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(54) Acoustic wave biosensor

(57) A liquid phase biosensing device is described in which electrodes 12 are formed on the surface of a piezoelectric
substrate 10. The electrodes eg of aluminium are photolithographically deposited and are elongate. A biosentive protein is
immobilised in a layer 14 on the surface of the device. A surface-skimming bulk acoustic wave 16 is generated by a signal
applied to the electrodes 12 and the wave interacts wth segments 14a, b, cof the layer 14. Immersion of the device into a
liquid containing an antigen causes a change of mass of the layer 14 and hence in the wave velocity.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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BIOSENSORS

This invention relates to biosensors and to devices incorporating such
sensors for detecting, for example, antibody-antigen binding
reactions. Autibodies are molecules which protect an organism from
disease and/or infection. When an organism is exposed to an
antigen, the organism creates antibodies which provide binding sites
whereto to bind and immobilise the antigen.

Many known antibodies exist and can be used to detect specific
antigens. Detection is effected of such antigens by providing the
appropriate antibody and determining whether such binding takes
place thus indicating the presence (or absence) of the antigen. For
example, an antibody may be provided on a surface of a support, the
support may be immersed in a liquid thought to contain an antigen,
and a physical characteristic of the surface and/or the support
monitored to determine if binding (indicative of the presence of the
antigen) has taken place. In such testing, the support may be a
piezo-electric crystal. Surface Acoustic Waves (SAW) have been used
to detect an antigen, by monitoring attenuation of the waves caused
by binding of the antigen to the antibody on the surface of the
support.

A paper describing such work is "The potential of the Bulk
Acoustic Wave Device as a Liquid-Phase Immunosensor” by Michael
Thompson et al; IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control,; Volume UFFC-34, No. 2, March 1987; at pages
127-135.



A problem with the devices described in the aforesaid paper is
that considerable penetration of the environment to be sensed by the
acoustical wave, occurs. If the environment is gaseous, the problem
is not unduly onerous. The preferred environment for such tests is a
liquid environment and the penetration causes considerable damping
and thereby reduces the sensitivity of the device.

Work has been effected by other researchers who have
considered Rayleigh Surface Acoustic Waves (SAW's), Bleustein-
Gulyaev (BG) waves and Surface Skimming Bulk Waves (SSBW's),
their means of propagation and their attenuation in liquid phase
environments. Two publications by Fabien Josse and Zack Shana
entitled "Analysis of shear horizontal surface waves at the boundary
between a piezoelectric crystal and a various fluid medium." (Journal
Acoustic Society of America 84(3), September 1988, Pgs. 978-984)
and "Effect of liquid relaxation time on SH surface waves liquid
sensors" (Journal Accoustic Society of America 85(4), April 1989, Pgs.
1566-1569) and a publication by Masatsune Yamaguchi, Ken-ya
Hashimoto, Yasuharu Nakajima and Hiroshi Kogo entitled "Surface
Skimming Bulk Wave and Bleustein-Gulyaev Wave on Rotated Y-cuts
of Quartz" published by the Department of Electrical Engineering,
Chiba University, Yayoi-cho, Chiba-shi, Japan 260 (some parts of
which were republished in "Electronics Letters (Vol. 17, No. 17,
pp 602-603, 1981) are indicative of the work of researchers in this
- field.

It is an object of the present invention to provide a biosensing

device, for use in a liquid phase environment.



According to the present invention there is provided a
biosensing device comprising a piezoelectric support having
electrodes on the surface thereof characterised in that the support is
a single crystal having the electrodes
photolithographically deposited on the surface as elongate regions of
metallisation transverse to the direction of propagation of a wave
along the surface of the support, the elongate metallised regions
having a width and spacing of the same order, and protein
immobilised on the surface of the support.

Advantageously, the electrodes have a width of between 1 and
40um preferably between 10 and 20um.

The regions of metallisation forming the electrodes may be
formed by the deposition of Chromium, on the surface of the support
and the vapour deposition of gold onto the Chromium, and
thereafter by etching to the desired pattern.

