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This thesis, entitled “Development of Thin-Film Electronics Based on Nanoscale Materials Transfer
Methods and Their Applications for Medical Devices,” is written in Japanese and composed of six chapters.

Chapter 1 describes the background of this research, including existing flexible electronics and fabrication
technologies of polymeric thin films and research trends in wearable and implantable devices. It also outlines
methods for treating cancer by delivering energy, such as heat and light, and claims the necessity of energy
delivery devices.

In Chapter 2, the overall structure of the thesis and an overview of each chapter are described.

In Chapter 3, I constructed a method for transferring inkjet-printed wiring made of gold nano-ink onto a
poly-D, L-lactic acid (PDLLA) thin film, which is one of the medical-use polymers. Specifically, it was found
that transferring Au wiring from polyimide film to PDLLA thin film was developed by strengthening the
interaction between PDLLA thin film and Au wiring rather than the interaction between polyimide film and Au
wiring. Using this method, printed wirings were mounted with excellent electrical conductivity on the PDLLA
thin film, which has poor heat resistance, by high-temperature firing. Furthermore, I developed a thin-film
heating device that generates heat using the induction heating principle and succeeded in operating the heating
device even on the surface of the liver lobes of beagle dogs, which have abundant blood flow.

In Chapter 4, 1 applied the printing and wiring transfer technology described in Chapter 3 to other
nanomaterials. Specifically, laser-induced graphene (LIG) and inkjet printing wiring made from Au nano-ink
were created using a CO» laser processing machine on the surface of a polyimide film. Then, these conductors
were transferred onto a PDLLA thin film to create a thin film-type heat-generating device. The heat generation
performance before and after transferring LIG to the PDLLA thin film was compared, and it was found that
high-efficiency heat generation was achieved by PDLLA penetrating the porous structure of LIG and
suppressing heat dissipation from the LIG surface.

In Chapter 5, I developed thin-film light-emitting devices that continuously emit weak light for long periods
to apply thin-film electronics to metronomic photodynamic therapy. Based on the light-emitting performance,
I succeeded in inducing localized cell death at the light irradiation site through in vitro and in vivo tests using
cancer cells and tumor-bearing model mice.

Chapter 6 discusses the overall significance of this research, which has achieved localized energy delivery
using various thin-film electronics and prospects.

To summarize the above, this thesis establishes nano-material transfer technology for polymer thin films,
an elemental technology for developing thin-film electronics. This technology also demonstrates the usefulness
of localized energy delivery in the medical field by creating devices for medical applications with heat-
generating and light-emitting functions.
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