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Abstract

Polymer films play an important role in the development of fast integrated circuits
and novel electronic and optoelectronic devices. A wide variety of polymer films are
being developed for application as low-dielectric-constant passivation for multilevel
metallization in highly-integrated circuits. The lower dielectric constant diminishes the
electrical signal delay along the interconnect, which is a bottleneck for the development of
faster logic circuits. A new trend in novel electronic device technologies employs
electrically-conducting polymer films as active layers because of the ease with which they
can be processed, their low cost, and their high electroluminescence efficiency. However,
the low thermal conductivities of polymer films yield large temperature rises and
temperature gradient magnitudes in the metallization and in novel devices, which facilitate
electromigration-induced interconnect failure and reduce the lifetime of organic devices.
The thermal conductivities of these films are expected to be strongly anisotropic and to
differ substantially from those of bulk materials due to the partial orientation of molecular
strands.

This thesis develops techniques for measuring and modeling the anisotropic thermal
conductivities and specific heat values of polymer films in VLSI systems. The vertical
conductivity of films of thickness near 1 um is isolated using Joule heating and electrical-
resistance thermometry in a microfabricated metal/polymer/metal mesa, which resembles
the multilevel interconnection in integrated circuits. The lateral thermal conductivity is
measured using harmonic Joule heating in a free-standing polymer membrane on which a
metallic heater/thermometer is patterned. The suspended membrane is fabricated using the
silicon back etch technique, which is widely used for the fabrication of
microelectromechanical system (MEMS). The data obtained for BTDA-ODA polyimide
films of varying thickness show that the anisotropy factor lies between four and eight and
favors lateral conduction. The data support the development of a model for the
anisotropy that accounts for the degree of molecular orientation, which is influenced by

the processing details. A final contribution of this thesis is a technique for measuring the
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magnitude and spatial variation of the thermal resistance of polymer die attachments in
electronic packaging. The die-attach characterization uses frequency-domain electrical
heating and thermometry together with scanning photothermal microscopy.

The data, theory, and experimental techniques developed in this work are aiding with
the thermal design of on-chip interconnection and packaging structures for the IC
industry. This work provides the basis for the assessment of a broad variety of new
organic materials in electronic systems, including those that are promising for organic

optoelectronic devices.
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