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Abstract: Lithium niobate micro-resonators have been faketdy surface tension reshaping of
micro-structured crystals at temperatures clogbaanelting point. We present preliminary results

on the optical characterization of these structures
OCI Scodes: (130.3730) Lithium niobate; (070.5753) Resonators

1. Introduction

Lithium niobate (LN) has recently been recognizedaa attractive material for high-Q whispering gallmode
(WGM) resonators due to its wide optical transpayewindow, high electro-optic coefficient and nomarity.
Polishing has allowed the fabrication of large (#miameter) LN disk resonators with Q factors 2 i, while
microstrucuring techniques have provided the higfierbl optical confinement, enabling micro-ringghwsmall
dimensions (radius < 100um) with 1.5 — 2.0nm frpectral range (FSR) [2]. Recently, LN structureitadle for
WGM micro-resonators have been fabricated usindasertension reshaping of previously micro-strustiur
substrate: this method produced ultra-smooth sesfadile also maintaining the useful crystallinegarties of the
original material [3]. The method is based on thefgrential melting of a surface layer [4] at temgperes close to
the melting point for the bulk. Upon cooling thelted surface layer re-crystallizes, seeded by thk that remains
solid during the process, and is reshaped by tHfacitension to form ultra-smooth single crystgbexstructures.
Here we present a range of WGM structures whichbeaabtained as a function of the fabrication cthods (initial
microstructures, thermal treatment), and somerpiediry optical characterization results.

2. Fabrication
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Fig. 1. Schematic of the process to fabricate Lddnators. (a): domain engineering to produce aseriomain. (b): preferential HF
etching to fabricate the initial surface microsttues. (c): surface tension reshaping at tempessitiose to the melting point.
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Fig. 2. SEM images tilted at 60° showing a varigftgurface tension reshaped structures obtaindddifferent sizes and shapes.

The fabrication process involves: 1) domain engingeto produce inverted domain structures of ledidepth, 2)
HF domain orientation selective etching to prodimital surface microstructures which include ardercut as a
result of the limited depth of the initial inverteibmain, and 3) thermal treatment at temperatuiese do the
melting point to achieve preferential surface meltivhich allows surface tension reshaping of thigalnstructure
to occur. The three fabrication steps are scheaibtidlustrated in Fig. 1. Further details of tliabrication
procedure can be found in [3]. Fig. 2 shows somacse tension reshaped structures, (a): 5um prefateroid, (b):
3um capsule, (c-e): 7, 30, 80um diameter pillarclwvhave been obtained by varying the initial métrocture and
the thermal treatment conditions. It was found tiha&tre is a clear correspondence between thelisitiacture,
thermal-treatment conditions and the final struetu8uch structures are suitable for supporting WG&4dsthe



smooth side surface should lead to low scatteross.lIts small dimensions can further reduce thabau of
supported WGMs and increase the FSR. Both featusebeneficial for the fabrication of spectralefit and lasers.

3. Optical characterisation
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Fig. 3. (a) Schematic of the experimental configiaraused to simultaneously excite and probe thigaljpmodes in the microresonator.
(TS = translation stage; OM: optical microscopgu) optical micrograph shows the tapered opticakfiboupled to the microresonator. (b)
Scattered signal with fitted Lorentzian used f@& dietermination of Q factors of the microresonator.

Some preliminary optical characterisation of oneh#f surface tension reshaped WGM LN microresosatais
been conducted using the structure shown in the Smlge of Fig. 2e. A schematic of the experimental
configuration used to simultaneously excite andprthe optical resonances is shown in Fig. 3a. ghaped silica
fibre taper with a waist diameter of about 2um waed to couple light in and out of the microresonalt was
observed that when approaching the resonator e faper is attracted by the surface of the siracnd loads the
cavity. A tunable laser source with 100kHz linewidAgilent 81600B) was used to observe the resamn€ the
WGM structure. In order to investigate the resoeanthe light transmitted through the fibre taped &me light
scattered from the resonator were monitored, usi@@As detectors, during the wavelength scannioggss. The
scattered light spectra are presented in Fig. 8wsiy a sequence of resonances. The spectra slawéhhave
excited more than one of the supported resonantemo8l Q factor of 5600 has been calculated bynfjtta
Lorentzian curve to one of the peaks in the spattshown in Fig. 3b with a corresponding FSR of ArB5The
shape of the resonator (Fig. 2e) resembles a tredhecnicrobottle [5]. Such open resonators are kntaeak into
either side of the resonator [6], with a loss tiehends on the microresonator curvature. Leakdgdhe resonator
base was experimentally observed and it is beliggetbntribute to the relatively low Q. Increasitig resonator
curvature will improve the resonator Q considerably

4, Conclusion

Thermal treatment of micro-structured lithium nitbaubstrates at temperatures close to, but bédewrtelting
point, allows surface tension to reshape prefeabyptmelted surface zones of the crystal. Preliminaptical
characterization of such a single crystal micranegor showed a 5600 Q factor associated with & d¥3.55nm.
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