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ABSTRACT: The calculation of beam phase-shift in
electro-optic(E-O) crystal is a key in the research of optical
electric field sensors, but the influence of polarization effect of
crystal on phase-shift under the action of the spatial electric
field has not been deeply understood. In this paper, the
calculation method of the beam phase-shift in cuboid isotropic
E-O crystal with the polarization effect was proposed, an
electric field transformation tensor was defined to describe the
correlation between the internal electric field of crystal and the
space electric field, and the phase-shift formula which
introduces the electric field transformation tensor was deduced.
This method considered both the polarization effects of E-O
crystal and environmental medium, and can be used to
calculate the beam phase-shift in the cuboid isotropic E-O
crystal with any three-dimensional sizes and dielectric
constants. The calculation results show that the dielectric
constant ratio of crystal to environmental medium is the key
factor, and an increase of this ratio will cause a nonlinear
attenuation of beam phase-shift; three-dimensional sizes of the
crystal all have significant effects on the phase-shift; the beam
path in crystal is also an important factor affecting the
phase-shift. Finally, an experiment was carried out with BGO
crystal to verify the phase-shift formula. This paper can provide
a theoretical basis for the calculation of the beam phase-shift in
E-O crystal and the optimal design of the optical electric field
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Fig. 1 Polarization effect of crystal and environmental

medium under space electric field
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Fig. 6 Influence of beam propagation path on

phase shift in electro-optic crystal
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The digital construction of new power systems puts
forward important requirements for high-performance
electric field sensors based on the Pockels effect. The
beam phase shift in the electro-optic (EO) crystal is a key
factor in determining the sensor response. However, the
research on EO crystals so far has mostly focused on the
Pockels effect of EO crystals, and the influence of the EO
crystal's own polarization effect on the beam phase shift
under the action of an electric field has not been fully
considered, as a result, the traditional EO modulation
model cannot effectively describe the beam phase shift in
crystal under the action of polarization effect.

In order to solve this problem, this paper proposes a
calculation method for the phase shift of the light beam
in a cuboid isotropic EO crystal under the action of
polarization effect.

The electric field transformation tensor is defined in
this paper to describe the relationship between the
electric field inside the crystal and the space electric field
under the action of polarization effect, and the analytical
formula of the beam phase shift formula incorporating
the electric field transformation tensor is deduced by
combining the refractive index ellipsoid method. The
analytical formula is as follows:
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where T, is the integral median value on beam path / of
the electric field transformation tensor T, and R,, etc. are
the geometric factors obtained by integrating the area of
the crystal size. For the analytical formula of R, etc.,
please refer to the original paper.

The analytical formula also takes into account the
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polarization effects of the EO crystal and the ambient
medium under the action of the space electric field, and
can be used to calculate the beam phase shift in a cuboid
isotropic EO crystal with arbitrary three-dimensional
dimensions and dielectric properties.

The effects of the relative permittivity, the
three-dimensional sizes of crystal and the propagation
path of beam on the phase shift in EO crystals are
calculated, and the conclusions are as follows:

1) The relative permittivity of crystal and the
environment medium will significantly affect the phase
shift. The ratio of the relative permittivity of the crystal
to the environment medium is the key factor. The larger
the ratio, the smaller the phase shift;

2) The three-dimensional size of the crystal will
have a significant impact on the phase shift, and the
sensitivity of the EO sensor can be optimized by
adjusting the three-dimensional size ratio of the crystal;

3) The propagation path of the light beam in the
crystal will also affect the phase shift amplitude (Fig. 1).
It is necessary to consider the influence of the light beam
propagation path when designing the sensor.

Fig. 1

Finally, a confirmatory experiment was carried out
with BGO crystal to verify the calculation method, and
the experimental data are in agreement with the
calculated results.

This paper provides an effective calculation method
for the in-depth study of phase shift of the optical
electric field sensor, and provides a theoretical basis for
the optimal design of EO sensors, which is of great
significance.

Effect of relative permittivity on beam phase shift