The electrodes may have a thickness of between 1000°A and
Sum, but preferably of the order of 20000A.

Mass loading of the surface may be effected by the formation
of a grating on the surface of the crystal, the grating being defined
by the electrodes and/or by additional metallic fingers and/or by
surface troughs interdigitated with the electrodes to form a grating.

A preferred embodiment of biosensor having an electrode
width and spacing each of the order of 11y on a crystal support
having a resonant frequency greater than 100MHz, when immersed
in a liquid phase test solution, produces a surface skimming bulk
acoustic wave having a liquid penetration less than 500°A. As stated

above, the provision of a metallised grating on the support surface,



reduces the penetration of the support and the superjacent liquid by
the surface skimming bulk acoustic wave.

The invention will be described further, by way of example,
with reference to the accompanying drawings, in which:-

Fig.l is a fragmentary diagrammatic view, to a greatly enlarged
scale, of the surface region of a biosensing device according to the
present invention;

Fig. 2 is a graph illustrating the relationship between operating
frequency and penetration depth of surface skimming bulk acoustic
wave motion into a supported protein (immobilised antibody) layer
and;

Fig. 3 is a plan view of the uncoated surface of a biosensing
device according to the invention.

Referring to the drawings, a single quartz crystal forms a
support 10 for the biosensing device. The crystal is cut on the ST
axis and the surface is polished. Electrodes 12 (diagrammatically
shown in Fig.1) are deposited on the surface parallel to the X axis of
the crystal. The electrodes 12 are formed by photolithographic
techniques (known per se) for example, deposition and subsequent
etching, and comprise parallel strips having a thickness of
approximately 200°A; a width of approximately 11y and a spacing of
approximately 20u. The electrodes may be formed by the initial
deposition of a layer of chromium. A layer of gold is then vapour
deposited on to the surface of the chromium. The electrode pattern
is then defined photolithographically using a resist and then etched.

Each chip 10 also includes a temperature sensing device 16

having leads 17 and contact pads 18. The final size of the biosensor
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is approximately 15mm x 10mm but it will be appreciated that a

plurality of such devices are formed simultaneously on a wafer of
the quartz, the individual chips being cut from the wafer at a later
stage of manufacture.

The electrodes 12 are brought out by connections 13 to contact
pads 15.

As shown in Fig.1, a layer 14, containing a bonding agent and
the desired antibody is coated on the surface of the support 10 over
the electrodes 12. The layer 14 is arranged to be very thin, e.g.
500°0A and preferably of the order of 100°A.

An A.C. signal of frequency, for example, 100 MHz, is applied to
the contact pads and causes the production of motion in the crystal
(diagrammatically illustrated in Fig.1) and the transmission of a
surface skimming bulk acoustic wave 16 along the surface of the
crystal transverse to the X axis (and to the electrodes). The layer 14
is deformed by the crystal motion as diagrammatically illustrated in
Fig. 1 by the shape of the segments 14a, 14b and 14c of the surface
protein layer 14. Immersion of the sensor in a liquid causes
damping of the wave motion. However, the damping is very much
reduced as compared with that of a conventional acoustic wave as
shown in the comparative table I below which indicates attenuation
in air and other media of a sensor according to the invention as

compared to a known lithium niobate sensor operating at a lower

frequency.



Surface Contact| (dB) (dB)
Medium Attenuation of SSBW! Attenuation of SAW?
Air negligible negligible
Water 0.1 20
PGlycerol 1.0 28
lue 33.0 -
Fafter drying)

1. 110 MHz ST Quartz - 20mm? coverage area.
5. 70MHz Lithium Niobate YZ - 2.4mm? coverage area.

Table 1.

The low attenuation of an SSBW produced by a sensor
according to the present invention, upon immersion in a liquid, is due
to the low penetration of the surface skimming bulk acoustic wave
into the liquid. Fig. 2 is a graph illustrating this and showing the
dependence of penetration on operating frequency. The sensitivity
of the biosensor of the present invention can be maximised by
operating at 'high frequencies (>100MHz) and utilising a thinly coated
protein layer 14 on the surface of the support 10.

