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On the other hand, polymer thin films have been SPORJES 350°C:PPD-350 - 350°C:MPD-350
reported to show different thermal expansion Fig. 1 Preparation method.and chemical
coefficients depending on the preparation structures of Pl films.
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conditions. In this study, Pl films with optically transparent
and colorless properties were prepared at different
imidization temperatures, and in addition to their
aggregation state and molecular chain orientation, local
mobility and free volume size were evaluated. The purpose
of this study is to elucidate the effects on thermal expansion
characteristics of the Pl films.
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Experimental and methods: Poly(amic acid) solutions of 3
6FDA/PPD and 6FDA/MPD derived from two kinds of ) Afg@'
diamines were spin-coated on Si substrates and thermally o@@ x x s x
100 150 200 250

imidized at different imidization temperatures of 250 to
350 °C to prepare PI thin films (Fig. 1). After Pl films were
peeled off from the substrates, heat treatment was 05 ‘ ‘ . [
performed at the final imidization temp. to remove residual —PPD-350s
stress. Out-of-plane thermal expansion coefficient (CTEL) o4} . - PPD-350i |
was measured by optical interferometry [1-3], and the in-
plane thermal expansion coefficient (CTE ;) was measured
by thermomechanical analysis (TMA). The free volume size
was measured by positron annihilation lifetime
measurement (PALS) at room temperature.

Fig.2 Variations of thermal expansion
behavior of PI films.
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Results and discussions: As the imidization temperature /
increased, the thermal expansion increased, even though O E— 25
the characteristic temperatures such as T; and Tg increased Times (ns)

(Fig. 2). This is because the T; and T was increased due to Fig.3 Variations of o-Ps lifetime

the enhanced structural rigidity with the high imidization distribution of Pl films.
temperatures. It was suggested that a decrease in volumetric thermal expansion was observed by
reducing the expansion of the free volume by enhanced deviations in free volumes between the
surface and the substrate-interface during imidization processes at lower imidization temperatures.
Reference [1] Z. Zhang, G. Lefever-Button, F.R. Powell, Int. J. Thermophys., 1998, 19, 905-916.

[2] S. Ando, K. Sekiguchi, M. Mizoroki, T. Okada, R. Ishige, Macromol. Chem. Phys., 2017, 1700354.

[3] T. Okada, R. Ishige, S. Ando, Polymer, 2018, 20, 386-395.

Effects of Final Curing Temperature on the Thermal Expansion Behaviors of Fluorinated Polyimide
Films

Megumi FUJITA?, Mari HARADA?, Ryohei ISHIGE?, Hideaki HAGIHARA?, and Shinji ANDO®. (:Dept. Chem.
Sci. Eng., Tokyo Institute of Technology, E4-5, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552, Japan).

18

Tsinghua-TokyoTech, Joint Student Workshop, Beijing (2019)





