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Summary of Facts and Subm ssi ons

Eur opean patent application No. 99 301 767.2 was
refused by the examining division in a decision

di spat ched on 20 Decenber 2001 for the reason that the
objections raised in its precedi ng comruni cati ons were
not net.

In its first conmunication, the exam ning division

rai sed objections of lack of unity of invention, |ack
of clarity, novelty and inventive step. After
amendnents were filed by the applicant in response to
the first communi cation, the second communi cation only
dealt with the objection of |ack of inventive step, in
particular with respect to the independent product
claim1 and the independent nmethod claim7. In reply to
t he second comruni cation, the appellant deleted the
product cl ainms and mai ntai ned the independent nethod
claim?7 as the newclaiml. In the third comrunication
dated 17 August 2001, it was stated that since the new
claiml1l was identical to previous claim?7, the
reasoning given in the first two comuni cations stil
applied. The third comunication then further set out
why the argunents given in the appellant's letter of
reply to the second comuni cation were not found

convi nci ng.

The followi ng prior art docunments were cited by the
exam ning division in its comunication dated 17 August
2001:

Dl: EP-A-0 725 439; and

D2: EP-A-0 751 567.
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Claim1 filed with the letter dated 2 August 2001 and
formng the basis of the conmunication dated 17 August
2001 and of the decision under appeal has the follow ng
wor di ng:

"1l. A nethod for form ng an interconnection structure
for providing electrical connection to an

el ectronic device (65) conprising the steps of:

depositing a copper alloy seed |ayer (76) on an

el ectroni c devi ce,

sai d copper alloy seed | ayer conprising copper and
0.25 to 1.5 atomic percent of either Sn or In, and

form ng a copper or copper alloy conductor body
(56) on said copper alloy seed layer in intinmate
contact therewith.™

The appel | ant (applicant) | odged an appeal on

18 February 2002, paying the appeal fee the sane day. A
statenent of the grounds of appeal was filed on

29 April 2002.

In response to a conmuni cation of the Board, the
appellant filed new requests with the letter dated
5 July 2004.

The appel | ant requested that the decision under appeal
be set aside and a patent be granted on the basis of
one of the follow ng requests:
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Mai n request:

C ai ns:
1 to 9 according to the primary request filed with
the letter dated 5 July 2004

Descri pti on:
pages 1, 2, 3 and 13 as originally filed
pages 4, 7 to 12 and 14 as filed with the letter
dated 6 February 2001
pages 5 and 6 filed with the |etter dated 2 August
2001

Dr awi ngs:
sheets 1/3 to 3/3 as originally filed.

First auxiliary request:
C ai ns:
1 to 8 according to the first auxiliary request
filed with the letter dated 5 July 2004
Description and Drawi ngs as for the main request
Second auxiliary request:
C ai ns:
1 to 8 according to the second auxiliary request
filed with the letter dated 5 July 2004

Descriptionand Drawi ngs as for the main request

Furthernore, oral proceedings were requested in case
t he Board contenpl ated di sm ssing the appeal .
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The obj ections raised by the exam ning division can be

summari zed as foll ows:

(a)

(b)

(c)

Docunent D1 teaches to deposit In or Sn before the
deposition of a further conductor |ayer in order
to reduce electromgration, i.e. a seed |ayer of
In or Sn is forned. Alternatively, these materials
can al so be added during deposition of the
conductor | ayer.

Al t hough the passage on page 5, lines 34 to 36 of
docunent D1 only nentions the use of In of Sn for
an Al electrode, this statenent is only considered
as an exanple. Both claim 13 and the abstract
mention Sn and In as suitable for reducing

el ectrom gration in both Al and Cu el ectrodes.

Docunent D2 discloses that the addition of In or
Sn to a Cu electrode inproves the resistance to
el ectrom gration of Cu.

The skilled person starting from docunment D1 and
using the teaching of docunment D2 would as a
matter of course carry out routine experinments in
order to optim ze the concentration of In or Sn.
Since the concentration range disclosed in
docunent D2 is very simlar to that specified in
claiml, the skilled person would arrive at the
claimed nethod of claim1 w thout involving an

i nventive step.

