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Process Resolution of Conductive Polymer Micro-Nano 3D Printing

Katsumi Yamada*!, Saki Akimoto™?

, Yuri Magori™

For the obtained polypyrrole (PPy) line-shaped deposition in the Nafion sheet, the line width
(w) on the surface view and the height (h) on the cross sectional view were measured from the optical
microscope image, the aspect ratios (h/w) were calculated to evaluate the process resolution in the 3D
printing system. The aspect ratio was improved obviously by using a lower repetition rate of the

pulse laser.

Our experimental results suggested that the non-radiative deactivation process (heat

generation) took place accompanying the oxidative deactivation in the photo-fabrication by a higher

repetition rate such as 8 MHz.

The total process resolution of this system at 8 MHz would be lowered
by the thermal polymerization around the focused laser spot.

The evaluation of the process

resolution under 500 nm could be realized by the observation of the cross section with field emission

scanning electron microscopy (FE-SEM).
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Fig.1 Setup for illumination and chemical structure of polypyrrole.
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Fig.2 Design of 3D structures (a), surface optical view (b : Dry
objective, ¢ : Water immersion objective) of PPy depositions in the

transparent polymer sheet.

Fig.3 Cross sectional optical view (a : Dry objective, b : Water
immersion objective) of PPy depositions in the transparent polymer

sheet.

Table 1 Laser illumination conditions.

Repetition Typical . Pulse
Wait(s)
Rate(KHz) Power(mW) Interval(ps)
10 0.025 8 100
800 2 0.1 1.25
8000 20 0.01 0.125
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Fig.4 Relationships between laser power and dimensions of the PPy
line deposition. The PPy line depositions were formed by the pulse

laser illumination with the repetition rate of 8 MHz (a) and10 KHz
(®).
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Fig.5 Design of 3D structures (a), surface optical view (b), and cross
sectional FE-SEM views of PPy depositions in the transparent

polymer sheet (c) (d).
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Fig.6 Relationships between laser power and line width of the PPy
line deposition. The PPy line depositions were formed by the pulse

laser illumination with the repetition rate of 800 KHz (a) and § MHz
(b).



