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Tailored 180º domain structures in ferroelectric bulk crystals like LiNbO3 and KTiOPO4 

(KTP), are frequently used for applications in nonlinear optics and electro-optics. The individual 

domain size is on the order of tens of µm down to sub-µm, and the patterned area from several 

mm2 to full 3"-wafers are used. The required domain structure is normally obtained by electric 

field poling using lithographically patterned electrodes deposited on the z-face of the crystal. This 

is a fairly straightforward technology today when the domain size is 10 µm or larger, but ordinary 

patterning techniques do not work when the domain size goes down to below 1 µm.  

In this work we present a technique for fabrication of 1D and 2D small size domains 

structures by using a Si- template electrode for electric field poling. The Si-electrode can be 

fabricated by e-beam lithography and dry etching to get high resolution features far smaller than 

the 1 µm limit set by conventional lithography. 

Among the ferroelectric oxides used for periodic poling, the crystals from the KTP family are 

considered to be the most suitable for fabrication of fine-pitch, one-dimensional domain gratings 

because of the large anisotropy in ferroelectric domain-propagation velocity along the different 

crystalographic axes [1]. Bulk Rb-doped KTP (RKTP) is a particularly attractive KTP isomorph 

with much lower ionic conductivity relative to KTP which ease the poling [2]. We have used 1 

mm thick z-cut RKTP and demonstrated several 1D and 2D domain lattices. An example of a 2D 

fabrication is shown in Fig.1. The Si-stamp electrode consist of thin pillars with a flat top contact 

area as seen in Fig. 1.a. A schematic of the poling set up is seen in Fig.1.b, and the resulting regular 

and homogeneous domain pattern with a 5×5 µm2 period is revealed by chemical etching as seen 

in Fig. 1.c. The homogeneity and the high quality of the domains was verified by optical frequency 

doubling using a Ti:sapphire laser and close to ideal performance was obtained. Furthermore, it 

can be seen in Fig. 1 that the individual domains are somewhat larger than the electrode contact 

area, and that they also become elongated. This is due to slight overpoling and the fact that domain 

growth is preferred in the y-direction for RKTP [1].   

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. (a) Si-stamp electrode fabricated by dry etching; (b) Poling set-up; (c) 5×5 µm2 domain structure. 

 

This novel technique has several advantages over conventional poling. First, the silicon 

electrode is reusable and there is no need for patterning each sample individually. Second, the 

crystalline structure of silicon provides high accuracy and reproducibility in the electrode 

fabrication. Finally, Si-pillar array electrodes can be easily designed for any desirable period or 

electrode geometry. We believe that stamp electrode poling can be a more convenient, flexible 

and suitable method for making small feature and large area domain patterns, necessary for the 

next generation engineered ferroelectrics at a reduced fabrication costs.  
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