Claim1 does not provide any indication as to the
concentration of Sn or In in the conductor body.
Therefore, a conductor body having a conposition
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simlar to that of docunent D2 falls within the
scope of claim 1. Nevertheless, according to
docunent D2, the concentration in the bulk is
irrelevant, since after diffusion the
concentration of In or Sn at the grain boundaries
saturates at a value corresponding to about 1 to 2
wei ght percent, whereas the additional Sn/In is
nmerely a reservoir. Docunment D2 further suggests
that the presence of Sn/In in the conductor body
inmpairs its conductivity. Thus, the skilled person
woul d recogni ze that the Sn/In concentration in

t he conductor body is not essential, and therefore,
the Sn/In elenents inside the conductor body could
be di spensed with.

Docunment D1 di scloses that the elenments Sn or In
coul d al so be deposited during the deposition of
the Cu electrode (cf. D1, page 6, lines 32 to 43),
whi ch indicates that the initial Cu-Sn/In alloy

| ayer would function as a seed | ayer for the
further deposition.

In support of his requests, the appellant presented

essentially the follow ng argunents in support of the

i nventive step:

(a)

Docunent D1 only discloses a seed | ayer made of
(pure) Sn or In for a conductor made of Al. Except
for the abstract and claim 13 which specify a
conductor made of Al or Cu and a seed | ayer nmade
of , anong others, Sn or In, there is no explicit
suggestion in docunment D1 that Sn or In would be
suitable for Cu or copper alloys. It is held in

T 56/ 87 and T 450/ 89 that the technical disclosure
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of a prior art docunent should be considered in
its entirety.

(b) It would not be obvious fromreadi ng docunent D2
to nodify the nmethod of docunment D1 changing the
conposition of the seed layer frome.g. Pb or Ti
in pure formto a copper alloy seed | ayer having
only a |l ow concentration of Sn or In. In
particular, the preferred overall concentrations
of 0.5 to 2.0 weight percent Sn disclosed in
docunent D2 could not be achieved with a seed
| ayer al one.

(c) The clained nethod has the advantage that the
el ectrom gration resistance i s enhanced w t hout
conprom sing the electrical resistivity of the
overall conductor, whereas in the nethod of
docunent D2, the high concentration of Sn/ln in
the bulk increases the electrical resistivity (see
D2, colum 6, lines 55 to 57).

(d) The co-deposition referred to in docunent D1 (cf.
item VI (d) above) does not suggest that the co-
deposition is termnated to have a distinct alloy
| ayer. Rather, the co-deposition appears to be a
conti nuous process during formation of the
conpl ete conductor |ayer.

Reasons for the Decision

1. The appeal conplies with Articles 106 to 108 and
Rule 64 EPC and is therefore adm ssibl e.

2249.D
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Formal matters

Rule 68(2), first sentence, EPC, provides that

deci sions of the EPO which are open to appeal shall be
reasoned. The decision nust contain, in |ogical
sequence, those argunents which justify the tenor. A
facts, evidence and argunments which are essential to

t he decision nmust be discussed in detail (T 278/ 00, QJ
EPO 2003, 546, see also T 897/03 of 16 March 2004). The
absence of reasoning satisfying the criteria of

Rule 68(1), first sentence, EPC anobunts to a
substantial procedural violation requiring the decision
under appeal to be set aside and, in application of
Article 111(1) EPC, remttal of the case to the first

i nstance, at least to be considered (see T 897/03,

point 7 of the reasons).

The decision of the exam ning division refusing the
application-in-suit has only been reasoned by a
reference to precedi ng communi cations, in particular to
t he communi cation dated 17 August 2001.

