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Summary of Facts and Subm ssi ons
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Eur opean patent application No. 92 201 605.0 was
refused in a decision of the exam ning division dated
17 July 1995. The ground for the refusal was that the
subject matter of clains 1 to 6 as filed |acked an
inventive step having regard to the prior art docunments

Dl: US-A-4 755 477; and

D2: EP-A-0 424 018.

The reasoning of the exam ning division in the decision
under appeal can be sunmarized as foll ows:

Having regard to the nethod di scl osed in docunment D1,
whi ch net hod corresponds to the pre-characterizing
portion of claim1, the technical problem addressed by
the application in suit relates to preventing defect
formation at the surface of a silicon substrate due to
stress caused by silicon nitride, rather than to
preventing defects in a gate oxide layer, as stated in
the application as filed. The formul ati on of the
technical problemis based on the fact that firstly
claim1l1 neither specifies a gate oxide |ayer nor
defines the step of renoving the nitride |ayer, and

t hus does not contain any features relating to gate
oxi de, and secondly that the problem of defects forned
at the surface of the substrate is addressed in
docunent D2 for the sanme type of three-layer mask with
silicon nitride sidewall, as in the application in
suit.

A skilled person follow ng the teaching of docunent D1
and concerned with elimnating defects in silicon
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substrate woul d take the teaching of docunent D2 into
consideration, where it is proposed to provide a stress
relieving |layer of silicon oxide on the exposed surface
of the silicon substrate in a wi ndow prior to the
formation of the nitride sidewall |ayer, and would

t hereby arrive at the clained nethod.

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

9 Septenber 1995, paying the appeal fee and filing a
statenent of the grounds of appeal the sanme day. A new
claiml1l was filed with the statenent of the grounds.
Oral proceedings were requested in the event that the
Board intended to reject the appeal.

In response to a conmmuni cati on annexed to sumons to
oral proceedings, the appellant filed with the letter
dated 5 Cctober 2000 a new claim1 formng the basis of
an auxiliary request.

At the oral proceedings held on 9 Novenber 2000, 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:

Mai n request:

Claim1 filed with the statenent of the grounds of
appeal dated 6 Septenmber 1995; Clains 2 to 6 as
originally filed; Description and Figures as originally
filed.

Auxi |l iary request:

Claiml filed with the letter dated 5 Oct ober 2000;
Description and Figures as originally filed.
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Claim1l in accordance with the nmain request reads as
fol | ows:

"1l. A nethod of manufacturing a sem conductor device
in which a surface of a silicon body is provided
wi th an oxidation mask, field oxide regions are
formed through oxidation, the oxidation mask is
etched away and a | ayer of gate oxide on the
regions of the silicon body between the field
oxide regions is formed through oxidation, whereby
the oxidation mask is fornmed in a | ayered
structure provided on the surface and conprising a
| ower layer of silicon oxide, an internediate
| ayer of polycrystalline silicon and an upper
| ayer of a material conprising silicon nitride, in
that wi ndows are etched into the upper |ayer, the
internediate | ayer is renmoved by etching within
t he wi ndows and bel ow an edge of the wi ndows, a
cavity being forned bel ow said edge, after which
mat erial conprising silicon nitride is provided in
the cavity, characterized in that the materi al
conprising silicon nitride is provided in the
cavity while the surface of the silicon body
situated within the windows is covered by a | ayer
of silicon oxide."

Claim1 according to the auxiliary request differs from
that of the main request in that the characteri zing
part reads as follows:

"characterized in that the internediate |layer is
selectively etched with respect to the |ower |ayer of
silicon oxide during the etching treatnment for formng
the cavity bel ow said edge and in that the materi al
conprising silicon nitride is provided in the cavity
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while the surface of the silicon body situated within
the windows is covered by the | ower |ayer of silicon
oxi de. "

The appel | ant presented essentially the foll ow ng
argunents in support of his requests:

(a) The technical problem addressed by the present
i nvention does not relate to avoiding defects due
to stress froma nitride |ayer, as the exam ning
division alleges, but relates to the prevention of
defects in a gate oxide which are due to nitride
resi dues on the substrate. The insight in the
cause of the problem i.e. that it is difficult to
conpl etely renove the oxidation mask |ayer of
nitride when it is directly on the silicon
substrate, is not derivable fromany of the cited
prior art docunents.

