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Abgract: An integrated pressure/flow sensor using a dité¢t written planar Bragg grating
situated inside a flexible diaphragm of thickne6§p2n has been fabricated. The diaphragm is
created by etching away the underlying silicon supp
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1. Introduction

Mass markets in biotechnology, medical diagnosgiheyrmaceutical research and homeland securitg démand
for lab on a chip based technology [1]. Flow basanisors form an integral part of these chips feir tise as dosing
systems and mass flow controllers [2]. This warkspnts a fully integrated optical microfluidic siry device that
can be combined with high sensitivity evanescesid fsensing techniques [3], [4]. From such a deglemical,
temperature, pressure and flow rate informatioa wficrofluidic channel can be determined by anatyshe
reflected/transmitted spectrum from an input br@edbsource.

A variety of microfluidic flow based sensors arentoercially available [5]. An overwhelming amouiitloese
are based on concepts of thermal flow dynamics (Bje alternative to these thermal flowmeters aesdased on
pressure difference flow [5]. Pressure sensorsised to measure flow by sampling the pressure alay a
channel with known fluidic resistance. The advgatthey have over thermal flow sensors is thatl fhgating is
negligible. This can be important when using terapee sensitive fluids or chemical reactions.

The proof of concept device reported has beendatail from a silicon-on-silica wafer that has adgrgrating
written into it using a technique known as diredt Writing [7]. The Bragg grating is centred ovediaphragm
(Figure 1).
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Fig 1. (a)Schematic picture of the flow sensitintebrated optical chip (b) the partially sectiovigw in the vicinity of the diaphragm edge,
perpendicular to the direction of grating. The disiens of the diaphragm are 6mmx6 mmx200

The diaphragm has a 6 mm x 6 mm area and a thislofe20@m that is achieved by anisotropically etching
the silicon using 25% KOH solution at°@for 20 hours. A milling process was used to reznthe thermal oxide
layer present on the bottom of the silicon samplee remaining thermal oxide acted as a mask wéaoving the
selected silicon in KOH. By back etching the sasrthle grating becomes much more flexible, inheyéntreasing
its pressure sensitivity.

2. Methodology

Our direct UV writing arrangement consists of twoudsed, overlapping UV laser beams which give herent
interference pattern that is near-circular and imfam order. Exposure of this intensity patterritite
photosensitive core of a silica-on-silicon wafesulés in a change in refractive index. If the beameft on and
translated the intra-spot interference pattervésaged out, resulting in a channel waveguide. Ntaezestingly,
by modulating the writing beam during sample tratish channel waveguides with integral index-madcplanar



Bragg gratings can be made [7]. The combinatidhege two techniques allows planar Bragg gratiadeet
inserted into complex UV-written devices in a sengtocessing step.

It is understood that stressing a Bragg gratinglteé both a length and refractive index changhbis alters
the Bragg condition for the reflected wavelengtiis is the concept implemented for pressure madnigo

3. Resaults

As flow is varied over the diaphragm there is angjeain the reflected Bragg wavelength Figure 2 {f))is can be
directly related to pressure stressing the grafiggre 2 (a). Applied stress alters the localaetive index and
length of grating. Two such diaphragms would bedadén order to obtain a fully functional pressflo#f sensor

[8].
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Fig. 2. Bragg wavelength shift for fundamental &igher order modes as function of (a) air presamc(b) water flow rate varied over time.

From our previous work [3] the effective index loétmode is known to have a temperature sensitivity
10pnfC™. This effect can be observed in Figure 2 (b)tediperature reference is common practice in
commercially available pressure flow sensors asitieand viscosity are strongly influenced by tenapere [5]. A
reference grating in the bulk can be used to indié@etly monitor temperature deviations.

4, Conclusion

We have demonstrated for the first time a backngihsilica-on-silicon Bragg sensor that can be tsedeate a
pressure sensor and flow monitoring device. Tha displayed shows a proof of concept flow sensset on
ideas of pressure differential flow sensing. Tées#tivity of this device can be improved by furttt@nning the
diaphragm and increasing the diaphragm area. \Alersiport on the use of a reference grating ireotd
compensate the thermal effects. We have previaestynstrated microfluidic chemical sensing based o
evanescent fields [3]. Integrating this with flomte monitoring will be performed in the near feturThis would
allow greater functionality to direct UV writtenbaon-a-chip based devices. Such a device woulbleeto
monitor chemical, temperature, pressure and flaerirdormation of a microfluidic channel by anatygithe
reflected/transmitted spectrum from an input breedbsource.
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