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Recent years, printing processes are extensively developed for the industrial fabrication of
flexible electronics using high-throughput roll-to-roll schemes. However, conventional printing
processes must use inks including toxic solvents. Toxic solvents and their vapor evaporated
during drying the ink have high environmental load and also result in additional industrial
cost for solvent recovery and neutralization. For example, volatile organic compound (VOC)
problem around large city is not resolved for a long time. VOC problem is hard to resolve because
each origin of VOC emission is very small plant, factory, printing office, or construction site
and so on, and is dispersed. However, the sum of them are not negligible for atmosphere around
the cities because VOC causes photochemical smog.

In this research work, we presented a solvent-free printing that uses solvent—free patterning
of organic toner and subsequent solvent-free direct melting of organic semiconductor toner by
thermal lamination or ultrasonic welding for the continuous fabrication of organic field-effect
transistors, which is expected to be applicable to industrial roll-to-roll processes and provide
high throughput production.

By using our organic semiconductor toner, we carried out the patterning of the organic toner
on flexible film substrates by transferring electrically charged organic semiconductor toner
particles by application of static electric field, and made thin film of organic semiconductor by
the thermal laminator. Present maximum field effect carrier mobility is 0.3 cm? Vs, and we have
confirmed that the transistor is stable under inward and outward bending, and during repetitious
bending under the bending radius of 1 mm for 10,000 times. Thin film fabrication by ultrasonic
welding is also developed by this research work. Although ultrasonic welding is supposed as an
intermittent process, we produced cylindrical heat stage for the continuous ultrasonic welding,

which will lead to application of Roll-to-Roll ultrasonic welding.
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