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Abstract: p-Polarized infrared multiple angle incidence resolution spectrometry (p)MAIRS) were applied to semi-
aliphatic polyimide (PI) thin films formed on Si substrate (~80 nm-thick) to estimate their three dimensional
molecular orientation structures. pMAIRS enables to analyze not only in-plane (IP) but also out-of-plane (OP)
orientation using anisotropy in characteristic IR absorption bands. The orientational coefficients were estimated
for the main chain (Pc) and 5S-membered imide ring () for four kinds of PIs derived from an alicyclic dianhydride
(CBDA). The P; values estimated for 250 nm-thick films are very small for all the Pls, indicating that imide rings
are almost randomly oriented. In contrast, the estimated Pc values in the range of —0.16 ~ —0.26 indicate that the
PI main chains are preferentially oriented in the IP direction. For thinner PI films at ca. 80 nm, the orientations of
PI chains were more significant than the thicker films, which demonstrates that three-dimensional orientation of
PI chains is sensitive to film thickness. For the PI films imidized at 300°C, the orientations of main chains of
CBDA-DDM and CBDA-ODA are more isotropic than those imidized at 230°C. In contrast, the main chains of
CBDA-ETDA and CBDA-BAAB PIs are significantly oriented in the IP direction. Since the PIs containing bent
and flexible linkages have lower glass transition temperatures (7), their main chains undergo vigorous molecular
motion at higher temperatures close to 7, which causes relaxation of the IP orientations. These results agree well
with the in-plane/out-of-plane birefringence (An) of the PI films measured by spectroscopic ellipsometry.
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