
AD-Ai74 266 CHARACTERIZATION OF ULTRA THIN POLYINIDE FILMS (D i/L
APPROX AA) FORMED BY V (U) MAINE UNIV AT ORONO LAS

I FOR SURFACE SCIENCE AND TECHNOLOGY M GRUNZE ET AL
UNCLASSIFIED 87 JUN 86 TR-2 N9B814-85-K-8641 F/G 20/12 NLEEEEEEEIIE



L

I liii 1.1 ~ 1 .8

MICROCOPY RESOLUTION TEST CHART
NAT IONAL BUREAU OF STANDARDS 1963-A



REPORT DOCUMENTATION PAGE

Chd rdcterizatio) of Ultrd Thn olmieFls

(d-11A) Formed by VaVour Depositio-n of 4,4-_______________
Oxidianiline and 1 ,2,3,5 Benzenetetracarboxylic 6 PERFORMING ONG. REPORT NUMBER

ALIh40AL fie0________________
0) 1~~S CONTRACT 0R GRANT NuVIIs

M. Grunze and P. N. Lamb NOQ0l 4-85-K-0641

PERFEORMING ORGANIZATION NAME AND ADDRESS 10, PROGRAM ELEMENT. PROJECT. TASK

Laboratory for Surface Science & Technology AE OKUI UBR

q 9 Barrows Hall VN#2-4
N1 University of Maine, Orono, ME 04469NR689

q= CONTROLLING OFFICE NAME AND ADDRESS 1.REPORT DATE

S Office of Naval Research J Une 7, 1986
Chemistry Proqram13NUBROPAE
Arlington, VA 222175

3- CA-C A3ENZY NAME 6 ADORSS(If diftlerot fro,, Con iroll~d Offico; IS. SECURITY CLASS. (of tisI Popoff,

.5 OiSTIIif.jTION STATEMENT (at this Report)

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

I';. D!STRIBUTION STATEMENT 'of the aborract sntod in Maock 20, Iif IIent frm Rep..I)-

71. KET WORDS (Continue en roers@ olde of noceeawy And Identify by block ntinber,

Ultra thin polyimide films, oxidianiline, 7,2,3,5 Benzenetetracarboxylic
Anhydride, Adsorption, Polymerization, vapor deposition

a - 23 ABSTRACT (Continue ani r.e,.. side.i necessry and Identify by block numaber)

See first page
-LJ

C-2

D D JN) 1413 EDITION OF I NOV 6 16I OBSOLETE Unclassified
SECURITY CL ASSIFICATION Of THIS PAGE (?hw, Dae BitSweE



OFFICE OF NAVAL RESEARCH

Contract NO0014-85-K-0641

Task No. 629-849

TECHNICAL REPORT NO. 2

Characterization of Ultra Thin Polyimide Films (d- 1 I A) Formed
by Vapour Deposition of 4,4-Oxidianiline and 1,2,3,5

Benzenetetracar boxyl ic Anhydride

by

M. Orunze and R. N. Lamb'

Prepared for publication in J. Vac. Sci. Technol.

Laboratory for Surface Science & Technology
9 Barrows Hall

University of Maine
Orono, ME 04469

Cavendish Laboratory t

University of Cambridge
Madingley Road

Cambridge CB3 OHE, England

30 June 1986

'

Reproduction in whole or in part is permitted for
any purpose of the United States Oovernment

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



Character iation of Uiltra hin Polyimide F ilm5 (d I Iio-med by
Vapour Deposition of 4,4-Oxidianiline and 1,23,5

Ben.-enetetr acar boyli c Anhydr ide

by
M."Orunze and R. N. Lamb( 8 )

Laboratory for Surface Science end Technology
and Department of Physics

University of Maine
Orono, ME 04469 # 1

"Yhe popularity of polyimides, in, for example, packaging and dielectrics in electronic

devices, stem from their favorable physical properties (eg. thermal stability, moisture

resistance) and their ease of application (spin coating), Investigation of the nature of the

bonding between the polymer ana metal substrates has,thowever, been restricted in the past to

metal clusters and metal films deposited on cured polymer surfaces or polyimide model

compounds [ 1,21.

-;he formation of ultra thin polymer films on a bulk metal surface has been achieved by

the controlled vapour deposition of the polymer precursors (4,4 -Oxydianiline (ODA) and

1,2,3,5 Benezenetetracar boxyiic Anhydride (PMDA)) on a polycrystalline silver substrate and

the subsequent thermal polymerization of the codeposited layer. The production of sufficiently

thin organic films made the substrate-film interfacial region suitable for analysis using X-ray

photoelectron spectroscopy (XPS)

A summary of the integrated intensity ratios of the XPS spectra for separate depositions of

PMDA and ODA and a resultant polyimioe film (from initial codeposition) on the clean silver

surface is shown in Figure I The assignment of peaks (with respect to binding energies) was

made with reference to calibration spectra of bulk material, thick films [ 3] and theoretical

considerations [ 4) Film thicknesses were estimated from the attenuation of the Ag 3d

photoermission signal and can only be considered as approximate '131

In PMDA, a split in the CIs cerbonyl (C2) and the Ols bands of th. 4 film as compared to

the thicker film indicated a chemical interaction with the substrate There aDpears to be loss of

a car bonyl group upon initia! deposition This.coupled with angula- res:-ved XP$ measurements
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II
indicating a "standing- up" configuration of the molecule/suggests a bonding scheme to the

substrate via the C atom on the phenyl ring and/or the 0 on the car boxyl group and the release of

one carbonyl group as CO.

The ODA spectra also indicated evidence of fragmentation upon initial deposition A large

split in the Ols peak of the 3A film together with the appearance of a third peak in the CIs

suggests a variation in the chemical environment with a probable bonding to the substrate

through the ether oxygen. The total intensity : lios show a doubling of the oxygen content. In

terms of splitting of the molecule and the changes apparent in the overall spectra this is

consistent with a loss of aniline C7H6 N.

The general picture for PMDA and ODA deposition is the production of a mixed film of

dissociated (chemisorbed to the substrate) and undissociated (physisorbed) species. This is

most evident in the thinner films where the ratio of these is comparable.

Codeposition produces spectra which are similar to those of the expected intermediate

polyamic acid [5]. Heating removes water (imidization) and forms the thermally stable (-450

C) polyimide. The integrated carbon intensities suggest an increase in the ODA carbons (C3) and

this would be expected for a film with a high branching ratio and terminal ODA groups. The

totals indicate an excess of aromatic carbon and coupled with the stoichiometric ratios found for

oxygen and nitrogen evince a polymer-metal interface consisting of partially fragmented PMDA

and ODA.

The formation of the polymer was dependent on the method of deposition. Sequential

- evaporation or thin codepositions (< 30A) lead to the formation of some polyamic acid but

negligible imidization. This supports our conclusion of an interface containing fragmented and

chemically bonded constituents and thus a model for the overall adhesion as one of polyimide

chemically bonded via fragmented PMDA and ODA to the substrate.
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Figure CaDtiOn

Various integrated Intensity Ratios for Precursors and Polymer.
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