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Summary of Facts and Subm ssi ons

1685.D

The European patent application No. 94 118 479.8
(Publication No. 0 661 732) was refused by a decision
of the exam ning division dated 4 Decenber 2000 on the
ground that its subject-matter did not involve an
inventive step having regard to prior art docunents

D1: Journal of the Electrochem cal Society, Vol. 135,
No. 5, pages 1211 to 1217, May 1988,

and

D4: US-A-4 854 263.

Claim1l of the first auxiliary request formng the
basi s of the decision of the exam ning division reads
as follows:

"1l. A nethod for depositing silicon oxynitride on a
substrate (38) in a plasma enhanced chem cal vapor
deposition chanber (12) fitted with a substrate support
el ectrode (18) and a parallel gas manifold el ectrode
(16), said gas manifold electrode (16) having a face
pl ate (44) adjacent the plasma regi on between the

el ectrodes (18, 16) and having a plurality of tapered
openi ngs (40), said tapered openings having a di aneter
at gas inlet smaller than the dianeter at gas outlet,
said silicon oxynitride being formed froma precursor
gas m xture consisting essentially of silane, nitrous

oxi de and nitrogen,

characterized by
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mai ntai ni ng the deposition tenperature at | ess than
250°C and the deposition pressure between 0.666 hPa and
4,666 hPa while maintaining the deposition rate at over
200 nmMmn."

Claims 2 to 4 of the first auxiliary request were
dependent cl ai ns.

Since the appellant's only request concerns the text of
claim1 based on this first auxiliary request, it is
not necessary to refer to the text of the main request
or of the second auxiliary request form ng the basis of
t he deci si on under appeal .

The reasoning of the exam ning division for the finding
of lack of inventive step in claim1 of the first

auxiliary request can be sunmmarized as foll ows:

It is well known in the art to deposit oxynitride using
pl asma enhanced chem cal vapor deposition (PECVD) from
a precursor gas m xture consisting essentially of
silane (SiHy), nitrous oxide (N;O and nitrogen (N),

t hese gases being selected to avoid the use of anmmonia
which results in substantial, unwanted hydrogen
incorporation into the formed oxynitride film Such a
method is explicitly discussed in docunent D1. It is
clear that the growth is successful at |ow tenperatures
such as 200°C; however, it is quite clear fromFigure 3
of this docunent that the growth rate is very |ow

(about 18 nmmn at 200°C and 10.5 nm mn at 350°C),
such that the nethod is barely feasible for use in a
devi ce fabrication technol ogy.
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Starting fromdocunment D1, the objective problemto be

solved by the invention is to increase the growh rate

of the silicon oxynitride (SION) to a | evel wherein the
reaction is rendered feasible. The skilled person faced
with the problemw || therefore search the prior art to
see if any methods are known whereby PECVD grow h rates
m ght be increased, and as a result will find docunent

D4 published about one year |ater than docunment D1.

Docunent D4 di scusses exactly the problem outlined
above for the formation of PECVD silicon oxynitride via
sil ane based chem stry avoiding ammonia. It is clear
fromthe docunent that the low prior art growh rates
ari se due to poor dissociation of the nitrogen source
gas used. This problemis solved according to docunent
D4 by the use of a manifold el ectrode with tapered
openi ngs exactly as in claiml1l. This greatly increases
the dissociation rate of the nitrogen and hence results
in greatly increased growmh rates for the oxynitride.
The skilled person will autonatically consider using
this gas manifold el ectrode in the nethod of

docunent D1 and thus arrive at the subject-matter of
claim1l, the high growth rate being an automatic result
of the use of the gas manifold el ectrode.

| ndeed, in the nethod of docunent D1, the pressure is
0.4785 hPa (0.36 torr) and thus lower, and, in the

met hod of docunent D4, the pressure is 5.985 to

6.65 hPa (4.5 to 5.0 torr) and thus higher than those,
bet ween 0.666 hPa and 4.666 hPa, in claim1. Moreover,
to arrive at the clained nethod, pressure, tenperature
and deposition rate of the nethods of documents D1 and
D4 nust be vari ed.
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However, the indication in docunent D4 that the
apparatus has a wide pressure regine and that this,
anongst ot her variables, provides a w de range of
processing capabilities, is an indication that the
pressure can be varied whilst still using the clained
mani fol d el ectrode.

Mor eover, concerning the applicant's argunent that the
variation in all three paraneters is not
straightforward, it was considered that the pressure
range claimed is sinply filling the gap between the
pressures known from both docunents. This variation, as
well as the variation of the other paraneters, which
can be sel ected because of the requirenents of the
device to be fabricated, does not result in any
unexpected effect.

