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In a series of seven chapters, this thesis describes a comprehensive study of thermal expansion behavior
of polyimide (PI) films, focusing on the relationships between steric structure and aggregation structure.

Chapter 1 provides background information on issues regarding mismatch of coefficient of thermal
expansion (CTE) between metal-inorganic material and polymeric materials in electronic devices. Also
provided are thermal expansion mechanism of polymeric materials.

In Chapter 2, the effect of the density on thermal expansion behavior of Pl were investigated by
preparing two semi-crystalline Pl films with different imidization conditions. Using thermal mechanical
analysis and optical interferometric measurements, this study clarified that the denser Pl film exhibited
small coefficient of volumetric thermal expansion (CVE) compared with another P1 film though it has same
chemical structure. Using far-IR spectroscopy and density functional theory (DFT) calculation, this study
also clarified that dense PI had different local conformation, such as coplanar dihedral angles of biphenyl
moiety in the main-chain.

Chapter 3 reports the effects of photo- and thermal-crosslinking on the CVE and aggregation structure of
PI films. After the thermal-crosslinking, PI film did not exhibited reduced CVE because ordered structure
was disordered after thermal-crosslinking. On the other hand, PI film exhibited smaller CVE than pristine
PI after photo-crosslinking because of dense molecular packing.

In Chapter 4, thermal expansion behaviors of four kinds of isomeric PI films were investigated. The Pl
films having restricted molecular mobility exhibited small CVE. Especially, this study clarified that
m-phenylene structure is effective to reduce CVE of Pl compared with p-phenylene structure.

In Chapter 5, colorless semi-aliphatic PI films exhibiting small CVE were developed by introducing
m-phenylene structure according to the result of Chapter 4.

In Chapter 6, CVEs of full-aromatic Pl and semi-fluoroaryl Pl films were compared to investigate the
effect of the strength of intermolecular interaction on thermal expansion behavior. Rigid semi-fluoroaryl PI
exhibited smaller CVE than full-aromatic PI, whereas flexible semi-fluoroaryl Pl exhibited large CVE.
Rigid fluoroaryl PI structure is effective to reduce CVE because of dense aggregation structure.

Chapter 7 provides summary of major findings in this study as well as suggestions for future perspectives
in this field.
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