주쇄구조에 따른 4,4’-ODA 폴리이미드 박막의 유전 성질

오준석 ( 이춘근 ( 민경욱 ( 정현수 ( 조영일 ( 한학수

연세대학교 공과대학 화학공학과

Delectric Properties of 4,4’-ODA based Polyimide Thin Films 

according to Various Backbone Structure

Junseok Oh ( Choonkeun Lee ( Kyungwook Min ( Hyunsoo Chung ( Yungil Joe ( Haksoo Han

Department of Chemical Engineering, Yonsei University, Seoul, Korea

INTRODUCTION
High temperature aromatic polyimides are being used increasingly by the electronic circuit industry. As cited by Senturia, there are four primary applications in the area of microelectronics: (1) as fabrication aids such as photoresists, planarization layers, and ion implant masks; (2) as passivant overcoats and interlevel insulators; (3) as adhesives, and (4) as substrate components. In recent years the application has been extended to use as interlayer dielectrics in integrated circuits and thin film multilayer electronic packaging. Of utmost importance for the performance of a polyimide used for electronic applications is its electrical behavior.[1, 2] To be useful, particularly as a passivant or protective overcoat, the material must be an excellent insulator. The dielectric constant of commercially available polyimides presently used as state-of-the art materials for passivants and interlevel dielectrics ranges from approximately 2.8 to 4.0 (depending on frequency and moisture content). The lower limit of 2.8 is obtained on commercial fluoropolyimide film from DuPont. 

 St. Clair et al. mentioned the dielectric constant of the various backbone structure polyimides and interpreted the dielectric constants relate to the polyimide backbone structures which are effective as electrical insulators or as transmitter-receivers of electromagnetic energy.

 The dielectric behavior of a polymer is determined by the charge distribution and the statistical thermal motion of polar groups. It is therefore evident that the chemical structure should be the basic factor in the determination of the dielectric behavior. So polymers that have polar bonds in their chains would be expected ab initio to have high dielectric constants. This is, however, only a necessary condition. The reason for this lies in the molecular configuration and morphology of the polymer, which makes the effective dipole moment small for the repeating units, which behave rigidly during thermal motion.

 In this work, polyimides having each other symmetry and regularity were synthsized and thermally converted to the polyimide in thin films. The morphological structures and dielectric properties of polyimide films were characterized. The film dielectric properties were interpreted with considering of polyimide chemical structure and morphological structure. The dielectric properties of polyimide thin films were investigated by using prism coupler(optical method) and Film Dielectric Property Analyzer(capacitance method). The morphological structures in copolyimide thin films were also examined by Wide Angle X-ray Diffraction. 

EXPERIMENTAL
Materials

 The monomers used in this study were obtained from commercial sources(Aldrich co., Chriskev co. and T.C.I). These monomers were purified by using the vacuum sublimation. The structures of the monomers are presented in Figure 1. 

Sample preparation

 Poly(amic acid)(PAA) solutions were synthesized in N-methyl-2-pyrrolidinone (NMP) by stoichiometrically reacting 4,4’-Oxydianiline(4,4’-ODA) with various dianhydrides; 1,2,4,5-Benzene tetracarboxylic dianhydride (PMDA), 3,3’,4,4’-Biphenyltetracarboxylic dianhydiride (BTDA), 3,3’,4,4’-Oxydiphthalic dianhydride(ODPA), 4,4’-Hexafluoroisopropylidenediiphthalic dianhydride(6FDA). All the precursor solutions (PMDA-4,4’ODA PAA, BTDA-4,4’ODA PAA, ODPA-4,4’ODA PAA, 6FDA-4,4’ODA PAA) were coated on silicon substrates, followed by soft-baking at 80(C for 180min. The soft-baked precursor films were thermally imidized by the following schedules: 150(C/30min, 230(C/30min, 300(C/30min, and 400(C/90min with a ramping rate of 2.0(C/min. After the thermal imidization, the samples were cooled at a rate of 1.0(C/min. 

