
t II-L & .. 1b IC Ali101Q TuNIS PAGE (WhrA oe.. ~ cd

WkLAL INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

I REPRT 0VMD2 GOVT ACCESSION NO. 3 RECiPiEmTS CATA,.G NUMBER

Final Report _______________

4 TITLE (and$S.bitio)e Project Title: S. TYPE OF REPORT II PERIO0D COVERED

"Proposal to Study the Interaction of Polyimide Final Report
Precursors and Thin Polyimide Films with Silicon May 1985 - September 1988

00and Silicon Oxide Surfaces" 6. PERFORMINjG ORG. REPORT NUMBER

7 AOjT"QR/&} I. CONTRACT OR GRANT sNuuSER(s)

Michael Grunze N00014-85-K-0641

0__ _ _ _ _ _ _ _

S . PERFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT. PROJECT, TASK

Laboratory for Surface Science & TechnologyARAIWOKUTNMBS
9 Barrows Hall R & T Code No.
University of Maine, Orono, ME 04469 413a001

I I~ CONTROLLIMG OFFICE NMU AND ADDRESS 12. REPORT DATE

Office of Naval Research October 1988
Chemistry.-Program 13. NIUBER OF PAGES

Arlington, VA 22217 4
14. MONITORING AGENCY N AM4E A AOORIESS(if different I,.., Co.,e,.UMa Office) IS. SECURITY CLASS. (01 this rePort)

unclassified
IS&. OECL.ASSIFICATION DOWNGR4ADING

SC14EDULE

1 . DISTRIBUTION STAT M NT (of this Rpot)

This doucment has been approved for public release and sale; its distribution
is unlimited.

17. DISTRIBUTION STATEMENT (of the Abstiact enterto & look 20. It different from RepOtt)

DTIC

It KEY WORDOS (Continue on reverse ese iflnecoeswv and I~etDt' by block number)

Adhesion, Polyimide Films, Polymerization, Vapor Deposition, Oxidianiline,
1,2,4,5 Benzenetetracarboxylic Anhydride, Copper, Silver, Gold,
1,2,3 Superconductors

20 ABSTRACT (Continw onoer* s~iqde It nocessory andIdentI& by block nwbr)

DD j:";, 1473 EDITION Of NOV 661 isOSOIT

S/N 0 102- 014- $01
SECURITY CLASSIFICATION OF THIS PAGE (When Doe. llm10se.d



FIML REPOIrr

ONR Grant No. N00014-85-K-0641

"Proposal to Study the Interaction of Polyimide
Precursors and Thin Polyimide Films with Silicon

and Silicon Oxide Surfaces"

Performing Organization:

Laboratory for Surface Science and Technology
9 Barrows Hall

University of Maine
Orono, ME 04469

October 1988,.,"S crA

IL.'." ,', :. ::',
. .. .......

IN Ii 05

g 8 10 21 051



FINAL RIPORT

ONR Grant No. N00014-85-[-0641

"Proposal to Study the Interaction of Polyiide
Precursors and Thin Polyimide Films with Silicon

and Silicon Oxide Surfaces"

The work performed within the research contract N00014-85-K-0641 produced
results, which for the first time allowed us to derive a model for the detailed
molecular mechanism of adhesion between a polymer and a metal surface. The spectro-
scopic characterization of polyimide/metal interface was made possible by a
vapor deposition technique used to produce polyimide films sufficiently thin to
access the interface by photoelectron spectroscopy and Infrared Reflection
Absorption Spectroscopy. The polyimide films were prepared by codeposition of
oxidianiline (ODA) and 1,2,4,5 Benzenetetracarboxylic Anhydride (PMDA) onto a
surface held at 300 K to form polyamic acid. \The polyamic acid was then converted
to polyimide by a thermal imidization process at T > 150*C. The interaction of the
pure constituents ODA and PMDA, and of polyamic acid and polyimide with clean Ag,
Au, Cu and Y Ba2 Cu3 07 surfaces was studied by X-ray Photoelectron Spectroscopy,
Infrared Reflection Absorption Spectroscopy'(Ag, Cu, Au), Thermal Desorption
Spectroscopy (Ag), NEXAFS (Ag(110)), Scanning Tunneling Microscopy (Au) and Raman
Spectroscopy (Ag, Cu). The major resultshave been published, or are prepared for
publication, and are summarized below: J It -

4,4, r )C0

1. Adsorption of PMDA and ODA is dissociative on all surfaces studied. On Ag and
Cu surfaces, specific surface species were characterized in terms of their
bonding interaction to the substrate. It was shown that the bonding of the
PMDW fragment on Ag and Cu surfaces is also present in the polymer films and
is one mode of bonding polyamic acid and polyimide to the metal/l-8/.

2. Solventless polyamic acid undergoes intramolecular and intermolecular rear-
rangements which lead to the formation of carboxylate ions as found in XPS and
IRAAS measurements /8,9/.

3. Solventless polyamic acid can be imidized to polyimide in one atmosphere of
pure oxygen. This allows us to produce polyimide films on 1,2,3 superconduc-
tors without affecting the superconduction critical temperature /9/.

4. The structural changes in a polyimide film as a function of distance from the
metal surfaces was determined by IRAAS using polarized light. The IRAAS
structural results are consistent with the topography of ultra thin polyimide
films as observed by STM /7,12/.

5. Oxidianiline undergoes a wetting/nucleation phase transition on silver sur-
faces /12/. Such a behaviour has been observed for metals on metals, but is
the first example where such a transition has been observed for organic films
on metals.
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