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Abstract: We report the effect of removing a section of guidiayer from the propagation
paths of ST-quartz Love wave sensors; this offees dase of fabrication of a polymer
guiding layer whilst retaining the native surfadettee quartz which may then be used for
the attachment of a sensitizing layer. Data isgatexd for rigid and viscous loading, which
indicates a small reduction in mass sensitivity pared to a Love wave device. Biosensing
capabilities of these discontinuous ‘sectional’dijng layer devices are demonstrated using
protein adsorption from solution.
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1. Introduction

Since the first reports of Love wave sensors ong8driz in 1992 [1, 2] there have been many
investigations and applications of this systentidhiwork used polymer guiding layers [1, 3, 4] kwit
SiO, later being used extensively. [5, 6] ST-quartkriewn to support a Rayleigh wave parallel to the
X-axis and a surface skimming bulk wave (SSBW) pedicular to the X-axis which is launched at a
shallow angle into the bulk [7]. The effect of thising an SSBW rather than a shear horizontal ceirfa
acoustic wave (SH-SAW) is known to have a contrdyuin addition to the Love wave guiding effect,
with insertion loss of such devices initially redwgon the addition of an over layer [8-10]. Thiteet
is thought to be due to the acoustic energy beamgimed closer to the substrate surface, whichots n
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predicted by Love wave theory alone [9]. Further@asing the layer thickness beyond this minimum
in insertion loss results in the attenuation ofglgmal, which is consistent with Love wave theory.

Although theoretical considerations for the Lovevevanodel have been extensively investigated,
there have been no reports that address the esletintribution of Love wave guiding layer and the
SSBW effect on this technologically important cut quartz. A practical motivation for such an
investigation derives from the relative advantagfgsolymer and Si@guiding layers. Polymer guiding
layers have the advantage of being simple to pmd@dunc can be incorporated as part of micro-fluidic
structures [11, 12] whereas SiQuiding layers offer a more appealing surfacetlier attachment of a
sensitizing layer for bio-sensing experiments ket much more difficult and expensive to fabricate
[5]. To have the ease of fabrication of polymerdiugy layers whilst retaining the native surfacehud
quartz for attachment of the sensitizing layer wla@present a useful addition in the field of atious
wave Sensors.

Here we report the experimental investigation ime effect of removing a polymer guiding layer
from a section of the propagation path whilst rétag it over the interdigital transducers (IDTshtB
are presented showing the enhanced sensitivityowialled sectional guiding layer devices over an
SSBW and comparing performance to a Love wave ddvawving a complete guiding layer extending
over both IDTs and the propagation path. Devicesiabricated on quartz substrates using an S1813
photoresist as a guiding layer. Mass sensitivitiedevices having over-layers to cover the firstdao
were assessed. Gold deposition was used as a foodiglid mass loading whilst the effect of viscous
loading was assessed using various water-glycerdures. Bio-sensing capabilities of the sectional
guiding layer devices were also demonstrated fatligyprotein adsorption from solution.

2. Experimental Section

Acoustic wave devices were fabricated on ST-cuttquaith propagation orthogonal to the crystals
X-direction. The IDTs consisted of sputtered g@@ (im) using titanium (10 nm) as an adhesive layer,
deposited using an Emitech K575X sputter coaterdodble-double finger design was used with
6.75um finger widths and 4.pm spacings. IDTs were &0n length, with an aperture of &and IDT
centre-centre distance of 9 mm giving a fundamemggluency of 110 MHz. S1813 G2 (Shipley) was
diluted in 2-ethoxyethyl acetate (Aldrich) beinguspon the devices to form a guiding layer.
Successive layers were built up baking to ¥@Metween each coating. Layer thickness was verifie
using a Veeco Dektak 6M stylus profiler and an agitiVeeco Dektak 3 surface analysis system. To
compare devices having a complete guiding layevélwave) and a sectional guiding layer, the S1813
was removed completely from the propagation patm(7 section) using a scalpel blade (Figure 1).
Care was taken to ensure the substrate was notggam@uccessive 30 nm gold layers were deposited
onto a defined area of 6 Miwithin the acoustic propagation path to assesgifrecy dependence of
rigid mass loading, using an Emitech K575X.
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Figure 1. Schematic of a) Love wave devices and b) thosapaectional guiding layers.
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Distilled water / glycerol (Sigma 98%) mixtures wdikewise used to assess frequency dependence
of viscous loading. Solutions were held over ardefiarea between the transducers using an o-ring
seal and exchanged by flow, with measurements b&akgn under static conditions. Proteins
adsorption experiments were conducted under camismidlow using Razel R-100EC syringe pumps
set to deliver solutions at 1 mL rfinBovine serum albumin (Sigma, fraction V, lyophdd powder)
solutions were prepared immediately prior to use @ncentration of 1 mg rillin phosphate buffered
saline (PBS, Sigma, pellets). Temperature stalifit94 + 0.1°C was achieved using an Octagon 10
incubator. An Agilent E5061A network analyzer wased to record frequency spectra. The acoustic
devices were incorporated into an oscillator ciras the feedback element for liquid studies. The
circuit comprised amplifiers (Minicircuits ZFL-5000), a 50 MHz high pass filter and 150 MHz low
pass filter (Minicircuits BHP-50 and BPL-150), aatitional coupler (Minicircuits ZFDC-10-2) and a
frequency counter (Agilent 53132A) interfaced tmi@rocomputer.

