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Abstract: A series of planar optical waveguides were fabricated on Z-cut stoichiometric LiNbOj; crystals by proton ex-
change and annealing techniques under different conditions, and the corresponding exchange and annealing diffusion coeffi-
cients were calculated. The experimental results show that the annealing diffusion coefficient in the near stoichiometric wafer
was always smaller than that in the same composition wafer, and the relationship between the exchange diffusion coefficient
in the two materials depended on the mass fraction of the exchange solution and the exchange temperature. When the mass
fraction of exchange solution was 0 and 3% , the exchange diffusion coefficient increased with the increase of temperature;
When the exchange temperature was 225 C, the exchange diffusion coefficient decreased rapidly when the exchange solu-
tion mass fraction increased gradually. By comparing the near stoichiometry and the relationship between the exchange and

annealing diffusion coefficients in the same composition wafer, two diffusion mechanisms are summarized: exchange diffu-
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sion mechanism and annealing diffusion mechanism. The working principle of exchange diffusion mechanism is that hydro-

gen ions continuously enter the crystal from the external solution, while lithium ions continuously escape from the crystal to

the solution, so that the Li vacancy is gradually occupied by H ions. The working principle of annealing diffusion mechanism

is that no ions enter or escape from the crystal, and H ions only diffuse from the crystal surface to the inside, which is similar

to the diffusion process of titanium in typical lithium niobate crystal. The operation of H ions needs the help of Li vacancy.

The proton exchange process is the result of these two diffusion mechanisms. This study opens a new way to fabricate high

quality periodically poled lithium niobate waveguides.
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Fig. 1 Refractive index distribution of waveguide fabric-
cated after proton exchange
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Fig. 2 Waveguide exchange diffusion coefficients at 225 ‘C
with different exchange solution mass fraction
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Fig. 3 Refractive index distribution of annealed waveguide
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Fig. 4 Effect of temperature on exchange diffusion coefficient (dotted line) and annealing diffusion coefficient (solid line)
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fusion mechanism
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