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Summary of Facts and Subm ssi ons
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The appeal |ies against the decision of the Exam ning
Division dated 6 April 1998 refusing the European

pat ent application No. 92 304 633.8. The ground for the
refusal was that the subject-matter of claiml1 was not
new having regard to the disclosure of the prior art
docunent :

Dl: US-A-5 011 793

The appel l ant (applicant) |odged an appeal on 20 May
1998, paying the appeal fee on 29 May 1998. The
statenment setting out the grounds of appeal was filed
on 24 July 1998.

At the oral proceedings before the Board held on 4 July
2002 the appellant subm tted an anended request based
on claims 1 to 5, replacing all the previous requests,
and anended pages of the description.

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

Cl ai ns: 1 to 5 filed during the oral proceedi ngs
on 4 July 2002

Descri ption: pages 1 to 18 filed during the oral
proceedi ngs on 4 July 2002

Dr awi ngs: Sheets 1/4 to 4/4 filed on 16 July 1992
with the letter dated 14 July 1992
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The wording of the only independent claimis as follows

(enmphasi s added by the Board to show t he anendnents

i ntroduced in the course of the appeal proceedings with

respect to the independent claimon which the decision

of the Exam ning Division was based):

"1.

A nmet hod of processing a sem conductor wafer
havi ng a surface | ayer having an exposed surface
and at |l east a part of said surface having a
multiplicity of recesses therein, the nethod
conpri si ng:

depositing, in a first chanber, a further |ayer of
al um num or al um num all oy on the exposed surface
of at |east said part of said surface |ayer

wi thout any nelting of said further |ayer, the
depositing of said further |ayer continuing at

| east until said further |ayer extends over al

the recesses to close conpletely the nouths of al
of said recesses in the exposed surface;

halting the depositing of said further |ayer;

pl acing the wafer in a high pressure chanber; and

subj ecting said wafer and said further |layer to

el evat ed pressure above 20 x 10° Pa and an el evat ed
tenperature within the high pressure chanber
sufficient to cause parts of said further layer to
deformw thout nelting, to fill respective
recesses; wherein the elevated tenperature to

whi ch said further layer is subjected is below the
melting point of said further |ayer."
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In the decision under appeal the Exam ning D vision
essentially argued as foll ows:

Docunment D1 di scloses a nethod for filling recesses in
a substrate conprising the steps of formng a |layer on
a substrate having at | east one recess, depositing the
| ayer so that a void is forned within the recess and
appl ying pressure while the layer and the substrate are
at a high tenperature so that the layer is forced into
the recess. The term"nelted" as used in docunent D1 is
clearly defined so as to include the conception of
softening and fluidization, ie the layer is heated to a
tenperature at which the material is not necessarily
nol ten, but reaches a state of plastic softening. In
consequence, all the process steps of claiml are
antici pated by the teaching provided by docunment D1.

The Exam ning Division further observed that an

i ndependent cl ai mconprising the magni tude of the
pressure utilised during the process would not involve
an inventive step, since said value can be estimted by
routine tests. Furthernore, the defined pressure
magni t ude does not result in an unexpected advant ageous
effect.

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

The interpretation of docunent D1 nade by the Exam ning
Division is erroneous and based on a retrospective
readi ng of this docunent with the application in suit
in mnd. The Exam ning Division resolved any anbiguity
in this docunment by forcing an interpretation such that
the process in docunent Dl appears to be the sane as
the one clained. However, both processes are
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fundanental ly different.

Docunent D1 di scl oses a pressurised reflow process in
whi ch the deposited netal is noved by heating it to
flowinto the recesses. This novenent is assisted by

t he application of pressure. The anmpbunt of pressure
that can be applied is determ ned by the vacuum chanber
equi pnrent used, ie about one atnosphere, because vacuum
deposition chanbers are not configured to wthstand
pressures which are significantly above atnospheric
pressure. Mreover, the statenent defining "nmelting" as
nerely applying heat for softening the netal |ayer does
not make sense in the context of the prior art nethod
mentioned in docunment D1. If the authors of this
docunent woul d have realized that only sinple heating
was required, then it would be pointless to refer to
melting or to put in any explanation of that term

The net hod according to the application in suit
consists essentially in applying a very high pressure
to a layer maintained at a tenperature belowits
melting point. This nmethod thus corresponds to an
"extrusion" type process in contrast to the "casting"
type process disclosed in docunent DL.

Furthernore, it has to be noted that no suitable

equi prent for applying the high pressure disclosed in
the application existed in the art (about 200

at nospheres) and had to be specially designed by the
inventor. This denonstrates that the clainmed nmethod was
in no way nmerely a result of routine tests.
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Reasons for the Decision

1

2.2
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The appeal is adm ssible.

