Electro-Optic Coefficient Enhancement in Poled LiNbO3; Waveguides
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Lithium niobate crystals (LN) show a significanteefro-optic (EO) response which contributes to the
fabrication of low-voltage operation, high speedegrated optical modulators routinely used in atic
telecommunication and integrated optics [1]. A WAsdr direct writing method for the fabrication gitioal
channel waveguides has been proposed and chazadteeicently [2—4]. Here we report on the enhanoémie
the electro-optic response of these UV laser-writtdl waveguides as a result of a post-poling precktore
specifically we have observed a 26% increase ofrsheoefficient compared to the bulk in LN waveguides,
fabricated by direct UV writing, that have been jsgted to poling inhibition [5]. Poling inhibitioproduces
inverted ferroelectric domains which are only a feicrons deep. These domains are formed exactthen
same place as the UV written tracks which are nesipte for the waveguide formation, and they oyerla
significantly with the propagating waveguide mode ia illustrated schematically in Fig. 1. Due te th
polarization-selective transmission in the UV-vaittwaveguides only thgs coefficient could be investigated.
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Fig. 1 Schematic of the cross section of a) a UV-writtexveguide on a single domain substrate, and b)aihtottail
domain arrangement overlapping with the waveguftig poling-inhibition.

Optical channel waveguides were fabricated by tit&¢ laser focused writing on the +z face of a z-cu
undoped congruent LN substrate [4]. The sample subsequently subjected to electric field polinghgsan
externally applied electric field (~19.5 kvV/mm) whiresulted in local poling-inhibited domains ahiied depth
that overlap with the waveguides as shown in Hig[516].

The electro-optic response was evaluated interfetacally by placing the waveguides in one brantk o
Mach-Zehnder interferometer [3]. A set of titaniumdiffused waveguides was used as a control saiaple
provide the background measurement of the bullthier;; coefficient. The measured values of the electriizop
coefficient €33) in the poling-inhibited samples proved to be systically higher than the value obtained with
the control sample of unpoled titanium in-diffusgdveguides which was 35 pm/V. The highest valughefs;
coefficient that was measured in the poling-inkibitwaveguides was 44.2 pm/V, which correspondsnto a
enhancement of 26% as compared to the referentmliffused waveguide sample. The observed enhanteme
in the value of the EO coefficient is attributedthe strain which is associated with the presefficetail-to-tail
domain boundary that surrounds the optical wavegalthnnel as illustrated in Fig. 1b. The enhanc¢wietihe
EO coefficient varied for waveguides which wererfedited under different UV irradiation conditionEhe
irradiation conditions affect both the waveguide dmoconfinement and the depth of the poling-inhibite
domains. This suggests that the enhancement cdarther optimized and even applied to other wavegui
systems such as titanium in-diffused and protomamged channel guides.
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