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Recently, microsystem technology has become a focus of interest to many engineering
areas and particularly to the medical field. One of the most promising applications based on
microsystem technology in the medical field is minimal invasive therapy, which is increasingly
being used as treatment method. For instance, catheter-based interventional diagnosis and
therapy have become popular in current surgical procedures. Although many commercial
catheters are available today, they offer limited directional movement and exhibit a substantial
patience risk. The catheters also require specialized surgeons and additional equipment for
monitoring; for example, X-ray equipment and therapeutic agents. The limited activity and
controllability results in great pains and some damage to patients as well as fatigue to surgeons.
Therefore, new types of catheters capable of active movement with intelligent functions are in
demand. We have proposed a smart active catheter, which is capable of navigating along blood
vessels under remote control from outside. In addition, this system can also be used in variety
of other applications such as inspection and maintenance of machines in narrow and complex
spaces.

In the past few years, studies have been reported on the development of the smart catheter.
SMA is an attractive actuator for catheter because of its high power-to-weight ratio, simple
design, light weight, large displacement and requires only a current source to drive the material
compared to other microactuators such as piezoelectric, electrostatic and bimetallic
microactuators. A prototype active catheter previously presented by our group was fabricated
using micromachined silicon-glass links. But this catheter link fabrication and assembly were
extremely complex because the link was a 3-dimensional structure with metal patterns for
electrical interconnections to the three SMA actuators. Therefore, we found that Molding

Interconnect Device (MID) technology is useful to fabricate the links of the active catheter
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because small polymer structures which have conductive metal patterns can be made by mass
production using a molding technique. The MID technology has already been practically used
for IC sockets, connectors, and sensor packages. A prototype of the active catheter using MID
polymer links was proposed. By using polymer links, the active catheter was fabricated simply
with very high yield. However, a major problem in these two types of the active catheter
presented above is that too many lead wires are required for controlling the SMA actuators. The
total number of lead wires required is at least equal to the number of the SMA actuators used.
To minimize the number of lead wires in such microsystems, integrated circuits with
multiplexing function should be embedded.

This dissertation describes the result of an attempt to achieve a smart active catheter
using the micromachining technology. The contribution of this work is the development of
multi-link active catheter with integrated CMOS interface circuits for communication and
control (C&C IC) less than 2.0 mm of a diameter. The distributed micro SMA actuators were
used for multiple degrees of freedom movement. This active catheter has only three common
lead wires to interface with an outside controller. Any link can be addressed and each SMA
actuator is controlled by the C&C IC mounted on the link. The three lead wires are built-in the
C&C IC using CMOS-compatible polyimide-based process in order to reduce the size and
simplify the assembly work. By using SFc-based Si RIE (Reactive Ion Etching) and xenon
difluoride (XeF,) vapor-phase Si pulse etching, the C&C IC chips with flexible interconnect
leads are released from the wafer.

In the Chapter 2, the technologies used to fabricating the microsystems are mentioned in next
Chapter. In the Chapter 3, the current catheter system is reviewed and then the multiple links
active catheter with the C&C IC chips, including the microactuators, is described. Then bending
principle, model and design of the active catheter is presented in Chapter 4. Next, the interface
system for communication and control is described in Chapter 5. This is followed by
descriptions of the fabrication process and the assembly process of the smart active catheter,
including the results of process in Chapter 6. Then, the experiment and test results are described

in Chapter 7. Finally, the results of this work and its future prospect are discussed.
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