3. Results and Discussion

Guiding layers were initially constructed to covbe entire top surface of devices fabricated on
quartz substrates using S1813 photoresist as guidiyer material. On bare quartz, an SSBW s
launched at a shallow angle into the bulk. As thaligg layer thickness increases the wave travels
closer to the surface of the substrate such thatd#vice becomes more sensitive to surface
perturbations. Figure 2 shows a decrease in frexyueith increasing guiding layer thickness with an
initial increase in signal strength up to a guidiager thickness of 0.7pm; this is the specific
characteristic of the SSBW on ST-quartz that wdakm this work. Further increase in guiding laye
thickness results in signal attenuation due to nlaasling which are consistent with previous
reports.[9, 13] The choice of guiding layer thickaeeffectively sets the operating point for the asa
sensor.
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Figure 2. Insertion loss (open squares) and frequency ch@wma diamonds) as a
function of polymer guiding layer thickness showthg reduction in insertion loss up to
0.75um.
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Using gold to model rigid mass loading, the sewisjtiof quartz devices was assessed for varying
guiding layer thicknesses. Rigid mass loading ofese acoustic wave devices results in a propaation
decrease in frequency; such a response is usisslyneed to be due to a change in phase velocity
allowing a Sauerbrey-type relationship to be apblj@4]. For guided wave devices, a similar
relationship holds, but with the overall sensitndiependent on the operating point of the sensaéhen
dispersion curve [17]. The frequency change asnation of gold thickness was obtained for nine
different guiding layer thicknesses up to fur8 after which the guiding layer was removed frora th
propagation path and the gold deposition repeaié& maximum sensitivity for the continuous
guiding layer was found to be 269 Hz 'hmm? and sectional guiding layer 18%& ng' mmi? both
corresponding to a thickness ofufin; further increase in guiding layer thickness Iteslin a gradual
decrease in sensitivity being comparable to thoseigusly reported for similar systems [13].

The effects of viscous loading were investigatedgishe acoustic device as the feedback element
in the oscillator circuit. The frequency was couotily monitored whilst varying glycerol-water
mixtures were exchanged over the sensor surfaceatbustic wave signal is attenuated by the liquid
overlayer such that it decays with a penetratigutiu® = /i, /(7f,p0,) , wherep and s, are the liquid

density and viscosity respectively. The Kanazawd @ordon relationship [18] between frequency
change and square root of the density-viscositglymbis assumed to hold for non-guided acoustic
waves. Again, for guided wave devices a similaatrehship holds, but with the overall sensitivity
dependent on the operating point of the sensohewlispersion curve [15]. Figure 3a shows examples
of the flow profiles obtained, comparing the resgEsof an SSBW device (black line) to Love wave
(blue line) and sectional guiding layer (red lim®vices having a im thick guiding layer. Slight
frequency disturbances were observed on the exehahgolutions, which are assumed to be due to
local pressure fluctuations as the solutions argsqxh over the sensing surface. Measurements of



Sensors 2008, 8

4388

frequency shifts relate to a water reference amdstieady state glycerol-water mixture. Figure 3b
shows the frequency change as a function of tharsquot of the viscosity density product comparing
again an SSBW, Love wave and sectional guidingrlagyice having a um thick guiding layer.
These data compare well to those previously regdaesimilar Love wave sensors [6, 13, 16].

Figure 3. (&) Frequency response of black — bare device, regim $ectional guiding
layer and blue — im Love wave device to varying glycerol-water mixsirexchanged
over surface: 5, 10, 30, 50 and 70 % glycerol stiltkd water. All data referenced to
water.(b) frequency shift as a function of the square rddahe density product for the
bare device ¢-), 1 um thick sectional guiding layer &-) and Jum thick continuous

guiding layer (m-) .
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It is clear that a quartz device launching a s@fskimming bulk wave undergoes an enhancement
of sensitivity if an overlayer is added, covingtbtite whole sensing surface and the IDTs or haaing
free propagation path. A main advantage to therlalésign is that the sensing surface materiddas t
quartz substrate. Previous studies have used Lcwee vBensors to follow bio(chemical)-surface
interactions. It is often therefore necessary taoathee and chemically modify the sensing surface t
adopt specific surface terminal chemistry, e.gngigjold-thiol self assembled monolayers (SAMs)
[19-21]. By using a discontinuous guiding layer thenefits of enhanced sensitivity and ease of
chemical modification are obtained. Moreover, iferaction with non-SAM surfaces are of interest,
Love wave devices would be difficult to produceaadslitional material layers (such as $i@ quartz)
would affect the operating point of the device. demonstrate the use of sectional guiding layer
devices for the study of (bio)molecule-surfaceratéons the adsorption of serum albumin onto bare
quartz was followed.

Figure 4. Albumin adsorption onto quartz followed by bufferse. Response of SSBW
shown in red and sectional guiding layer deviceblack. Arrows indicate solution
change: A) 1 mg mt albumin solution and B) buffer rinse.
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Figure 4 shows the flow profile observed for albnn@dsorption onto the quartz substrate,
comparing a SSBW device having no guiding layer arsgctional guiding layer device. Buffer was
continually flowed over the sensing surface beirghanged for protein solution at time point A. The
adsorption from solution is shown by a decreasiequency. After the frequency became stable the
solution was again switched to buffer to rinse anfpound protein from the surface. A much greater
frequency shift was observed for the sensor hasigmiding layer over the IDTs, demonstrating the
ability of the sectional guiding layer devices $oich applications.
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Conclusions

This work demonstrates a novel approach to produaitoustic wave sensors fabricated on ST
quartz substrates having discontinuous, so-cabedtional’ guiding layers. Although the sectional
guiding layer devices do not match the sensitiafyequivalent Love wave sensors, they have
significantly higher sensitivity compared to a bdewvice. The presented device configuration has the
advantage of presenting the substrate materialhassensing surface, allowing the convenient
attachment of a sensitizing layer for bio-sensixgeeiments if required.
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