APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 21 19 NOVEMBER 2001

Resonant conditions for Love wave guiding layer thickness
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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. @001 American Institute of Physics.
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A Love wave is a type of shear horizontally polarized coated Shipley S1813 photoresist. After deposition the resist
surface acoustic wave that can be produced in a surfaddms were soft baked at 110 °C for 10 min; film thickness for
skimming bulk waveg SSBW device when an overlayer with the layers were confirmed by measurements using a Veeco
an acoustic shear velocity less than that in the bulk is depoddektak 3 Surface Analysis System. The insertion loss and
ited over the propagation patfithe overlayer has the effect resonant frequency of the devices were measured using an
of confining energy to the surface and hence acting as Agilent 8712ET network analyzer.
guiding layer producing a reduction in the insertion loss  In Fig. 1 we show the insertion logsquaresand reso-
compared to that of an uncoated SSBW device. The use dfant frequencytriangles as a function of overlayer thick-
Love wave devices for biosensing applications was reportefi€ss for operation at the fundamental frequency of 100 MHz.
in 1992 and has since attracted much attenflohSeveral The Love wave guiding effect can clearly be seen with an
reports have focused on establishing the optimum guidindpitially improving insertion loss and a reducing frequency of
layer thickness for sensing applicatiéfisnd have therefore Operation with increasing overlayer thickness. The lowest in-
concentrated on determining the change in insertion loss anggrtion loss, due to the guiding effect, occurs at around 1.5
frequency as an overlayer is built up. The maximum sensi#m. Beyond this overlayer thickness, the insertion loss in-
tivity has been reported as occurring for a thickness slightlycreases as previously reported in the literature. However, the
greater than that required for the minimum insertion lossfrequency also continues to decrease with increasing over-
There have been no reports of the basic properties for dd@yer thickness until at around 2/&m a clear resonance is
vices with substantially thicker guiding layers. In this work, 0Pserved corresponding to both a large frequency decrease
we report an investigation of the effect of overlayer thicknes"d @ substantial insertion loss. This pattern is further re-
on the insertion loss and shift in resonant frequency for #€at€d in a periodic manner and we were able to observe
Love wave device operated at a 110 MHz fundamental frefour clgar minima in the insertion loss and frequency before
quency and at the 330 MHz harmonic. thg noise level became too Iarge._ The average overlayer

The SSBW devices used in our experiments consisted dfickness between two successive minima was (5.2
a split-finger (double—doublg interdigital transducefIDT)

design. Devices were fabricated on ST-cut quartz with propa- 120 -5
gation orthogonal to the crystallin® direction, which is 110 J 15
known to support a SSBW, and designed for operation at a . ~
fundamental frequency of 110 MHz. With an appropriate gloo 12
IDT metalization thickness, this split-finger design also reso- < 04 135 g
nates at the third harmonic. Coating the SSBW device with a £ g0 {45 E
suitable overlayer allows a Love wave to be excited at either f.; 5
the fundamental or third-harmonic frequeridgach IDT was & 70 1 &
of length 40\ and aperture 66where the wavelength was 60 1 -65
45 um, the finger widths were 6.7am and spacings were 50 75
4.5 um. The path length was 7 mm and the guiding layer, 0 5 10 15

deposited directly onto the quartz surface, consisted of spin- overlayer thickness (um)

FIG. 1. Insertion losgsquaresand resonant frequendyriangle for a de-
dAuthor to whom all correspondence should be addressed; electronic maiice operated at the fundamental frequency as a function of overlayer thick-
michael.newton@ntu.ac.uk ness.
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the top surface of the layer and a single node located in the
110 substrate close to the interface with the overlayer. The next
= 120 & higher order mode also has an antinode at the overlayer sur-
E ‘:’ face, but two nodes with one located within the layer and one
g 130 8 located in the substrate close to the interface with the over-
g 5 layer. Subsequent higher order modes introduce additional
% 1 40 § nodes within the overlayer. Equating the period in our over-
& | 5 k= layer thickness to one half of an acoustic wavelength gives
an estimated acoustic speed in the overlayer of (1120
40 +60) m/s and this is consistent with expectations from Love
0 1 P 3 4 5 wave theory.
overlayer thickness (um) In conclusion, we have studied the effect of increasing

the overlayer thickness on a SSBW device. A series of reso-
nance patterns have been observed in the insertion loss sepa-
rated by a thickness consistent with a change of half an
acoustic wavelength in the overlayer. This was observed for
+0.1) um and the thickness for the first minima was (2.7 operation at both the fundamental frequency and harmonic
+0.1) um. for the same device.

In Fig. 2, we show the insertion logsquares and fre- ]
quency(triangles as a function of overlayer thickness forthe 1€ authors gratefully acknowledge the BBSRC for fi-
harmonic of the same device operated at 330 MHz. As th&@ncial supportresearch Grant No. 301/E1134and J. R.
device is operating at three times the fundamental frequencj/liddieton and J. Chauhan from the molecular-beam epitax-
the SSBW wavelength is one third that of the fundamentallty unit at Nottingham University for surface profile mea-
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pendeqt of frequency, t.he acoustic Wavelength in the_ OV,eHY. V. Gulyaev, IEEE Trans. Ultrason. Ferroelectr. Freq. Cordi®l 935
layer will also be one third that occurring when the device is (1998,
operated at the fundamental frequency. This is reflected irfE. Gizeli, A. C. Stevenson, N. J. Goddard, and C. R. Lowe, IEEE Trans.
Fig. 2 in the positions of the resonances and the initial Love,Y!rason. Ferroelectr. Freq. Conti8f, 657 (1992.

. . F. Hermann, D. Hahn, and S. Buttgenbach, Appl. Phys. L7tt.3410
peak, which now occurs for an overlayer thickness of 0.5 (1999.
um. The periodic pattern in the frequency shift is clearly 4B. Jacoby and M. J. Vellekoop, Sens. Actuator68\ 275 (1998,
observable with a period in the overlayer thickness of (1.75M0- \gvseésis,l\é\g Welsch, M. V. Schickfus, and S. Hunklinger, Anal. Chem.
+0.1) um compared to t.hat of (520.1) um .at the fund.a-. 6;.’Jacob§/ ang'M. J. Vellekoop, IEEE Trans. Ultrason. Ferroelectr. Freq.
mental frequency. A series of related maxima and minima conyol45, 1293(1998.
can also be observed in the insertion loss although the exact.. G. Harding and J. Du, Smart Mater. Stru6t.716 (1997.
shape is different to that observed at the fundamental. EE- Gizeli, Smart Mater. Struc6, 700(1997.

The solution of the dispersion equation from Love wave [Ae.ttll g'f";fg('z'go'\]")am”’ K. Melzak, E. Gizeli, and G. McHale, Electron.
theory”® predicts a series of modes with the first Love waveop p, Morgan Surface-wave Devices for Signal Processiitpevier, New
mode corresponding to a displacement with an antinode atYork, 199, p. 27.

FIG. 2. Insertion losgsquares and resonant frequendyriangle for a de-
vice operated at the third harmonic as a function of overlayer thickness.
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