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Abstract: High quality lithium niobate planar waveguides, with LiTaO3 substrates, were grown using liquid phase 

epitaxy from K2O flux. The waveguides do not exhibit impurity absorption in the visible, yielding efficient second 

harmonic generation.  
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1. Introduction 
Lithium niobate (LiNbO3) is a commonly used material for optical waveguide applications [1]. Lithium niobate 
waveguides are fabricated by techniques such as ion in-diffusion, proton exchange and liquid phase epitaxy (LPE). 
LPE allows the creation of a step-index profile rather than a graded-index profile for improved mode confinement. 
Lithium niobate waveguides fabricated by the LPE method on lithium tantalate substrates exhibit good thin-film 
crystallinity and large refractive index contrast [2,3]. The planar waveguide geometry supports a well-confined 
fundamental beam, and waveguide mode dispersion combined with material dispersion offers flexibility for 
efficient phase matching [3]. However, these waveguides often suffer from impurity absorption in the visible, which 
limits the efficiency of frequency conversion processes such as second-harmonic generation. The choice of flux for 
waveguide growth is critical for good optical quality and here we investigate K2O flux, which avoids impurity 
inclusions that are obtained with other fluxes.  
2. Sample preparation 
The lithium niobate films were produced using a K2O flux growth at ~1100 C with Z-cut lithium tantalate substrates. 
The substrate was dipped into the preheated molten solution just below saturation temperature for 10-30 minutes. 
The thickness range of the as-grown lithium niobate thin films was 10-100μm. Absorption spectra of the thin films 
showed no absorption bands in the 300-900 nm wavelength range. To observe the refractive index profile, an 
as-grown thin film sample was side-polished and examined under differential interference contrast microscopy. (See 
Fig. 1.) The thickness of this thin film was 41.2±0.5μm, and the step change in refractive index is evident.  
 

 
Fig. 1. Micrograph of lithium niobate planar waveguide on lithium tantalate substrate using differential interference contrast mode. 
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3. Second harmonic generation from lithium niobate thin film waveguide 
The fundamental 1064 nm pulsed laser beam operated at 10 kHz with 150 mW average power. The TE-polarized 
fundamental beam was passed through a half-wave plate and focused by a 17 mm focal length lens. The focused 
spotsize was 50 μm at the endface of the 6-mm long LiNbO3 sample. The crystal temperature was controlled with a 
Eurotherm 2406 temperature controller. A 50 mm focal length lens collimated the output to a Glan-Foucault Prism. 
The harmonic beam was TM-polarized at 532 nm, indicating Type-I phase matching. A reference crystal in the 
same setup was used to calibrate the oven temperature gradient. Second harmonic generation phase-matching 
conditions within the waveguide structure can be met by satisfying phase-matching conditions of individual guided 
modes. In contrast to the behaviour in the bulk crystal, by sweeping the temperature we expect to observe several 
phase-matching temperatures [4] which would result in a broadened temperature acceptance curve in the waveguide 
structure. The temperature dependence curves of the first four sets of TE and TM modes are plotted in Fig. 2. Phase 
matching occurs between different mode combinations. The phase-matching temperature for each mode 
combination is also listed in Fig. 2. The temperature tuning curve in Fig. 3 was a combination of the 
temperature-tuning curves of the first four TE modes and first four TM modes. 

 
Fig. 2 Phase matching conditions for waveguide modes         Fig. 3 Temperature tuning curve for LiNbO3 waveguide 

The measured SHG temperature tuning curve shows good agreement with modeling. (See Fig. 3.) The slight 
discrepancy may arise because the modeling did not incorporate the overlap between the fundamental and harmonic 
fields, and at different temperatures, the second harmonic light exhibited different mode profiles. 
4. Conclusions  
In conclusion, low visible absorption lithium niobate planar waveguides have been successfully grown from K2O 
flux, offering efficient second harmonic generation. The mode dispersion within the planar waveguide structure was 
modeled, contributing to a broadened temperature acceptance bandwidth for temperature-tuned second harmonic 
generation in LiNbO3. Measurement of absolute nonlinear coefficients of the as-grown samples is underway.  
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