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(57) Abstract

Adhesion of a copper film, such as a copper interconnect (24), to a substrate underlayer, such as a substrate diffusion barrier, is

enhanced with adhesion promotion techniques. The adhesion promotion techniques can repair the interface (26) of the copper film and the
substrate to enhance adhesion of the copper film for high-yield formation of inlaid copper metal lines and plugs. For instance, thermal
annealing of a seed layer, including a copper seed layer, an alloy seed layer or a reactant seed layer, can repair contamination at the interface
of the seed layer and the substrate. Alternatively, the adhesion promotion techniques can avoid contamination of the interface by depositing
an inert seed layer, such as a noble (e.g., platinum) or passivated metal seed layer, or by depositing the seed layer under predetermined
conditions that minimize contamination of the interface, and then depositing a bulk coper layer under predetermined conditions that
maximize throughput. Alternatively, the adhesion promotion techniques can avoid the formation of an interface by graduated deposition of a
first material and copper.
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pressure chemical vapor deposition of 71

copper from
hexafluoroacetylacetonate-copper(I)-trimet
hylvinylsilane in the presence of water”
MATERIALS SCIENCE & ENGINEERING B
(SOLID-STATE MATERIALS FOR ADVANCED
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figures 1,3
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other means ments, such combination being obvious to a person skilled
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Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:] Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such

an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

As all searchable claims couid be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

™~

3. &] As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

1-6,11-16, 69-71

4. [::I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:] The additional search fees were accompanied by the applicant's protest.

No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-6,69-71
Before depositing a bulk copper film, depositing a seed
layer consisting of a noble metal.
2. Claims: 7-10 .
Before depositing a bulk copper film, depositing a
passivated metal (TaN,TiN,TaOxNy,TiOxNy) as a seed layer.
3. Claims: 11-16
Before depositing a bulk copper film, depositing a catalytic
material (Cr,Sn,Zn,Ti,W) as a seed layer.
4. Claims: 17-21
Before depositing a bulk copper film, depositing a seed
layer of a reactant material (Si,Ge).
5. Claims: 22-24
Before depositing a bulk copper film, depositing a copper
seed layer.
6. Claims: 25-30
Before depositing a bulk copper film, depositing a seed
layer by CVD from a precursor with firmly bonded hfac
ligands.
7. Claims: 31-38
Before depositing a bulk copper film, depositing a seed
layer by CVD from a precursor that has no hfac-1igands.
8. Claims: 39-52
Before depositing a bulk copper film, depositing a seed
layer on a barrier layer and performing thermal annealing.
9. Claims: 53-68

Before depositing a bulk copper film, depositing a first
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

material at a first deposition rate and grading the first
material with copper, slowly reducing the first deposition

rate to zero.
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