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 4,4(-ODA 폴리이미드 박막의 수분흡수에 따른 유전적 성질 
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INTRODUCTION 

 High temperature aromatic polyimides are widely used in the fabrication of microelectronic devices such as interdielectric, alpha-particle protecting, and passivation layers, owing to the relatively high thermal stability, high chemical resistance, and high mechanical toughness due to the aromatic ring and imide ring units on the chain backbone.[1,2] In recent years the application has been extended to use as interlayer dielectrics in integrated circuits and thin film multilayer electronic packaging. Although polyimides meet most of the materials requirements of microelectronics application, it is highly desirable to improve the electrical performance of these materials by reducing the dielectric constant.[3,4] Despite relatively high chemical resistance characteristics, polyimides still absorb water, causing reliability problems, such as degrade of dielectric properties, metal corrosion and mechanical failure at interface in devices. 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 this reason, water sorption phenomenon in high-performance polyimides is an interesting research subject matter in both academic and industrial fields. Several research groups have previously been studied diffusion and sorption of water in polyimide thin films.[5,6,7] In this study, The dielectric behavior in polyimide thin film via water soption was studied by capacitance method using FDPA(Film Dielectric property Analyzer). In addition, the water sorption behavior was investigated in detail by gravimetric method[6] using a Cahn microbalance. Relation ship between the degree of change in dielectric constants and the amount of water uptaked is analyzed depending on the chemical backbone structure in polyimide thin films. 

 THEORETICAL BACKGROUND 

CAPACITANCE METHOD
  The capacitance method[8,10] of evaluating water diffusion into polymers is based on the assumptions that : (i) the change in capacitance is due entirely to the diffusion of water into the film, (ii) the permittivity of the absorbed water is constant and equal to 80, and (iii) the swelling of the polymer film can be ignored. The method of calculating the water uptake of polyimide thin films is based on a modification of an original formula given by reference[9]. The application of this formula to polyimide thin films containing water requires the assumption that the distribution of water into the polyimide thin films is random and uniform.
 For small values of the equilibrium water uptake(((<<1) under these conditions, it is a simple matter of fact to show that:
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Where C0 is the extrapolated value of Ct for (t(0, (( is the equilibrium volume fraction of absorbed water and (Ct-C0)/(C(-C0) is the dimensionless film capacitance. The conclusion is drawn that all kinetic expressions in Mt/M( reported previously can be easily translated into dimensionless capacitance equations by using relationship 1. Furthermore, under the assumptions described above, the relationship between the capacitance and water diffusion, then:
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In deriving equation 2, the dielectric variation coefficient, Dd is assumed to be constant.

EXPERIMENTAL 

In order to examine the effect of moisture on the dielectric properties of Polyimide thin films, we have synthesized four different poly(amic acid) precursor solution; PMDA-4,4(ODA PAA, BTDA-4,4(ODA PAA, BPDA-4,4(ODA PAA, 6FDA-4,4(ODA PAA in N-Methyl-2-Pyrrolidone(NMP) and prepared polyimide film samples according to the method reported in references[1,2]. It is confirmed from DSC and infrared spectroscopy analysis that the poly(amic acid) was fully imidized after a thermal curing process up to 400 oC. The  thickness of the films was controlled in the range of  20~30 μm by operating the spinning speed of spin coator. The samples to be measured were cut into square pieces and gold-sputtered by vacuum sputtering device on both sides of them for electrodes. The films were dried in vacuum oven for several days to remove residual water. For the measurements, the samples were placed in the sample chamber where relative humidity was controlled to 100% at 25oC, which was connected to Capacitance Bridge.  The effect of moisture on dielectric properties of Polyimide thin films was measured in 100% R.H. at 25oC by in-situ monitoring as a function of time using a FDPA. Relation ship between the degree of change in dielectric constants and the amount of water uptaked for the polyimide films by absorbing water in spite of their difference of chemical structure is investigated by gravity method using cahn microbalance (resolution: 10-7g).
RESULTS AND DISCUSSION
 When the polyimide thin films were put into a water environment, the dielectric constants of all the polyimide films increase as the films absorbing water(Table 1). The dielectric variation behavior from water sorption was well fitted to the Fickian model. Dielectric behaviors are quite different from each other, strongly depending upon the chemical structure and morphological structure. And, kinetics of dielectric variation in polyimide thin films is closely related to the water diffusion kinetics and the amount of water uptake. The degree of dielectric variation by absorbing water varies from 0.49 to 1.01, and is in the increasing order: BPDA-4,4(ODA< 6FDA-4,4(ODA< BTDA-4,4(ODA < PMDA-4,4(ODA. The dielectric variation coefficients in films vary in the range of 1.25×10-10 cm2/sec to 6.01×10-10 cm2/sec, is in the increasing order(Table 2, Fig. 2,3): BTDA-4,4(ODA< BPDA-4,4(ODA < PMDA-4,4(ODA < 6FDA-4,4(ODA. Also though there exists difference between diffusion kinetics and dielectric kinetics, the degree of change in dielectric constants for the polyimide films by absorbing water is a nearly linear function of the amount of water uptake in spite of their difference of chemical structure(Fig. 1). 
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Table 1. Dielectric data according water sorption in the various backbone structure polyimide thin films at R.H.100%, 25 oC

Structure
((d
(dried)
((w
(water uptaked)
((w - ((d

Equilibrium Sorption(wt%)

PMDA-4,4(ODA
2.95
3.96
1.01
3.19

BPDA-4,4(ODA
3.10
3.59
0.49
1.43

BTDA-4,4(ODA
2.92
3.90
0.98
3.08

6FDA-4,4(ODA
2.78
3.51
0.73
2.31

Table 2. Comparison of dielectric variation and water diffusion coefficients at 25 oC and 100% R.H. in the various backbone structure polyimide thin films

Structure
Dielectric variation coefficient, Dd
(10-10(cm2/s)
Water diffusion coefficient, 

Dw
(10-10(cm2/s)

PMDA-4,4(ODA
6.01
19.5

BPDA-4,4(ODA
4.83
11.8

BTDA-4,4(ODA
1.25
21.4

6FDA-4,4(ODA
7.19
50.5
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Figure 1. Correlation between degree of dielectric constant variation and  


                amount of moisture uptaked
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Figure 3. Water sorption of Polyimide 


     thin films at 25 oC and 100% R.H.





Figure 2. Dielectric variation of Polyimide 


thin films at 25 oC and 100% R.H.
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