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(Abstract)

Thermally stable polyimide block and graft copolymers with labile components
(especially polypropylene oxide), have been prepared and investigated as low dielectric
materials that afford desirable thermal, mechanical and electrical properties. Polyimide
nanofoams based upon the controlled pyrolysis of the labile component were prepared.
The methodology for producing the nanofoams was to first spin cast well-designed
microphase separated graft or block copolymer solutions comprised of the thermally stable
1,1-Bis(4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane (3FDA)/pyromellitic dianhydride
(PMDA) based polyimide main chain and polypropylene oxide based thermally labile graft
of block copolymers. The thermally stable material was designed to be the continuous
phase, and the unstable moiety served as the dispersed phase so that closed cell structures
could be obtained. Upon thermal treatment under inert atmosphere, the materials can be
spun cast and cured in place, if so desired. However, if the polymers are exposed to the
oxygen atmosphere, the unstable component can be selectively degraded, generating
micropores that are related to the size of the initial microphase separated copolymer

morphology.



The copolymer svnthesis was conducted through the poly(amic acid) precursor and
subsequent cyclodehydration to the polyimide, usually by chemical imidization. Dynamic
mechanical analysis (DMTA) confirmed microphase separated morphology for all the
copolymers. Upon degradation of poly(propylene oxide), a 13-18% reduction in the
density was observed, which is consistent with foam generation. These features have been
confirmed using small angle X-ray analysis (SAXS) and transmission electron microscopy
(TEM). The pores ranged from 100-250°A in size from TEM, and were stable up to nearly
the polyimide Tg (~400°C).

Related efforts demonstrated that it was possible to introduce ethynyl containing
terminal groups, in order to develop crosslinked polyimide foams with better chemical
resistance.  In addition to the propylene oxide labile components, poly(methyl
methacrylate) and polyethylene oxide were also investigated. Macromonomers were
synthesized via group transfer polymerization, followed by a derivatization to produce
appropriately reactive diamino aryl terminal oligomer. Surprisingly, the poly(methyl
methacrylate) component was found to be miscible with 3FDA/PMDA based polyimide.
Indeed, even physical blends of the two homopolymers appear to be miscible.
Polyethylene oxide has also been tried as a labile block for the generation of polyimide
nanofoams, with only limited success.

The optimum resulting materials are of considerable further interest for electronic

packaging applications where air is utilized as a component to reduce the dielectric constant.
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1.0 - INTRODUCTION

The synthesis and evaluation of new, thermally stable polymers developed into a
major worldwide effort in the decade of the 1950's and the 1960's. Pioneering research in
this area was conducted to satisfy the demands of the advanced aircraft, weapons and
electronics industries. Appropriate materials required processability, but also had to satisfy
stringent performance requirements, including performing under severe static and cyclic
loading cycles, harsh enviournments such as high energy radiation, strong magnetic and
electrical fields, aggressive solvents and high temperatures. Moreover, certain applications
for these materials had to maintain structural integrity for thousands of hours of continuous
operation at temperatures such as 230°C, and possibly for a few seconds at temperatures as
high as 760°C.1

The greatest success was achieved with polymers containing aromatic or
heterocyclic rings (normally in combination) in the main chain backbone such as
poly(phenylenes)2, Poly(benzothiazoles)3, poly(benzimidazoles)?, poly(phenyl
quinoxalines)’, poly(phenylene sulfides)® and aromatic polyimides’. Because of problems
arising through poor availability of starting materials and difficulties in synthesis or
processing, relatively few of these polymers achieved commercial viability. Polyimides
were the most successful in demonstrating useful technological properties and
processability, coupled with very high heat resistance. Since the early 1960's, the search
for new, thermally stable polymers has diminished quite significantly and recent efforts
have concentrated upon improved methods for the synthesis of known structures, or upon
modifications to these structures to improve fabricability, with minimum loss in thermal
stability. This has been especially true for the polyimides, which now make up

approximately 40% of the named commercially available heat resistant, nonmetallic
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materials for use at temperatures up to 300°C. Both addition chain cure type and high
molecular weight thermoplastics produced via polycondensation reaction, are produced are
marketed as films, molding powders, wire coating enamels, adhesives, laminating resins,
fibers and, to some extent, as foams.

Since their introduction in 19268, polyimides have become one of the important
materials in the microelectronics industry. Their usefulness to this industry was realized
very early, for example, as a plastic insulator that could retain both electrical and
mechanical characteristics at temperatures in excess of 250°C.? The Kapton, polyimide
was commercialized by DuPont in 1970 and is often the polymer of choice. Later Harada
and coworkers at Hitachi Central Research Laboratories developed a polyisoindolo
quinazolinedione, ( given the acronym PIQ), which was suitable as an insulator for
multilayered interconnections on large scale integrated circuit (LSI) surfaces, as well as a
passivation overcoat film.1® Rubner and coworkers described a photosensitive polyimide
that was expected to shorten the semiconductor processing steps.!! Rothman was the first
author to evaluate and compare commercially available polyimide resins by testing their
characteristic, vital to their use in LSI and very large LSI(VLSI)!2 circuits. Thus, various
characterization tests of polyimides have resulted in their use as inter level dielectric's,
passivation layers, barrier layers, adhesives, encapsulants and as fabrication aids. Since
1983, the sales of polyimides for electronics have increased considerably, in spite of the
prejudice and belief of many in industry which have historically been very resistant to
change. Thus organic materials, along with inorganic materials, have been well accepted
and are being used in microelectronic devices.

The continued expansion of the "information era,” has resulted in a need for faster,
more dense, low cost chips and packages, resulting in a need for the tools, materials,
processes and facilities to fabricate them. The explosion in density and performance that

has occurred since 1960 has been highly dependent on the polymers used to define the
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