Therefore, the subject-matter of claiml of the first

auxiliary request |acks an inventive step.

The applicant | odged an appeal against this decision on
26 January 2001 paying the appeal fee on the sane day.
A statenent setting out the grounds for the appeal was
filed on 4 April 2001.

In an official conmunication issued on 20 February
2003, the Board expressed its provisional opinion that
the appellant's main request did not conply with the
requi renents of clarity and inventive step and
suggested anmendnents to claiml of the first auxiliary
request which could neet the above requirenents of the
EPC.

Wth letter dated 17 April 2003, the appellant agreed
to the anendnents suggested by the Board.
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VII. The appel | ant requested that the decision under appeal
be set aside and a patent be granted on the basis of
the foll ow ng docunents:

Descri pti on:

Pages 1, 2, 8 and 9 as filed;

Pages 3, 3a, 4to 7, 10 and 11 filed with the letter
dated 11 May 1999;

Pages 12 and 13 annexed to the communication of the
Board of 20 February 2003 and agreed to by the
appel lant by the letter dated 17 April 2003;

d ai ns:

No. 1 annexed to the comunication of the Board of
20 February 2003 and agreed to by the appellant by
letter dated 17 April 2003;

Nos. 2 to 4 of the first auxiliary request filed with
the letter dated 5 Cctober 2000;

Dr awi ngs:

Claim1 of the appellant's request reads as foll ows:

"1. A nethod for depositing a filmof silicon
oxynitride on a substrate (38) in a plasnma enhanced
chem cal vapor deposition chanmber (12) fitted with a
substrate support electrode (18) and a parallel gas
mani fold el ectrode (16), said gas manifold el ectrode
(16) having a face plate (44) adjacent the plasm

1685.D
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regi on between the el ectrodes (18, 16) and having a
plurality of tapered openings (40), said tapered
openi ngs having a dianeter at gas inlet smaller than
the dianeter at gas outlet, said silicon oxynitride
being fornmed froma precursor gas m xture consisting
essentially of silane, nitrous oxide and nitrogen,

characterized by

mai ntai ni ng the deposition tenperature at | ess than

250°C and the deposition pressure between 0.666 hPa and
4,666 hPa while maintaining the deposition rate at over
200 nnfm n, whereby the deposited filmis substantially

W t hout voids."

(The anmendnments with respect to claim1 of the first
auxiliary request formng the basis of the decision
have been highlighted by the Board)

Clainms 2 to 4 are dependent cl ai s.

The appel l ant has submitted in substance the foll ow ng

argunent s:

The invention is directed to a nethod of depositing
Si ON at | ow tenperatures and high deposition rates
usi ng tapered gas mani fold openings as in docunment D4.

However, in docunment D4, the deposition tenperature is
i ndi cated as being 300 to 360°C, thus nmuch higher than

t he maxi num t enperature of 250°C, in claiml.

From docunent D1, it is known that Si ON can be

deposited at | ow tenperatures, e.g. 200°C or 250°C
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However, in docunment D1, only very |ow deposition rates
are achieved at | ow tenperature. Moreover, Figure 2 of
docunent D1 shows that at a tenperature of deposition

of 250°C on a substrate, filnms do not have uniform

t hi ckness across the substrate and thus cannot be
consi dered as useful.

The present clains are for obtaining useful SiON filns
and require both a | ow tenperature of deposition and
hi gh deposition rates using the manifold el ectrode of
docunent D4. Docunent D4 havi ng been published after
docunent D1 and the authors of document D4 having
anyway chosen a high tenperature, they nmust have

t hought that both tapered openings for the manifold

el ectrode and high tenperatures are required for
depositing Si ON at high deposition rates. Al of their
N-containing filnms were deposited at 300°C to 360°C.
Moreover, as set forth above, filns deposited in
docunent D1 do not have a uniformthickness.

Therefore, to the skilled person, it was not obvious to
conbi ne the docunents D4 and D1 and, thus, the subject-

matter of claim1l involves an inventive step.

Reasons for the Deci sion

1685.D

The appeal is adm ssible.

Formal requirenents

The present clains are based on the clains of the first

auxi liary request before the exam ning division.

Claim1 now specifies that the nmethod is for depositing
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a silicon oxynitride film this film being
substantially w thout voids, i.e. having substantially
no porosity. These anendnents are based on the
application as filed (see e.g. page 1, first paragraph
and page 4, second paragraph to page 5, first

par agr aph; see al so i ndependent claim 12).

Therefore, the application conplies with the

requi renment of Article 123(2) EPC that a European
patent application may not be amended in such a way
that it contains subject-matter which extends beyond
the content of the application as fil ed.

