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Summary of Facts and Subm ssi ons
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Eur opean patent application No. 89 200 845.9 was
refused by the decision of the exam ning division dated
16 February 1994. The ground for the refusal was that
the subject matter of clains 1 to 7 as filed |acked an
i nventive step in view of the prior art docunents

D1: | EEE Transacti ons on El ectron Devices, vol. 35,
no. 3, March 1988, pages 275 to 284,

D2: US-A-4 038 110;

D3: @&B-A-2 083 947; and

D4: EP-A-0 071 20S.

The appel l ant (applicant) | odged an appeal on 18 Apri
1994 payi ng the appeal fee the sane day. A statenent of
grounds of appeal was filed the sane day along with an
amended cl ai m 1.

Oral proceedings were requested in the event that the
Board i ntended to dism ss the appeal.

In a communi cati on annexed to a summons to the ora
proceedi ngs, the Board informed the appellant of its
provi sional opinion that the subject matter of claim1l
did not seemto involve an inventive step with respect
to docunent D1.

At the oral proceedings held on 8 July 1999, the
appel lant filed new sets of clainms form ng the main and
the auxiliary requests. The appell ant requested that
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t he deci sion under appeal be set aside and a patent be
granted on the basis of the clains according to one of
the follow ng requests:

Mai n request:

Claim1 filed during the oral proceedings as main
request and clains 2 to 7 of the application as fil ed,

Auxiliary request:

Clainms 1 and 2 filed during the oral proceedi ngs as
auxi |l iary request.

Caiml in accordance with the nmain request reads as
fol | ows:

"1. A nethod of manufacturing a sem conductor device
conprising a silicon substrate with fully or partly
sunken field oxide regions for nutual insulation of

sem conductor elenents to be forned in the substrate,
in which nethod a mask is forned in a |ayer of silicon
oxynitride Si QN, deposited upon a surface of the
substrate and an overlying layer of silicon nitride

Si sN,, whereby in the layer of silicon oxynitride x/y is
smal l er than 0,5, after which, using said mask,
recesses are first provided in the substrate in which
recesses the field oxide regions are then fornmed by
subj ecting the recesses over their whole area to an

oxi dation treatnent, characterized in that the recesses
are provided in the substrate by performng a first

oxi dation and then etching away the silicon oxide thus
formed. "
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Claim1 according to the first auxiliary request
differs fromthat of the main request in that foll ow ng
feature is added at the end of the latter claim

"and in that prior to performng the first oxidation
step a further layer of silicon oxynitride (SiQN) is
provi ded on the mask after which the said further |ayer
of silicon oxynitride is etched anisotropically in such
a manner that the edges of the apertures of the mask
whi ch bound the regions of the substrate where the
recesses are provided remain covered with parts of the
said further layer of silicon oxynitride."

The appel |l ant presented essentially the follow ng
argunments in support of his requests:

(a) Cdaim1l of both requests is delimted with respect
to docunent D4 which the appellant considers to be
the closest prior art. The method of docunent D4
uses wet etching of the silicon substrate for
formng the recess and thus has the di sadvant age
that a substantial underetching takes place of the
substrate bel ow t he mask. The process of docunent
D4 is thus unsuitable for isolating devices with
small |ine w dths.

(b) Regarding docunent D1, the nethod of claim1 of
the main request differs fromthat disclosed in
this docunent in that (i) a deposited silicon
oxynitride layer is used instead of a nitridized
silicon oxide layer; (ii) the oxynitride |ayer has
a hi gher proportion of nitrogen atons than that of
oxygen atons; and (iii) no sidewall spacers are
formed in the recess whereas in docunent D1
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sidewal | spacers are fornmed on the sidewall of the
oxidation mask as well as in the recess. The
nitridization process used in docunent Dl entails
a long (seven hours) heating step at a very high
tenperature (1200° C) which nakes the process of
docunent D1 unsuitable for producing integrated
circuits. Mreover, even after such prol onged
heating, the nitrogen content of the oxynitrde
filmis apparently below the clainmed range which
is optimum for preventing the occurrence of oxide
undergrom h. As to feature (iii), the rather
conplicated silicon oxide/silicon nitride sidewall
spacer used in docunment D1 would be regarded as
essential for obtaining field oxide regions with
undergrow h of 150 nm or | ess.

