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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.
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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
B 2. SOA NE T{EERR T Y ASE StigE

DOI: 10.12677/0e.2025.154008 77 FEHT


https://doi.org/10.12677/oe.2025.154008

AT 45

B FFRATIE T PUR B 2SIE NIRRT 300 mA 5, ASE BB, HER, FHE “FTR”
HREI o 3 DRI AP OK 2% 19 i T I 0% ) 18938 R VA Bk e A BB B )i, AN “ B3I A vl LR
W L A% B 5 R P PR o T O T S S SRR, R . T BRI AR, FEE T SOA M = e 8 L
KBTIt . A BT AT RN T8 SOA TAETERRIE 35 HLAE/ NS 4R, Bl N RTE 50 2] 300
mA 2 [d],

3.1. B A xR T AN

T R O A O d B R EL RS, [EEVE NI 1 =125 mA FIfEK L=15m, fHEE

%yﬁ&%OﬁﬂWJuﬁﬁ%%%ﬁﬁﬁ:&W:mg}z,ﬁ¢,Q%ﬁ%ﬁﬁ%ﬁ%%ﬁﬁ%ﬁ%

std
ey P, VRS A BOGHETH D R IR . B 3 AT,y SRR R IAAR K, =R GLR, v =0.1
fEUE LRI, (SMEEE N 104dB, y=0.7 &%, EMH N 6dB. M HIATATLLEH, » =010 N
S 1 T Th 2640 B R i 1 . BRI AT DA 4y = 018, 4 HH OB BB LU IR B Th K
T T VPR 0 155 0 0 B ) T R A R e B /DS, I Fl T K IR & 5, SOA A F IR FEMLARLIRZS R 512
ha “af” o T AT SOA 138 a5 VAN RN KO 6 H A5 4 LU PR 52 M f50PR 40 14 24
K

1.8
1.6

L A

2
1
.8

g
&
5
3
S
&

0.
0.6
po 1

0.2 + +
1516 1520 1524 1528 1532 1536 1540 1544 1548 1552 1556 1560 1564 1568 1572 1576 1580 1584 1588 1592 1596 1600 1604 1608
Wavelength(nm)

(a)y=0.7

WEE

2

1.8

1.6
~ 14
z ., N\
&" ]
5 1
208
& 06

0.4

0.2

1516 1520 1524 1528 1532 1536 1540 1544 1548 1552 1556 1560 1564 1568 1572 1576 1580 1584 1588 1592 1596 1600 1604 1608

Wavelength(nm)

(b)y=03

0.2
1516 1520 1524 1528 1532 1536 1540 1544 1548 1552 1556 1560 1564 1568 1572 1576 1580 1584 1588 1592 1596 1600 1604 1608
Wavelength(nm)

(©)y=0.1

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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