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Abstract: A phase transition sensor is demonstrated usingctdiJV written Bragg gratings
intrinsically defined within a mechanically resangt silica micro-cantilever. Fabrication is
uniquely achieved through a combination of micrcehiaing and direct UV writing.
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1. Introduction

Cantilever-based sensors have received increasieigst over recent years [1], particularly infietd of mass
sensing where such devices offer a completely ype of miniaturised transducer that can monitorlsmass
variations using surface stress or harmonic osicitla. Resonant frequency monitoring in particidaa reliable
principle for achieving quantitative and qualitatimeasurements. There are numerous biologicalfemdical
applications for such devices. One particular sghé monitoring of first order phase transitiomkich could have
significant uses in monitoring the progress of cleahreactions or moisture levels in critical sgeapplications.

The model for a 1D harmonic oscillator can be usezhlculate the resonance frequency, f, of a clahipee
beam (cantilever), and is dependent upon the fanstant, k, and effective mass, m*, expressed]as [

f:i\/L :1 El (1)

27\ m* 27\ m

where n is a discrete value representing the aritire supported mode, E is apparent Young's maglllis the
moment of area and m is the uniformly distributegbm A change in these parameters will affect thpapsties of
the cantilever and so shift its resonant frequembis work presents an integrated optical silicaroticantilever,
with intrinsically defined Bragg gratings to detécst order phase changes. The miniaturised desitabricated
upon a silica-on-silicon platform and offers remaoteiltiplexed sensing capabilities. The opticalnatf the
device also has distinct advantages, particularapplications in flammable environments.
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Fig 1. (a) Schematic of the integrated optical ibewer, depicting the locations of the referencd sensing Bragg gratings (b) photograph of the
fabricated cantilever (thickness 5@ width 55um length 4mm) device depicting the secured attachiea fibre pig-tail and piezoelectric stack

The reported device (illustrated in Figure 1) hasfarence Bragg grating located in the bulk ofdhip and a
sensor Bragg grating located at the point of mariniansduced sensitivity within the cantilever.Stsi
understood theoretically and has been confirmeérimgntally to be the location along the cantilexgperiencing
maximum curvature. The device was fabricated frasilieon-on-silica wafer, using a three stage fedition
process. The first stage used a precision di@mgte cut the cantilever’s outline into the wafsil&a layer,



exposing the underlying silicon. This novel teclugallows for rapid prototyping, as it does notuieg
photolithograph and etching steps that can be estpeand time consuming for small device quantities

The second stage of fabrication defined the Bragtirg elements using a direct UV writing technidRie
This consisted of two focused, overlapping UV ldsesms, which give an inherent interference patteahis near-
circular and of micron order. Exposure of this firsti¢y pattern into a photosensitive core layehefgilica-on-
silicon wafer results in a change in refractiveeirdlf the beam is left on and translated the fatence pattern is
averaged out, resulting in a channel waveguide eNftderestingly, by modulating the writing beamidgrsample
translation channel waveguides with integral indeatched planar Bragg gratings can be fabricated. Th
combination of these two techniques allows plarragB gratings to be inserted into complex UV-wnitteevices in
a single processing step.

In the final stage of fabrication the exposedsiliwas wet etched using KOH such to liberate itieas
‘outline’ from the underlying silicon. The fabrieat cantilever reported has a width of(f a thickness of 50m
and a length of 4 mm. Interestingly, as can bervlesen Figure 1 (b), the cantilever has a bucliech. This is
understood to be due to the release of inheresdsstraused by the silica-on-silicon wafer fabricatechnique.

2. Reaults

Both stress and resonant frequency measuremengstakem using the cantilever. To monitor the Bragdings as
a function of induced stress an Optical Spectruralyger (OSA) and broadband light source were ugdcooling
the cantilever to -58C and allowing it to gain temperature over threerbdce accumulation was observed,
illustrated in Figure 2 (a). At fC the melting phase transition occurred and waerekd by the spectral response
of the sensor Bragg grating. The shift resulted iaduction of stress as a result of the accuntlagemelting. To
monitor the accumulation of small levels of condeims, the cantilever was resonated using a diperoelectric
stack, situated as in Figure 1 (b). A tuneablerlass aligned spectrally to the FWHM shoulder & Bragg
grating. The reflected power was in turn fed infphatodiode which was referenced against the isignl using a
lock-in amplifier, from which phase and amplitudéormation was monitored as illustrated in FigurgR
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Fig. 2. (a) The spectral shift variations of théerence and sensor Bragg gratings, as a resutedbrmation and solid to a liquid phase transition
(b) The shift in resonance frequency of the cantiteas a result the presence of condensation

The natural frequency of the cantilever is 29.4& kihich is close to the approximated theoretiede of 29.11
kHz, calculated from Equation 1. The Q-factor af theasured resonance is 209 at atmospheric presfpoe
deliberately causing condensation the resonantiérecy shifts to 28.88 kHz. From Equation 1, it barinferred
that such a shift corresponds to a distributed rimrssase of 5Qug, or a 36um thick layer of condensed water.

3. Conclusion

We have demonstrated for the first time a directwiften Bragg grating mass sensor, based uporileat
operation. The sensor has demonstrated the detexftfirst order phase changes through monitarihgrent
stress and natural resonance shifts. We shalltrepdhe fabrication limitations and the use ofamtement layers
for improved response measurements for severalichbspecies.
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