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Abstract: Short-wave infrared technology (SWIR) can obtain the information transmitted through the
atmospheric window of 0.9-2.5 um at room temperature, effectively making up for the deficiencies of
visible light and thermal imaging, resulting in a wide range of application scenarios such as space remote
sensing, military and security, agriculture, and mining, medical and biological. This paper provides a brief
introduction to short-wave infrared technology, analyzes its characteristics and advantages, and elaborates
on its current development status through a hierarchical approach. This discussion primarily covers
research on popular infrared detection materials and their manufacturing processes, design methods for
improving photoelectric detection capabilities via innovative optical devices, and key considerations in
infrared imaging system design. It systematically summarizes advancements in ten critical application
fields: aerospace, military, security, agriculture, mining, environmental monitoring, healthcare, machine
vision, industrial inspection, and archaeology. The analysis reveals a growing trend in short-wave infrared
technology, transitioning from advanced applications, such as aerospace and military, to civilian markets.
This evolution highlights emerging materials, such as colloidal quantum dots, as promising candidates for
achieving high performance, low cost, and excellent silicon-based compatibility. These innovations will
serve as crucial drivers for reducing costs and expanding civilian applications of short-wave infrared
technology, providing valuable references for its industrialization and future development directions.
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Fig.1 Short-wave infrared technology and its application fields
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Materials and their performance of SWIR technology: Schematic of the HgCdTe APD, (a) Side view; (b) Top view; (c) Spectral

response of a 4.3-um cut-off HgCdTe APDI'. (d) 3D structure for the heterojunction photodetector with QDs of 2100 nm

excitation peak; (¢) EQE of QDs device; (f) Detectivity of QDs device and some commercial photodetectors??; (g) Top-view

microscopic image of the GeSn photodetector. The mesa size is 200 pm in diameter. (h) Cross-sectional schematic of the

top-illuminated GeSn photodetector structure along the black dash line shown in (g); (i) Optical responsivity and spectrum

response of GeSn photodetector as a function of wavelength[?]
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Table 1 Comparison for detection performance of different SWIR materials
Response Working External quantum
SWIR material wavelength temperature Responsivity Detectivity efficiency Response Ref.
fum P /(A/W) /Jones % time/us

InGaAs 1.64 300 / 2.2x10"2 / / [12]
InGaAs 2 300 / 1.7x1010 40 / [13]
/GaAsSb
HgCdTe 1.55 77 92 0.05 [14]
InAs/AlSb/GaSb 1.7 300 0.6 4.72x101° 43 / [27]
Al/Si/Nano 1.55 300 0.0045 1.48-10% / / [31]
-Structure Al
PbS/InGa 1.31 300 10* 1012 / / [18]
/Zn0O
PtSe2/Ge 1550 300 0.766 1.1x10" 61.3 / [36]
GaSb 22 300 0.5 / / / [26]
GeSi 1.55 300 1.2 / / / [32]
GeSn 2 300 0.51 / 84 / [33]
GeSn/Ge MQW 2 300 0.232 5.34 x 10° / / [28]
GeSi 1.55 0.46 3.09x101° / / [37]
ITO/TiOz 1.24 300 / 4.4 x 10" 25 0.07 [23]
/InSb-InP CQDs
/MoOx/Au
Au/Te0.780.3/ZnO 1.3 300 / 4.8x1010 27.2 6 [30]
/ITO
Al/ZnO/PbS-TBA 2.1 300 / 1.5 x 101 25 43 [22]
1/PbS-BDT/NiOx
/ITO
ITO/ZnO/PbS ink 1.2 300 0.54 5.5x10"2 55.74 / [21]
/HTL/MoO./Ag
Ge/GeSn 1.31 300 4.77 / / / [24]
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GHz )55 o IXEEE B 7 AR/ 1A IR S 1 1
N, PR A BUE, IORE T HhIE N R P ST CMOS
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R, b T E SR XA F R k.
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Chen %5 \7E 2022 4RI 4 A R s F0 5 o &

MR, JRRAEGENRE FERMEE (o) PRI IR LR AR OB B 5 0 R 3850 R IEIBY; (d) SR 7EILIR %
PERRIERDEI 730 () BETHI GeSn 9K S5 44 F RN 2347 To i AR I 1R T 83 O6 I () 0.5V AT0.7 V (i B
JE'T GeSn GRS H LR FL i (A FLERTI 25 (R M REOE RS (g) MR AR a5t R SR T s (h) SR rROLRY
T Sa N RS () 8 RO RNARRDGIEE R TR, () SRR LRSI
AT B M HL 3 7y A 135

