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Abstract

Abstract

High-stability narrow-linewidth laser sources have important and extensive
applications in the frontier basic sciences and high-tech fields such as coherent
communication, space cold atomic clocks, high-precision long-distance interferometry,
and precision spectroscopy. In order to achieve a narrow linewidth laser output, a
narrow-linewidth laser technology based on phase-shifted fiber gratings is proposed in
this paper. Phase-shifted fiber gratings are used as narrow-band filters and
semiconductor optical amplifiers are used as gain media to achieve a narrow linewidth.
A narrow-width ring-cavity fiber laser is realized, and a single-frequency narrow
linewidth laser output with a wavelength of 1548.65 nm and a line width of 1.8 KHz
is obtained. At the same time, in the process of measuring the characteristics of the
output laser, a peculiar instability phenomenon was found. At high currents, the output
power will produce instability, and the laser will also be in a state of
multi-longitudinal mode. The article gave a qualitative explanation of this unstable
behavior and demonstrated that this instability was caused by photothermal effects
through comparative experiments. The main contents are as follows:

1. Based on the phase-shifted fiber grating, an optical fiber ring cavity laser
system was set up. The semiconductor optical amplifier was used as the gain medium.
The phase-shifted fiber grating was inserted into the ring cavity to select the single
longitudinal mode as the cavity filter, the single frequency output of the laser is
realized, the output Lorentzian line width is 1.8 KHz, the wayelength is 1538.65 nm, .
and the power caﬁ be more than 6 mW.

2. The stability of the laser was studied and it was found that when measuring the
output characteristics of the laser, a peculiar instability phenomenon was found. The
output optical power jumps back and forth between multiple states as the current or
temperature increases or decreases, and the laser is also in multi-longitudinal mode
operation. This article analyzes this phenomenon, and subsequent comparison
experiments show that this phenomenon is due to the photo-thermal effect of the
phase-shifted fiber grating, and that weakening the photo-thermal effect will increase
the stability. At the same time, some methods for reducing the photothermal effect are
proposed, which can effectively increase the single-frequency working area of the

laser.
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Figure 2.2 Phase-shifted fiber grating equivalent F-P cavity
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Figure 2.3 Comparison of transmission spectra between phase-shifted fiber grating and

equivalent FP cavity
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Figure 2.4 Application of Phase-Shifted Fiber Gratings in Fiber Ring Lasers
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Figure 2.5 Fiber Bragg Grating Formation Principle
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Figure 2.6 Fabrication of Fiber Bragg Grating Using Holography
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Figure 2.7 Phase-shifted Lorentz mirror for phase-shifting fiber gratings

(eI R S R RR B8 R B ST IO AR BB X B
1, RGO DA PRSI B AR G B R, B 3]
AT WEMBIARRS o HIRS /N BT ERAAR Gr IR M T B2 e, LI 36 Jode, A
BEA

A¢=%§(n_nae 2.8)

HERS A0 G B B RS B MR AR A . ISR RO B A S R IS
B /NI B RIE AT, (B R BT RO

199347, 7 /R4 A QU7 t MR T AR REAB SR B SR AF Sl B R
BRBORIG UL, AR R BR & 2 T R KRB RS0t o AR R
I FM B 6 S SO IR E O L, S B FHER T 7, 504Nk
PRI S A AT, AT R BORTE R 7RO |, DR/ R T P Mt
WA T S, PRSI LA TS 8, AT,
T EL R SR SR TIRE A TS A0, AT b e R BT
B, W1 E A T R R

FLAE I LT I TR 2 G AR R, W 2.8 P FTRELA.
AR R AR B RE B I TR BRI, SAMETTIB S . FE R — AP
F SRAAIEAR b T — 4 A R . R B AR AT 4
T ST, G LTS AR MBSO . T B ST AR RrHEE
5 St B SRR T FERRERG SR P E B SO AT A B, KM TS A AT o,
1L ATEEE . AT, HEACRERE R e A R T B R B SR
BIEGAT . TR, BHREOERM LT HTLRDENF 5%, £kl
PREBEKL 40% . FFATHAICHCT B £ IR R, kel

22




#2E MBRACME R

HEL LT 6 AT o T SRR T ot 0 B T Dot S B 2 4 ORI £ A

Mt 12 | mamyr sy, ML ERS BB SR AR A0 AL M K B 06, 4RT
SR AT [ 25 B Y SOV FEE e — R A TR B S T S £ P R 3
1 NCIDENT

L | GUTRAVIOLET
I LGHT BEAM

Bikes g Mase Gty

/ {Zuro Utidne

Zow Qeder + 14 perded
(5% o Hesughodl)

