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Abstract In order to improve the performance of the acousto-optic frequency shifter, the positional mismatch
characteristics between the internal acousto-optic crystal (AOC) and piezoelectric ultrasonic transducer (PZT)
electrodes are studied, and several geometric assembly mismatches between AOC and PZT electrodes are analyzed.
By constructing a three-dimensional finite element model of AOC and electrode mismatch, the ultrasonic sound field
in the AOC is simulated and analyzed under different axial assembly dislocation conditions. According to the
acoustic field distribution characteristics of ultrasound, it can be found that the geometrical assembly dislocation will
lead to the formation of an area without acousto-optic interaction inside the AOC, and the relationship between the
length of this area and the amount of dislocation can be revealed. By analyzing the optical interface between the
acousto-optic interaction area and the non-acousto-optic interaction area, it is found that the position mismatch will
cause the double-beam interference effect in the output light, which will affect the output of the actual optical
system. Based on the principle of double-beam interference, an experimental system is built to measure the length of
without acoustic interaction occurs region, and the results prove the rationality of the theoretical analysis.
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Fig. 1 Structure of acoustooptic frequency shifter and schematic of acoustooptic interaction. (a) Typical structure of

acoustooptic frequency shifter; (b) schematic of acousto-optic interaction; (c) vector diagram of momentum mismatch
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Fig. 3 Typical axial dislocation diagram. (a) Bilateral dislocation; (b) unilateral dislocation; (c¢) equivalent unilateral dislocation
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Fig. 4 Simulation model and sound pressure level distribution of ultrasonic waves in AOC. (a) Surface sound pressure level

of bilateral dislocation; (b) surface sound pressure level of unilateral dislocation; (c¢) sound pressure level isolines of

meridian plane of bilateral dislocation; (d) sound pressure level isolines of meridian plane of unilateral dislocation
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Fig. 5 Relationship between AL and A/ under mismatch condition and their fitting curve.
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Fig. 12 Transmission spectra of different acousto-optic frequency shifters. (a) SGYF40-1550-1;
(b) SGYF80-1550-1; (¢) SGYF100-1550-1; (d) SGYF150-1550-1
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