 Thickness of the imidized films were measured using a Surface Profiler(Tencor Instruments, P-10). These films were taken off from the substrates with the aid of the very diluted hydrofluoric acid solution.

Measurements

 The dielectric properties in polymers are most often studied by carrying out capacitance method and optical method. Dielectric measurements of the polyimides have been conducted at 1kHz using a Film Dielectric Property Analyzer(Fluke Automated AC Capacitance Bridge controlled by IBM personal computer) at room temperature. 

 Refractive indices of polyimide films were measured using prism coupler(Metricon company Model 2010) equipped with a He-Ne laser light source of 632.8nm wavelength. Measurement of refractive indices were carried out in transverse electric(TE) and transverse magnetic(TM) mode. Dielectric constants at an optical frequency of 474.08THz were estimated from the measured refractive indices using the Maxwell equation, ε=n2.[3,4]

 Wide-angle x-ray diffraction (WAXD) measurements were conducted at room temperature in reflection geometry using a X-ray Diffractometer (Rigaku, Model XRD:D/MAX) with a CuKα  radiation source operated at 40kV and 40mA. All measurements were carride out in θ/2θ mode. The 2θ scan data were collected at 0.02o intervals over the range of 3o-60o and the scan speed was 0.4o(2θ)/min. The measured WAXD profiles were corrected for background.

RESULTS AND DISCUSSION
 The degree of dielectric constants which were measured by capacitance method varies from 2.77 to 3.34, and is in the increasing order: 6FDA-4,4(ODA< PMDA-4,4(ODA< ODPA-4,4(ODA < BTDA-4,4(ODA. The degree of dielectric constants which were measured by optical method varies from 2.516 to 2.810, and the increasing order is the same as that of the capacitance method (Table 1). Mean intermolecular distance (Out-of-Plane) of polyimides, which was measured by WAXD is summarized in Table 2, and is in the increasing order: BTDA-4,4’ODA < ODPA-4,4’ODA < PMDA-4,4’ODA < 6FDA-4,4’ODA (Figure 2). The packing order which is estimated by this result shows that the packing order highly affects dielectric constant[5]. 

 Specially, comparing BTDA-4,4’ODA with ODPA-4,4’ODA, dielectirc constant in the optical method is almost same, but dielectric constant in the capacitance method is not. This result is estimated by dipole moment difference of carboxyl group and ether group.

 6FDA-4,4’ODA has very poor packing of polymer chains due to the weak molecular interaction and steric hidrance caused by –C(CF3)2 groups. So, dielectric constant of 6FDA-4,4’ODA is lower than other 4,4’ODA based polyimides. 

 For 4,4’ODA based polyimides, dielectric constants are affected by the morphological structure and chemical structure.  
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Table I. Optical Properties and Dielectric constants in the various backbone structure polyimide thin films 

Structure
nxy
nz
((xy
((z

(474.08THz)
((
(1kHz)

PMDA-4,4’ODA
1.7219
1.6390
2.96
2.686
3.11

BTDA-4,4’ODA
1.6922
1.6763
2.86
2.810
3.34

ODPA-4,4’ODA
1.6888
1.6753
2.85
2.807
3.19

6FDA-4,4’ODA
1.5963
1.5863
2.55
2.516
2.77
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Table II. Mean Intermolecular Distance in the various backbone structure polyimide thin films

Structure
Mean Intermolecular Distance(Å)

Out-of-Plane
2θ

PMDA-4,4’ODA
4.80
18.46

BTDA-4,4’ODA
4.53
19.58o

ODPA-4,4’ODA
4.65
19.06o

6FDA-4,4’ODA
5.35
16.53o
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Figure 1. Reflection X-ray diffraction patterns of polyimide thin films with various vackbone structure. 
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Figure 1. The structures of the monomers





Figure 2. Reflection X-ray diffraction patterns of polyimide thin films with various backbone structure.
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