If a decision is nerely reasoned by a reference to a
precedi ng comruni cation the requirenment of Rule 68(2),
first sentence, EPCis only net if the conmmrunication
referred to fulfils itself the above defined conditions.
The deci sive reasons for refusal nust be clear fromthe
reference, for the party and for the board of appeal.
This applies, in particular, if reference is nmade to
nore than one precedi ng communi cations, dealing with a
nunber of issues, and possibly having as basis
different sets of clains. The decision under appeal

must not |eave it to the board and the appellant to
specul ate as to which of the reasons given in preceding
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comuni cations mght be essential to the decision to
refuse the application (T 897/03, point 3 et seq. of
t he reasons).

In the present case, whereas the first conmunication of
t he exam ni ng divi sion contai ned objections of |ack of
unity of invention, lack of clarity, lack of novelty
and inventive step, the second and third comruni cations
only dealt with the objection of |ack of inventive step
(cf. item1 above). In the third conmunication, the
applicant was infornmed that the reasoning given in the
previ ous two communi cations regarding inventive step
still applied, since claiml was identical to the

previ ous independent nethod claim The comuni cation
further set out in detail why the argunents given in
the appellant's letter of reply to the second

conmuni cation were not found convinci ng.

In the Board's view the detailed reasoning on the
objection of |ack of inventive step given in particular
in the third communi cation contains all the necessary

el enents to be expected fromthe reasons of a decision
under Rule 68(1), first sentence EPC. It is also clear
fromthe appellant's grounds of appeal that the
appel I ant has understood the reference to the

comuni cations, and in particular the reference to the
third conmuni cation, as neaning that the decision was
based on the exam ner's argunmentation on inventive step.
Furthernore, it appears fromthe statenment of the
grounds of appeal that the appellant has understood the
substance of the objections raised. The Board is
therefore satisfied that the requirenents of Rule 68(1),
first sentence, EPC are net in the present case.
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3. Amendnents and Clarity

3.1 Claim1 according to the main request has the sane
wording as claim1l which formed the basis of the
deci si on under appeal .

Wth respect to independent nethod claim8 as fil ed,
claim1 according to the main request further specifies
that "the copper alloy seed | ayer conprises copper and
0.25 to 1.5 atomic percent of either Sn or In". This
feature is disclosed on page 13, |ast paragraph of the
application as filed. Since it is disclosed on page 12,
first paragraph of the application as filed that the
addition of Sn or In has the effect of inproving the

el ectrom gration resistance relative to pure copper,
the feature "such that electrom gration resistance of
said interconnection structure is inproved” in claim3$8

as filed has been omtted for clarity.

3.2 Wth respect to dependent clains 4 to 9 formng the
basi s of the decision under appeal, the dependent
claims 4 to 9 of the present main request have been
renunbered so that the previous dependent claim4
corresponds to dependent claim9, and the previous
dependent clains 5 to 9 correspond to clains 4 to 8.

The Board is satisfied that the clains as amended
comply with Articles 84 and 123(2) EPC.

4. Mai n request

The only issue in the decision under appeal is that of

i nventive step.

2249.D
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4.1 Docunent D1 is a published European patent application
and di scl oses net hods of depositing Al or Cu
i nterconnection structures in an integrated circuit
device. In order to inprove the crystalline properties
of the Al or Cu electrode, and thereby inproving the
el ectrom gration properties (cf. page 2, lines 34 to
35), it is suggested to use a seed |layer made of In or
Sn (anong ot hers) before depositing an el ectrode nmade
of Al (cf. page 5, lines 34 to 35, page 6, lines 32 to
53; Exanples 27, 29, and 30). Alternatively, In or Sn
can be co-deposited with Al formng the el ectrode (cf.
Exanpl es 46, 48, and 55). For inproving the
el ectrom gration properties of a Cu electrode, it is
suggested to use at | east one of Pb and Ti (cf. page 5,
lines 35 to 36).

4.1.1 The abstract of docunent D1 contains the follow ng
passage reproduci ng the wording of claim13:

"A method for manufacturing an electronic part,
conprising the step of depositing a conductor |ayer
which is mainly forned of one selected fromA and Cu
on a substrate via an insulative |layer, a barrier

| ayer, a contact |ayer or an anorphous thin filmlayer
wherein one el enment selected fromGa, In, Cd, Bi, Pb,
Sn and Tl is supplied before or during the deposition
of the conductor |ayer."

