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Abstract—We present a UV laser-assisted method for the
fabrication of ridge waveguides in lithium niobate.The UV laser
irradiation step provides the refractive index chame required for
the vertical light confinement in the waveguide anchlso defines
the ferroelectric domain pattern which produces the ridge
structures after chemical etching.

. INTRODUCTION

Lithium niobate (LN) is an optical ferroelectricystal with
a distinctive combination of inherent physical ped@s. This
has resulted in its use for a diverse range ofiegtmns such
as mobile and optical telecommunications, opticalelength
conversion, and for integrated optical devices sashhigh
speed electro-optic modulators.

As the need for further improvement of the efficgrand
compactness of integrated optical devices is irsongait is
necessary to use superstructures such as ridgegwedes
(instead of conventional diffused waveguides) tpaivides
better lateral confinement of the optical mode duthe higher
index contrast. Additionally, the stronger opticahfinement
and smaller modal dimensions enhance the effici@icgny
nonlinear processes implemented using these walegui

Several different methods have been trialled todyce
ridge waveguides in LN. In general almost all afsb methods
utilize an etching step that defines the ridge geogmand a
separate waveguide fabrication step, such as fausidin or
proton-exchange which requires lithographic aligntneith
the ridge structure. Delineation of the ridge ikiaeed either
via wet etching in an acid mixture containing HHdaor
through dry etching processes such as ion bearmgn[iL] or
plasma etching [2].
structuring of LN is commonly based on the diffaian
etching behaviour of the two complementary crystallz
faces, domain inversion [3] has also been repos®gdan
obvious and easy choice for defining ridges
Interestingly, ridge waveguides have also beenidatad by
mechanical dicing of planar MgO:LN bonded on to 4N

The mandatory step required to induce the vertic

refractive index contrast either precedes or sutscéd®e wet or
dry etching process. The compatibility of the tweps is
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Since acid-based wet etching fo

in LN.

essential and hence the recipe with the right se@lesteps
has to be adhered to for producing ridge wavegurdesl.

In this contribution we report on a method for prodg
ridge waveguides irz-cut LN whereby the definition of the
ridge pattern and the vertical confinement arengefiby a
single step of direct continuous wave (c.w.) UV laser
waveguide writing [5, 6]. This initial UV exposud the 4
face of LN crystals is known to inhibit domain imsi®n
locally during subsequent electric field poling BH7]. As a
result a ferroelectric domain structure which cgpends to the
UV irradiated tracks is formed after EFP. In comjiion with
wet etching this effect then provides an easyradtére method
for fabricating useful domain and surface relietictures [7].
UV-induced refractive index change and poling-iitioh,
pave the way to self-aligned ridge waveguides in LN

Il.  EXPERIMENTS AND RESULTS

The first step in the sequence for the fabricatibthe ridge
waveguide structures involves the inscription ofefractive
index change in LN using the UV direct writing pedare.
This initial direct writing step not only helps &stablish the
vertical refractive index contrast for the ridgeveguides, but
will also precisely outline the actual shape of tfieemed
superstructures. A beam from a c.w. Ar-ion lasdrictv was
focused to a spot radius of ~3 um, was used fowtiteng on
the +zface of a congruent un-doped LN crystal. Precisgrob
over the positioning and exposure of the illumingtilaser
beam was achieved by a computer-controlled, thxeestage
system coupled with a mechanical shutter. The laser
wavelength used in our experiments was 275 nm. Bkts
parallel lines were drawn on the faces of the crystals along
the crystallographig direction by moving the stages at speeds
ranging from 0.1 to 1 mm/s. The incident intensigs varied
between 1 — 2 GW/Mm

