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This thesis summarized the research on an electronics technology using
semiconductor composites comprising the conducting polymer nanofiber with the
feature of simple and low—cost device fabrication to realize post—silicon flexible
electronics.

In this study, I investigated a simple method for fabricating wearable devices
without complex processes, taking advantage of the high dispersion of conducting
polymer nanofibers in hydrophobic elastomers. By localizing the elastomeric phase
with dispersed conductive nanofibers through the phase separation, we actively
controlled the hierarchical electrical percolation and obtained the flexibility
derived from elastomers. We showed the possibility of a device with the multi-
percolation structure and the fine internal structure using the elastomer.

In chapter 1, I summarized the recent researches on the fabrication of flexible
semiconductors and flexible devices for post—silicon flexible electronics.

In chapter 2, 1 investigated a complementary device (an organic pn junction
diode) based on the composite film loaded with p—type (poly(3-hexylthiophene)
(P3HT)) and n-type (N,N -Dioctyl-3,4,9, 10-perylenedicarboximide (PTCDI-CS8))
nanofiber. The temperature dependence of the organic pn junctions was comparable
to that of silicon at room temperature. On the other hand, the rectifying property
of the diodes was lost with bending the organic pn junction diodes comprising
this composite film. So, the improvement in interfacial strength and matrix
toughness are needed.

In chapter 3, I investigated polymer nanofiber composite films based on
poly (styrene—-b-butadiene—-b—styrene) (SBS) with micro—phase separation structure
to improve the flexibility. The network of P3HT nanofibers was connected through
the SBS bulk matrix, which can be applied to sheet transistors. The effect of the
bending deformation on the FET performance, i.e., the drain current enhancement
by the gate voltage, was comparably small, so it was possible to fabricate flexible
devices using SBS films loaded with P3HT nanofibers.

In chapter 4, I investigated the critical phenomena of double percolation of
P3HT nanofibers loaded on polybutadiene (PB)/polyethylene glycol (PEG) blends.
The double percolation of the PB phase into the composite bulk and P3HT nanofibers
into the PB phase was confirmed in the macro—phase separation system. I could
clarify the critical phenomenon of double percolation, which has not been clearly
explained, by investigating the system of uniformly dispersed polymeric
nanofibers.

In chapter 5, I investigated the relationship between structural parameters and
mechanical properties using a 3D printer. In addition, the effect of the haptic
perception of the device during mounting on the load-displacement curves was
evaluated. Therefore, it was developed the method for manufacturing wearable
devices with controlled stiffness and shape using an optical 3D printer.




