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Abstrnct

Nerny photoclecion spectmseony was Used 1o assess the interaction of evaporated and sputter-deposited copper with
Tellon AF1600, Bath evaporation and spottening consed defluorinaion, graphitization and crosslinking of the carbon ¢hains,
asowell ps he Tormation of Cu=C bonds and C-0+ free radicals. Addiionally, the higher energies of the sputter-deposited
cupper atoms led o loss of oxypeen and w ihe woal reaction of the deposited copper as carbide and fluorides,

1. Introduction

The overall speed of large, high density semiconductor chips is presently not limited by the
transistor speed but, rather, by the on-chip circuits that connect them [1]. Specifically, the resistance
{#) of the conductor and the capacitance (C) of the msulator cause what 1s known as an "RC” time
delay (i.e., 7= R > C), which limits the chip speed when 7 1s larger than the inherent delay time of
the device, A goal of the microelectronies industry 1s to reduce the RC nme delay by (1) decreasing £
by using a higher conductivity metal, (2) decreasing O by using dielectrics having lower dielectric
constants and (3) decreasing the lengths of the metal lines by using multilayer interconnect devices.

Copper is seen as the most promising metallic candidate because its resistivity s 65% of that of the
presently used aluminium and it has relatively good electromigration resistance. Copper can be also
deposited at relatively low temperature with excellent step coverage properties. Fluoropolymers such
as the Teflons, which have dielectric constants near 2, are seen as potential replacements for the
currently used dielectrics. such as polvimides and Si0,. Teflon AF1600 has the distinct advantage of
being soluble in perfluorinated solvents. permitting its deposition by spin-on techniques [I]. The
notorious chemical inertness of fluoropolymers and the need for reliability during the fabrication
process as well as during the lifetime of such multilevel devices have generated a strong interest in the
structure of the metal—fluoropolymer interface [2]. Adhesion enhancement is deemed an important
research topic for new multilayer wchnologies.
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In the present work. the copper/Tefion AFI600 interface 1 studied using X-ray photoelectron
spectroscopy (XPS). Both evaporation and sputtering were used as metallization techniques in an
attempt to elucidate the chermcal interactions at the interface and how they are influenced by the
energy of metallization.

2. Experimental

Teflon AF1600, the Teflon we have chosen to consider. is a copolymer ol 35% tetrafluoroethylene
(TFE) and 65% 2.2-bistrifluoromethyl-4 S-difluoro- 1 3-dioxole (TDD) and is manutactured by
DuPont; it has the repeat unit structure ~(TFE)=(TDD).—. The solution purchased, containing 2%
(ww) solids, was further diluted 50% in Sigma Fluorinert FC-77 hefore being spun onto cleancd i
wafers. Teflon thicknesses of 1-3 wm were obtained at a spin speed of 3000 rpm. Alter drying
room temperature, the samples were thermally treated as recommended by the manufacturer | 3],

Both vapor depesition and sputtering were performed in the preparation chamber ol our VG
ESCALAB 3 Murk I spectrometer. A Waldrop-Grand electron beam evaporator [4,5] and an Ar
sputtering unit were used 1o deposit copper Both deposition systems were described in a previous
paper [6]. Experimental conditions are given in Table 1. An evaporad fon rate of 2 Afs was used Lo
deposit Cu in the noninal thickness range (i.e. the sticking coefficient to Teflon AFI600 is unknown)
4-24 A. In the case of sputiering, XPS showed that all the Cu had reacted and was unilormly
distributed within the — 60 A probed. Using a sputtering rate of 4 A/min, the nominal thickness range
was 4-40 A,

A nonlinear least-mean-squares program was used for spectral peak separation, To account for the
charge shift during X-ray exposure, Culp,,, for the thickest vapor deposited copper layer wis
arbitrarily placed at 931 ¢V, which is the binding energy of bulk metallic copper [7]. after a Shirley
background subtraction.

3, Results

The Cls. Fls, Ols and Cu2p,,. spectra were taken at different evaporation and sputlering Limes,
Table 2 summarises our XPS analysis. New peaks (ref. [8] contains the original, undegrided spectra),
indicating chemical changes, anise due o some specific reactions belween the evaporated il
sputtered Cu or Teflon AF1600. For evaporation, the relative concentration of carbide present at the
interface was determined from the ratio between the total amount of copper and the concentration of

Table 1

Metsllization conditions for evaponition and sputtering

Experimental conditions Evaporation Sputternng
Predepoesition vacuwm {Torr " 1w

Deposition vacuum (Torr) " s 107"

Prower (W) GO kY % 1 mA) (L0606 kY = 10 Ay

current density af target = 10 A fon®
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Tahle 2

Sumimary of the new peaks and meaction processes Trom the XPS analysis
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C'~Cu measured from the Cls spectra. This ratio remained essentially unchanged with deposition
thickness, showing that abouwt 30% of the deposited copper remaned in the metalhie state, The
evolution of the carbide peak area from the Cls spectra is shown in Fig. 1.

Fig. 1. Evelution of Cu" and Cu
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Fig. 2 Correlation belween concertrations of elemems (C, Cu, F) for different species formed during sputler depositien
(Cu, Cu'Foand Cu’ T E D

In general, the XPS spectra on sputlenng presented charactenistics similar o those found for vapor
deposition. The positions of the separated peaks remained identical to those in the case ol vapor
depositions 1o within 0.1 eV. Nevertheless, there are several differences in the evolution of the
peaks, Further, several new peaks indicated the formation of new species, attributed to Cu-C, Cu’
and Cu® . Fig. 2 shows the evolution of these new peaks as o function of sputtering time.

4. Discussion

An overall picture of those chemical reactions provoked by evaporation and spultering may be
gained from an analysis of the XPS spectra, The driving force for such reactions on the deposition of
evaporated copper is the energy of condensation of the metal [9]. The increased energy at the interface
induces degradation reactions in the surface structure. Degradation is due to the uniform loss ol
fluorine. The copper bonds uniquely to carbon, forming carbide throughout the deposition, with
approximately half of the deposited copper atoms remaining in the metallic state. There is no
important oxygen loss, althou gh modifications of the original Teflon AF1600 Ols spectrum indicate
single bond breaking of the oxygens of the dioxole rings. to produce free radicals.

In the case of sputtering, the kinelic energy of the copper atoms, which is at least an arder of
magnitude greater than the condensation energy released by the condensation of gvaporated copper
[10], leads to new reactions. The depositing copper reacts entirely. with the formation of carbide and
flucride species, while the carbon spectrum indicates degradation processes similar to those found in
the case of evaporation. The intense energy causes not only single bond breaking to produce ~C-0-,
but the breaking of the second C-0 bond, as well, resulting in the loss of oxygen atoms. While C-F
bonds are broken. not all the F is lost: some is retained as copper fluorides. As shown in Fig. 2,
correlation between Cu and F concentrations reveals a consistent overall picture of chemical reactions
at the interface.
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Fig. X Overview of the possible reactions for evaporation and sputter depositom
5. Conclusions

XPS analysis was used (o study the interfacial interactions of vapor-deposited and sputtered copper
with Teflon AF160(L In the case of evaporation, only half of the deposited copper remained in the
metallic form, while the higher energies of the sputtered stoms led o total copper reaction, with
carhide and fluoride formation. Fig. 3 shows an overview of the possible reactions that we have been
discussing.
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