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[Introduction] Polyimides (Pls) are widely used as the aIignmenia) PMDA-ODA (b) sSBPDA-PPD

layers in a liquid-crystal display. In such applicas, evaluating I N/@ \©+ .I.No O o
the degree of planar orientation of molecular chagnimportant °}§$f§o " N_©1_
issue. One of the most accessible techniques iptitpose is 1" 8 "
polarized Fourier-transformed infrared (FT-IR) aiption

spectroscopy; however absorption spectra for bataliel and Fig- 1 Chemical structures of (a) PMDA-ODA

perpendicular electric fields to the surface aguied and the and (b)sBPDA-PPD.
latter is difficult to obtain by usual transmissig@ometry. In this study, ;4

we combined a new FT-IR methqublarized multiple-angle incidence —ore c=c setching ofberzen | P

[—o4°C ring in diamine group

resolution spectroscopy (PMAIRS)! with a home-made heating system oos f[—120°c |

——146 °C  C=O stretching

C-N stretching
| in Pl segment

and investigated the evolution in the planar oegah of Pl thin films
during the thermal curing process.
[Experimental] Variable-temperature pMAIRS (VT-pMAIRS) were
conducted by JASCO FT/IR-6100 FT-IR with vacuum rabaer, a
rotating sample stage, and home-made heating sy&i@sed on sV
micro-ceramic heaters, to evaluate chain oriemtatiothe precursor [ OoP
films of the target PIsHig. 1) deposited on Si wafers during the thermal
curing process including solvent evaporation andization reaction.
[Results and Discussion] Typical IP (in-plane) and OP (out-of-plane)
spectra of PMDA-ODA are presentedhig. 2. The orientation order
parameters of poly(amic acid) precursor , PAA, Bhdegments were A
evaluated separately using absorption bands ofatio@=C stretching o ARG Ry W W
and C—-N stretching, respectively and the degremiofization,y, was 2000 1900 B T o 00 00 10
estimated from an invariantAg + Aop, of C—N stretching band._ Here Fig. 2 IP and OP spectra of PMDA-ODA
Ap andAgp are absorbance of the IP and OP spectra, reselgctiv obtained at each curing temperature by
The variations in uniaxial orientation order paréemeS, during VT-pMAIRS methot.
heating strongly depends on the chemical strucfline. temperature .
evolutions ofS values for these Pls are showrFig. 3. It is remarkable 0sk ®S (a) PMDA-ODA
that S of PAA segmentSsaa, became positive and increased during oz:f ® S, .?
heating, indicating perpendicular orientation, wi8lof Pl segmentSs,
decreased toward more planar orientation (neg&tizdue). On the other %
hand, in sBPDA-PPD, the values ofSas and S, decreased @ ! =
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simultaneously. These phenomena observed in VT-gA$Akan be Zz fum "
explained by the following models. For PMDA-basets, Pplanar o

orientations of the Pl segments spontaneously cedwrith eliminating 04

the perpendicularly oriented precursor PAA segmentsile those of 03 f (&) sBPDA-PPD

sBPDA-based Pl segments occurred by large biaxiadile stresses in 02
the film induced by volumetric contraction follovgrsolvent evaporation ,= °*f
and imidization reaction. Furthermore, the oriantatmechanisms in % ?'. cesuu,
these thin films (thickness 500 nm) were found to be significantlyw ]

-0:2 E tu,
different from those of the corresponding thicknfil (thickness > 500 5} " u
nm) because the lower fraction of residual soluethe thin film induced 04 b
. . . . 50 100 150 200 250 300 350 400
much smaller volumetric contraction during the ngrthan the thicker Temperature/°C

films. We demonstrated that VT pMAIRS is a powerfabl for the  Fig 3 Temperature dependence of
analysis of complex behavior in multi-componenntfiims involving Soan and S, values for (a)
morphological changes, chemical reactions, and ctde orientatiorfs PMDA-ODA and (b)sBPDA-PPD.
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