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Character 17ation of Ultra Thin Polyimide Films (d 11A) 1o-med by
oy Yapour Deposition of 4 4-Oxidwenihineand 1,2,2 5 ¢
Bencenetetr acar boxy e Anhydride

it by
| M. Grunze and R, N. Lamb{®
:ﬁ Laboratory for Surface Science end Technology
o end Department of Physics
‘:0 University of Maine
E:E \ _ Orono, ME 04469 %}/ ,
3: }\The popularity oT polyimides in, fc.wr example, Packagmg and melectrl'w in elAectromc R
) gevices, stem from their favorable physical properties (eg. thermal stability, moisture 13::&?0)
", resistance) and their esse of spplication (spin coeting),\ investigation of the nature of the 1/
o bonding between the polymer and metai substrates has ,’/ﬁowever, been restricted in the past to
.'j metal clusters and metal films deposited on cured polyrﬁer surfaces or polyimide model
E compounds (1,2].

-—The formation of ultra thin polymer films on 8 bulk meta) surface has been achieved by
E the controlled vapour depaesition of the polymer precursors (4,4 -Oxydianiline (ODA) and
" 1,2,3,5 Benezenetetracarboxyiic Anhydride (PMDA)) on a polycrystalline silver substrate and
n the subsequent thermal polymerization of the codeposited layer. The production of sufficiently
E 1 thin organic films made the substrate-film interfacial region suitable for analysis using X-ray
'%' photoelectron spectroscopy (XPS)
:; A summary of the 1ntegra:e}intensity ratios of the XPS spectra for separate depositions of
R PMDA and ODA and a resultant polyimige film (from initia} codeposition) on the clean silver
E' surface is shown in Figure | The assignment of peaks ( with respect to binding energies) wes
_: made with reference to calibration spectra of bulk material, thick f1ims [ 2] and theoretical
:.; considerations [ 4] Film thicknesses were estimated from the attenustion of the Ag 3d
, photoemission signal and can only be considered as approximate { 3]
In PMDA, a sphit 1n the Cls cerbony! (C2) and the Ols bends of the 4A 11m as comared 10
ﬁ the thicker film ingicated 8 chemical interaction wilh the substrate There appears 1o be Joss of
, 8 car bony! group upon inita! deposition  This.coupled with anguta™ res:!ved XPS measurements
\
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‘: N ) ) indicaling a “standing-up” configuration of the molecule/suggasts 8 bonding scheme {o the

Wl substrate via the C atom on the pheny! ring and/or the 0 on the carboxy] group and the release of
:;: one carbonyl group as CO. |

:’:f-‘; The ODA spectra also indicated evidence of fragmentation upon initisl deposition. A large
:““ split in the Ols pesk of the 3A film together with the appearance of a third peak in the Cls

?:\:::E': suggests a variation in the chemical environment with a probable bonding to the substrate

2;.';} through the ether oxygen. The tots) intensity 1 +tios show & doubling of the oxygen content. in
,":S A terms of splitting of the molecule and the changes apparent in the overall spectra this is

‘i: consistent with & loss of aniline CyHgN.

h

Z:Y?:: The gener sl picture for PMDA and ODA deposition is the production of 8 mixed film of
‘:;:':i: dissocisted ( chemisorbed o the substrate) and undissociated ( physisorbed) species. This is
:E’}‘:i most evident in the thinner films where the ratio of these is comparable.

vi::':ﬁ Codeposition produces spectra which are similar 10 those of the expected intermediste

y 4.- polyamic acid [S]. Hesting removes water ( imidization) and forms the thermally stable (~450
Ef; 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

\ , {otals indicate an excess of aromatic carbon and coupled with the stoichiometric ratios found for

f_-:' oxygen and nitrogen evince 8 polymer-metal interface consisting of partially fragmented PMDA
‘ and ODA.

.- : The formation of the polymer was dependent on the method of deposition. Sequential
-‘Eg evaporation or thin codepositions (< 30A) lead to the formation of some polyamic acid but

I ! negligible imidization. This supports our conclusion of en interface contsining fragmented and
: ! . chemically bonded constituents and thus a mode) for the overall adhesion &s one of polyimide
«i: chemically bonded via fragmented PMDA and ODA to the substrate.
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L Figure Caption

b Verious Integrated Intensity Ratios for Precursors and Polymer.
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