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Abstract: The bandgap of silicon-based germanium tin and germanium lead alloys can be adjusted with the
composition, and can be transformed into a direct bandgap semiconductor material. It is an ideal material
for developing silicon-based infrared luminescence and detector. This work first introduces the growth of
germanium tin and germanium lead alloys, and then reviews the research progress of germanium tin
optoelectronic devices. The germanium tin photodetector has developed towards high responsivity and long
cut-off wavelength with increasing tin content. The research of germanium tin lasers is focused on low
lasing threshold, high lasing temperature and electric pumping. In addition, this work also briefly
introduces the research on germanium lead material and optoelectronic devices. With the development of
silicon—based high—efficiency light sources and detectors, group IV alloys will continue to show important
application value in the field of silicon—based infrared optoelectronic integration.
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Fig. 1 A germanium tin alloy with 22.3% tin composition by CVD epitaxy'”
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Table 1 Structure and performance of GeSn photodetector

Cutoff 3-dB bandwidth /

References  Sn composition /% Structure Responsivity /(AW ") Years
wavelength /pm GHz
[21] 10 PC 1.63 @ 77 K, 1.55 pm 2.4 / 2014
[22] 11.5~20.0 PC 0.0067 @ 2 pm 3.65 / 2019
[23] 11 PIN 0.32@ 2 pm 2.65 / 2018
[24] 8 MQW PIN 0.11@ 2 pm 2.26 / 2020
[25] 8 MQW PIN 0.015 @ 2 pm / >10@ 2 pm 2019
[26] 4.9 PIN 0.014 @ 2 pm >2 >30@ 2 pm 2021
[27] 4.3 WG PIN 0.292 @ 1.8 pm 1.95 / 2021

PIN Y ZRI g5 AR 48 56 A S8 5 AR [R], /] 4 2 TS PIN R 5 A 5 A8 PIN AR 4% . T A B9 PIN DG
PR R A A R LA v I G I 7 R R S ORI R i 2 A . 20184F , TRAN H &l & 1
GegsoSny , TE FL 256 196 H A A BRI 25 , 028 7F 2 pom A B i 07 B R 0.32 A/W 35800 48 1E I 4K 2.65 pm,
Fl 3Ca) (b)) 43 3 JE 7R T 32 28 A 1) 45 A8 7 T TS RUAS [) A . o 7 32 5 D 4 9 56 &R o 2020 4F , ZHOU H 4§
BT IFARG 5 A BB B B A, #i & T GeSn/Ge £ & T BF (Multiple Quantum Well, MQW ) PIN %5
P ERM 2%, 76 2 p W BE Ry 0.11 A/W o AH LC A G FAF R G M 0 & 1, 2 o (O 0 07 B8 9t e 1 4 A% o AR
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Fig. 2 Spectral response and imaging result of Ge, 4,Sn, ., photoconductor*”
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Fig. 3 Schematic diagram and relationship between responsivity and wavelength under different bias voltages of the Ge,gSn,;,

photodiode"™”!
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P P HA K B R (52,5 pm) R BB BRI A ZLRE IR . 2021 4F  LIU X 487 SR I PR 4 il 125
] A B O R T R &%, AR E P RO BT S B2 100, 1 1.55 pm AW N 71 mA/W o F T, B R 1
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Fig. 4 Spectral response of Ge,gPb, ., photodetector for different temperatures'“'
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Table 2 Types and performance of GeSn lasers

Threshold/

References Sn composition /% Types Lasing temperature /K Years
(kWeem %)
[28] 12.6 F-P <290 325@ 22K 2015
[29] 10.9 F-P <110 68 @ 10K 2016
[30] 11.9~17.5 F-P <180 920 @ 180 K 2017
[31] 11~20 F-P <270 47 @ 77 K 2019
[32] 8~16 F-P <273 9@ 25K 2019
[33] 12.5 MD <130 220 @ 50 K 2016
[34] 13.3 MD <120 40 @ 20 K 2018
_ <70 @ CL 1.1@ 25K, CL
[35] 5.4 MD 2020
<100 @ PL 0.8@ 25K, PL
[36] 11 F-P <100 598 A/em’ @ 10 K 2020

T SCHRL36 18 B 8 10y v SO &, JER 3 D Rl ot as o
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BB O A W OG AR M A5 A B F-P O OB 28 R AR (Microdisk, MD) 6 8 P AP . 2015 4F
WIRTHS SZ"HIH CVD HE ARSI & T8 — ALY F-P 8B MOLEE 245 a5 5Ca) fifR , b 2Ok 2
MBIk 8 T 12.6% o BARZIOGEE 1T LUE A WA 2 D R B E B4 (A R ERIR (<90 K) T T
Y, 20 K I 00 3056 B 48 K 325 kW /em?, 2016 4F , AI-KABT S 4R 38 T T/E R JE 1% 110 KB Ge/GeSn/Ge
XS T 245 K 1Y F—P B OG#% 10 KO 59 35T B8 R 68 kW /em?, BEJS . MARGETIS T2 # 1] CVD ) SRE
HLH 5 A7 485 BR i 76 GeSn/Ge [ BT8P E H 8y & B3k 17.5%0 14 /5 Jo it 0 B 86 48, T il 46 1) F-P s 0ok 28
(4 5(b) Frzs ) AT 46 180 K F B4, i 5t B8 g 920 kW /em®, B I K o 2 945 nm . 4018 5(c) R , 18 i ik
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ARG B , CHRETIEN J 8 H GO0 25 M0 2646 ) rh 5 | A SK I A8 4R A5 T vl 78 273 KR EE T U 19 % )
WOGHE , BLAE 25 Kl FE N 3 B{E /N T 10 kW /em?,

GeSn cavity

Pump laser

Coherent light

(a) Schematic diagram (b) Scanning electron microscope image
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(c) Laser-output versus pumping-laser-input curves
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Fig. 5 Optically pumped F-P cavity germanium tin laser
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BARPERE . 2016 4F , STANGE D 28 /IN 1R FH 8 6 P 100 1 0 220 ol AR 1 4% 8% 5 o 12,596 (86 ) T ik
WOL &% IZBOL A TE 50 K 19 BUR B 2 220 kW /em?®, $ i ORI BE 35 130 Koo BR 1 8% 8 (AOR BE Y S0
i, T GeSn/SiGeSn £ 4t T B 45 14 BE 0 A7 2 BR il 2800, 17 HL 00 1 fR B 52, o R AR O 1) 19 (B0 B AT B
BIVER . 20184 HRIE T GeyurSnoan/ SloosG €0saSno . 2 it F B BB BOG R R BOL B AE 20 KR AU

BE EE Geg oSNy s B BOE R FEAR T30 1045, 290 40 kW /em®s 53 41, ok 2D 0350 X 12 o8 6 480 SOG4 1 1 1
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(b) Emission spectra and laser-output versus pumping-laser-input curves at different temperatures under continuous laser
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(c) Light emission and lasing threshold as a function of temperature under pulsed laser
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Fig. 6 Optically pumped microdisk germanium tin laser ™’
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