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Comparison of Poly „methylmethacrylate … and Novolak waveguide coatings
for an acoustic biosensor

Anne Rasmusson and Electra Gizelia)
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~Received 13 March 2001; accepted for publication 26 July 2001!

In order to optimize the geometry of the acoustic waveguide biosensor, the performance of the
device was assessed for two different guiding layers: a photeresist~Novolak! and a polymer
Poly~methylmethacrylate! ~PMMA! one. Initially, the effect of the thickness of each layer on the
insertion loss of the device and frequency of the wave was monitored. The 1.5 and 1.7mm Novolak
and PMMA, respectively, coated devices were used to monitor the binding of Immunoglobulin G to
the protein A activated device surface. Both devices were found to exhibit the same phase sensitivity
to protein deposition. However, Novolak waveguides showed a higher stability in contact with
water, making them more suitable for biosensing applications than PMMA waveguides. Finally, the
reproducibility of the Novolak-coated waveguide was studied during the formation of the polymer
layer, addition of buffer, and antibody binding. ©2001 American Institute of Physics.
@DOI: 10.1063/1.1405142#
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I. INTRODUCTION

The acoustic waveguide geometry comprises a sur
acoustic wave device, which supports a shear wave an
overlayed by a dielectric layer. If the shear velocity in t
overlayer is lower than that in the substrate, the wave
trapped at the substrate/overlayer interface giving rise t
guided wave known as the Love wave. The Love wave w
first reported in 1911;1 since then, the characteristics of bo
the wave and the waveguide have been analyzed theo
cally by many investigators.2–4

The first application of the Love acoustic wave device
a biosensor was reported in 1992.5 This work introduced a
novel waveguide geometry, which utilized a polymer ov
layer. During the last few years, a number of articles ha
appeared in literature covering both theoretical and exp
mental aspects of the Love wave biosensor.6–10 In these stud-
ies, the effect of the waveguide layer on the sensitivity of
device has been reported for silica and poly~methylmethacry-
late! ~PMMA! films. Silica is an elastic, relatively dense m
terial (r52.2 g cm23) with a high shear acoustic velocit
(VSiO2

53764 m s21).11 Amorphous films of silica were
formed on the whole active surface of the device by us
the chemical vapor deposition and sputtering technique.
fortunately, not only is silica evaporation quite laborious, b
the acoustic coupling is relatively ineffective unless ve
thick silica layers are applied~;6 mm!.12 This is because the
acoustic velocities of silica and quartz substrate are clo
matched (VQuartz54952 m s21!. A significant advantage o
silica layers, however, is that they exhibit low acoustic los
for frequencies in the MHz range due to the elastic a
amorphous nature of the material. Polymer overlayers
~PMMA! have been applied on the whole active surface
the device by using simpler techniques such as spin coa
Thin layers~;2 mm! of PMMA are sufficient to guide the

a!Author to whom all correspondence should be addressed; electronic
e.gizeli@biotech.cam.ac.uk
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Love wave due to the low shear acoustic velocity of t
polymer (VPMMA51100 m s21!.5,13 However, in practice, the
high sensitivity predicted by theory for the PMMA wave
guide device has never been achieved, mainly due to h
acoustic losses occurring inside the soft polymer.

In an attempt to investigate further the effect of the ov
layer, two polymers of different chemical structure and po
sibly mechanical properties were used as the guiding la
Novolak, a commercially available photoresist consisting
phenyl/formaldehyde groups, and PMMA. Different thic
nesses of Novolak and PMMA were deposited on the dev
surface and the efficiency of each waveguide was compa
by monitoring the frequency of the wave and insertion lo
of the device. To extend this work to biosensing applicatio
the sensitivity of the two polymer-coated devices was inv
tigated by monitoring the phase of the wave during the bi
ing of IgG to surface-bound protein A. Finally, research
sues such as the stability and reproducibility of t
waveguide devices were also addressed.