Arendnent s

In the decision under appeal, there were no objections
rai sed agai nst the clains under Article 123(2) EPC, and
the Board is also satisfied that the clains as anended
during the exam nation proceedings conplied with
Article 123(2) EPC

In the course of the appeal proceedings the independent
cl ai m has been anended to specify the material of the
further | ayer which is deposited to fill the recesses,
t he magni tude of the applied pressure, and that after

t he deposition is halted the wafer is placed in a
separate high pressure chanmber (cf. colum 3, lines 13
to 15 and colum 8, lines 24 to 29 of the published
application and point |V above).

The description has been anended to concord with the
cl ai ns.

The Board is, therefore, satisfied that these
amendnments fulfill the requirenent of Article 123(2)
EPC.

In the appeal proceedings, the wording of claim1l was
amended (in relation to claim1l which was refused by

the Exam ning Division) as follows to conply with the
requi renent of clarity pursuant to Article 84 EPC

- deletion of "significantly” fromthe expression
"significantly below the nelting point"; and
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- deletion of "and is sufficient to decrease the
yield strength of the material of said further
layer to allow filling deformation".

Mor eover, the description has been amended by del eting
the sentence "If alum numis used, tenperatures in the
range 350°C to 650°C and pressures in excess of 3,000
psi have been found suitable.” on page 7, lines 26 to
28, to clarify the fact that the layer is not heated to
a tenperature as high as 650°C where al um ni um nel ts.

Novel ty

Docunment D1 di scloses a nmethod for filling recesses
formed in a substrate wi thout |eaving voids within the
recesses. The nethod conprises the foll ow ng steps:

- formng a thin filmon a substrate,

- heating the thin filmwhile it is being fornmed on
the substrate so that it is '"nelted and closes
the entrance of the recesses by the nelted
material, but |eaves a void within the recesses,
and

- i ntroducing a pressurizing gas into the sane
vacuum chanber in which the deposition was
performed so that it pushes the 'nmelted material
into the recesses (cf. colum 1, lines 57 to 68
and colum 2, lines 62 to 65).

It is further specified in the introductory part of
this docunent "that the wording 'nelted’ used herein is
intended to include the conception of a softening or a
fluidization" (cf. colum 1, lines 26 to 28).
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On the basis of the above definition of the word
‘nmelted', the Exam ning Division argued that in the
met hod of docunent D1, the thin filmwhich was
deposited on a substrate was heated to a tenperature
below its nmelting point, but high enough to soften the
material to allowit to be defornmed, and then pressed
inthis state into the recesses as in the nethod
clainmed in claima1.

The appell ant contested this interpretation arguing
that the definition of "nelted specified in docunent
D1 contradicts the disclosure of this docunent taken as
a whol e.

Consequently, it needs to be considered whether the
above definition of "nelted is consistent with the
remai ni ng di scl osure of docunment D1.

The introductory part of docunent D1 refers to a
conventional, prior art nmethod for filling recesses in
which an alumniumalloy film deposited on a substrate
wWith recesses, is heated to a tenperature above
approximately 500°C, so that it is nelted. The nelted
material is then drifted into the recesses, filling
them (cf. colum 1, lines 11 to 26). However, when the
recesses have an aspect ratio above one, the nelted
mat eri al cannot be successfully drifted into the
recesses and a void is left within them (cf. colum 1,
lines 29 to 35)

In the context of the above conventional process, which
is knowmn to rely on the reflow of alumnium there is
no doubt whatsoever that the alum niumfilmwhich is
heat ed above 500°C is in the nolten state. In this
connection reference is made to a standard book, "ULSI
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Technol ogy", edited by C. Y. Chang and S. M Sze,
Mc Gaw Hi Il Conpanies, Inc., 1996, page 140,
section 8.4.3, where the above process is explained.

Moreover, the use of the termdrifted neans that the
material has to be in aliquid state so that it fills
up the recesses wi thout the application of an external
force to nove it. Adrifting of the layer's materia
cannot, however, be achieved if the layer is heated up
so that it is nerely softened.

For these reasons, the Board concl udes that the
definition of the word '"nelted', as neaning nerely a
softening of the layer, cannot be applied to the prior
art nmethod described in docunent D1.

According to the pressurized refl ow process descri bed
with reference to Figures 4 to 7 in docunent D1, an
alumniumalloy layer is heated to a tenperature above
approximately 500°C and is thus nelted. However, as the
recesses to be filled have an aspect rati o above one,
they are no longer filled by nmerely letting the nelted
material drift into the recesses, but an external
pressure has to be applied to push the material into
them The statenent defining the tenperature at which
the layer is heated in this situation is the sane as
the one used for describing the conventional reflow

nmet hod, specifying that the tenperature is sufficiently
high to nelt the material. In absence of any other
indication in the docunent to the contrary, the heating
tenperature has to be interpreted as in the case of the
conventional reflow nethod.