4.1.2 The exam ning division observed that the abstract and
claim 13 of docunent D1 which is a published European
pat ent application, can be construed as suggesting that
Sn or In is supplied before or during the deposition of
el ectrodes | ayer made of Cu or Al. The Board, however
observes that in the detailed description in docunment

2249.D
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D1 of the invention, there is no disclosure of the case
of Sn or In in conbination with Cu electrodes. In
particular, fromthe 55 different Exanples presented in
docunent D1, Exanples 1, 20, 26, 28, 34, 36, 42, 43, 44,
51 and 54 concern Cu or Cu-alloy wiring. None of these
exanpl es di scl ose seed |ayer containing In or Sn. In
Examples 27, 29, and 30 and in Exanples 46 to 48 and 55,
In or Sn is supplied before or during the deposition of
a conductive film but the filmis always an Al film

As held in the decisions T 56/87 and T 450/89 cited by
the appellant (cf. itemVlil(a) above), the technical
teaching of a prior art docunent should be consi dered
inits entirety (cf. T 56/87, headnote, reasons 3.1

T 450/ 89, reasons 3.11). In the present case, docunent
D1 is an unexam ned European patent application. Taking
into account that the clainms in a patent application
shoul d be supported by the description (Article 84 EPC),
and the abstract should summarize the disclosure of the
invention as contained in the description (Rule 33(2)
EPC), it follows that general and anbi guous discl osure
in the clains and the abstract has to be construed in
the Iight of the specific enbodi ments described, which,
in the present case, clearly does not disclose the use
of In or Sn as a seed material for a Cu conductor.

Thus, docunent D1 does not disclose a nethod of form ng
an interconnection structure where a copper alloy |ayer
conprising copper and either Sn or In is deposited,
since docunment Dl teaches to use either Ti of Pb for

t hi s purpose.
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Docunment D2 di scl oses a net hod of depositing a Cu

i nterconnection structure having inproved resistance
agai nst electromgration (cf. colum 4, lines 49 to 56).
This is achieved by co-depositing Cu and an all oying

el ement, such as Sn and In. After a subsequent
annealing step, In or Sn will concentrate at Cu grain
boundaries and interfaces (cf. colum 6, line 35 to
colum 7, line 5). The concentration of Sn/In is 0.01
to 10 wei ght percent, which corresponds to 0.05 to 5.4
atom c percent for Sn. The preferred range is 0.5 to 2
wei ght percent which corresponds to 0.27 to 1.07 atom c
percent Sn and 0.28 to 1.11 atom c percent In (cf.
colum 5, lines 53 to 54; colum 9, lines 47 to 53). It
is also disclosed that a high concentration of In or Sn
in the bulk lowers the conductivity of the el ectrode
(cf. colum 6, lines 52 to 57).

Thus, the nethod of claiml1 differs fromthat of
docunent D2 in that a copper alloy seed |ayer
conprising copper and Sn or In in the concentration
specified in the claimis deposited before a copper or
copper alloy conductor |ayer is formed, whereas in the
nmet hod of docunment D2, Sn or In is co-deposited with Cu
to formthe Cu el ectrode.

It follows fromthe above that docunment D2 shoul d be
considered the closest prior art, since it discloses

the addition of In or Sn in a Cu electrode with a view
to inmproving the el ectromgration resistance. Docunent
D1 which was cited by the exam ning division as cl osest
prior art does not disclose the use of In or Sn for

i mproving the electromgration properties of Cu

el ectrodes, but instead uses Ti and Pb for this purpose.
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The net hod of docunent D2 has the di sadvant age t hat
addition of In or Sn in the Cu electrode increases the
el ectrical resistivity of the electrode (cf. colum 9,
Table 1). Therefore, the technical problem addressed by
the application in suit relates to inproving the

el ectrom gration resistance of a Cu el ectrode w thout
conprom sing the resistivity of the overall electrode
(cf. itemVII(c) above).

