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Abstract

In this paper, an optical phase-locked loop (PLL) system based on acousto-optic frequency shifter
(AOFS) is designed to realize the frequency locking of DFB semiconductor laser and narrow lin-
ewidth fiber laser. The system uses a high-speed data acquisition card to obtain the phase and fre-
quency error signals of the master-slave laser, and adjusts the local oscillator laser with PID control
strategy. At the same time, AOFS is introduced as a fast precision tuning element to improve the loop
bandwidth and phase noise suppression ability of the system. In this paper, the working principle
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of the system is analyzed theoretically, the simulation model including noise factor is established,
and the phase-locked performance is simulated and verified. The experimental results further con-
firm the effectiveness of the system, showing good frequency stability and anti-interference ability.
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Figure 1. Basic structure of optical phase-locked loop
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Figure 2. Structure of laser frequency stabilized phase-locked loop based on data acquisition and recognition
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Table 1. Simulation parameter settings for acousto-optic shifter based outlier balanced optical phase-locked loop
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Figure 3. Simulation results of feedback control voltage
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Figure 4. Variation of frequency shift amount with time for acousto-optic frequency shifter
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Figure 5. Experimental structure of laser frequency stabilized phase-locked loop based on data acquisition and identification
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Figure 6. Structure of frequency stability measurement experiment
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Figure 7. Fluctuation of beat frequency of the two lasers with time during free operation
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Figure 8. Output of closed-loop PID control software when the loop locks up
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