Mor eover, inconsistencies between claim1l1l, wherein the
silicon oxynitride is fornmed froma precursor gas

m xture consisting essentially of silane, nitrous oxide
and nitrogen, and the paragraph bridgi ng pages 12

and 13 of the description citing other gas conponents,
have been elimnated by del eting said paragraph.

| nventive step

A nethod for depositing a silicon oxynitride filmon a
substrate in a plasma enhanced chem cal vapor
deposition chanmber is known from docunent D1 (see the
abstract; page 1211, |eft-hand colum, second and third
paragraphs); it is derivable fromthe docunent that the
chanber is fitted with a substrate support el ectrode
and that there is a second, parallel electrode having a
face plate adjacent the plasnma region between the

el ectrodes; the silicon oxynitride is formed froma
precursor gas m xture consisting essentially of silane,
nitrous oxide and nitrogen; the deposition tenperature
can be maintained at e.g. 200°C, thus at |ess

t han 250°C.
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However, contrary to the nmethod of claim1, the known
method is not carried out in a deposition chanber
wherein the second, parallel electrode is a parallel
gas manifold el ectrode having a plurality of tapered
openi ngs, sai d tapered openings having a dianeter at
gas inlet smaller than the diameter at gas outlet.

Moreover, in the method of document D1 (see page 1211

| eft-hand colum, third paragraph), the pressure in the
deposition chanber is maintained at 0.4785 hPa

(0.36 torr) and is thus | ower than the | owest pressure
of the range between 0.666 hPa and 4, 666 hPa of

claim 1.

It is also to be noted that, in the known nethod (see
the bottomfigure in Figure 3), at the indicated
tenperatures, e.g. 200°C and 350°C, and at the indicated
deposition pressure, the deposition rates are about 16
and 11 nmmn, respectively, for a filmof the same
type of material; at 250°C (see Figure 5), for a Si ON
film simlar values of the deposition rates are shown.
These rates are thus not maintained at over 200 nni mn,

as in claiml.

Thus, a problem of the nmethod known from docunent D1 is
that the deposition rate is too | ow.

Anot her nmet hod for depositing silicon oxynitride on a
substrate in a plasm enhanced chem cal vapor
deposition chanber (10) fitted with a substrate support
el ectrode (12) and a parallel gas manifold el ectrode
(11), is known from docunment D4 (see colum 3, lines 21
to 36; colum 9, line 47 to colum 10, |ine 36;

Figures 1 to 3; Exanple 4 and the correspondi ng text);
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the gas manifold el ectrode (11) has a face plate (30)
adj acent the plasma regi on between the el ectrodes
(12, 11) and has a plurality of tapered openings (31)
having a diameter at gas inlet smaller than the

di anmeter at gas outlet; the silicon oxynitride is
formed froma precursor gas m xture consisting

essentially of silane, nitrous oxide and nitrogen.

In this other known nethod, the deposition rate is
mai ntai ned at 400 nmmn or 500 nmmn (see Tables 6
and 7, respectively), and is thus in accordance with
the rates in claiml, i.e., above 200 nm m n.

However, in docunment D4 (see Tables 6 and 7), the
pressure for formng SIONfilns is indicated as being
6.65 hPa (5.0 torr) and thus higher than the highest
pressure of the range between 0.666 hPa and 4, 666 hPa
of claiml1, and the tenperature range is from 300

to 360°C, which is higher than the maxi num tenperature
in the nethod of claiml, i.e., 250°C

The skilled person starting fromthe method of

docunent D1 and intending to increase the deposition
rate of SiON layers would refer to docunent D4 and

| earns therefromthat the use of a manifold el ectrode
as disclosed therein (see colum 2, lines 27 to 37

and 46 to 54; see also columm 5, lines 8 to 18) results
in higher deposition rates.

The appel |l ant has argued that, in the nethod of
docunent D4, the deposition tenperature is indicated as
bei ng 300 to 360°C and that, therefore, the skilled
person would not be incited to use only part of the
teachi ng of docunment D4, i.e., the manifold el ectrode
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wi th tapered openings, ignoring the further method

paraneters, such as the tenperature or the pressure.

The following is to be noted with respect to the

pressure and tenperature:

(A)

It has been argued in the decision under appeal
that, in view of docunent D4 (see colum 4,
lines 53 to 60) indicating that the apparatus
therein has "a wi de pressure reginme" and that
this, anongst other variable "provides a w de
range of processing capabilities”, there is a

cl ear teaching that the pressure can be varied
whil st still using the clainmed manifold el ectrode.
It was al so pointed out that the pressure range
clainmed sinply filled the gap between the known
pressures of docunents D1 and D4, and that no
surprising effect resulted fromthe sel ection of
this pressure range.