The skilled person starting from docunent D2 woul d not
arrive at the nethod according to claim1l w thout
exercising inventive skills, since there is no
suggestion in the prior art docunents suggesting a
copper alloy seed layer containing In or Sn in the
range as specified in claim1l. The conbi ned teachings
of documents D1 and D2 woul d i nstead suggest to the
skilled person to use co-deposition of Cu and In or Sn,
since this nethod is described in both the docunents.
As a second possibility, the skilled person would
consider a nmethod of depositing a seed | ayer nade of
pure In or Sn before the Cu electrode |layer is
deposi t ed.

The exam ni ng division argued that since the probl em of
increased electrical resistivity was recognized in
Docunment D2 to result from high concentration of In or
Sn in the bulk of the Cu electrode, the skilled person
woul d as a matter of routine seek to mnimze the
amount of In or Sn in the bulk, and would therefore as
a matter of course seek to reduce the concentration of
In or Sn in the seed layer (cf. itemVI(c) above).
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Thi s argunment, however, ignores the fact that docunent
D2 teaches to distribute the solutes In or Sn evenly

t hr oughout the el ectrode, since according to document
D2, an annealing step is considered inportant in order
for the solute (Sn or In) to diffuse and concentrate at
the Cu interfaces and the grain boundaries of Cu all oy
grains throughout the electrode. In the case of Sn, the
grain boundaries are saturated with Sn ions in Cu-Sn
al l oys containing about 1 to 2 weight percent Sn (cf.
colum 6, lines 35 to 47). Furthernore, Figure 11 shows
the line resistance change as a function of

el ectrom gration stress tinme for different copper

all oys. The sanmple having the best electrom gration
properties contains 1 weight percent of In. It also
follows fromFigure 11 that in case of Sn, it would be
worthwhile to use a concentration significantly higher
than 1 weight percent, in order to attain a high

el ectrom gration resistance.

Thus, docunent D2 teaches that at |east 1 weight
percent In and even nore Sn should be added in a Cu
electrode in order to attain high el ectrom gration

resi stance. Translated into atom c percent, which is
the unit used in claim1, this corresponds to a | ower
[imt of about 0.54 atomi c percent in the bulk of the
el ectrode. This value has to be conpared to the clained
nmet hod which specifies 0.25 to 1.5 atom c percent in

t he seed | ayer only.

Therefore, judging fromthe Sn/In concentrations in the
bul k di scl osed in docunent D2, the skilled person woul d
not consider using a seed layer with the low Sn/lIn

concentration as clai ned.
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The exam ni ng division argued that a co-deposition of
Sn or In with copper of the kind disclosed in docunents
D1 and D2 would nmean that the initial Cu-Sn/In alloy

| ayer would function as a seed |layer for the further
deposition (cf. itemVI(d) above).

As the appellant convincingly argued, the co-deposition
as disclosed in both of the docunent D1 and D2 is a
continuous process during the formation of the conplete
conductor layer, in contrast to the nethod according to
claim1 in which a distinct alloy |ayer is forned
before a separate step of form ng the conductor body
the seed layer is carried out. There is no teaching in
docunents D1 or D2 that woul d suggest otherw se.

For the above reasons, in the Board' s judgenent, the
subject matter of claim 1l according to the main request
i nvol ves an inventive step within the neaning of
Article 56 EPC
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Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the departnment of the first
instance with the order to grant a patent with the
fol |l ow ng docunents:

Cl ai ns:
1 to 9 according to the primary request filed with
the letter dated 5 July 2004

Descri pti on:
pages 1, 2, 3 and 13 as originally filed
pages 4, 7 to 12 and 14 as filed with the letter
dated 6 February 2001
pages 5 and 6 filed with the letter dated 2 August
2001

Dr awi ngs:
sheets 1/3 to 3/3 as originally filed.

The Regi strar: The Chai r man:

D. Meyfarth R K Shukl a
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