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Abstract We experimentally compare the detailed dynamic noise characteristics of a narrow linewidth-swept laser
using different tuning mechanisms from three aspects, including the tunable frequency function in the time domain,
frequency fluctuation power spectral density in the frequency domain, and its evolution law with time. All the
analyses are conducted based on 120° phase difference interferometry and phase real-time reconstruction. The
experimental results denote that different frequency-sweeping mechanisms and control parameters exhibit different
real-time dynamic noise characteristics. Electro-optic modulation can obtain optimal sweep linearity using an optical
phase-locked loop; however, this will result in noise deterioration such as feedback resonance peaks.
Simultaneously, the different control parameters applied to the same electro-optic modulator will result in different
feedback resonance peak frequencies. Acousto-optic modulation exhibits minimal noise degradation, and piezoelectric
modulation results in poor sweep linearity and large tuning noise. This study lays the foundation for the research of
the laser-frequency-sweeping mechanism and control technology and the selection of a light source in engineering
applications.
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EOM: EOM modulation

NLL: narrow-linewidth laser
AFG: arbitrary frequency generator
RF: radio frequency

OIL: optical injection locking
AOM: AOM modulation
PZT: PZT modulation

OC: optical coupler
PD: photodetector
OSC: oscillator
FRM: Faraday rotator mirror

CIR: circulator
DF: delay fiber
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Fig. 1 Diagram of experimental system for laser linear sweeping and real-time dynamic phase-frequency

noise characterization measurement
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Fig. 3 Tunable frequencies in time domain of swept laser under different modulation modes.

(a) EOM modulation; (b) AOM modulation; (¢) PZT modulation
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Fig. 5 Evolution of frequency fluctuation PSD of swept laser versus time under different modulation modes.

(a) EOM modulation; (b) AOM modulation; (¢) PZT modulation
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