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Abstract: The mid-infrared spectral band (2-12 um) covers the characteristic absorption peaks of numerous mole-
cules and is known as the “molecular fingerprint region”. Tt holds irreplaceable strategic value in environmental mon-
itoring, biomedical diagnostics, space communications, and national defense security. Semiconductor optical ampli-
fiers (SOA), as core active devices in mid-infrared photonic systems, have become key technology carriers for mid-
infrared light source power amplification and signal processing, owing to their compact structure, high electro-optical
conversion efficiency, large gain bandwidth, and excellent integrability. This paper first describes the research back-

ground and development history of mid-infrared SOA. Then, classified by gain medium material systems, it systemat-
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ically reviews the research progress of InP-based, GaSh-based, and other novel mid-infrared SOA including CdTe-

based, ZnS/ZnSe-based, and InAs-based devices. The working principles, device structures, gain characteristics,

integration schemes, and application limitations of different gain media are analyzed in depth. Finally, the technical

development trends and future research directions of mid-infrared SOA are prospected, aiming to provide theoretical

references for device selection and technological innovation in mid-infrared photonic systems.

Keywords: mid-infrared; semiconductor optical amplifier; InP-based; GaSbh-based; quantum cascade
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brid ITI-V/silicon SOA .
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(a) composite micrograph of the 16-channel quantum cascade amplifier array integrated with the DFB seed section; (b)

CW output power and SMSR vs. amplifier current of the monolithically integrated QCL-SOA; (c¢) power-current-voltage

characteristics of the single-mode phase-locked quantum cascade amplifier array in pulsed mode.
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Table 1  Research Progress of InP-based Mid-Infrared Semiconductor Optical Amplifiers

P P /pm H# P /nm R/W W& ik
0.5 -193. 15 °C, ik
2002 7.4 — . [18]
0.25 26. 85 °C, bk i
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2013 2.07 27 — 19 °C,CW [14]
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Fig.3 (a) Top-view micrograph of the first SOA heterogeneously integrated on silicon at 2.0 um "'

*; (b) SOA output spectrum
measured with a 2.01 p,m pump at 20 °C and 330 mA, the red curve indicates the ASE level involved in the computation

of the noise figure "'*'; (¢) Power-current (blue) and voltage-current (green) characteristics of 2.0 pum silicon heteroge-

neously integrated SOA measured at 20 °C after iterative optimization "'
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Table 2 Research Progress of Silicon-Based Mid-Infrared Optical Amplifiers

0 WK /pm H25/dB HH/nm MR/W Wk & XER
2007 2.88 3.5-12 — — EiL,CW [69]
2010 2.17 24 >220 0. 098 i, CW [70]
2016 2 12 40 0. 000032 20 °C,CW [15]
2017 2 13 75 0. 0204 20 °C,CW [16]
2019 2 27 20 0. 0562 20 °C,CW [54]
2024 2.6 — 170 0. 0064 i, CW [75]
2024 3.7-4.2 19.3 — — i, CW [76]
2025 2 12 26 0.011 i, CW [71]
2025 2.37 — 22 0. 008 EiL,CW [77]
2026 2.91 — 950 0.028 i, CW [78]
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Fig.4 (a) Three-dimensional model of a 2 wm hybrid-integrated DBR laser based on flip-chip integration and end-fire cou-
pling between an RSOA and a 3 pum-thick SOI waveguide The device delivers a CW output of 6.12 mW and a side-
mode suppression ratio of 37 dB at room temperature.””” ; (b) Design schematic (top) and 3D schematic (bottom) of a
widely tunable hybrid laser based on a GaSbh reflective SOA and Si3Ny integrated mirror. At room temperature, the output
power is 15 mW with a tuning range of 90 nm.”’; (¢) Schematic of GaSh/SisN4 hybrid microwave-optical waveguides
realized by micro-transfer printing (threshold current of 21 mA after transfer)*'’; (d) Schematic of an ultra-broadband
tunable GaSh-Si hybrid-integrated laser in the 2.3-2.4  pm band, with a quasi-continuous tuning range of 125 nm, side-
mode suppression ratio > 60 dB™
#3 GaShE¥SEAMABH AR R EL AN R A T, O BLEE S 1L S T PR 2
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Fig.5

(a) Schematic of a double-pass Co: CdTe mid-infrared laser amplifier operating at 77 K ,

resonantly pumped by a

2.8 wm continuous-wave erbium-doped fiber laser; (b) Measured gain results of the amplifier in the 3.7 pwm band:

peak optical gain of 2.8-fold, emission bandwidth of 725
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(a) Output characteristics of Cr**:ZnSe and Cr2*: ZnS femtosecond amplifiers as a function of pump power "5 (b) Sche-

matic of a single-pass Cr:ZnS/Cr:ZnSe ultrafast amplifier setup, the optical-to-optical conversion efficiency of the system

is 37% “*; (¢) Pulse autocorrelation characteristics of the Cr:ZnS amplifier under 1

mum output pulse energy is 10 p,er.
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Table 4 Research Progress of 11-VI Group/InAs-Based Mid-Infrared Optical Amplifiers
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