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Summary of Facts and Submn ssions

The appeal |ies against the decision of the exam ning
di vi sion dated 24 July 1997 refusing the European
patent application No. 92 300 687.8. The ground for the
refusal was that the subject-matter of the clains did
not involve an inventive step (Article 56 EPC), having
regard to the follow ng prior art docunents:

D1: Journal of Vacuum Sci ence & Technol ogy B,
volunme 7, No. 1, January/ February 1989,
page 127-128, and

D3: EP-A-0 388 563

1. The appel |l ant (applicant) |odged an appeal on
25 Septenber 1997, having paid the appeal fee two days
before. The statenent setting out the grounds of appea
was filed on 25 Novenber 1997.

L1l In response to a comruni cation fromthe Board, the
appel lant filed on 8 May 2002 a revi sed page 4 of the
description and revised clains 1 to 5.

The wordi ng of the only independent claiml is as
foll ows (enphasis added by the Board for show ng the
anmendnents with respect to claiml as originally filed)

“1l. A nethod of manufacturing a sem conductor device
havi ng conductive | ayers connected by conductive
plugs forned in via-holes, the nethod including
t he steps of:

formng via-holes in an interlayer insulating film
provi ded on an underlying conductive | ayer,
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depositing a continuous first netal filmalong the
top surface of the interlayer insulating film and
the inside of the via-holes by a chem cal vapour
deposition (CVD) process,

depositing a second netal filmon the first netal
filmby a physical vapour deposition (PVD)
process, and

nelting the first and second netal filnms to form
conductive plugs in the via-holes by an
appropriate heating neans, to thereby fill the
via-holes with the netal material fromthe outside
t hereof . "

The appel | ant requested that the decision under appea
be set aside and that a patent be granted on the basis
of the follow ng patent application docunents:

d ai ns: 1to5filed on 8 May 2002 with the

| etter dated 7 May 2002
6 to 8 filed on 25 Novenber 1997 with
the letter dated 21 Novenber 1997

Descri ption: pages 1, 2 and 6 to 17 as originally

filed

pages 3 and 5 filed on 26 May 1995 with
the letter dated 23 May 1995

page 4 filed with the letter dated

7 May 2002

Dr awi ngs: Sheets 1/8 to 8/ 8 as originally filed

In the decision under appeal the exam ning division
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argued essentially as foll ows:

Docunent D3 is the closest state of the art. The
subject-matter of claiml1l differs fromthe nethod

di sclosed in this docunent essentially in that the
first and second netal filmare nelted so that the
via-holes are filled with the netal of these filns. The
techni cal probl em addressed by the invention is,
therefore, to conpletely fill narrow via-holes with
netal, while achieving a planarized upper surface. The
step of nelting both netal |ayers was, however, known
fromdocunent D1 and it would have been obvious to a
skilled person to use the nelting techni que known from
this docunent in the nethod according to docunent D3 to
fill the via-holes with netal (a closely anal ogous
situation).

The appel |l ant argued essentially as follows in support
of his request:

Docunent D3 addresses the sane problemas the
application in suit, ie to connect two conducti ng

| ayers through a via hole. The nethod of docunent D3,
however, involves several steps: to taper the sidewalls
of the via hole and to deposit a first |layer by a CVD
process that assures the electrical connection between
the two conducting |ayers. The second netal |ayer does
not have the function of connecting these | ayers, but
only provides the upper conducting plane. Moreover, in
this docunent it is specifically stated that voids
which may remain in the via hole are not regarded as
being a problem since the interconnection is assured
by the first netal film

Moreover, there is no reason to conbine the teaching of
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this docunent with that of docunent D1.

Reasons for the Deci sion

1

1497.D

The appeal is adm ssible.

Amendnent s

Caiml differs fromthe claimas originally filed in
t hat

(a) the expression "depositing a continuous first netal
film' replaces the expression "depositing a first netal
filmcontinuously” which was enpl oyed originally, and

i n that

(b) the nelting of the first and second netal filns is
done by "an appropriate heating neans" instead of "by
an irradiation of an energy neans".

The first amendnent provi des consistency with the
description, since the application consistently
requires that the first netal film should be continuous
(cf. colum 4, lines 48 to 57 and colum 5, lines 24

to 26, 35 to 36 and 45 to 46 of the published
appl i cation). However, the expression "continuously"
used previously qualified the deposition process, but
not the filmitself.

The second amendnent is disclosed in colum 2, |lines 55
to 56 and columm 5, lines 49 to 51 of the published

appl i cation.

The description was anended to reflect the anmendnents
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made to the independent claim

Consequently, the Board is satisfied that the
amendnents fulfill the requirenents of Articles 84 and
123(2) EPC

I nventive step

The only remaining issue in this appeal is that of
I nventive step

The application in suit addresses the probl em of

I nterconnecting two conductive | ayers separated by an
interlayer insulating filmthrough via-holes. Such
structures are comonly used in the manufacturing of
sem conduct or devi ces. However, due to the trend to

hi gher integration of these devices the sizes of the
vi a- hol es have been reduced and their aspect ratios

i ncreased. Metal filns formed by physical vapour
deposition (PVD) processes produce unsatisfactory step
coverage due to the shadow effect and the obtained
metal filns are discontinuous within the via-hole. On
t he ot her hand, chem cal vapour deposition (CVD)
processes are free of the shadow effect and form

conti nuous netal filmwthin the holes. However, since
an organonetal lic conpound gas is generally used in CVD
processes, the netal filns contain carbon which

i ncreases their resistivity.

