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INTRODUCTION
One of the requirements mandated for superior performance of modern electronic devices is improved reliability in the electrical properties of the materials utilized. The reliability of the final package depends upon the materials used, the manufacturing techniques and the interaction of the materials with the environment during and after processing [1]. Among the high-performance polymeric materials, polyimides (PIs) represent an optimal combination for many high-tech applications that require great mechanical strength, a resistance to high temperatures and low dielectric constant [2,3]. Especially, increment in the dielectric constant of the medium increases pulse propagation delay, allowing for slower machine time as well as inducing ‘cross talk’ or noise between signal lines. For these reasons, polyimides which have low dielectric constants are an interesting research subject matter in both academic and industrial fields. 

In this study, two monomers (PMDA and 6FDA) with different structures were prepared to obtain PMDA/6FDA-ODA copolymer. Then, the dielectric constants of PMDA/6FDA-ODA copolymer have been measured at 1kHz frequency by using a Film Dielectric Property Analyzer (Fluke Automated AC Capacitance Bridge controlled by IBM personal computer) at a room temperature.

EXPERIMENTAL 

In order to examine the effect of chemical and morphological structure on the dielectric properties of PMDA/6FDA-ODA copolymer, we have synthesized four poly(amic acid)s with different structures using two dianhydrides (PMDA:1,2,4,5-tetracarboxylic benzene dianhydride; 6FDA:2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride) and one diamine (ODA:4,4(-Diaminophenyl Ether) and prepared polyimide film samples. Then, PMDA/6FDA-ODA copolymers were prepared by thermal imidization by the following schedules: 80oC/180min, 150oC/30min, 230oC/30min, 300oC/30min, 400oC/90min with a ramping rate 2oC/min. After the thermal imidization, the sample cooled at a rate of 1oC/min.

And four samples, 6FDA-ODA PI, PMDA-ODA PI and PMDA/6FDA-ODA copolymers(50:50, 30:70 wt.%, respectively) were prepared.
Measurements

In this experiment, a FDPA set up at Dept. of Chem. Eng. in Yonsei University was utilized in these measurements and a frequency of 1KHz was used to get the capacitance. The samples to be measured were obtained from capacitance measurements on 3mm diameter parallel-plate capacitors. The films were fully dried to remove residual water. 
A polarized He-Ne laser ((=632.8nm) and a high refractive index prism coupled with polyimide thin films coated on glass substrates were utilized. The incidence angle pertaining to the reflected M-lines were measured for TE and TM modes, respectively. A programmed computer is used to calculate the refractive indices and the thickness of the films precisely.

Wide-angle X-ray diffraction (WAXD) patterns were obtained for the polyimide thin film specimens by a Rigku Horizontal X-ray Diffractameter (RINT 2100 Series). The CuK( radiation source was operated at 40 kV and 40 mA. WAXD measurements were performed in reflection geometry. All measurements were carried out in θ/2θmode. 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
PMDA/6FDA-ODA copolyimides were successfully synthesized with four composition (100:0, 50:50, 30:70, 0:100). Table 1 shows refractive indices of these copolymers and dielectric constants which were measured by optical method were calculated by these indices. Dielectric constants with optical method varies from 2.52~2.69 and dielectric constants with capacitance method varies 2.77~3.11(Table 2). The order in two methods is the same(6FDA-ODA < PMDA/6FDA-ODA(50:50) < PMDA/6FDA-ODA(30:70) < PMDA-ODA) and the difference between two methods is linear for the PMDA composition(Table 2, Figure 1). This difference comes from orientation polarization with low frequency (1kHz). Mean intermolecular distance (Out-of-Plane) of polyimides, which was measured by WAXD is summarized in Table 3, and is in the increasing order; PMDA-ODA < PMDA/6FDA-ODA(30:70) < PMDA/6FDA-ODA(50:50) < 6FDA-ODA (Figure 2). The packing order which is estimated by this result shows that the dielectric constants were highly affected by them. [4]  As the composition ratio of 6FDA increase, dielectric constants of PMDA/6FDA-ODA copolyimides decreased. The reason why dielectric constant of 6FDA-ODA is lower than that of PMDA-ODA is that polyimide interchain electronic interaction(charge transfer complex) by the steric hindrance which resulted from introducing bulky hexafluoro-isopropylidene group in imide linkage decreases. [5] Furthermore, the presence of bulky -CF3 in PMDA/6FDA-ODA copolymers reduces packing efficiency in polyimide chain and results in increasing in free volume, reducing dielectric constant.
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Table 1. Refractive indices of PMDA/6FDA-ODA copolymer

Polyimide 
nxy
nz

PMDA-ODA
1.7219
1.6390

PMDA/6FDA-ODA(50:50)
1.6364
1.6133

PMDA/6FDA-ODA (30:70)
1.6143
1.6029

6FDA-ODA
1.5963
1.5863

Table 2. Dielectric constants of PMDA/6FDA-ODA copolymers

Polyimide 
(z (=nz2)

(474.08THz)
(’
(1kHz)
(’-(z

PMDA-ODA
2.69
3.11
0.42

PMDA/6FDA-ODA(50:50)
2.60
2.93
0.33

PMDA/6FDA-ODA (30:70)
2.57
2.85
0.28

6FDA-ODA
2.52
2.77
0.25

Table 3. Mean Intermolecular Distance of PMDA/6FDA copolymer

Polyimide 
Mean Intermolecular Distance(Å)

Out-of-plane
2(

PMDA-ODA
4.80
18.46

PMDA/6FDA-ODA(50:50)
5.06
17.49

PMDA/6FDA-ODA (30:70)
5.21
17.01

6FDA-ODA
5.36
16.53
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Figure 2 Reflection X-ray diffraction patterns of PMDA/6FDA-ODA copolymides





Figure 1. Dielectric constants measured by capacitance and optical method
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