures in infrared detectors were
systematically demonstrated from the aspects of dielectric type, surface metal type and 3D plasma cavity type.
Finally, the development trend of infrared detector based on micro-nano structure enhancement was prospected.
Key words: infrared detection; = micro-nano structure;  light trapping;  local enhancement;

plasma plasmon
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Fig.1 Infrared detectors with micro-holes on silicon substrates!*?"); (a) Schematic diagram of Si-Ge optoelectronic device with micro-hole array
structures'”; (b) External quantum efficiency enhancement coefficient and responsivity in the 1200-1 800 nm band of the Si-Ge device!'”;
(c) Schematic diagram of a silicon single-photon avalanche detector with micro-hole array structures®; (d) External quantum efficiency of
devices of different sizes™; (e) Schematic diagram of conformal graphene/silicon nanopore detector™ ; (f) Photoelectric response of silicon

nanopore, graphene/silicon and conformal graphene/silicon nanopore detectors®"!
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Fig.2 (a) A schematic diagram of a silicon photodiode integrated with a micro-holes™; (b) SEM images of holes of different shapes integrated in the

photodiode, including square holes, hexagonal holes, cylindrical and funnel shapes™; (c) Scanning electron microscope picture of the active area
of the photodiode™; (d) A schematic diagram of a silicon photodetector with integrated micro structures™; (e) Top and cross-sectional views of
the funnel-shaped and inverted pyramid-shaped light trapping structures'”!; (f) Relationship between the external quantum efficiency and the

number of nano-holes'*’)
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Fig.3 Mid-wave infrared detector samples of HgCdTe with microstructures of different filling factors>*!
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Fig.4 Structure and photoelectric characteristics of different types of nanorods near infrared photodetectors®®!. (a) I-V curve of the SiNW/

Au/Graphene detector and the device structure™; (b) Schematic diagram of the silicon nanowire array/perovskite photodetector(cross-sectional

view and 850 nm incident light time response curve under zero bias)?”; (c) Schematic diagram of PbSe,/GeNcs array heterojunction

photodetector(cross-sectional SEM image of germanium nanocone array and I-V curve diagram)®; (d) Schematic diagram of the ZnO/MoS,

detector(SEM images and time-current response)*”!
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Tab.1 Classification and progress of micro-nano structure enhanced infrared detectors
Structure type Principle Wavelength/um  Responsivity/(A/W) D*/cm-Hz">W™!
Silicon substrate 0.8-1.811 0.911 1.25x10" 21
Dielectric HeCdTe Increasing the effect‘ive propagation‘ path by 1-524 1224 NETD:50 mK24
multiple reflections and scatterings
Nanowires 1-1.650 1.589 2.52x10" )
Meta-surf: 3-120437 787 7.4x10"057
eta-surtace SPP and LSP are excited at resonant )
Surface metal ~ LSP hot electrons wavelength to improve optical field density and 1.2~1.6* 8x 10743 2.4x1071461
SPP hot electrons enhance the absorption; 0.8-1.61 910724 438 x10'165
Semi-copductor 41100 Sl 6.06 %100 157
cavity Strong local enhancement and near-field
3D plasma cavity Quanturg well  coupling effect in the absorption layer of multi- 11-14852 0.6 8.52 x10° 15
cavity layer cavity
2D material cavity 3-145+%6 0.32%% N
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