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Harmonic Love wave devices for biosensing
applications

M.I. Newton, F. Martin, K. Melzak, E. Gizeli and
G. McHale

Simultaneous operation of a Love wave biosensor at the
fundamental frequency and third hanmonic, including the
optimisation of 1DT mciallisation  thickness, has  bxn
investigated. Data is presented showing a sequence of depositon
and removal of a model mass layer of palmitoyl-oleoyl-sn-
glycerophosphocholine (POPC) vesicles while frequency hepping
between 110 and 330MHz

Introduction: A Love wave is produced in a surface skimming bulk
wave (SSBW) device when an insulating overlayer with an acous-
tic shear velocity less than that in the bulk is deposited over the
propagation path {l]. The overlayer has the elfect of confin'ng
cnergy to the surface and hence acting as a guiding layer. The use
of Love wave devices for biosensing applications was first reporied
in 1992 [2) and has since atiracted much attention [3 ~ 7). The sur-
face mass sensitivity of acoustic wave devices Is known to increase
with frequency [3]. However, for liquid sensing apphications only a
thin layer of Muid, called the penetration depth, above the sensar
is probed [4]. This penetration depib, 8, reduces as the frequency
increases according to & = (2n/pw)’S where o is the angular fre-
quency, T is the viscosity and p the density of the fluid. When bio-
logical materials such as a vesicle layer are deposited, they may
initially be atlached to the mass sensitive surface as a series of
spheres, in our case of diameter 50nm, which then can be opened
out to form @ monolayer or bilayer. The biological mass Jayer
within the penetration depth thus changes and an acoustic sigal
response 15 observed {E]. Here we present data showing a Love
wave device operated in a frequency hopping mode utilising both
the fundamental and third hatmonic during a blosensing experi-
ment.

Experiment: In this work we have used a split-finger (double-dou-
ble) interdigital transducer (IDT) design which, for Rayleigh wave
devices, is known to resonate with equal strength at both the fun-
damental frequency and third harmenic. Devices were fabricated
on ST-cut quartz with propagation orthogonal to the crystaltine X
direction, wlhich is known to support a SSBW, and designed for
operation at a fundamental frequency of 110MHz. Fach IDT was
of length 40A and aperture 65 where the wavelength A = 454
finger widths were 6.75pm and spacings were 4,5pm. The path
fength was 7inm and the guiding layer consisted of Novolac phe-
toresist dissolved between 5 and 20% (w/v) in 2-ethyoxyethylace-
tate (2-EEA) and spin coaled at 4000 rpm for 40s; after
deposition the films were cross linked by baking in an oven ut
200°C for 2h. Prior to the biosensing experiment these layers were
made hydrophilic by treatment with a sol-gel derived silica coat-
ing. Hydrochlorie acid was used 10 accelerate and polymerise a si-
ica solution. The gel was then placed on the Novolac surface for
I1min and washed off with delonised water. A flow cell configura-
tion was used for the biosensing experiments. A silicone gasket
was used to isolate the surface acoustic wave (SAW) path from the
IDTs and liquid was passed through the flow ceil at a rate of
0.083ml/min. The insertion loss of the device was continually
monitored using a Hewlett-Packard 4195A network analyser with
markers set at the fundamental frequency and third harmonic,
effectively hopping between each frequency during the experiment.
The experimental sequence consisted of initially a buffer solution,

phosphate buffered saline (PBS), which was then followed by dep-
osition of 0.2mg/m} of vesicles of palmitoyl-oleoyl-sn-glycerophos-
phocholine (POPC) in PBS. The vesicle layer was then removed by
a detergent, t-octyl-phenoxypolyethoxyethanol (Triton) at 0.1%
(w/v) in PBS, followed by another sequence of POPC deposition
and removal. -
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Resuits and discussion: To operate a Love wave device at harmonic
frequencies, both the 1IDT metallisation thickness and guiding
layer thickness must be optimised. Fig. 1 shows the effect of IDT
metallisation thickness on the insertion loss at both the fundamen-
wal and third harmonic. Previous work [9] has shown that the met-
allisation thickness of the grating is a critical parameter for surface
transverse wave (STW) filter operation on this substrate with the
third harmonic diminishing with increasing thickness, Our daia
confirms that is also the case for the IDT thickness for our
uncoated SSBW device. All devices used a gold capping layer of
{2nm with a Ti underlayer varied between 20 to 80nm; from the
data in Fig. 1, an IDT metallisation thickness of 52nm was cho-
sen for all subsequent experiments. The effect of the Love wave
guiding layer thickness was also investigated and the optimum
value for observing the third harmenic while still retaining a sig-
nificant fundamental was found to be obtained with 10% Novolac
in 2-EEA. Fig. 2 shows the change in insertion loss as a function
of time for a typical biosensing experiment. The mass sensitivity is
known to increase with operating frequency and this is shown ina
factor of five greater change in insertion loss for the harmonic
(332.325MHz) than the fundamental (110.925MHz). The rise to
the initial insertion loss after the detergent treatment suggests that
the POPC is fully removed by the Triton. The greater attznuation
obtained during the first POPC deposition is consistent with previ-
ously published data [8).
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Conclusion: We have dernonstrated the possibility of frequency
hopping between the fundamental frequency and third harmonic
of a Love wave device during the deposition and removal of a bic-
logical mass layer. The optimum interdigital transducer metallisa-
tion and guiding layer thickness for simultancous operation at
these frequencies has been investigated.
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Temperature retrieval algorithm for brain
temperature monitoring using microwave
brightness temperatures

