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Abstract With the rising and research deepening of new technologies such as laser radar, gravitational wave detection,
and optical atomic clock, The breadth and depth of applications covered by optical precision measurement are expanding,
the stability of the traditional free operation of the laser is difficult to meet the application requirements, ultra-narrow
linewidth, low noise, and long-term stability of light source has become the urgent goal in this field. Fiber laser has the
characteristics of compact structure, easy integration, and narrow limit line width. Through noise suppression and
frequency stabilization technology, fiber laser can output ultra-high stability and ultra-narrow linewidth laser. In recent
years, ultra-narrow line width fiber laser has gradually become a hot research direction. In this paper, starting from the
theory of noise of fiber laser, the noise source, classification, and testing method of fiber laser are introduced, based on the
theory of noise, the principle of different intensity and frequency noise suppression technology, development course, and
the current progress of fiber laser are summarized, respectively, and the development tendency of narrow linewidth fiber
laser 1s discussed.
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Fig. 1 Laser application field distribution with different line

widths and frequency stabilities
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Table 1 Comparision of schemes and indexes of different narrow linewidth fiber laser manufacturers

Linewidth /
proposal kHz

Technical
Product model

Noise level

RIN peak /

PER /dB
(dBc+Hz ')

SNR /dB

0.6 prad/Hz"* @10 Hz

Denmark NKT X15"" DFB <0.1

0. 3 prad/Hz"* @100 Hz

<<—100 =50 >23

0.4 prad/Hz"*@1 kHz
32 prad/Hz""@10 Hz

Denmark NKT E15" DFB 0.1

3. 2 prad/Hz""@100 Hz

<—100 =50 >23

0. 3 prad/Hz""@20 kHz
355 prad/Hz""@10 Hz

Denmark NKT C15"" DFB <15

36 prad/Hzl"Z@loo Hz

<—120 =65 >23

3.5 prad/Hz""@20 kHz
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#1(4L)
Technical Linewidth / . RIN peak /
Product model Noise level . SNR /dB  PER /dB
proposal kHz (dBc-Hz ')
France iXblue . e
. o DFB <10 <30 Hz/Hz"*@1 kHz <—80 =50 =20
IXC-CLFO
. 70 prad/Hz'"* @100 Hz
Shanghai Hanyu U
o DFB 1 7 prad/Hz"*@10 kHz —145 60 20
CoSF-D-Er ™ 12
0.7 prad/Hz"* @100 kHz
300 prad/Hz"*@100 Hz
Shanghai Hanyu . U @
. e DFB 10 20 prad/Hz'"* @10 kHz —115 60 15
CoSF-D-EY 12
8 prad/Hz"*@100 kHz
Zhuhai Hengqin U
. DBR 3 <.—120 dB(rad/Hz"*) —105 60 >23
Donghui
Frequency fluctuation is less than
Shandong Academy of o
: () DFB 3 20 MHz Power fluctuation is < —110 — —
Sciences
less than 0. 5%
. . . . 30 Hz/Hz"* @100 Hz
America Orbits Virtual ring »
. . . <0.2 20 Hz/Hz"*@1 kHz —180 >80 >23
Lightwave cavity

1 Hz/Hz"*@100 kHz

Note: PER is polarized extinction ratio.
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Fig. 3 Schematic diagram of laser phase noise measurement system based on optical fiber interferometer
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Fig. 4 Schematic diagram of laser low frequency phase noise measurement system by beat frequency method
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Fig. 5 Photoelectric feedback suppression of laser intensity noise system diagram and intensity noise and power stability test results !
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Table 2 Comparison of advantages and disadvantages of different reference frequency standards and frequency stability

Reference frequency standard Advantages

Atomic or molecular transition spectral line
Fiber optic interferometer
Fiber bragg grating

Micro ring cavity

High precision and excellent

FP cavity

Good long-term stability
Wavelength is not restricted
Compact and easy to integrate

Compact and easy to integrate

thermal stability
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