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Linearized complex frequency domain modeling and analysis of
Pound-Drever-Hall laser frequency stabilization system
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Abstract: The Pound-Drever-Hall (PDH) laser frequency stabilization system is based on fre-
quency modulation spectroscope technology and optical heterodyne detection technology. locking
laser frequency at the centre frequency of F-P reference cavity. The linear region of frequency dis-
crimination curve is in a fast frequency pull-in range. In this zone, the PDH error is proportional
to the frequency bias, with a linearized complex frequency domain control model of PDH laser
frequency stabilization system developed. Based on the model, the stability and steady-state error
is analyzed. Serving as the frequency standard, the instability of F-P reference cavity limits the
frequency stabilization accuracy greatly. The perturbation error caused by noises of F-P reference
cavity is analyzed, with the dynamic characteristic and transient response process studied. A
guideline for the parameter selection of PDH laser frequency stabilization system is given.
Key words: Pound-Drever-Hall stabilization; linearized complex frequency domain model; steady-

state error; perturbation error; transient response
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Fig. 1 The schematic diagram of PDH system for

frequency stabilization
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Fig. 3 The normalized step response curve of PDH

laser frequency stabilization system with different &’s
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