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Optical Anisotropic Effect on Geodesic Lenses
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Opt.... anisctropic effects on geodesic waveguide lenses were examined theoretically and
experimentally. The convensional ray tracing calculation method based on Fermat’s principle
was expanded to the lenses on anisotropic waveguide. Focal length f of the lens which was
designed f=21.5mm for isotropic waveguide and fabricated on Ti: LiNbOs waveguide (Y-cut,
X-propagate) was measured for TE mode (extraordinaly ray) as 23.08+0.07mm and TM mode
(ordinaly ray) as 21.56+0.07 mm. These experimental results showed good correspondence with
the calculated value of 23.165 mm and 21.500 mm for TE and TM modes, respectively.
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Table 1 The detail specifications of the
experiment of investigating polarization
direction in the geodesic lens.

Substrate
Material Y-cut LiNbOs
Size 17mm X 3mm X 18 mm
Waveguide
Structure Slab
Method Ti diffusion
Ti thickness 350 A
Atmosphere wet Nq
Diffusion temperature 1000°C
Diffusion time 4.5 hours
Geodesic lens
Design focal length 21.5 mm
Diameter 10 mm
Effective diameter 7. 1mm
Depression depth 1. 247 mm
NA 0.35
Shape Aspherical
Cut position 2mm from center
Guided light
Soarce He-Ne laser (0.633 ym)
Power 1mW
Coupling Prism (Rutile)
Guide mode TEo
Propagating direction X crystal axis
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Table 2 Specifications of the waveguides used in the experiment. These
values are obtained by calculation from the fabrication conditions.

Wavelength (um) 0.6328 0. 7800
Mode TEo TMo TEo TMo
Refractive index n ne=2.20240 | n,=2.28647 ne=2. 1745 70o=2.2571
dn Ane=0.0117 | 4n,=0.0070 | 4n.=0.0117 | An,=0.0070
n+dn 2.2141 2.29347 2.1862 2. 2641
Diffusion depth (um) 2.02 2.02 2.02 2.02
Effective index 7.t 2.2076 2. 2886 2.1782 2. 2584
Turning point (xm) 1.82 2.19 2.17 2.61
Normalized frequency 4.56 3.60 3.68 2.90

Table 3 The focal length difference between the ordinary ray
(TM-mode) and extraordinary ray (TE-mode).

Propagation mode TEo TMo
Edge position (mm) 1.945+0. 005 2.961-0.005
Focus position (mm) 1.808+0.005 3.491+0. 005
. in air 0.138+0. 007 —0.530+0.007
E@&bm“dmmmm(mm)hncwmﬂ 0.305--0.007 | —1.213--0.007

Lens-edge distance (mm) 22.78+0.07

Focal length (mm) 23.08=+0.07 21.56+0.07

Focal length difference (mm) 1.518+0. 002 —

Table 4 The comparison of the focal length of a geodesic lens between
ray tracing calculation and the experiment.

Designed f (mm) 21.5 —
Propagation mode TEo } TMo TEo-TMo
Experimental f (mm) 23.08+0. 07 21.56 0. 07 1.518+0.022
n 23.284 21.500 1.784
Calculated f (mm){ n+4dn 23.165 21.500 1.665
Netf 23.218 21.500 1.718
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