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Surface engineered ferroelectric domains in
 congruent lithium niobate crystals 
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We report on the fabrication of high quality, fine period (-1 µm) surface ferroelectric domains in congruent 
lithium niobate single crystals suitable for first order quasi-phase-matched nonlinear interactions in lithium 
niobate channel waveguides. 

Ferroelectric domain engineering in lithium niobate (LiNb03) is used extensively for quasi-phase-matched (QPM) 
nonlinear optical interactions which utilize the d33 nonlinear coefficient [1]. Commonly used domain inversion 
methods in bulk materials can routinely produce periods of a few µm in thick wafers (-500 µm) but domain 
spreading effectively reduces the domain grating quality when periods of -1 µm are attempted. 

For waveguide applications however, it is not necessary for the periodic domain structures to extend throughout 
the full crystal depth, provided there is good overlap with the optical fields involved in the nonlinear interaction. 

Here we report on the fabrication of periodically poled domain structures near the surface region using a 
modified electric field poling technique. The advantage of this method is that the aspect ratio of the produced 
inverted domains is significantly reduced enabling the fabrication of finer periods while maintaining good overlap 
with optical fields in waveguide structures. 

Figure I Scanning electron microscope (SEM) photograph ofan HF-etched surface poled sample. The period of the 
inverted domain structure is 1.077 µm. 

The poling process is the one followed in [2] but in our case the sample is forced to overpo/e. After poling in 
this manner the sampie appears to be uniformly poled when examined between crossed polarizers. However, after 
etching with HF acid a periodic relief pattern corresponding to the surface domain structure is revealed. We believe 
that this is due to surface charges which are trapped at the interface between the photoresist and LiNb03 that prevent 
the dipoles near the surface from inverting under the influence of the applied electric. field. 

Using this method periodic domain structures having a width less than 0.5 µm have been obtained as seen in 
figure 1. Fabrication of finer period domains should only be restricted by the resolution of the photolithographic 
process. 