II. EXPERIMENTAL SECTION

A. Materials

Phosphate buffered saline tablets, pH 7.4~0.01 M phos-
phate, 2.7 mM potassium chloride, and 0.137 M sodi
chloride! and protein A, were purchased from Sigm
Medium-molecular weight PMMA and 2-ethoxyethyl aceta
were purchased from Aldrich. Novolak~or Novolac! was
purchased from Shipley. Monoclonal antibodies rais
against the hormone Estrone 3 glucaronide~anti-E3G IgG!
were obtained from Unilever Research, Colworth, UK.

B. Device and instrumentation

Acoustic wave devices were manufactured in t
Southampton Microelectronics Center. The piezoelec
crystal used was 0.5 mm thick singleY-cut ~42.5°!,
z-propagating quartz, and supported a surface skimming b
il:
1 © 2001 American Institute of Physics
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wave ~SSBW!. The interdigitated transducers~IDTs! com-
prised 10 nm chromium and 200 nm gold layer; 80 pairs
IDTs with a periodicity of 45mm were patterned by conven
tional photolithographic techniques. A Hewlett–Packa
4195A network analyzer was used to perform acoustic m
surements. To minimize interfering bulk wave reflections
standard adhesion tape was applied to the lower side o
device.

C. Deposition of the polymer overlayer

Different polymer concentrations were prepared by
luting the polymer in 2-ethoxyethyl acetate. Novolak~10, 20,
30, 40, 50, 60, 70% w/w! and PMMA~5, 10, 15, 20, 22, 25%
w/w! solutions were applied to the device surface and spr
by using a spin coater~Specialty Coating Systems P6700! at
4000 rpm for 40 s. The solvent was evaporated by hea
the polymer-coated devices in an oven at 190 °C for 2
The thickness of the waveguide layer was measured by u
a surface profilometer~Dektak!.

D. Gold deposition

A gold layer of 10 nm was deposited on top of the po
mer and between the IDTs. Gold was deposited by ther
evaporation at a pressure of 1026 mbar by using an Edward
~Auto 306! evaporator.

E. Protein A binding: IgG isotherm

Protein A was dissolved in phosphate buffer saline at
mg/ml and added to the freshly prepared gold-coated ac
tic devices. Different concentrations~1–200 mg/ml! of the
monoclonal antibody were added to the device surface
flow rate of 80ml s21, followed by a buffer rinse.

III. RESULTS AND DISCUSSION

Layers of different thicknesses of Novolak and PMM
were deposited on the surface of the device and the aco
signal was recorded before and after the deposition. T
parameters were measured: the resonant frequency and
tion loss. Figure 1 shows a typical transmission spectrum
the device, before and after coating it with polymer which
this case was 1.6mm of Novolak. Generally, the effect of th
polymer layer is~1! to decrease the insertion loss and~2!
decrease the frequency of the device at which maxim
power transmission is observed. The change in the freque
and insertion loss as a function of the overlayer thicknes
shown in Figs. 2 and 3, respectively, for the two polyme
Frequency drop is directly related to the decrease of the
locity of the propagating wave as the latter is converted fr
a SSBW to a Love wave. As the thickness~h! of the polymer
layer increases, the acoustic wave progressively transits f
the quartz substrate into the guiding layer and the velo
changes so that:VPolymer,(VLove)h,VQuartz. According to
Fig. 2, the velocity of the Love wave in the PMMA an
Novolak waveguides is very similar.

The positive change of the insertion loss observed in F
3 shows that, in both cases, more acoustic energy is trap
close to the upper surface of the device as the thicknes
Downloaded 18 Dec 2003 to 194.57.87.61. Redistribution subject to AI
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the overlayer increases. A small difference in the shape
this graph is observed for the two polymers: amplitu
change increases gradually with Novolak thickness whil
step change is observed with PMMA. The amplitude chan
in both waveguides becomes maximum around 1.5mm indi-
cating that at that thickness, an optimum trade off has b
achieved between energy trapping and losses due to the
nature of the polymer. In both cases, any further increas
the polymer thickness resulted in devices with an insert
loss much higher than that of the uncoated device~data not
shown!. These waveguides were unsuitable for sensing
plications. Based on Fig. 3, devices incorporating 1.5mm
and 1.7 mm of Novolak and PMMA layers, respectively
were used for any further experiments.

