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Abstract

Magnetic fields offer the prospect of transferring energy through the skin to power active
implantable devices for indefinite periods of time. Inductive power transfer is an
attractive technology for smart implantable devices to overcome limitations of batteries
and avoid the infection risk associated with direct electrical connections. This thesis
presents work addressing the problem of powering implantable devices for monitoring the

physiological status of laboratory mice.

Although the fundamental principles for transferring power inductively are very well
understood, there are many practical issues to be resolved when transferring power over a
variable air gap. A typical mouse is only 20 grams in body weight, and a key aspect to
miniaturising a telemetry system is the elimination of an internal battery. This
necessitates an inductive power link capable of continuously supplying power as the
mouse moves freely within the confines of its home cage. An inductive power link
involves a primary inductive coil outside the animal, and a secondary coil located inside
the animal. To accommodate the mouse application, the link must operate when the
secondary has an arbitrary orientation and location with respect to the primary. To solve
this problem, a planar winding structure is proposed that is placed under the cage of the
animal. Advantages of a planar structure over cage encompassing primary coil structures
include proximity to the animal, more uniform magnetic coupling and scalability to cover

different size cages.

Development of this system resulted in an analytical method of determining which one of
arbitrary number of independently located primary coils can transfer power to an
arbitrarily oriented pickup with the greatest efficiency. A consequence of the analysis was
the development of a method of optimising the primary and pickup structures in isolation
from each other. This method was developed for the arbitrary coupling problem but is
applicable to any loosely coupled inductive link — including those which utilise a

ferromagnetic pickup core.

The thesis concludes with the implementation and evaluation of a prototype inductive link
for powering an arbitrarily oriented implant. Results from the prototype are compared to
predictions based on the analyses developed. The agreement of results validates the
proposed methods and confirms that a planar winding structure is capable of continuously

powering an arbitrarily oriented implant.
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