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Effect of Film Thickness on Electrical Properties of Polyimide Thin Films
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Dielectric constant and conduction current of thin/ultrathin polyimides films on substrates with thick-

ness of 80~2000nm were measured by using a small electrode system. Polyimides used in this study were
poly (diphenylmethane-2, 3, 5-tricarboxycyclopentyl aceticimide, TCA-DDM) and poly (pyromellitic dianhy-
dride oxydianiline, PMDA-ODA). With decreasing film thickness, the dielectric constant decreased and the
leakage current increased. Using the IR reflection absorption spectroscopy, we found that the polyimide

chains were oriented parallel to the electrodes. The dependence of the dielectric constants on film thick-

ness was explained by the orientation of polymer chains.
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Table 1 Comparison of substrates used for electrical measurement of thin films.

Substrates Si Cu Au Pt As doped Si
Flatness O X A A O
Conductivity X O O O O
Accuracy of film thickness by ellipsometry O X A AN O

O : Good A :NotGood x:Bad
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Fig. 1 Chemical structure of TCA-DDM and PMDA-

ODA polyimides.
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Fig. 2 Diagram of measurement system of dielectric con-
stant for polymer thin films.
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Fig. 3 Dielectric constants of PMDA-ODA film on wa-

fers and that of free standing film.
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Fig. 4 Dependence of dielectric constant for TCA-DDM
films on frequency with thickness 78, 158, 441,
1098, 1826 and 2710nm at room temperature.
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Fig. 5 Infrared-absorption spectra (RAS) for TCA-DDM
films with thickness 78, 441 and 1826mnm.
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Fig. 6 Chemical structure and definition of direction of
TCA-DDM chain. The average configuration of
TCA unit was used when calculating the elec-
tronic polarizability of TCA-DDM unit.
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Fig. 7 Current-time relaxation for TCA-DDM films with
thickness 78, 158, 441, 1098, 1826 and 2710nm
at room temperature.
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Fig. 8 Current-electric field characteristics for TCA-DDM
films with thickness 158, 441, 1098, 1826 and
2710nm.
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