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Abstract

Since the birth of the first laser in sixties, laser is widely used in the precision
interferometry, laser communications, laser gyro and other fields, because of its good color
and high energy density. The frequency of free-running laser is unstable, due to the change of
external temperature, atmospheric, mechanical vibrations and magnetic fields. Frequency
stabilization technology should be used to make the laser output frequency stability. So,
frequency stabilization technology has become an indispensable tool in modern precision
measurement applications. And the phase modulation optical heterodyne frequency stability
(PDH) has obvious advantages: high frequency stabilization precision, the stable system, easy
to implement. So the theory and experiment research of the PDH technology are carried out,
using single frequency laser as research object, and stated achievements are obtained. In this
paper the following areas are mainly carried out:

1. Various frequency stabilization technologies are comprehensively analyzed. Based on
the difference of passive and active frequency stabilization frequency stabilization
technologies - having a stable frequency reference or not, classify according to the different
selection of the frequency criteria. The research development of the active frequency
stabilization technique at home and abroad is mainly summarized. The common principles of
laser frequency stabilization techniques and the root reasons to achieve different accuracy of
frequency stabilization are analyzed. Their advantages and disadvantages are comparative
analyzed according to experimental research reports about active frequency stabilization
technology at home and abroad.

2. The theory research of PDH. The principle of phase modulation optical heterodyne
frequency stabilization is discussed in detail. Theory research is carried out aimed at the
frequency stability, reproducibility, the mathematical model of laser frequency stabilization,
the factors affecting the frequency stability and the measurement methods of frequency
stability and so on. This has laid a theoretical foundation for the research work to carry out.

3. The confirmation of frequency stabilization system. The overall and systematic analysis
is carried out aimed at the main components: the light source, optical polarization, the system

parameter. The fiber laser phase modulation optical heterodyne frequency stabilization system

i



is optimized. The frequency stabilization system scheme is ultimately determined.

4. The implementation of optical heterodyne signal detection. According to system
requirements, the pre-existing problems are summed up. The components and circuit
parameters are rationally chosen. The optical receiver circuit and the demodulation circuit are
designed after fully considering interferer, noise, gain bandwidth and the whole function of
the circuit. The frequency stabilization circuit project is confirmed through a lot of
simulations and experiments. The designed circuit is noise analyzed.

5. Experimental research and results analysis are carried out for the optimized optical
heterodyne signal detection system. Experiment research is carried out on the performance of
the laser, the influence of the polarization state, and the detection of the electro-optic phase

modulation spectrum. The error signal and frequency discrimination slope are obtained. Allan

variance is obtained to be 8.66x107.

Key Words: Pound-Drever-Hall laser frequency stabilization, Active frequency stabilization,

Passive frequency stabilization, Electro-optical phase modulation, Demodulation
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(@ < Av,, / Finesse ), Tijsin27 ff IR R B Y (0> Av,, / Finesse ).
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