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Introduction
Continuing improvement of very large scale integration of microelectronic circuits has reached the point where multilayer metallization and the interlayer dielectric have become the limiting factors in process integration and device performance. The major improvements in performance of microelectronics come from device size miniaturization, which leads to faster device speeds, higher device packing density, and more functions on a chip. As the devices scale to smaller feature sizes, the transistor capacitance and resistance are reduced, yet the line-to-line capacitance and resistance of the metal lines increase. As a result, the resistance-capacitance delay caused by interconnect tends to limit the chip performance. A new generation of low dielectric constant materials is required to achieve the advantages in high speed, low power dissipation, and low cross talk noise. By the year 2001 the minimum feature size will be 0.15
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m

, which requires insulation with a dielectric material a dielectric constant 
[image: image2.wmf]e

=2.3.1 An very low dielectric material will be necessary for the integrated circuits generations after that. Current research on low dielectric constant materials is intensive.

At present, several low 
[image: image3.wmf]e

 materials are available from various materials suppliers. However, none is capable of meeting all the requirement.

We introduced the perturbed hard-sphere chain (PHSC) equation of state for binary copolymer system to generate nanosize pores in polymer films in order to decrease the density and the dielectric constant of the film.

Consider a binary homopolymer / copolymer system where the homopolymer consists of segments A and the copolymer consists of segments B and C. These pores are fabricated by phase separations induced by interaction of more than two polymer segment. The microphase separation transition is known to be controlled by the composition of component and temperature.

Model development

Equation of state

The general form of van der Waals-type equation of state is2
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In eq. (1), the reference equation of state for hard sphere chains is presented Song et al3; the result is
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where 
[image: image6.wmf]r

 is the number of segments per molecule.
The simplest van der Waals attractive form is used here:
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where 
[image: image8.wmf]P

 is the pressure, 
[image: image9.wmf]r

 is the number density and 
[image: image10.wmf]k

 is the Boltzmann constant.

Equation 2 and 3 are combined to obtain the complete equation of state:
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where 
[image: image12.wmf]a

 reflect forces between two non-bonded segment and 
[image: image13.wmf]b

is the van der Waals covolume per segment. These values are temperature dependent and given
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The constants, 
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 and 
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, are depth of the minimum in the pair potential and the separation distance between centers at this minimum, respectively. 
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 is the radial distribution function of hard-sphere at contact.
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where 
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 is defined as the packing fraction which is given by
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Extension to copolymer systems
Equation (4) is extended to a binary homopolymer / copolymer system: 
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EMBED Equation.3[image: image29.wmf](
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Spinodal curve

The spinodal curve, which marks the boundary between the metastable and unstable regions of the phase diagram, is obtained by setting
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 denotes the chemical potential and 
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 is the volume fraction at temperature 
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In unstable region, microphase separation transition is occurred by interaction of more than two polymers segment. The dielectric constant of mixture is controlled by the logarithmic mixture rule.5
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where 
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, 
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e

 and 
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e

 are the dielectric constant of material 1, material 2, and mixture, respectively. 
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 and 
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v

 are the volume fraction of material 1 and material 2.

Result and Conclusion

In this study, we employed the PHSC equation of state to describe microphase separation transition for binary polymer system. The nanosize pores are generated by the interaction between polymer chains in the film uniformly. 

The higher the porosity, the lower density and dielectric constant of the polymeric films. However, the higher the porosity, the more brittle material. 

As we predict the porosity in polymer films, the desired dielectric constant materials are obtained.
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