Binding of an antigen from the liquid to the antibody in the
layer 14, is more readily detected, the thinner the layer 14 (the
lower the mass of the layer 14). The consequent relative change in
mass cancel by binding of an antigen to the layer 14 is much higher.

The caused in mass occasions a change in velocity and hence of



frequency of the wave. The change in frequency is detected and is
indicative of the presence of an antigen.

The invention is not confined to the precise details of the
foregoing example and variations may be made thereto. For
example, the penetration of the surface skimming bulk acoustic wave
into the crystal support 10 can be reduced by increasing the
effective mass loading of the surface of the support 10. The
electrode structure 12 (Figs 1 and 3) can be increased in mass by
narrowing the spacing and/or by the provision of additional
interdigitated metallisation and/or by the provision of troughs in the
surface of the crystal between the metallisation. The grating so
formed may have a spacing of the order of »/ where A is the
wavelength of the SSBW. Similarly, the thickness of the grating of
the metallisation or of the metallisation and ridge height (where
troughs are formed) is preferably less than */;99. The use of a
grating increases the surface propagation of the wave. The ideal
sensor is one in which all the energy of the wave is confined to the
protein layer 14, none being lost in the liquid or the crystal.
Maximum sensitivity to antigen binding would thereby be achieved.
The operating frequency of the device may be up to 500 MH2. The
electrode structure 12 may be formed of Aluminium.

In use, a biosensor coated with an antibody containing layer 14
and constructed in accordance with the present invention is
immersed in a liquid or has a spot of a liquid applied to the surface
of the layer 14. If the liquid contains an antigen which will bind
with the antibody of the layer 14, attenuation and consequent

frequency change of the applied signal occurs and the antigen is



-y

positively detected without any masking occurring due to excessive

attenuation of the wave energy by the liquid.
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CLAIMS

1. A biosensing device comprising a piezoelectric support having
electrodes on the surface thereof characterised in that the support is
a single crystal having the electrodes photolithographically deposited
on the surface thereof as elongate regions of metallisation transverse
to the direction of wave propagation, the elongate metallised regions
having their width and spacing of the same order, and a protein
immobilised on the surface of the support.

2. A device as claimed in claim 1 wherein the electrodes have a
width of 10 to 20um, preferably 1lpm.

3. A device as claimed in claim 1 or 2 wherein the elongate
metallised regions comprise Aluminium.

4. A device as claimed in claim 1 or 2 wherein the elongate
metallised regions comprise gold on chromium.

5. A device as claimed in claim 4 wherein the elongate metallised
regions comprise a layer of chromium on the crystal surface, a layer
of gold vapour deposited on the surface, and a pattern formed by
etching of the gold/chromium layer.

6. A device as claimed in claim 3, 4 or 5 wherein the electrodes
have a thickness between 1000°A and Sy m

7. A device as claimed in claim 3, 4 or 5 wherein the thickness of
the electrodes in 20000A.

8. A device as claimed in any preceding claim wherein the mass
loading of the surface of the crystal is increased by the formation of

a grating including of the elongate metallised regions.
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0. A device as claimed in claim 8 further including additional
metallic fingers interdigitated between the elongate regions of
metallisation.

10. A device as claimed in claim 8 or 9 further including troughs in
the surface of the crystal between the elongate regions of
metallisation. |

11. A biosensing device substantially as hereinbefore described
with reference to and as illustrated in Figs 1 and 3 of the
accompanying drawings.

12. A method of manufacturing a biosensing device comprising the
steps of cutting a crystal to form a Y-cut single crystal support,
polishing the surface thereof, depositing a layer of a metal on the
surface, applying a resist and photolithographically forming a
plurality of elongate regions in the metal layer to provide a pattern
of electrodes substantially parallel to the X axis of the crystal and
forming, on the surface of the crystal over the electrodes, a layer
including a protein.

13. A method of manufacturing a biosensing device substantially

as hereinbefore described.
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