The sensitivity of the polymer-coated waveguide devic
was investigated by studying protein binding on the dev
surface. A thin layer of protein mass bound to the dev
surface will oscillate with the surface, which, in turn osc
lates as a result of the wave propagation. In order to perfo

FIG. 1. Transmission spectrum of the uncoated and 1.6mm Novolak-
waveguide device is shown.

FIG. 2. Frequency change as a function of the waveguide layer thickn
when Novolak and PMMA are used as waveguide layers is shown.
P license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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a biosensing experiment, a thin gold layer was deposited
the polymer surface between the IDTs, which was sub
quently exposed to 50mg/ml of protein A. Different concen-
trations of IgG were applied on the activated gold surfa
and the binding of the protein was recorded by following t
phase of the wave in real time. Figure 4 shows the ph
change as a function of the antibody concentration for
two devices. Phase change was measuredin situ after a re-
action time of 8 min, when, in all cases, equilibrium w
reached. Apparently, the binding of IgG to protein A follow
the expected pattern of a Langmuirian isotherm; for low I
concentrations~,50 mg ml21! a linear behavior betwee
concentration and phase change can be assumed. For h
IgG concentration, phase change approaches a satur
level. Figure 4 shows that within experimental error, no d
ference is observed between Novolak and PMM
waveguides indicating that the sensitivity of the two devic
to surface perturbations is similar.

In order to explore further whether there were any a
vantages in applying Novolak instead of PMMA, the stab
ity of the two devices in the presence of a liquid was co

FIG. 3. Amplitude change as a function of the waveguide layer thickn
when Novolak and PMMA are used as waveguide layers is shown.

FIG. 4. Detection of IgG binding to the protein A modified surface when
mm and 1.7mm of PMMA and Novolak, respectively, are used as a wa
guide layer is shown.
Downloaded 18 Dec 2003 to 194.57.87.61. Redistribution subject to AI
n
e-

e

se
e

her
ion
-

s

-
-
-

pared. Results showed that PMMA-coated devices exhib
a significant signal drift when in contact with liquid whil
Novolak-coated devices showed a good long-term stabi
This is probably due to swelling of the PMMA waveguid
layer following the absorption of water. In addition, it wa
found that gold adheres better to Novolak than PMMA
sulting in a more stable interface when the former wavegu
layer is used. Finally, further work revealed that Novol
exhibited higher chemical stability than PMMA. The latter
important in those experiments where organic solvents
applied.

As a final study, the reproducibility of the Novolak
coated waveguide biosensor was investigated during
coating of the polymer layer and performance of biosens
experiment. The spin coating of Novolak on 20 devices ga
a variation of 35% in the change of the insertion loss of
device. The poor reproducibility of this step is most probab
due to the presence of dust particles and bubbles in the p
mer solution which apparently affect the morphology a
guiding properties of the layer. The variation of the pha
change as a result of adding a buffer on the device sur
was found to be 25%, probably due to changes in the rou
ness and hydrophilicity of the surface. Finally, the reprod
ibility of the phase change observed during the addition
antibody was found to be 15%. The latter most proba
reflects changes in the surface properties of the surf
which affect protein binding.

IV. CONCLUSIONS

Waveguide devices comprising a photoresist~Novolak!
and a polymer~PMMA! guiding layer were compared. Th
frequency response as a function of the polymer thickn
suggests that the velocity of the Love wave is very similar
the Novolak- and PMMA-coated devices indicating that t
two materials exhibit similar mechanical properties. As a
sult, no significant difference was detected in the mass s
sitivity of the two biosensors during the phase detection
protein binding on the device surface. However, wavegu
devices comprising Novolak as a guiding layer were found
be superior for biosensing applications due to their h
chemical and long-term stability when in contact with a li
uid sample.
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