(c) Regardless of whether docunent D1 or D4 is taken
as the starting point, a skilled person
considering the teaching of these two docunent
would fail to arrive at the clainmed nethod, since
a skilled person taking the entire teaching of
docunent D1 into account would regard the sidewall
spacer in the recess as essential for attaining
the desired small undergrowth, and therefore, the
second oxidation step would not take place over
t he whol e area of the recesses.

(d) As to the auxiliary request, the clainmed process
further differs fromthat of docunment Dl in that
(iv) a sidewall spacer is fornmed before the first
oxi dation step whereas in Dl the sidewall is
formed after the first oxidation step; and (v) the
sidewal |l is fornmed of oxynitride instead of
oxide/nitride. Since the nethod of docunent D1

2206.D Y A
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teaches that the sidewall spacer is forned at a
different stage than that specified in the clained
nmet hod, and docunent D4 does not nmention sidewall
spacers at all, a skilled person using the
teaching of these prior art docunents woul d not
arrive at the clainmed nethod w thout enpl oying

i nventive skills.

Reasons for the Deci sion

1
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The appeal is adm ssible.

Amendnent s

Claim1 of the main request corresponds to a

conbi nation of the features of originally filed claim1l
together with the features disclosed on page 6, |ine 32
to page 7, line 1 (silicon oxynitride deposited and the
ratio x/y < 0.5), and in Figures 4 and 5 together with
page 8, lines 25 to 29 (subjecting the recesses over
their whole area to an oxidation treatnent) of the
application as filed. CQaim1l of the auxiliary request
corresponds to a conbination of claiml of the main
request and claim6 as filed. Cdaim2 of the auxiliary
request corresponds to claim7 as filed. The clains of
both requests therefore neet the requirenents of
Article 123(2) EPC

Clarity

The cl ains according to both requests are consi dered by
the Board to be clear and therefore neet the

requi renents of Article 84 EPC
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Prior art and novelty

Docunment D4 discloses a nethod of manufacturing fully
or partially sunken field oxide regions in a

sem conduct or substrate for nutual isolation of

sem conduct or el enents. The nethod conprises the steps
of formng a mask of a silicon oxynitride (SiQN,) |ayer
and an overlying silicon nitride layer; formng
recesses by chemically etching the exposed silicon
substrate using a O OG- HF etchant; and subjecting the
recesses to an oxidation treatnment (cf. page 9,

lines 10 to 28; Figure 4). The purpose of the
oxynitride layer is firstly to act as a buffer |ayer
between the silicon substrate and the silicon nitride

| ayer to avoid the creation of defects in the
substrate, and secondly, to prevent the oxidation of

t he substrate bel ow the edge of the mask, a phenonenon
known in the art as "bird' s beak" (cf. D4, page 6,

line 34 to page 7, line 10). Special attention was paid
in docunent D4 to the problemof finding the optinum
ratio x/y of oxygen over nitrogen in the oxynitride

| ayer for attaining these two objects, and the optinmum
ratio x/y is found to be less than 0.5 (cf. D4, page 9,
lines 19 to 32; Figure 3). The silicon oxynitride |ayer
is formed using a chem cal vapor deposition nethod
where the conposition of the deposited | ayer is
controlled by varying the conposition of the reaction
gases (D4, page 7, lines 12 to 18).

The nmethod of claim 1l according to the main request
thus differs fromthat of docunment D4 in that the
recess is fornmed performng a first oxidation of the
exposed silicon substrate and then etching away the
silicon oxide thus formed, whereas in docunent D4 a wet
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etching of the silicon substrate was used.