The samples with the sets of UV exposed paraliedsli
were then poled using the EFP set-up described/]iTHe
sample was first cycled through several forward eserse

agoling cycles before the final forward poling stépthis final

oling step, the voltage was ramped at 0.1 kV/a t@lue of
~ 10 kV which corresponds to an electric field @kV/mm
across the 0.5 mm thick sample. This lower valueths



waveguides using a microscope objective lens irerotd
investigate the optical
characteristics of the structures.
Fig. 4 shows the near-field
intensity profile collected using a
second objective lens to image the
output of the ridge on to a CCD

camera. This mode profile
corresponds to a ridge structure
formed using a UV laser scanning speed of 0.1 nanésan
incident intensity of ~ 1.2 GW/m We did not observe any
deterioration of the vertical confinement in the WWitten
waveguides after the EFP and wet etching processties.
Contrary to that we did observe a significant retfee index

applied electric field (less than coercive field)seres that

l‘l! ) domain inversion occurs slowly,

Figure 4. Neafield intensity
profile obtained at 633n

which is desirable since the kinetics
of the domain wall motion is seen
to greatly influence the shape,
quality and more essentially the
continuity of the resultant ridge
Figure 1. Optical microscor  structures. As described in [7], the
image of two sets of ridges. v/ written lines inhibit subsequent
domain inversion and retain theirz+domain orientation
whereas the rest of the un-illuminated crystal uvgoes
domain inversion to azerientation. Because of the differential
etch characteristics of the complementary z fasbgreby the
+z face does not etch, when the poled samples wétlséts of

Tl . .
E” LA UV written parallel lines, are etched 1,500 increase (more than 50 %) in the UV writiptical
£ 100 N in pure HF amfd at” Iro_gm waveguides following the poling-inhibition step {be
PN temperature, sets of parallel ridges gping 16 fapricate the ridges).

E a are formed. Fig. 1 shows an optical

€ obpgprrrers——y, MiCroscope image of two sets of

intensity [GW/m’] parallel ridges formed using this . CONCLUSIONS
Figure 2. Plot  showir faprication route. All of the ridges In conclusion we have presented preliminary resotsa

variation of polingimhibited
domain width versus intensity.

0.1 mm/s, however, the set of four lines on thiedethe image
have been written with a slightly higher incidentensity of

have been produced by scanning theyy
c.w. UV laser beam at a speed of waveguides in LN crystals. The method utilizes &¥dr direct
writing to i) provide the vertical confinement diet light in the
waveguide and ii) assist the domain engineeringcqa®

laser-assisted method for the fabrication ofged

~ 1.4 GW/ni whereas the ones on the right have been writtepoling-inhibition) which, after chemical etchingefines the
using ~ 1.2 GW/ A slight variation in the widths of these ridge structures.

two set of ridges is a result of the differencethie incident
power which influences the width of the poling-ibited
region. Fig. 2 shows a plot of the etched polinghited width,
which corresponds to the width of the ridge strgtias a [
function of the UV laser intensity. As shown in thlet a range
of laser intensities exists where the width inoesaalmost
linearly with the laser intensity. The cross-sectd a polished
end face of one such a ridge is shown in the sngnelectron
microscopy (SEM) image presented in Fig. 3. Thpezaidal [3]
cross-section of the ridge is possibly a consequasfcthe
inherent etching behaviour of different crystalliplanes that
are revealed during the etch process. The widtthefridge
near the top is ~ 7 um, and its height is ~ 3.1 pAsthe ridges

‘ have been formed by drawing lines
parallel to the crystallographig
direction they consequently have a
symmetric cross-sectional profile. [5]
The noticeable roughness along the
sidewall of the ridge is a
consequence of the wet etching (6]
process which was performed in
pure HF. However, use of modified etchant mixtuagehbeen
reported to produce smoothly-etched surfaces [8ifthEr
optimization of the etching conditions will be irstigated in
order to eliminate the deleterious sidewall rougisneThe [7]
current choice of etching conditions was driven niyaiby
speed rather than quality. The UV laser intengtyiing the
UV writing step, has a significant impact on thealify of the g,
ridge structures. Specifically, UV intensities heghthan
~ 1.6 GW/M lead to damage of the top-surface, whereas
intensities lower than ~ 1.1 GW/nesult in poorly defined
ridge side-walls. After edge polishing of the saespghser light
(633 nm HeNe laser) was end-fire coupled into thdger

(2]

(4]

Figure 3. SEM of the polish:
end face of the rid¢
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