(b) Docunent D1 states that the nitride |ayer 64 is
sufficiently thin so that no defects are produced
in the substrate (cf. D1, colum 3, lines 24 to
29; colum 5, lines 56 to 65). The skilled person
foll owi ng the teaching of docunent D1 woul d
therefore not encounter any problemw th defects
produced in the silicon substrate, and woul d not,
contrary to the view held by the exam ning
di vi sion, have any reason to nodify the process
descri bed therein.

(c) Docunent D2 discloses two different enbodi nents,
the first enbodi ment where the nitride sidewall
layer 25 is in direct contact with the silicon
substrate (cf. Figures 1 to 6), and a second
enbodi nent where a stress-relieving oxide |ayer 51
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is growm on the exposed silicon substrate prior to
the deposition of the nitride sidewall 25 in order
to provide additional protection against defects
(cf. Figures 7 to 10). Thus, the teaching of
docunent D2 is in conflict with the teaching of D1
where it is stated that no stress relieving |ayer
is needed (cf. D1, colum 3, lines 24 to 30). In
view of this contradiction, it was not obvious for
the skilled person to conbine the teaching of
docunent D2 with the nmethod of docunment DL.

Reasons for the Decision

3067.D

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

| nventive step, main request

Docunent D1, which represents the closest prior art,

di scl oses a nethod of manufacturing a sem conduct or

devi ce where oxide isolation regions 82 are forned
usi ng an oxi dati on mask which conprises a | ower |ayer
22 of silicon oxide, an internedi ate |ayer 34 of

pol ysilicon, and an upper |ayer 42 of silicon nitride
(cf. D1, colum 4, line 8 to colum 5, line 13).

W ndows are etched during the formation of the

oxi dation mask exposing the silicon substrate, and the
intermedi ate |layer is etched within the wi ndows and
bel ow t he edge of the mask to provide a cavity (cf.
Figures 3 and 4). A silicon nitride |layer 64 is forned
in the cavity, on the sidewall of the oxidation mask,
as well as on a portion of the silicon substrate
surface (cf. Figures 8 and 9). After the field oxide 82
has been grown, the oxidation mask is renoved, and gate
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oxi de |l ayers of MOS transistors are forned on the
exposed surfaces of the silicon substrate 10 in the
active device regions (cf. Figure 11; colum 6,
lines 29 to 38).

Thus, all features of the pre-characterizing part of
claiml are known from docunent DL.

The nethod of claim1 according to the main request
thus differs fromthat of docunment Dl in that a |ayer
conprising silicon nitride is formed in the cavity
while the surface of the silicon substrate situated
within the windows is covered by a | ayer of silicon
oxide. As a result, the silicon nitride layer is not in
direct contact with the silicon substrate surface as in
t he net hod di scl osed in docunent D1, since in the

nmet hod of docunent D1, the silicon nitride |layer 64 is
deposited on the exposed silicon substrate through the
W ndows.

As discussed in the application as filed, the nethod of
docunent D1 has the disadvantage that it is difficult
to renmove the nitride oxidation mask | ayer conpletely
when it is in direct contact with the silicon substrate
(cf. page 1, line 27 to page 2, line 7). The presence
of residual nitride |ayer on the active device region
is, according to the application in suit, detrinental
to the subsequent growth of a good quality gate oxide

| ayer. Thus, the Board agrees with the appellant that

t he probl em addressed by the invention as clainmed in
the amended claim 1l relates to the prevention of
defects in the gate oxide. In this connection, the
appel l ant al so argued that the technical problem

formul ated by the examining division in the decision
under appeal, i.e. the problemof preventing the growh
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of defects in the substrate, could not be considered as
t he objective technical problem since docunent D1
teaches that the oxidation mask described therein does
not cause any defects in the silicon substrate (cf.
itemVIII(b) above). The Board, however, does not agree
with this subm ssion since the application in suit is
al so concerned with m nimzing both the nunber of
defects caused by the oxidation mask and the extent of

| ateral oxidation under the mask, i.e. the "bird's
beak"”. This is apparent fromthe fact that the
particul ar three-layer oxidation mask used in the
method of claiml is known in the art to cause |ess
defects than the conventional two-layer nitride/ oxide

oxi dation mask (cf. page 1, line 1 to page 2, line 3 of
the application as filed; docunment D1, columm 3,
lines 24 to 29; docunment D2, colum 1, line 47 to
colum 2, line 12).

2.4 Therefore, the Board finds that the objective technical

probl em addressed by the present application not only
relates to the prevention of defects in the gate oxide
formed in the active regions surrounded by field oxide,
but also to the reduction of the defect density in the
surface of substrate in the active regions and of the
"bird' s beak".

