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Abstract :

This paper focuses on the design of a low phase noise phase-locked loop (PLL) circuit and the

optimization of its time—frequency performance. By optimizing the loop filter parameters, selecting a

low—noise voltage—controlled oscillator (VCO), and improving the performance of the phase detector,

rapid locking and low—jitter output are achieved across a wide frequency band of the PLL. Combining

time—domain and frequency—domain analysis methods, this study addresses the quantization of

jitter characteristics and the distribution of phase noise, subsequently proposing optimization design

strategies to reduce power consumption and enhance locking stability. Simulation and experimental

results demonstrate that this design exhibits significant advantages in phase noise control, frequency

stability, and transient response, providing a reliable frequency source solution for high—speed

communication and precision measurement systems.
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