Device structures of short-wave infrared technology: (a) SEM micrographs of the nano structures achieved at the diode areas for
different metal deposition thicknesses. All images at the same scale, scale bar is 125 nm; (b) Schematic side view of the diode
geometry, showing the sloped side walls of the insulating oxide; (c) Responsivity versus Al deposition thickness, for two
different wavelengths of excitation®!l; (d) Simulated optical field distribution in the device under resonance conditions. (e)
Simulated quantum efficiency spectra of the designed GeSn photodetector with and without a cavity; (f) Responsivity spectra of
the GeSn NM RCE photodetector under bias voltages of 0.5 and 0.7 VI331; (g) A schematic of the grating-resonance narrowband
photodetector. (h) Diffraction and total internal reflection of the light in the device; (i) Spectral EQEs measured by
monochromator scan; (j) Unit cell cross-section and design parameters of the device; (k) Representative electric field distribution

in the unit cell at the resonance wavelength®!
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Fig4 The system of short-wave infrared technology: (a) Quantum dot image sensor integration concept; (b) Infrared wavelength

spectra and relevant PbS QD size; (c) responsivity vs.bias voltage; (d) QD image sensor test setup; Images acquired through a Si

wafer in () VIS and in (f) SWIRP); (g) Block diagram of the polarimetric InGaAs FPA; (h) Electrical signals as a function of

different angles of linearly polarized light at 1064 nm; (i) Schematic diagram of polarization performance test system!“’]
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Fig.5 Aecrospace, military and security application examples: (a) Short-wave infrared three-band composite image of Tibet's Shigatse

acquired in-orbit by GF-5/AHSIMI; (b) Symmetric night sky aurora image illustrating the relative positional relationship

between hydrogen emission zones (marked as H) and elliptical regions during twilight hours*?; (c) Infrared imaging guided

missile; (d) Thermal imager of an aerial combat aircraft*’]; (¢) Comparison image of rare earth-doped nanoparticles in visible

and short-wave infrared spectral®l; (f) Facial impersonation attack algorithm imaging effects at 1450 nm, 980 nm, and visible

light!50]
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Fig.6 Agricultural, mining and environmental applications : (a) Evaluation of corn seed viability using short-wave infrared imaging!>3;
(b) Short-wave infrared images and post-processing results of pomegranate fruit bruising caused by falll®®); (¢) Comparison
between visible light (left) and short-wave infrared images (right) from apple flaw detection experimentst’); (d) Schematic
diagram of mine storage area investigation®l; (¢) Mineral mapping results from selected short-wave infrared hyperspectral
images!®?; (f) Global NO: monitoring schematic diagram(®’]; (g) Comprehensive observation applications for terrestrial

environment!]
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Fig. 7 Medical and machine vision applications: Brain tissue imaging at (a) 20 pm, (b) 80 um, and (¢) 140 um depths [*%; (d)

Short-wave infrared imaging for vascular disease detection [%l; (¢) Working principle and (f) results of short-wave infrared

imaging for middle ear diseases[®’); Haze images captured by (g) visible light camera and (h) short-wave infrared cameral’l; (i)

Original short-wave infrared image and (j) Corresponding binary image!””!
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Industrial inspection and archaeological authentication applications: photographs of water (H20), a mixture of
tetrachloroethylene and water (H2O/TCE), tetrachloroethylene (TCE), octane (OCT) and ethanol (EtOH) captured by (a)
smartphone’s visible camera and (b) the HgTe CQD SWIR cameral®3l; Comparison of (c) visible light and (d) high temperature
soldering iron image taken by short-wave infrared cameral®; (e) Short-wave infrared imaging reveals Greek fragments beneath
the papyrus scroll of Heraklion!®J; (f) Color photograph of the face in Painting of a woman; (g) Reconstructed accurate color
image from the reflectance image cube; (h) False-color SWIR image [#7); (i) Experimental drone SWIR imaging with artifacts
laid out in ordered lines, with numbers in the figure corresponding to artifact type. A is a Visible light orthomosaic; B and C are

SWIR imagery in two different band combinations; D is a smoothed, first-derivative using a Savijky-Golay filter(®],
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