Integrated Microsphere Planar Lightwave Circuits

J.S. Wilkinson, G.S. Murugan, D.W. Hewak,
M.N. Zervas, Y. Panitchob & G.R. Elliott

Optoelectronics Research Centre,
University of Southampton
Southampton, Hampshire, UK
jsw@orc.soton.ac.uk

Abstract—Multicomponent glass microspheres self-assemblech o
optical waveguides combine tailored optical properes with
strong light/material interaction potentially leading to compact
low-power photonic devices. Progress and prospectgor
microsphere/waveguide integration will be described
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. INTRODUCTION

Resonant cavities are key components in photonicits,
providing feedback, wavelength selectivity and ggestorage
to allow dispersion control and enhanced nonlitgareésonant
filtering, waveguiding with low bend radius and rattow
threshold lasing. Silica microspheres and microcgrs with
diameters ranging from a few microns to a hundremians or
more have been shown to exhibit high quality factirorder
10° when an appropriate whispering-gallery mode (WG#/)
excited [1], and lend themselves to evanescent liogupo
optical waveguides to provide integrated resonanttfons in
an optical circuit. Planar lightwave circuits (PD)Csan
potentially offer low-cost mass-manufacturable gSohs to
complex optical circuit requirements, but convemdilooptical
waveguide technology suffers from two problems WHimit
dense integration for multiple circuit functionéfirst is that
exploitation of many optical phenomena requiregloptical
path lengths to achieve, for example, sufficientaylein
dispersion compensation, or sufficient growth ofvpoin a
nonlinear interaction. Coupling of waveguides toags of
microresonators potentially allows energy stordgeg delays
and high-efficiency nonlinear interactions. Theosetproblem
is that, so far, no one material has emerged aal ifbe
photonic circuits, and microsphere integration
conventional waveguides allows flexible configurati of
multiple materials systems. The most elegant detragimns of
microsphere resonators to date have employeddightery by
tapered optical fibres where the modes evanesceatigle to
WGMs of the spheres. Ultra-high Q microtoroid resons
based on silicon processing [2] exhibit excelleatfgrmance
but are difficult to integrate directly in wavegsictircuits,
while photolithographically-defined ring resonatd and
disk resonators [4] are limited in their materidlisxibility.
Planar lightwave circuits offer a platform for dtalplacement
of microspheres or microsphere arrays, for exampleself-
assembly, along with evanescent coupling to singkaultiple
waveguides, to realise highly functional circuits a more
robust configuration than fibre devices, and witheatger
flexibility than monolithically integrated microresators.
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Il.  GLASSMICROSPHERES

High-quality unsupported microspheres were fornrednf
exemplar multicomponent glasses with specific aptic
functionality. We have chosen Nd and Er-doped BK7
borosilicate glasses for their good laser and diapproperties
[5] and gallium lanthanum sulphide chalcogenidesggs for
their high third-order nonlinearity for switching][ and in both
materials have obtained microspheres with (waveguid
coupled) loaded Q-factors >60,000, suitable for-tbreshold
lasing and high-bandwidth communications devic&sllurite
glass [7] microspheres have also been realisedoietheir
excellent Raman gain properties. Microspheres difisalum
to 10Qum were fabricated from crushed and sieved custom
glass which was doped, purified and melted in abotatories,
by annealing in a specialised drop-furnace [8]. was
confirmed that the Nd-doped borosilicate and clgdoale
glass spheres lased when pumped with a focuseesfieme
beam.

50 — 120 micron GLS spheres

Figure 1. Gallium Lanthanum Sulphide glass microspheres

1. MICROSPHEREASSEMBLY

Most conventional self-assembly techniques areitaida
for assembly of microspheres greater than abouicBons in
diameter, due to the reduced influence of convedtvces [9].
A novel technique of selective chemical modificatiof
structured substrates has been used to realisecasirfailored
to the assembly of glass microspheres from aqusolugion,
allowing realisation of individual spheres in etdhevells
sparsely distributed over a substrate, as reqfineshtegrated
microsphere planar lightwave circuits, and as shimwhigure
2, for 6Qum diameter spheres in etched pits in borosilicktesg
substrates [10]. The assembly process parametees tieen
studied in detail in terms of their influence oncaracy of
positioning and defect density, to allow well-catigd
construction of waveguide integrated devices.



and shape the transmission spectrum of sphereemupl
waveguides. Initial results from coupling two speeto form a
so-called “photonic molecule” [12] show the modétSpg
and enhanced wavelength selectivity expected frooplog
two resonators.
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Figure 2. Glass microspheres assembled in pit array [10]

IV. MICROSPHERECOUPLEDWAVEGUIDES Figure 4. 60 micron microspheres assembled between waveguides

Microspheres coupled to optical waveguides withiaide
separation have been characterised using bothxigmeged V. CONCLUSIONS

glass waveguides [11] and tantalum pentoxide ribogaides, High-quality microspheres suitable for all-opticabitchin
the latter allowing a wide range of effective ireidor phase- gn-quaiity P . P g

: g : . and lasing have been realised from advanced glemsds
matching to WGMs in high-index spheres. Whispegaery assembled on photolithographically structured sabes.

mode spectra were obtained using a tunable linewed . X . .
source at wavelengths between 1440nm and 1640nth, afrOUPling to waveguides shows promise for the ratds of
compact, highly functional photonic devices.

modes were assigned by fitting to sphere, wavegaide
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