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Z-Cut LiNbO; Optical Waveguides Formed in a New Proton Source
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Abstract The optical characteristics and waveguide index profiles of Z-cut LiNbO; optical waveguides which
fabricated by using a new proton source formed by a mixture of adipic and benzoic acids with different values of the
adipic-benzoic acid concentration ratio were studied. The experimental results show that the optical waveguides
present f3;-phase when high concentration ratio, while present g;-phase when relative low concentration ratio under
the exchange temperature of 230°C exchange time of 6 h. The higher the concentration ratio, the greater the surface
refractive index change and waveguide depth of the optical waveguides in B,-phase, and the difference of optical
properties in 8-phase is not significantly. The optical waveguides fabricated by using single benzoic acid and 60 %
ratio dilution were analyzed by double crystal X-ray diffraction. The results give useful information in making optical
waveguides and to understand the physical mechanism of refractive index change in the LiNbO; optical waveguides.
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Fig. 1 Refractive index profile of Z-cut LiNbQ; optical waveguides (adipic acid: benzoic acid (mol ratio))
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Table 1 Optical properties of Z-cut LiNbO; optical waveguides

Cut Mode number Adipic acid: benzoic acid (mol ratio) Waveguide thickness /pum Surface index change

Crystal phase

Z 4 Single benzoic acid
4 20%
4 30%
4 40%
4 60%
5 80%
6

Single adipic acid

N N N N N N

3.01655 0. 14260 Bs
2.94877 0.13329 Bs
2.91562 0.13825 Bs
2.86468 0. 13810 Bs
3.02165 0. 14630 Bs
3.51991 0.14635 B
4.07961 0. 14947 B
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Fig. 2 X-ray diffraction patterns of Z-cut LiNbO; optical waveguides

(a) optical waveguide a (adipic acid: benzoic acid=60% mol ratio) ; crystal lattice constant d =0. 4586 nm, diffraction angle 20 =19. 340°,

half-width w =0. 440°; (b) optical waveguide b (single benzoic acid) : crystal lattice constantd =0. 4512 nm, diffraction angle 20 =19. 660°,
half-width w =0. 960°
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Table 2 Optical properties of optical waveguides by using two different proton source

Proton source Single benzoic acid Adipic acid: benzoic acid=60% (mol ratio)
M, =0 2.33120 2.33478
M, = 2.30974 2.31127
M, =2 2.28616 2.28802
M, =3 2.24918 2.25173
Surface index change 0. 14260 0. 14630
Waveguide depth /pm 3.01655 3.02165
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