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Abstract: UV laser-induced poling-inhibition produces inwgtt domains in LiNb©@ which
overlap significantly with waveguide modes. We haeserved a 26% enhancement of the

effective electro-optic coefficient in such domaingineered waveguides.
OCIScodes: (130.3730) Lithium niobate; (130.0130) Integratgdcs; (230.0230) Optical devices

1. Introduction

Lithium niobate crystal (LN) is a very importantchaological material which is widely used by theofumics
industry today due to its significant optical nowarity and wide transparent window [1]. It alsowhk a significant
electro-optic (EO) response which enables the ¢ahidn of low-voltage operation, high speed intégplaoptical
modulators that are routinely used in optical tefemunication and integrated optics [1]. For therifadtion of
integrated optical circuits in this material it mecessary to produce channel waveguides which @remonly
fabricated by Ti-indiffusion [1] or proton exchand&]. However, a UV laser direct writing method fdre
fabrication of optical channel waveguides has bemposed recently [2]. The fabrication details éinel electro-
optic behavior of these waveguides have been repant[3,4].

Here we report on the enhancement of the electtio-ogsponse of UV laser-written LN waveguides assult
of a post-poling process. More specifically we habserved a 26% increase of thecoefficient compared to the
bulk in UV-written LN waveguides that has been sgbgd to poling inhibition [5]. Poling inhibitionrpduces
inverted ferroelectric domains which are only a fewecrons deep. These domains are formed exactiiyarsame
place as the UV written tracks which are respoesfbl the waveguide formation, and they overlamisicantly
with the propagating waveguide mode as is illustaschematically in Fig. 1. Due to the polarizats@tective
transmission in the UV-written waveguides only thgcoefficient could be investigated.
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Fig. 1. Schematic of the cross section of a) a Uitten waveguide on a single domain substrate e head-to-head domain
arrangement overlapping with the waveguide aftéinganhibition.

2. Experiment

Optical channel waveguides were fabricated by dit#¢ laser writing on the #face of a 0.5mm-thickz-cut
undoped congruent lithium niobate substrate byrsogna focused c.w. frequency-doubled argon ioarlé244nm)
across the surface of the crystal as described]inThe focused beam diameter was ~ 8um, the writing speed
was 0.1mm/s, and the writing power was 45mW. Thapéa was subsequently subjected to electric fialihg
(EFP) using an externally applied electric field 95 kvV/mm) which resulted in local poling-inhikitelomains of
limited depth that overlap with the waveguidestas in Fig. 1b [5,6].

The electro-optic response was evaluated interfetocally by placing the waveguides in one bran¢hao
Mach-Zehnder interferometer as described in [3]thBsfaces of the lithium niobate waveguide substragrew



covered by a thin (20nm) gold film in order to apph electric field along the-axis for the evaluation of the;
coefficient. The experimental setup which was Usedhe measurements is schematically illustratelig. 2.
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Fig. 2. Experimental setup for the EO coefficierasurement of the waveguide. (A1, A2 = opticalnatt¢or; M1, M2, M3 = mirrors;
BS1, BS2 = beam splitter; WUT = waveguide undet; ¥s applied voltage; P1, P2 = pinhole; D = dédecLIA = lock-in amplifier.)

The EO phase shift in the waveguide sample was umedsy monitoring the movement of the interference
fringes in the output of the interferometer as iacfion of the voltage applied to the sample. Théwave voltage

V, was measured in this way and thgcoefficient was derived using the expressigy= Adngs LV, 1 [3], wherei

is the operating wavelength, in our case 632.&his;the substrate thickness (0.5mmy;is the effective refractive
index of the waveguide; andis the length of the electrode-covered waveguéttien. A set of titanium in-diffused
waveguides was used as a control sample to preavedbackground measurement of the bulk forrgaeoefficient.

3. Results and discussion

The measured values of the electro-optic coefftdieg) in the poling-inhibited samples proved to be systtically
higher than the value obtained with the control glenof unpoled titanium in-diffused waveguides whiwas
35pm/V. The highest value of thigs that was measured in the poling-inhibited wavegsiidias 44.2pm/V which
corresponds to an enhancement of 26% compared fesenee sample, therefore the bulk. The observed
enhancement in the value of the EO coefficienttisbaited to the strain which is associated wita fiiesence of a
head-to-head domain boundary that surrounds the&abpivaveguide channel as illustrated in Fig. 1iheT
enhancement of the EO coefficient varied for waiaegs which were fabricated under different UV iiedibn
conditions. The irradiation conditions affect balte waveguide mode confinement and the depth optiieg-
inhibited domains. This suggests that the enhanceroen be further optimized and even applied toerth
waveguide systems such as titanium in-diffusedpntbn exchanged channel guides.

4. Conclusion

In conclusion, a 26% enhancement of thecoefficient in UV-written waveguides has been obed in UV laser
written lithium niobate waveguides which have bemain engineered by inhibition of poling. The pgli
inhibition process produces an inverted domain thatrlaps with the waveguide mode and an associethin
wall that surrounds the optical waveguide. Theistegross the head-to-head domain wall is suggdstesl to be
responsible for the observed enhancement of thede@icient.
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