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Abstract

This paper designs and investigates a tunable ring cavity fiber laser based on a Semiconductor Op-
tical Amplifier (SOA), with a focus on analyzing its noise characteristics and optimization methods.
Experimental studies demonstrate the effects of output coupling ratio, injection current, and cavity
length on the laser’s output signal-to-noise ratio (SNR). It is found that the gain saturation effect of the
SOA effectively suppresses mode competition, thereby improving noise performance. Experiments
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indicate that when the output coupling ratio is 0.1 and the injection current is 242 maA, the SOA op-
erates in deep gain saturation, significantly enhancing the SNR to 13 dB. Additionally, a power flat-
ness of 0.7 dB and an output power of 1.79 mW are achieved across a 92 nm tuning range. Changes
in cavity length exhibit minimal impact on SNR, which after optimization can be shortened to 10 m
to simplify the structure. The study identifies amplified spontaneous emission (ASE) as the primary
source of laser noise, suggesting that optimizing filter placement may effectively suppress ASE noise.
Furthermore, employing a fiber Fabry-Pérot (FP) filter with a wider free spectral range (FSR) could
extend the laser’s tuning capability. This compact and stable laser provides a significant reference
for designing high-precision light sources in interferometric fiber sensing systems.

Keywords

Semiconductor Optical Amplifier, Tunable Ring Cavity Fiber Laser, Low Noise

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

LAER, AR HOE R 2 N T e RS AEMIBE AR e LT A B AN R AT
FE AT C OGRS, DU 2 SO K 2% (SOA) FHB A G 2T JHOK 38 A 18 25 /v I3 1 B o e k[ 1]
Hrr, SOA 1EAME a8 /v 5 B AT A BOG AU 1520~1600 nm (1) 5538 a5 77 %6, 8 B A5 B3
AIEEPE R ORGSR p, FEE SR N AR R G ORI [2]. SRTT, BOGES 0 75 ek B
Fes WA T RO G A AR RS B S B2, IO AS 1 By 110 5 P 0 75 R AR A e Pl i I A R 4l R e
RN, 2P PG RS IS M LR I AR R [3]. BRI, IRAFFT SOA R A 180 5% (1 e 75 7= AR B
R HANENTTE, ST R R G v R B B2

BOGAR G R RAE MR R Ar 2 —, R R T T HERRGN, BotRaangEaE
PR N T ALK R G5 (4], BRI KA T R G0 R B . DRI 00 o) AT 8 O 28 M A 2 ol
PO A AL AR M E B TN L —[5]. ALEIFT —FET SOA M AT e Bty , Bl
WHAL T H M AR STV . ARSI SEE IR AR WO A % A S 8 AR O i A5 e L s,
SRJEAE B b o AT 7 AR Ik e S 3 R (1 Ji DR e e 5t AR 5 1) . B R i AR G L. A
HLIA AN K S5 S B S B0 O S MR LL 2, FRATTR I SOA (13 2 ML R Ak 8 e AT R i X5 4
M SO SO 2% e 75 MR R o SEIGR B, B I A PG B OB S 4, AT LAYE 92 nm R 9 S2EE 13 dB
FI{ERELEA 0.7 dB FIZhRFHHEE .

2. TR KEREHE

S0 %e B AR T SOA AT ISP i G RO 38 A BRI S5 45 L Bg 4L B, &l 1 s

BT SOA KR LR HOE 2 SRS UK 8 (SOA). JEBfE I 28(1S0)- 90/10 FLF# & 8%(0C). 6
2F FP JiEm] AU I8 L #5 (FFP-TF) fWRIZHI 85 (PCO)AL . HH SOA fE NI &/ s 1SO AT B R EF LB H )
BATHIME; FFP-TF NWIE BB TECH B SOA ZHT M PC, FH LAFZE I N JE I PR o

BB IOEE 90/10 Mg AR A48 0 M %, Horh 10% M0 H B &t 50/50 MOBLTH
BN E —H BEERE DL EENLE PIN & L, S8 UG BoR ot i, B—8agid

DOI: 10.12677/0e.2025.154008 76 FEHT


https://doi.org/10.12677/oe.2025.154008
http://creativecommons.org/licenses/by/4.0/

AITH] 45

HCN Wi 5 B AN PIN 2 L, T Ffsot st H fsotsi k.. 8k kA28 F T9X3) FFP-
TF, fHUEP AT 28R, 78— AN8E 053 B 1 P9 i Dk S R it — A B B ik va [

3. KBERSWIR

FTH ¥ SOA 1 360mA KB HLiALE ASE HLyE KN 1489 nm, 3 dB # %N 75 nm, MEEIEECH 7.1
dB, ASE SR AR AHC 1 25 (PDG) 23 Bl 2 0.5 A1 0.8 dB. FoAT IR A R IR S B3 T i) SOA 1 1 k56 7047 »
s 2 finy SOA #ANHLIA T ASE 5. MWEIFHERATAT IR H, 4y NGRS KR, ASE 5% B f
OB Th IR, FF FIGE MK ST M8 sh. X2 HT7E SOA H, (S HERNEHtREMESES
R PR AL, TEM AT R T A0 SRS R A R[] R IR R I TS, 2 FRLRIE I R
R I LT R 23 R R R S AN A T, XA RS (P BRIG K . (AT SOA f¥) ASE AR 3 25
KB ) K T M A B

FFP-TF

Coupler
90%

Sawtooth Wave
Generator

Gas
Absorption cell

computer

Figure 1. Semiconductor fiber laser and optoelectronic detection and control system
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Figure 2. ASE spectra of SOA under different working currents
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Figure 3. Laser output power under different output coupling ratios
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Figure 4. Laser output power under different injection currents
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Figure 5. Laser output power at different cavity lengths
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Figure 6. Output power of the laser under the conditions of L =10 m, y = 0.1, and / = 242mA
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Figure 7. Laser spectrum diagram
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