Docunment D1 al so di scl oses a net hod of manufacturing
fully or partially sunken field oxide regions in a

sem conductor substrate for nutual isolation of

sem conductor elenents (cf. D1, Figure 1; page 276,

| eft hand columm). The nethod conprises the steps of
formng a mask of a silicon oxynitride (SiQN) |ayer
and an overlying silicon nitride |layer (cf. Figure la);
formng recesses by performng a first oxidation of the
exposed silicon substrate (Figure 1b), and etching away
the oxide (Figure 1c). The sidewalls of the nask and
the recess are covered with a sidewall spacer nade of
an oxide layer and a nitride |layer (Figures 1c and 1d).
Finally, the recesses are subjected to an oxidation
treatnment (cf. Figure 1f). The silicon oxynitride |ayer
used in the mask is forned by first depositing a
silicon oxide |layer and then thermally nitridizing the
oxide filmin an anmoni a anbient at 1200° C for 7 hrs
(cf. page 276, left-hand colum, lines 6 to 10). There
i's no disclosure about the conposition of the silicon
oxynitride filmobtained fromthe above nitridization
process.

The nethod of claim 1 according to the main request
differs fromthat of DL in that (i) the nmask contains a
silicon oxynitride filmwhich is deposited, whereas in
D1 the oxynitride filmis formed by nitridization of an
oxide film (ii) the ratio x/y of oxygen over nitrogen
in the oxynitrde filmis less than 0.5, whereas in D1
the conposition is not disclosed; and (iii) the entire
surface of the recess is subject to an oxidation
treatnment, whereas in D1 the sidewall of the recess is
covered by an oxide/nitride sidewall spacer and the
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oxidation is therefore not on the entire surface of the
recess. The process of docunent Dl thus |leads to a
structure which is different fromthe clainmed: The
recesses are not filled with only pure silicon oxide as
in the clained process but the vertical sides of the
recess are lined wwth a thin layer of silicon nitride.

The subject matter of claim1l according to the nmain
request is therefore new within the nmeaning of
Article 54 EPC. Since the subject matter of claiml
according to the auxiliary request contains al
features of that of the main request, it is also new

I nventive step, main request

I n the decision under appeal, the exam ning division
hel d docunent D1 to be the closest prior art. During

t he appeal proceedings, claiml1l has been anended to

di stinguish the clained nethod further fromthat of
docunent Dl1. As a result, the Board agrees with the
appel | ant that docunent D4 represents the closest prior
art. Cdaimlis also drafted in the two-part form
according to Rule 29(1) EPC with respect to docunent
D4.

In view of the difference between the nmethod of claiml
and that of docunent D4 di scussed under point 4.1.1
above, the technical problemto be solved relates to
finding an alternative nmethod to that of docunent D4
whereby | ateral etching of the substrate beyond the
edges of the masks, a so-called under-etching, is

m nimzed. This under-etching causes a substanti al

| ateral growth of the field oxide bel ow the oxidation
mask. This problemis also addressed in the application
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as filed (cf. colum 1, line 54 to colum 2, line 33).

The formul ati on of the above problemis, in the Board's
view, imedi ately apparent to a person skilled in the
art, since it is comon general know edge in the art
that the use of an isotropic etchant, such as a liquid
etchant, will result in under-etching of the substrate
beyond the edges of the nmask, and that the latera
extent of such under-etching is conparable to the depth
of the recess to be etched.

In the nethod of docunment D1, a first oxidation of the
silicon substrate is carried out, and, subsequently,
the silicon oxide is etched away | eaving a recess in
the substrate (cf. D1, Figures 1b and 1c). A second

oxi dation foll ows whereby a sunken field oxide
isolation region is forned, i.e., the sane type of
structure as produced by the nethod of docunent D4. The
reported reduction in bird s beak length --and, hence,
a reduced undergrowth of the final field oxide bel ow
the mask-- is mainly attributed to the use of a silicon
oxynitride filmin the oxidation mask (cf. D1,

page 277, left hand columm, first paragraph; Figures 2a
and 2b), which is the sane type of oxidation nmask
recommended in docunent D4. Thus, the skilled person
faced with the above-nentioned problemw th the process
of docunent D4 would therefore find it advantageous to
replace the isotropic etching step by the correspondi ng
steps of the process of docunent Dl in order to reduce
the undergrowth of the final field oxide.

I n support of the inventive step of the clained
subject-matter, it was submtted by the appellant that
the skilled person would only consider the teaching of
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docunent D1 in its entirety. Consequently, he would
find it necessary to include the steps of formng the
si dewal | spacers (cf. D1, Figures 1d and le) since the
sidewal | spacers are described therein as being
essential for attaining a short bird' s beak.

