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Double Refraction and Reflection of Sequential Interfaces

in a Crystal and Application to Integration of 1 X N Optical Wwitch
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Abstract: The general formulation of double refraction or internal double reflection with
different directions of propagation vector and wave vector in a uniaxial crystal is analyzed in terms
of the Huygens principle. Then double refraction and double reflection along the sequential
interfaces in a crystal are discussed. With the relations between the output of the former interface
and the input of the latter, double refraction and/or double internal reflection in a crystal along two
and multiple successive interfaces can be calculated. On this basis, a configuration of electrooptic 1
X N optical switch integrated in a single slab of LiNbO, is suggested, which consists of an array of
electrooptic polarization modulators between the interfaces for total internal reflection. Due to
double refraction effect, the ordinary ray and the extraordinary ray have different reflections.
From different switching states of modulators, internal double reflection along the sequential
interfaces of a crystal can lead to different directions of the output beam. The suggested 1 X N
optical switch is simple and compact in construction, low in loss and insensitive to environment.
An experimental 1X4 switch is demonstrated, too.

Key words: information optics; 1 X N optical switch; double refraction; double reflection;
sequential interfaces; integration
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Fig.1 Refraction from air to crystal
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Fig. 3 Reflection in crystal from the direction
Fig. 2 Refraction from crystal to air near the optic axis
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Fig. 4 Reflection in crystal to the direction

near the optic axis
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Table 1 Double refraction and reflection of two successive interfaces

Interface 1 Interface 2 & ¢ Relations 0% @
1 Air-crystal Crystal-air Eq. (1D) Eq. (12) Eq. (16) Eq. (17
2 Air-crystal —>z Eq. (11D Eq. (12) Eq. (26) Eq. (27)
3 Air-crystal Az Eq. (11D Eq. (12) Eq. (30> Eq. (28) Eq. (29)
4 —>z Az Eq. (26) Eq. (27) Eq. (28) Eq. (29)
5 Az —>z Eq. (28) Eq. (29) Eq. (3D Eq. (26) Eq. (27)
6 —>z Crystal-air Eq. (26) Eq. (27) Eq. (16) Eq. (17)
7 Az Crystal-air Eq. (28) Eq. (29 Eq. (16) Eq. (17)
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Fig. 5 Configuration of 1X4 optical switch
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Table 2 Numerical values of sequential interfaces in 1X4 optical switch (n,=2.2129,n,=2.1394),

the wavelength of input beam A=1.5 pm

Voltage to the first Voltage to the second Voltage to the third
No voltage

electrode layers electrode layers electrode layers

0" ¢ 0" ¢ 0" ¢ o' ¢

a 0° 90° 0° 90° 0° 90° 0° 90°
d 0° 90° 0° 90° 0° 90° 1.87° 89.87°
e 0° 90° 0° 90° 0° 90° 4,003° 89.74°
g 0° 90° 0° 90° 1.87° 89.87° 5.61° 89.61°
b 0° 90° 0° 90° 4,003° 89. 74° 8.003° 89.48°
d 0° 90° 1.87° 89.87° 5.61° 89.61° 9.36° 89. 36°

f 0° 90° 4,29° 90° 12.93° 90° 21.83° 90°

Y 0° 4.29° 12.93° 21.83°
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