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Abstract Laser linewidth, an important parameter characterizing laser coherence, has attracted considerable attention
since the dawn of laser technology. Narrow-linewidth lasers have been widely used in the fields of gravitational wave
detection, cold atomic physics, coherent optical communication, optical precision measurement, and microwave photonic
signal processing because of their high spectral purity, long coherence length, and low phase noise. With the development
of modern information technology, narrow-linewidth lasers, as the core light source for these applications, are expected to
have some new properties, such as extreme tuning of parameters, time-frequency ultrastability, wavelength tuning, and
wavelength sweeping, while the intrinsic linewidth, noise, and other parameters are further optimized. The intrinsic
linewidth of a laser originates from spontaneous radiation noise; to eliminate the spontaneous radiation noise, researchers
are focusing on the development of linewidth compression of narrow-linewidth lasers. Throughout the development history
of narrow-linewidth lasers, the laser cavity configuration from a simple two-mirror structure, the distributed Bragg
reflector (DBR), the distributed feedback (DFB) main cavity configuration to the external cavity configuration and finally to
the wavelength adaptive distributed weak feedback configuration, whose core idea is to use the feedback signal on the
spontaneous radiation noise suppression. This paper takes the evolutionary development of laser main cavity configuration
as the narrative vein, summarizes the research progress of various narrow linewidth laser technologies, and compares the
similarities and differences of various laser cavity configurations in the laser linewidth compression and noise suppression.
Furthermore, this paper focuses on the newly developed wavelength-adaptive distributed weak feedback narrow-linewidth
lasers. Moreover, it analyzes and discusses the physical concept of narrow-linewidth lasers as well as the core devices and
system performance based on this type of lasers.
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Fig. 2 Linear main cavity lasers. (a) Schematic views of the slant trench F-P laser in three dimensions and from above™;
(b) VFR linear cavity fiber laser™!
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coupled gain chip and collimated optics
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Fig. 12 Principle of spectral evolution of distributed weak feedback structure™”. (a) Spectral evolution model; (b) Rayleigh scattering
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Fig. 14 Theoretical model of distributed weak feedback mechanism"”. (a) Schematic of the distribution of effective feedback planes in

one-dimensional waveguide structure; (b) amplitudes at adjacent planes out of a stack of N, planes
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Fig. 17 Simulation results of laser linewidth evolution"™. (a) Laser linewidth evolution with the feedback length under different
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spectra varying with the length and with feedback ratio
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Fig. 18 Self-adaptive compression process of laser linewidth"*. (a) (b) Transient spectrum and corresponding Lorentzian linewidth

when switching on the feedback; (c) (d) transient spectrum and corresponding Lorentzian linewidth when tuning the frequency

of the main laser cavity
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Fig. 20 External cavity weak distribution feedback ultra-narrow linewidth single-frequency fiber laser
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Fig. 22 Distributed weak feedback chip external cavity

curves of the frequency spectrum from beat frequency signal;

. (a) Distributed weak feedback chip external cavity structure; (b) comparison

(c) Lorentz fitting curve of the linewidth with a distributed

feedback; (d) comparison curves of the frequency noise PSD; (e) comparison curves of the RIN spectra, where a red curve

indicates the compressed result
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Table 1 Detailed parameters of distributed weak feedback ultra narrow linewidth laser

Parameter Value Explanation
Wavelength Customizable SLM, CW output
Linewidth 25 Hz Lorentz fitting integral time of beat frequency spectrum 10 ms
Output power 10 mW Customizable
1000 Hz’/Hz 10 Hz offset
Frequency noise 10 Hz"/Hz 100 Hz offset
1 Hz"/Hz =1 kHz offset
Thermal tuning range 200 GHz Laser chip TEC temperature control tuning
Thermal tuning accuracy 1 MHz Feedback module temperature tuning
SMSR >70dB Maximum 80 dB
RIN —150dB/Hz ~1 MHz offset
Operating temperature —20-50C

|
HSF  Circulator / /
DCR-CC filter
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Fig. 25 Other narrow linewidth lasers based on distributed weak feedback'
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