It is common ground that docunent D3 represents the

cl osest state of the art. This docunent discloses a

met hod of interconnecting two conducting |ayers through
a via-hole. The disclosed nethod conprises successively
the follow ng steps: formation of a tapered oxide | ayer
on the sidewalls of the via hole to inprove step
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coverage, formation of a titaniumbarrier |ayer 30 over
all the exposed surfaces, formation by CVD of a thin
conformal | ayer of tungsten disilicide 32, and finally,
formati on by PVD of an alum num |l ayer 38 (cf. colum 2,
lines 3 to 35; colum 7, lines 14 to 30 and Figure 7).

According to this docunent, the electrica

i nt erconnection between the upper and | ower conducting
| ayers within the via-hole is assured by the confornal
titaniumnitride and tungsten disilicide |ayers 30

and 32 (cf. colum 6, lines 47 to 52 and col um 6,
line 56 to colum 7, line 4). For this reason, the
possibility of voids remaining within the via-hole 14
is not regarded as a problem (cf. colum 6, line 30

to 52).

The nmethod of claim1 differs fromthe above prior art
nmethod in that the two netal |ayers are nelted, to
thereby fill the via-holes with the netal material from
t he outside of the via-hole.

According to the application in suit, the effect
achieved by this neasure is that part of the materi al
of the nolten second netal filmlocated on the outside
of the via-hole is mass-transported into the via-hole
by the presence of a continuous first netal film which
acts as a guide for the flow of material (cf. colum 4,
lines 34 to 44). A further effect achieved by this
nmeasure is to planarize the surface of the upper
conductive layer in the region overlaying the via-hole
(cf. colum 6, lines 42 to 44).

For these reasons, the problem addressed by the
application in suit having regard to the prior art
docunent D3 is the one originally stated, nanely the
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provision of a method for fully filling a via-hole with
a netal material and to planarize the top surface of it
(cf. colum 2, lines 43 to 49).

The exam ning division, in the decision under appeal,
argued that nelting a netal |ayer by |aser irradiation
to fill a via-hole and to planarize the top surface
overl ayi ng the via-hole was known from docunent D1

(cf. page 127, left-hand colum, penultinmate
paragraph). The skilled person would, therefore, have
added a step for nelting the netal layers in the nethod
according to docunent D3 to elimnate the voids which
according to the disclosure of this docunment may remain
inside the via-hole and to planarize the top surface.

The Board, however, cannot concur with this Iine of
argunent. In the Board's view, it would not be obvious
to conbi ne the nethods of docunments D3 and D1, since
the nature and purpose of the first and second netal
films are very different in these two nethods.

Docunent D1 nakes reference to a previous work by Mika
et al. in which an alum num | ayer was nelted by an

exci mer |laser pulse to planarize it. The al um num | ayer
was covered by a thin copper layer to increase the
optical absorption of the laser light (cf. page 127,

| eft-hand col um, penultimte paragraph). In the actua
experinment reported in this docunent a thin chrom um

| ayer was thermally evaporated on the silicon oxide to
pronote the adhesion of a thermally evaporated gold

| ayer (cf. page 127, right-hand col umm, second

par agraph ' Experinment'). In both experinents one of the
nmetal layers is not used for electrical conduction, but
either to increase absorption of the laser |ight (the
copper layer) or to inprove the adherence to the
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substrate (the chrom um |l ayer). Mreover, this docunent
does not disclose that nelting of both the |ayers is
required, since it states that the paraneters of the

| aser pul se were selected to assure that the thernal

i nfluence on the |ayers under the gold | ayer was kept
at a mninmum (cf. page 128, right-hand col umm, end of
the second paragraph). As the nelting points of gold
and chromum are very different (1064 and 1860°C,
respectively), it is reasonable to assune that only the
overlying gold layer and not the chromi um Il ayer was
nelted by the | aser beam

On the other hand, the first netal filmused in
docunent D3 assures the electrical interconnection

bet ween the two conducting planes within the via-hole
wi thout requiring the continuity of the second netal
filmin this region. For this reason, the Board concurs
with the appellant that it cannot be derived fromthe
conbi ned teaching of docunents D1 and D3 that nelting
the tungsten disilicide and the alum num |l ayers used in
docunent D3 would inprove the electrical properties of
the contact. In fact a nelting of these two | ayers
could lead to a worseni ng of the contact, since
according to docunent D3 the electrical contact between
the two conducting planes is provided by an intact
first netal layer and it cannot be determ ned
beforehand if the resolidification of the nolten
material would provide such an intact |ayer.

For the above nentioned reasons, in the Board's
judgenent, the subject-matter of claim1l involves an

i nventive step within the neaning of Article 56 EPC and
accordingly neets the requirenents of Article 52(1)

EPC
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The dependent cl ains concern further particul ar
enbodi nents of the invention which are patentable for
t he sane reasons.

O der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the departnent of the first
instance with the order to grant a patent on the basis
of the follow ng docunents:

d ai ns: 1to5filed on 8 May 2002 with the
letter dated 7 May 2002
6 to 8 filed on 25 Novenber 1997 with
the letter dated 21 Novenber 1997

Descri ption: pages 1, 2 and 6 to 17 as originally
filed
pages 3 and 5 filed on 26 May 1995 with
the letter dated 23 May 1995
page 4 filed on 8 May 2002 with the
letter dated 7 May 2002

Dr awi ngs: Sheets 1/8 to 8/ 8 as originally filed

The Regi strar: The Chai r man:

1497.D
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D. Spigarelli R K  Shukl a
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