In accordance with the established case | aw of the
boards of appeal, the disclosure of particular features
in a prior art docunent nust be considered in the
techni cal context of the whol e disclosure, so that the
particul ar features cannot be selected in a nanner

whi ch changes or contradicts the teaching of the
docunment in question. In the present case, the Board
finds that the manner of formng the recess (D1,
Figures 1b and 1c) and the use of a sidewall mask (D1,
Figures 1d and le) refer to different stages of a
process of formng isolation regions which are not
interrelated. This is a priori evident, since the
sidewal | spacer is fornmed after the recess is made, and
the presence of a sidewall thus cannot have any effect
on the resulting recess.

A skilled person noreover |earns from docunent D1 that
the presence of the sidewall spacer in Figures 1d and e
has the effect of further reducing the bird s beak, but
that the sidewall spacer is not indispensable for
attaining this object: Conparing Figures 2a and 2b, it
becones apparent that the crucial feature of the
process of D1 for reducing the bird s beak is the
silicon oxynitride layer ("nitridized oxide") in the
oxi dation mask (cf. D1, page 275, right hand col umm).
Thus, although the nitride sidewall spacer is nentioned
as further inproving the structure, it apparently plays
a secondary role in this context (cf. D1, page 277,
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l eft hand columm). It is also evident fromthe

di scl osure in docunent D1 that the sidewall spacer

mai nly has the function of providing a mask for self-
aligned field inplantation (cf. D1, Figure 1d).
Therefore, the skilled person concerned with providing
an alternative nethod of formng a recess to that
offered in docunent D4 would realize that the process
steps in docunent D1 relating to the formation of the
si dewal | spacer are unrelated to those concerning the
formation of the recess. It is also observed that,

al t hough the process of docunent D4 does not use
sidewal | spacers, its reported reduction in bird' s beak
Is even larger than those stated in docunents D1 and
D6, a result which would signalize to the skilled
person the inportance of obtaining an optinum
conposition of the silicon oxynitride |layer (cf. D4,
Figure 3; D1, abstract; D6, Figure 1).

Thus, a skilled person seeking to inprove the process
of docunent D4 would in the |ight of the above

consi derations be able to replace the isotropic etching
step used in docunent D4 by the steps la and 1b of the
process of docunment D1 wi thout enploying inventive
skills.
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I nventive step, auxiliary request

From the di scussion above, it is evident that the
skill ed person would regard sidewall spacers as
optional. If however, the skilled person opts for the
use of the sidewall spacers with a view to reducing the
bird' s beak further, he would first consult the process
i n docunent D1, as no sidewall nasks are disclosed in
docunent D4. In this case, a straight-forward approach
woul d be to proceed in the sane manner as prescribed in
docunent D1, i.e., to formthe sidewall between the
first and the second oxidation steps (cf. D1,

Figures 1d and e). In the nethod according to the
invention as clained, the formati on of sidewall spacers
before the first oxidation prevents the |atera
undergrowm h of oxide during the first oxidation itself.
There is thus no hint in the available prior art
docunents to formthe sidewall mask before the first

oxi dation to prevent the oxide undergrowt h.

For the foregoing reasons, the subject matter of
claim1l1l is not obvious having regard to the cited prior
art, and, accordingly, involves an inventive step
within the neaning of Article 56 EPC as required by
Article 52(1) EPC.

Caim2 is dependent on claim1l, and, therefore, its
subject matter involves an inventive step as well.

Since the subject matter of claim 1l according to the
auxiliary request contains the feature of a sidewal
mask, it appears that the enbodi nent depicted in
Figures 1 to 5 no longer is part of the invention as
cl ai mned. Moreover, it also seens appropriate that
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docunent D1 shoul d be acknow edged in the description
under Rule 27(1)(b) EPC. As the description needs
extensi ve anendnents, the Board finds it appropriate to
remt the case to the departnent of the first instance
under Article 111(1) EPC for further prosecution.

For these reasons it is decided that:

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

2. The case is remitted to the Exam ning Division with the
order to grant a patent on the basis of clains 1 and 2
subm tted during oral proceedings as auxiliary request
and the description and drawi ngs to be adapted to the
cl ai ns.

The Regi strar: The Chai r man:

D. Spigarelli R K Shukl a
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