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Watersorption에 의한 내열성 Polyimide 박막의 전기적 특성 변화

  김 동 원, 이 춘 근, 조 영 일, 한 학 수
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 Changes in Electrical Property of High Temperature Polyimide Thin Films 

due to Watersorption
Dongwon Kim, Choonkeun Lee, Yongil Joe, Haksoo Han

Dept. of Chemical Engineering, Yonsei University

INTRODUCTION
  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. To some degree, unfortunately, these polyimides interact with the environment, absorbing moisture that can alter their dielectric properties[1]. The nature of water absorbed into polymers has been studied in detail using Nuclear Magnetic Resonance(N.M.R.) and Differential Scanning Calorimetry(D.S.C)[2,3]. In this paper, however, the dielectric behavior of water absorbed into PIs was investigated in detail using Film Dielectric Property Analyzer(FDPA). In our laboratory, widely applied Polyimides with different precursor type were prepared. Then, the dielectric constant(((), dissipation factor(tan(), and dielectric loss factor(((() of these PIs were measured at a frequency(1kHz) as a function of time. Finally, the relationship between the dielectric constant and water diffusivity was investigated via the capacitance method
EXPERIMENTAL 


In order to examine the effect of moisture on the dielectric properties of Polyimide thin films, we have synthesized two different poly(amic dialkyl ester) precursor solution; PMDA-ODA PAE and PMDA-PDA PAE and two different poly(amic acid) precursor solution; PMDA-ODA PAA and PMDA-PDA PAA in N-Methyl-2-Pyrrolidone(NMP) and prepared polyimide film samples according to the method reported in references[4]. The prebaked samples were then placed in the curing oven at 80oC for 10 min and cured under flowing nitrogen by the following schedule: 150oC for 30 min, 230oC for 30 min, 300oC for 30 min, and 400oC for 60 min[4]. A FDPA(Film Dielectric Property Analyzer) set up at Dept. of Chem. Eng. in Yonsei University was utilized in these measurements and a frequency of 1KHz was used to take the capacitance[1,5,6]. 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%(25-30oC), which was connected to capacitance bridge. The humidity and temperature in the chamber were monitored by a thermo-hygrometer. The effect of moisture on dielectric properties of Polyimide thin films was measured in 100% R.H. by in-situ monitoring as a function of time using a Film Dielectric Property Analyzer. For imidization analysis of Polyimide thin films, a FT-IR spectrometer(Du Pont spectrometer) was used. 

THEORETICAL BACKGROUND
 Dissipation factor, tan(, can be directly measured by the bridge up to a value of 20. Therefore tan(, as reported in this paper, has been calculated from the measured capacitance C, and conductance G at a frequency f(in Hz) and measurement cycle, m:
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The real and imaginary components of the complex permittivity are calculated from the following relationship:
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where C0 is the air filled replaceable capacitance of the measuring cell.

CAPACITANCE METHOD. The capacitance method 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[7]. 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 4. Furthermore, under the assumptions described above, the relationship between the capacitance and water diffusion, then:


[image: image5.wmf]]

)

1

2

(

exp[

)

1

2

(

1

8

1

0

2

2

2

2

2

0

0

Dt

L

m

m

C

C

C

C

m

t

å

¥

=

¥

+

-

´

+

-

=

-

-

p

p


In deriving equation 5, the diffusion coefficient, D is assumed to be constant.

RESULTS AND DISCUSSION

Values for water diffusivity and dielectric properties obtained via the capacitance method using a FDPA are reported in Table 1 and 2, respectively. The dielectric constant((() pick-up is plotted versus t1/2/L, where t is time, to show the Fickian behavior in Figure 1. Figure 2 shows that the dissipation of PMDA-PDA PAA which is attributed to the dipolar response of the dielectric lattice depends upon time, while that of PMDA-ODA PAE is apart from the exposure time. A plausible explanation for this is that PMDA-ODA PAE PI chains were relatively more ordered than PMDA-PDA PAA PI. Also PMDA-ODA PAE PI is substantially much more flexible than PMDA-PDA PAA PI. Thus, voids generated by the leaving group might be healed completely. In Figure 3, we can know that there is a great variety of sites and kinds of bonds in the PI matrix where the water molecules can be bound. We restrict our discussion to un-ionized water and look for the most plausible sites within the PI molecule which are in agreement with the measurements. There are two different sites(Figure 3) where it is likely that a water molecule can bound: one is the oxygen of the ether linkage and the others are the four carbonyl groups. The dielectric loss peak height of PMDA-PDA PAA(Figure 4) increases with water content. The peak can be removed completely by drying the film. The assumption that the water molecule causes the relaxation is a simple way to explain this loss peak, although contributions of intrinsic groups are not excluded. 

CONCLUSION
The effect of water on the dielectric constants and loss characteristics of polyimide thin films has been discussed in terms of the dipolar nature of water. When applicable, the capacitance method utilizing a FDPA is preferred to the other method for measuring dielectric properties because the water diffusion and dielectric properties can be evaluated without perturbing the system under study. In addition, with the capacitance method using a FDPA polymeric films as thin as few (m can be tested even for relatively high water diffusion coefficients (on the order of 10-9 cm2s-1)
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Table 1  Thickness and water diffusivity of polyimide thin films according to backbone structure


Thickness((m)
Diffusivity(cm2s-1)

PMDA-ODA PAA
13.7
3.53(10-9

PMDA-ODA PAE
22.5
5.00(10-9

PMDA-PDA PAA
16.0
5.43(10-9

Table 2  Comparison of dielectric properties of polyimide thin films 


(((Dry)
       ((((Wet)
tan((Dry)
tan((Wet)

PMDA-ODA PAA
3.56
4.60
-
-

PMDA-ODA PAE
3.40
4.78
0.011
0.013

PMDA-PDA PAA
3.68
6.22
0.008
0.114
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Figure 4   Dielectric loss factor due to water as a function of t1/2/L for polyimide thin films





Figure 1   1KHz dielectric constant as a function of t1/2/L for polyimide thin films





Figure 2   Dissipation factor due to water as a function of t1/2/L for polyimide thin films





Figure 3   Repeat units of a PI(PMDA-ODA)    molecule. The possible sites for water molecules 


are indicated schematically.
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