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Development of Millimeter-Stroke Electrothermal Kirigami Microscanner

for Optical Biopsy

An endoscopic in vivo diagnosis using optical biopsy technique is in high demand for clinical
applications. Optical biopsy is an endoscopic optical sensing technique that enables the optical in
vivo observation of lesions without tissue sample removal. From the viewpoint of clinical
applications requiring high accuracy, motion artifacts due to natural organ motilities need to be
eliminated. The motilities arise from gastric digestion, beating of the heart, and
respiration/expiration. Although these motilities are slow, the displacement in the optical axis
typically occurs in the millimeter range. In this study, millimeter-stroke electrothermal kirigami
microscanner—a key component of focus tracking system for artifacts reduction—is developed.

Chapter 1 summarizes the background and conventional optical biopsy techniques.

Chapter 2 describes the focus tracking system for reduction of motion artifacts. The feasibility
tests using a phantom as a measurement target show that the focus tracking system is capable of
suppressing motion artifacts in both of laser doppler blood flow sensing and fluorescence lifetime
sensing.

Chapter 3 describes the design concept of the millimeter-stroke electrothermal kirigami
microscanner. Inspired by the kirigami concept in which a plane paper is transformed into
out-of-plane architecture by cutting and folding, a single-step electrothermally-actuated kirigami
film structure is designed by finite element analysis considering the thermophysical properties of
films. The freestanding single-step electrothermal kirigami scanner with high fill factor is
completely fabricated by careful stress control in the microfabrication processes.

Chapter 4 describes the design, fabrication and evaluation of the millimeter-stroke
electrothermal kirigami microscanner. The circular pyramidal kirigami structure with no bulk
support components is designed for millimeter actuation with low driving power. The circular
pyramidal kirigami microscanner on a small footprint is fabricated by microelectromechanical
system processes. The fabricated microscanner can achieve a millimeter-stroke microlens elevation
with low power consumption. Furthermore, the thermomechanical behaviors of the fabricated
microscanner are experimentally investigated using the lumped element model. From these
evaluation results, the heat transport morphology of the microscanner is clarified, and the validity
of the millimeter-stroke electrothermal kirigami microscanner for the focus tracking system is
confirmed.

Chapter 5 summarizes the conclusion of this study and future perspectives.




