
APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 21 19 NOVEMBER 2001

Down
Resonant conditions for Love wave guiding layer thickness
G. McHale, M. I. Newton,a) and F. Martin
Department of Chemistry and Physics, The Nottingham Trent University, Clifton Lane, Nottingham,
NG11 8NS, United Kingdom

E. Gizeli and K. A. Melzak
Institute of Biotechnology, University of Cambridge, Tennis Court Road, Cambridge, Cambridgeshire,
CB2 1QT, United Kingdom

~Received 29 March 2001; accepted for publication 17 September 2001!

In this work, we report an investigation of polymer overlayer thickness in a Love wave device
working at a fundamental frequency of 110 MHz and at the 330 MHz harmonic. At both
frequencies, we observe the initial reduction in insertion loss associated with a Love wave device.
Significantly, we also observe a series of resonant conditions as the layer thickness is further
increased. The separation of these resonances is attributed to an increase in thickness of half of the
acoustic wavelength in the polymer. ©2001 American Institute of Physics.
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ma ick-
A Love wave is a type of shear horizontally polarize
surface acoustic wave that can be produced in a sur
skimming bulk wave~SSBW! device when an overlayer with
an acoustic shear velocity less than that in the bulk is dep
ited over the propagation path.1 The overlayer has the effec
of confining energy to the surface and hence acting a
guiding layer producing a reduction in the insertion lo
compared to that of an uncoated SSBW device. The us
Love wave devices for biosensing applications was repo
in 19922 and has since attracted much attention.3–7 Several
reports have focused on establishing the optimum guid
layer thickness for sensing applications7,8 and have therefore
concentrated on determining the change in insertion loss
frequency as an overlayer is built up. The maximum sen
tivity has been reported as occurring for a thickness sligh
greater than that required for the minimum insertion lo
There have been no reports of the basic properties for
vices with substantially thicker guiding layers. In this wor
we report an investigation of the effect of overlayer thickne
on the insertion loss and shift in resonant frequency fo
Love wave device operated at a 110 MHz fundamental
quency and at the 330 MHz harmonic.

The SSBW devices used in our experiments consiste
a split-finger~double–double! interdigital transducer~IDT!
design. Devices were fabricated on ST-cut quartz with pro
gation orthogonal to the crystallineX direction, which is
known to support a SSBW, and designed for operation
fundamental frequency of 110 MHz. With an appropria
IDT metalization thickness, this split-finger design also re
nates at the third harmonic. Coating the SSBW device wit
suitable overlayer allows a Love wave to be excited at eit
the fundamental or third-harmonic frequency.9 Each IDT was
of length 40l and aperture 65l where the wavelengthl was
45 mm, the finger widths were 6.75mm and spacings were
4.5 mm. The path length was 7 mm and the guiding lay
deposited directly onto the quartz surface, consisted of s
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coated Shipley S1813 photoresist. After deposition the re
films were soft baked at 110 °C for 10 min; film thickness f
the layers were confirmed by measurements using a Ve
Dektak 3 Surface Analysis System. The insertion loss a
resonant frequency of the devices were measured usin
Agilent 8712ET network analyzer.

In Fig. 1 we show the insertion loss~squares! and reso-
nant frequency~triangles! as a function of overlayer thick
ness for operation at the fundamental frequency of 100 M
The Love wave guiding effect can clearly be seen with
initially improving insertion loss and a reducing frequency
operation with increasing overlayer thickness. The lowest
sertion loss, due to the guiding effect, occurs at around
mm. Beyond this overlayer thickness, the insertion loss
creases as previously reported in the literature. However,
frequency also continues to decrease with increasing o
layer thickness until at around 2.5mm a clear resonance i
observed corresponding to both a large frequency decr
and a substantial insertion loss. This pattern is further
peated in a periodic manner and we were able to obse
four clear minima in the insertion loss and frequency bef
the noise level became too large. The average overla
thickness between two successive minima was (

il:
FIG. 1. Insertion loss~squares! and resonant frequency~triangle! for a de-
vice operated at the fundamental frequency as a function of overlayer th
ness.
2 © 2001 American Institute of Physics
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Down
60.1)mm and the thickness for the first minima was (2
60.1)mm.

In Fig. 2, we show the insertion loss~squares! and fre-
quency~triangles! as a function of overlayer thickness for th
harmonic of the same device operated at 330 MHz. As
device is operating at three times the fundamental freque
the SSBW wavelength is one third that of the fundamen
Thus, assuming the acoustic speed in the overlayer is in
pendent of frequency, the acoustic wavelength in the o
layer will also be one third that occurring when the device
operated at the fundamental frequency. This is reflecte
Fig. 2 in the positions of the resonances and the initial Lo
peak, which now occurs for an overlayer thickness of
mm. The periodic pattern in the frequency shift is clea
observable with a period in the overlayer thickness of (
60.1)mm compared to that of (5.260.1)mm at the funda-
mental frequency. A series of related maxima and mini
can also be observed in the insertion loss although the e
shape is different to that observed at the fundamental.

The solution of the dispersion equation from Love wa
theory10 predicts a series of modes with the first Love wa
mode corresponding to a displacement with an antinod

FIG. 2. Insertion loss~squares! and resonant frequency~triangle! for a de-
vice operated at the third harmonic as a function of overlayer thicknes
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the top surface of the layer and a single node located in
substrate close to the interface with the overlayer. The n
higher order mode also has an antinode at the overlayer
face, but two nodes with one located within the layer and o
located in the substrate close to the interface with the ov
layer. Subsequent higher order modes introduce additio
nodes within the overlayer. Equating the period in our ov
layer thickness to one half of an acoustic wavelength gi
an estimated acoustic speed in the overlayer of (1
660) m/s and this is consistent with expectations from Lo
wave theory.

In conclusion, we have studied the effect of increas
the overlayer thickness on a SSBW device. A series of re
nance patterns have been observed in the insertion loss s
rated by a thickness consistent with a change of half
acoustic wavelength in the overlayer. This was observed
operation at both the fundamental frequency and harmo
for the same device.
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