2.5 As is generally known in the art, and this was not
di sputed by the appellant, a silicon nitride |ayer
di sposed directly on a silicon substrate surface tends
to cause defects and dislocations in the silicon
substrate. Therefore, one or nore pad | ayers are
conventionally provided between the nitride |ayer and
t he substrate surface to reduce stress between the
nitride layer and the substrate (cf. the application in
suit, page 1, lines 14 to 19).

3067.D Y A
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In the nmethod of docunment D1, a silicon nitride
sidewall 64 is in direct contact wwth the silicon
substrate. This nmeasure has the purpose of reducing the
"bird s beak"” to a mninmum (cf. D1, colum 3, lines 24
to 29; colum 5, lines 45 to 50). According to docunent
D1, it is however only possible to maintain the silicon
substrate surface free fromdefects and di sl ocati ons
when the nitride sidewall |ayer contacting the
substrate is subject to the constraints of being very
thin and having only a narrow portion contacting the

substrate surface (cf. D1, colum 5, lines 9 to 13 and
56 to 65).
2.6 Docunment D2 whi ch discloses a nethod for formng field

oxi de regions using a three-layer oxidation mask of the
same kind as that of docunent D1, confirmnms the teaching
of document D1 that a silicon nitride sidewall |ayer 25
may directly contact the silicon substrate surface 11
(cf. colum 3, line 51 to colum 4, line 4; Figures 4
and 5). However, when additional protection against the
creation of defects in the substrate 11 is required,
docunent D2 teaches that an additional oxide |ayer 51
shoul d be provi ded between the substrate and the
nitride sidewall layer (cf. colum 4, lines 49 to 55;
Figures 7 and 8).

2.7 Thus, a skilled person using the nethod of docunent D1
and faced with the technical problens as stated under
poi nt 2.4 above woul d consider the teaching of docunent
D2 to be relevant. The application of the teaching of
docunent D2 to the nethod of docunent D1 woul d noreover
lead to a further sinplification of the manufacturing
process, since as readily realized, the step of
renoving the | ower oxide |ayer 20 outside the masked
regions can be omtted (cf. D1, Figure 6; colum 4,

3067.D Y A



2.8

3067.D

-9 - T 0872/ 95

lines 65 to 68). Therefore, no inventive skills would
be required in order to inplenent the teaching of
docunent D2 to the nethod of document D1.

As to the argunent by the appellant that the teaching
of document D2 is contrary to that of document D1, so
that the skilled person would not conbine the two
docunents (cf. itemWVIII(c) above), it follows fromthe
above discussion that there is no contradiction between
the two docunents: The teaching of the first enbodi nent
of document D2 is in full agreenment with that of
docunent D1, i.e. a direct contact between the silicon
nitride sidewall layer and the silicon substrate
surface may provide a satisfactory result. The second
enbodi nent of docunent D2, on the other hand, provides
an i nproved protection against defect formation in the
substrate surface, thus w thout contradicting the
teaching of the first enbodi nent.

For the foregoing reasons in the Board's judgenent, the
subject matter of claim 1l according to the main request
does not involve an inventive step within the neaning
of Article 56 EPC.

| nventive step, auxiliary request

Wth respect to the method of claim 1l according to the
mai n request, the nethod of claim1 according to the
auxiliary request further specifies that the
internediate | ayer is selectively etched with respect
to the lower |layer of silicon oxide, so that the | ower
| ayer of silicon oxide remains on the surface of the
silicon substrate in the wi ndows when the materi al
conprising silicon nitride is deposited on the sidewall
of the cavity.
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The skilled person inplenenting the teaching of
docunent D2 in the nmethod of docunment Dl is faced with
two alternatives, i.e. of growing a further oxide |ayer
after renoval of the | ower oxide |layer 20, or keeping
the | ower oxide layer 20 intact. As already stated
under point 2.7 above, the latter alternative would
lead to a sinplification of the nmethod of docunment D1
and woul d for this reason al one be obvious to the

skill ed person.

Therefore, the Board conmes to the conclusion that the
subject matter of claim11 according to the auxiliary
request does not involve an inventive step within the
meani ng of Article 56 EPC.

4. Thus, the appellant's main and auxiliary requests do
not neet the requirenent of inventive step according to
Articles 52(1) and 56 EPC.

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

L. Martinuzzi R K. Shukl a
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