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ABSTRACT

Bond rupture is an experimental methodology that is used to augment a conventional
mass balance biosensor. A good point-of-care biosensor is fast, reliable, simple, cost-effective,
and detects low concentrations of the target analyte. Biosensor development is a
multidisciplinary field and bond rupture testing is of technical interest to many groups. The
Bond rupture methodology endows a mass probe with the ability to discern bond strength.
The recognition of specific bonds by mass loading is separated from erroneous non-specific
binding by a probe of the force between the analyte and the transducer. Bond rupture is
achieved by acoustic excitation of the point of attachment. The force is incremented gradually
until rupture occurs.

The advancement of bond rupture biosensors beyond the lab requires improved
understanding of the mechanisms of bond rupture by base excitation, the transducers, and the
supporting hardware. Bond rupture has traditionally been used in conjunction with the Quartz
Crystal Microbalance (QCM). There exists, however, a variety of sensors and transducers to
which the bond rupture methodology could be applied. The time, cost and experience required
for comprehensive investigation of all avenues is prohibitive.

To further the development of bond rupture characteristic experiments are designed and
carried out on the QCM platform. Numerical simulations are constructed which model the
current bond rupture approach. This work is limited to the simulation of bond rupture by base
excitation. From the results of the experimental investigation a number of improvements to
the bond rupture technique are proposed. Improvements are tested by simulation and the
Surface Acoustic Wave (SAW) device is selected to advance the bond rupture craft. A
prototype SAW bond rupture device is designed. The prototype device is manufactured and
tested, confirming the principle of SAW bond rupture.

Future work is required to progress the SAW bond rupture methodology before possible
integration with other sensor systems. Because of this work, and the evaluation of the SAW

bond rupture prototype, much is learned about the advancement of SAW device bond rupture.
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NOMENCLATURE
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-~ = m o

fo

Area

Acoustic Amplitude

Acoustic Susceptance

Shear stiffness coeficients

Capacitance

Parallel capacitance of BVD equivalent circuit
Motional capacitance of BVD equivalent circuit
Sensitivity of QCM to mass change
Sensitivity of SAW device to changes in mass
Dissipation, the reciprocal of Quality
Piezoelectric coefficients

Piezoelectric Constant

Energy

Young’'s Modulus

Body forces on a fluid

Frequency

Centre frequency if SAW device
Piezoelectric voltage coefficient

Shear Modulus (Modulus of Rigidity)
Radiation Conductance

Layer thickness

Guide layer thickness

Quartz thickness

Substrate thickness

Time transfer function

Frequency transfer function

Current

Insertion Loss

Electromechanical coupling factor
Length of IDT

Inductance

Motional inductance of BVD equivalent circuit

Mass



M

N =T O OO

Number of finger pairs in IDT transducer

Frequency Noise

Pressure

Probability as a function of time
Quality Factor

Quartz Crystal Microbalance
Radius or radial distance

Resistance

Motional resistance of BVD equivalent circuit

Sensitivity
Surface Acoustic Wave
Time

Temperature Coefficient of Delay

Temperature Coefficient of Frequency

Displacement

Poissons Ratio

Velocity

Flow velocity

Shear Velocity

Phase velocity of substrate
Surface Acoustic Wave velocity
Voltage

Driving voltage

IDT finger Width

Work of Adhesion (J)
Impedance

Thermal expansion coefficient
Angular Acceleration
Dielectric Constant

Angular displacement

SAW wavelength

Dynamic Viscosity

Density

Time constant for exponential decay



T SAW delay time

v Kinematic Viscosity (1/p)
w Angular frequency
Wy Centre frequency if SAW device, angular frequency
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