Having regard to the present circunstances, the Board
concludes that the definition of the word 'nelted' as



3.6

2064.D

-9 - T 0871/98

conprising a softening of the layer is inconsistent
with both the conventional reflow nmethod and the
pressuri zed refl ow nmethod described in docunent Dl1. As
stated in decision T 412/91, the disclosure of a prior
art docunent is governed not nerely by the words
actual ly used, but by what the publication reveals to
the skilled reader as a matter of technical reality
(cf. point 4.6 of the reasons).

The Board, therefore, concludes that the nethod

di scl osed in docunment Dl does not conprise a step in
whi ch the further |ayer deposited on top of the
recesses, closing their nmouths, is subjected to an
el evated tenperature below the nelting point of this
| ayer, but discloses a nethod in which pressure is
applied onto a layer of nelted material.

The met hod according to claim1l of the application in
suit differs, therefore, fromthe nethod disclosed in
docunent D1 in that:

(1) the wafer is placed in a separate, high pressure
chanber after the further |ayer has been
deposi t ed;

(i) the wafer and the further |ayer are subjected to

an el evated pressure above 20 x 10° Pa to cause
parts of the further layer to deform and

(ti1) the elevated tenperature applied during the
deformation step of the further layer is bel ow
the melting point of this |ayer.

Consequently, the nethod according to claiml is new
with respect to the disclosure of docunent D1.
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| nventive step

The probl em addressed by the application in suit is to
provide a nmethod for conpletely filling up recesses
havi ng an hi gh aspect ratio that can be carried out at
| ower tenperatures than the ones used in the prior art,
i e tenperatures above 500°C as disclosed in docunent
D1. The use of | ower process tenperatures is inportant
for avoi ding unwanted side effects.

The Board is satisfied that this is achieved by the
application of a high pressure above 20 x 10° Pa (ie
about 200 at nospheres), since under these circunstances
processing tenperatures significantly below the nelting
point of the layer can be used. In particular,
tenperatures as | ow as 350 to 400°C have been
successfully used at this pressure for filling the
recess with alumnium (cf. colum 6, lines 25 to 29 of
t he published application).

The Exam ning Division has argued in their decision
that it would have been a matter of routine
experinmentation to find out the required pressure
allowi ng the deformation of the |ayer at a tenperature
below its nelting point.

The Board, however, cannot concur with this |ine of
reasoni ng, since, as convincingly argued by the
appel I ant, docunment D1 di scl oses that the pressuri zing
gas was introduced into the same vacuum chanber in

whi ch the deposition was done (cf. colum 2, |ines 62
to 65). A vacuum deposition equi prment, however, is
normal |y designed to withstand pressure differentials
of a few atnospheres at the nost, since under norna
wor ki ng conditions it supports an underpressure of one
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at nosphere, and it woul d have been severely danmaged if
subjected to a pressure above 20 x 10° Pa (i e about 200
at nospheres). Mreover, thermal treatnent chanbers

wi t hst andi ng such high overpressures were not routinely
used in the art of sem conductor device manufacturing,
and, for this reason, an adequate equi pnent, fulfilling
the conditions required in this field, had to be

speci ally designed by the appellant.

Adm ttedly, a person skilled in the art would have
routinely experinmented with pressure values in the
vicinity of one atnospheric pressure in the prior art
process. However, the application of a pressure of a
magni t ude which is about two orders higher than the one
which is normally enpl oyed, cannot be regarded as a

val ue arrived at by routine experinmentation especially
when such a high pressure results in a considerable
reduction in the tenperature (350°C to 400°C as
conpared to above 500°C) at which the recesses can be
filled by physical deformation of the alum nium all oy
film Moreover, the application of such a high pressure
results in a process which relies on physical
deformation of the solid filmmaterial to fill the
recess rather than on the flow of the nelted material.

The Board therefore cones to the concl usion that
claim1l involves an inventive step within the neaning
of Article 56 EPC.

The dependent clainms 2 to 5 concern further particul ar
enbodi nents of the invention which are patentable for
t he sane reasons.
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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 on the basis
of the follow ng docunents:

Cl ai ns: 1 to 5 filed during the oral proceedi ngs
on 4 July 2002
Descri ption: pages 1 to 18 filed during the oral
proceedi ngs on 4 July 2002
Dr awi ngs: Sheets 1/4 to 4/4 filed on 16 July 1992
with the letter dated 14 July 1992
The Regi strar: The Chai r man:
D. Spigarelli R K Shukl a
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