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Report:

Dielectric breakdown was induced in single crystals of LiNbO3 (LNO) purchased from the Roditi corporation
(Z-orientation: undoped, 5 mole-% MgO, 5.3 mole-% MgO and 5.6 mole-% MgO; X-Orientation and Y-
Orientation: Undoped).

Dielectric breakdown was induced prior to beamtime at the Technical University of Denmark. A Van de
Graaff generator connected to an Pt/Ir tip was used to apply up to 10 kV to the crystals, which had a thickness
of 100 um. This corresponds to fields of >100 kV/mm - well above the breakdown field of about 75 kV/mm.
In order to ensure that the current did not pass through the air around the sample, the sample surface and Pt/Ir
tip were immersed in an insulating silicone oil. This was a successful method for forcing the current path
through the crystal, thereby inducing dielectric breakdown. The current passed through channels starting at the
position of the Pt/Ir tip and going through the thickness of the sample to reach the back electrode. Examples of
such channels can be seen in the optical images in Fig. 1.

For the beamtime, we had time to characterize two single crystals: Z-oriented doped with 5 mole-% MgO and
undoped. We collected images as a function of mosaicity (2D scan of ¢ and rx) and strain scans (either 2D
scan of (¢, v) or coupled 1D scans in ¢ and v). The results showed that the crystal both reorients and expands
around the breakdown channel. This is suggestive of electromechanical effects occurring around the
breakdown channel, e.g. crack propagation and fracture driven by piezoelectric and/or electrostrictive effects.



Figure 1: Optical microscope image of two breakdown channels formed at the
position of the Pt/Ir tip in (a) 5 mole-% MgO doped and (b) Undoped LNO.
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Figure 2: Data from 5 mole-% MgO doped Z-oriented LNO. (a,c,f) Summed intensity images. (b,d,g)
Center of mass in (¢, rx). (¢) Center of mass in (¢, v). Images (a,b) are taken 150 um to the side of the
breakdown channel (the breakdown spot in Fig. 1 (a)). Images (c,d,e) are taken at the breakdown
channel. Images (f,g) are taken 150 um to the side of the breakdown channel.
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Figure 3: Data from undoped Z-oriented LNO. (a,d) Summed intensity images. (b,e) Center of mass in
(¢, 1x). (c,f) Coupled strain-scans in ¢ and v. Images (a,b,c) are taken 150 pm to the side of the
breakdown channel. Images (d,e,f) are taken at the breakdown channel (the breakdown spot in Fig. 1

(b)).