G.M.J. Van Leeuwen, J.W, Hand, J.B. ¥an de Kamer
and S. Mizushina :

A solution to the inverse problem of retrieving temperature from
a set of microwave hrightness temperatures together with a priori
information regarding weighting functions and heat transfer
within the infant head is introduced. The method offers the basis
for non-nvasive temperature monitoring  appreprate  for
hypothermal neural rescue therapy.

Introduction: Cooling of the brain after asphyxia at birth reduces
the devetopment of brain damage [1}. Clinical trials investigating
the efficacy of brain cooling require that temperatures in the deep
brain can be monitored. We are developing a microwave radiome-
try (MWR) system with five frequency bands for the non-invasive
and prolonged monitoring of deep brain temperature 12]. Here we
report an improved method for retricving tissue temperatures from
MWR measurements, and examine how uncertainties in measured
brightness temperatures and in the data used in the analysis affect
the retrieved temperatures,
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Microwave radiometry: The measured brightness temperature in
MWR is defined by the tissue's thermal radiation and is, accord-
ing to the Rayleigh-Jeans law, proportional to the absolute tem-
perature;

= Pi = A T
Toi = TaF = j j [ worew

where P; is the thermal power received by the radiometer’s
antenna in a bandwidth Af; centred around frequency f, and X is
Boltzmann’s constant. The rightmost ferm involves integration
over the antenna’s field of view (afv) of the product of absolute
temperature 7" and the radiometric weighting function 1V The fre-
guency dependence of I¥; allows extraction of the temperature-
depth profile in the tissue from a set of measurements made at dif-
ferent frequencies.

The radiometer antenna is a ceramic loaded open-ended rectan-
gular waveguide, A thin water bolus between the antenna and the
baby's head ensures predictable coupling. -Each of five receivers,
with central frequencies 1.2, 1.65, 2.3, 3.0, apd 3.6GHz and
0.4GHz bandwidth, contains a reference noise source that is tem-
perature controlled so as to ‘balance’ the thermal noise radiation
[rom the antenna. When this condition is met, the brightness tem-
perature of the tissues under observation is equal to that of the
reference noise source {3]. For our system, which uses integration
times of 4 or 33, we have calculated the total uncertainty in the
mieasurement of the brightness temperatures 1o range between
E0mK for the 1.2GHz-centred band and 65K for the 3.6GHz-
centred band,

Modeliing: To calculate brightness temperatures, the weighting
functions and temperature distributionr must be determined. Elec-
tromagnatic and thermal computations were carried out using a
AD anatomically realistic model of an infant head. The radiomet-
re weighting function was found using (he reciprocity theorem by
caleuluting the normalised power absorption rate distribution
when the antenna was operating as a source rather than as a
receiver:

I') — (1/‘3)51“31(1)[2 ()}
JI1, (12|} PV

where E; is the electric field intensity induced by the antenna and
G; is the tissue conductivity. The FDTD method with retarded
time absorbing boundary conditions [4] was used to calculate the
E-field distributions. Excitation of the antenna was modelted by
prescribing E-ficld values for all vosels in the respective probe
plane of the waveguide antenna. Temperature distributions within
our infant head model were calculated using the heatsink
approach [5] and were validated by comparison with those derived
using a model that accounted for the effects of discrete vasculature
[6). The base set of thermal boundary conditions represented a
cooling cap at 16°C and body core temperature maintained at
34°C.

i

Temperature retrieval: The inverse problem of finding the best esti-
mate for the temperature distribution requires parameterisation of
the 3D temperature distiibution. In view of the long computation
time necessary to calculate a temperature distribution, varying a
parameter in the thermal model is not an option for real-time tem-
perature retrieval. Instead, we use pre-caleulated distributions 7,
T‘v, s

Tretrin-cd(l‘) =Te+nm (371(1')) + P2 (5T2(f)) +-- (3)

‘where T, is the cooling cap temperature, AT; = T{r) — T;, and the

p{T) are polynomial functions, the coeflicients of which are the
parameters to be determined. The parameters can now be taken
outside of the volume integral in eqn. 1, which allows the volums
integration of the product of weighting function and temperature
to be performed before measurements start. For example, two pre-
calculated temperature distributions can be used with dirpension-
less parameters @, and a, which scale the distributions:

Tretrieved (riﬂl f (12) = To + a1 AT] (I‘) + GQATQ(I') (4)
The numerical brightness temperatures can then be written as

Tp,i(a1.a2) = Totas fffﬂTllP'de-Pf/ ATWidV

(5)
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