Faomn Loe

o G0 Prgtoers
B = W2 Gty Peh

H 2.8 HAEREHNELOLR

Figure 2.8 Phase mask method for manufacturing fiber gratings
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Figure 2.9 Refractive index profile of a fiber grating
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Figure 3.3 SOA pin diagram
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Symbol = Min Typical Max
Operating Current bos s H0DmA 750 ma
Center Wavelength Ay HBam | 1590 om | 1610 nm
QOptical 3 dB Bandwidth aw 80 nm 90 nm -
Saturation Ouiput Power & -3 dB Py {12 6Bm 15 dBm
Small Signat Gain
@ P = .20 dBm, A= 1590nm G 2348 26 68 ‘
Gain Ripple (RM5} @ 1 &G - .05 ¢ 0.2 di
Hoise Figure NE - 70dB 1 9.0dB
Forward Voltage Vi . 1.5V FE
TEC Operation {Typical § Max 8 Tear = 25 9C 7 70 90}
TEC Current breg . . 12a 154
TEC Voltage Vi : 0.5 v 4V
Thermistor Resistance Rew - 10 k3 -
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Figure 3.4 SOA parameters
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Figure 3.5 Optical path diagram for measuring power-current curve
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Table 3.1 SOA optical power at different currents

#HHKA=1550 nm FHHEA=1570 nm

B I (mA) R P (uW) BT (mA) IEP (pW)
0 0 0 0
50.0 7.179 49.9 6.550
100.0 76.03 100.0 69.47
150.0 2689 150.0 . ) 245.6
200.1 5772 199.9 525.9
249.9 956.3 249.9 873.8
300.1 1363 300.0 1243
350.1 1750 349.9 1596
400.0 2100 399.9 1912
450.3 2392 450.0 2175
497.9 2608 497.9 2368
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Figure 3.6 Power-current curve of SOA

41



BT AR A MR S AL A L IR BOL A RUE I TTIT

A LAE H, AR 0~500 mA FIZRT, DIERGEI ETHES . MRSk,
£ SOA FOThZBEE IR IS N3 . (EZEAHE BT, 1550 nm B D ZRE% 5L
KF 1570 nm B GThER, SEI0 A% HOBIAE 1550 nm R, W RASRIE—M L
BT .

A0 f#F SOA 9 ASE a2 1570-1610 nm. SOA FIFUK AT B AAR ST 64l
R A EX AR ER, AU I E B ERE ASE EA BRI
BN R A —E R . SSIHNE SOA RYE KIESHEIE, SLRICHENT:

37 JiE SOA B RIESHLEE

Figure 3.7 Measurement of spontaneous emission path diagram of SOA
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Figure 3.9 Spontaneous emission spectrum of SOA at different currents
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Figure 3.10 Spontaneous emission spectrum of SOA at different temperatures
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Figure 3.11 Gain-wavelength curve and gain-current curve optical path diagram for
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Figure 3.12 SOA gain vs. current at different wavelengths
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Figure 3.14 Fiber grating measurement experiment device
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Figure 3.15 Spectrum of fast and slow axis of phase-shifted fiber grating used in experiments
(a) Transmission spectrum of PSFBG on the slow axis (b) Transmission spectrum of PSFBG
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Figure 3.17 Laser output single frequency spectrum
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Figure 3.18 Spectra of different currents
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Table 3.2 Output spectral bandwidth of different currents
I(mA) 150.3 145.2 140.4 135.6 1304 125.6 120.4
Bandwidth(pm) 0.20312 0.20312 0.20312 0.18750 0.17187 0.17187 0.17187
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Figure 3.19 Output spectrum when temperature rises
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Figure 3.20 Laser Line Width Test Results
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Table 4.1 Output spectral bandwidth of different currents changes

Current | I(mA) 119.9 121.8 123.8 125.7 127.8 129.9 133.8
up Bandwidth(pm) | 0.17968 0.72654 1.89839 2.78119 4.19522 4.71865 4.65616
Current | I(mA) 1503~ 145.2 140.4 135.6 130.4 125.6 120.4
down Bandwidth(pm) | 0.20312 0.20312 0.20312 0.18750 0.17187 0.17187 0.17187
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Figure 4.5 Laser output in the time domain
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