Yet, it is to be noted that, although the passage
of docunment D4 cited stresses the capabilities of
t he apparatus, this known apparatus however is for
depositing also different materials, e.g. silicon
nitride, whereby the pressure can be either

5.96 hPa (4.5 torr) or 6.65 hPa (5 torr), i.e.,

hi gher than the highest Iimt (4,666 hPa) of the
cl aimed range. Moreover, for silicon oxy-nitride,
only a pressure of 6.65 hPa (5 torr) is indicated.
There is thus no clear indication for nodifying
the pressure for depositing specifically silicon
oxy-nitride.

Moreover, it is to be noted that since the clained
pressure range between 0.666 hPa and 4,666 hPa is
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not conprised in a range resulting fromthe
over |l apping of the pressures 0.4785 hPa

(0.36 torr) and 6.65 hPa (5.0 torr) known fromthe
docunents D1 and D4, respectively, there is no
selection froma known range and it is thus of no
i nportance, whether the choice of parameters
out si de of the known ranges results in a

surprising effect, or not.

It has al so been argued in the decision under
appeal (cf. lines 4 and 5 of paragraph 2.3 of the
reasons) that the tenperature range in the nethod
of document D4, i.e., 300 to 360°C, partially
overlaps the tenperature range indicated for the
nmet hod of docunment D1, i.e., 200 to 350°C and that,
therefore, the skilled person could be incited to
use, in the overl apping tenperature range of 300
to 350°C, a manifold el ectrode according to
docunent D4 in the nethod of docunment D1, thereby
i ncreasing the deposition rate by a factor which
can be determ ned by conparing deposition rates at
the sane tenperature in both docunents. It was
further argued that |lowering the tenperature to
the bottom of the range (200 to 350°C) in

docunent D1, together with the choice of the other
met hod paraneters, could be the result of routine

experinments.

However, as argued by the appellant with reference to

Figure 2 of docunent D1, at a deposition tenperature of

250°C,

the thickness of deposited filns of simlar

mat erials may be non uni form across the wafer and thus

result in filnms which are not useful.
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Thus, in the opinion of the Board, it was not
straightforward to ignore part of the teaching of

docunent D4 and | ower from 300 to 360°C the deposition

tenperature to | ess than 250°C, as in docunent D1 while
si mul taneously |l owering the pressure fromthe val ue of
6. 65 hPa indicated in document D4 to a val ue higher
than that of 0.4785 hPa of docunent DL.

Therefore, starting fromdocunent D1, a conbi nation
wi th docunment D4 is not considered as leading in an
obvi ous manner to the nethod of claim1.

3.5 Al ternatively, starting fromdocunent D4. which
di scl oses a nethod with a deposition rate nmaintai ned at
400 nmimn or 500 nmMmn (see Tables 6 and 7,
respectively), a tenperature of 300 to 360°C, higher
than the maxi mum tenperature in the nmethod of claiml,
i.e., 250°C, and a pressure of 6.65 hPa (5.0 torr) and
t hus hi gher than the highest pressure of the range
bet ween 0. 666 hPa and 4,666 hPa of present claiml,
t here can be seen no incentive to conbine with the
t eachi ng of docunment D4 the teaching of docunment D1 in
vi ew of the much | ower deposition rates disclosed
t herein.

The ot her docunents are | ess rel evant.

3.6 Therefore, in the Board's judgnent, having regard to
the state of the art, the subject-matter of claim1lis
not obvious to the person skilled in the art and thus
i nvol ves an inventive step in the sense of Article 56
EPC.

1685.D
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3.7 Consequently, claiml is patentable in the sense of
Article 52(1) EPC

Clains 2 to 4, which concern particular fornms of the
met hod of claiml, are also patentable for the sane

reasons.

4. Therefore, a patent can be granted on this basis
(Article 97(2) EPC).

Oral proceedi ngs, requested auxiliary by the appellant,

are thus not necessary.

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 first instance with the
order to grant a patent on the basis of the follow ng
pat ent application docunents:

Descri pti on:

Pages 1, 2, 8 and 9 as filed;

Pages 3, 3a, 4to 7, 10 and 11 filed with the letter
dated 11 May 1999;

Pages 12 and 13 annexed to the conmmunication of the

Board of 20 February 2003 and agreed by the appell ant
by the letter dated 17 April 2003;

1685.D
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d ai ns:
No. 1 annexed to the communi cati on of the Board of
20 February 2003 and agreed by the appellant by the

letter dated 17 April 2003;

Nos. 2 to 4 of the then first auxiliary request filed
with the letter dated 5 Cctober 2000;

Dr awi ngs:

Sheet 1/1 as fil ed.

The Regi strar: The Chai r man:

M Beer R K. Shukl a

1685.D



