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Summary of Facts and Subm ssi ons

2135.D

Eur opean patent application No. 90 307 877.2 was
refused in a decision of the exam ning division dated
27 February 1996. The ground for the refusal was that
the subject matter of clains 1 to 4 | acked an inventive
step with respect to the prior art docunents

D3: US-A-4 784 720; and

D4: WO A-81 02 947.

The reasoning in the decision for the finding of |ack
of inventive step can be sunmarized as foll ows:

Docunent D4 is the closest prior art, since it

di scl oses the use of a gas mxture including CF; as a
first conponent for etching silicon. In order to obtain
ani sotropi c etching, however, according to the teaching
of document D4, it is necessary to decrease the anpunt
of CF; and instead use al nost pure C,, which however
woul d sl ow down the etching rate to al nost zero.

Since the clained conposite gas differed fromthat of
docunent D4 in that the second conponent was al so for
formng a protective coating on the side walls of the
trench, the technical problemto be solved was to
protect the side walls of the trench from etching.

The solution to the problem as set out in the clained
i nvention, was rendered obvious by docunment D3 which
di scl oses the use of a conposite gas including a
conmbination of Sid, and N, for form ng a protective

| ayer on the side walls of a trench during etching of
silicon.
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The appel | ant (applicant) | odged an appeal on 26 Apri
1996, paying the appeal fee the sane day. A statenent
of the grounds of appeal was filed on 5 July 1996. O al
proceedi ngs were requested in case the Board intended
to dismss the appeal.

In response to a communi cati on annexed to sumons to
oral proceedings, the appellant filed with the letter
dated 30 June 2000 new clains 1 to 3 and anended
pages 2 and 3 of the description.

At the oral proceedings held on 1 August 2000, the
appel  ant requested that the decision under appeal be
set aside and a patent be granted on the follow ng

docunent s:

Cl ai ns: 1to3filed with the letter dated
30 June 2000

Descri ption: page 1 filed with the letter dated
12 Decenber 1994
pages 2 and 3 filed with the letter
dated 30 June 2000

Dr awi ngs: Figures 1(A) to 1(C) as originally

filed.

| ndependent clainms 1 and 3 read as foll ows:

"1l. A conposite gas for anisotropic dry etching to
forma desired configuration of trench (14) in
nonocrystalline silicon, the conposite gas
conpri si ng:

Sid, N, based gas for etching the
nonocrystalline silicon and for formng a
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protective layer (15) on the side wall of said

trench (14) while the etching is perforned,
characterised in that

said conposite gas further conprises CF; gas."”

"3. An anisotropic dry etching process for formng a
trench (14) in nonocrystalline silicon, the
process conprising the steps of:

formng an opening (1la) in an SiGO |layer (11)
formed on a nonocrystalline silicon substrate
(10);

perform ng etching utilizing the residual Si G
| ayer (11) as a nmasking layer and with an etching
gas as clainmed in any preceding claim™

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

(a) Contrary to the opinion of the exam ning division,
docunent D3, and not docunent D4, should be
considered as the closest prior art, since it
relates to anisotropic etching using protective
sidewal s in the trenches, whereas docunent D4 is
concerned with isotropic etching of silicon using
a gas mxture including chlorine trifluoride
(A Fy).

(b) In the decision under appeal, the technical
problemis fornulated in relation to docunent D4
as the closest prior art, and is considered as
protecting the sidewalls of the trench from
etching. This problemis not derivable fromthe
cl osest prior art, as it should be, and is based
upon the know edge of the invention as cl ai ned.
Thus, the fornul ation of the probleminvol ves an

2135.D Y A
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ex post facto analysis, which is not perm ssible
in the consideration of inventive step.

In the appellant's view docunment D3 reflects the
closest prior art and the technical problem
addressed by the invention is to increase the etch
rate in the formation of a trench in silicon, as
stated in the application as fil ed.

The skilled person, regardl ess of starting point,
woul d not consider conbining the teaching of the
two docunents D3 and D4, since docunent D4
enphasi zes isotropic etching using G F; (cf. D4,
page 12, lines 6 to 15), whereas docunent D3 is
related to anisotropic etching. It is furthernore
taught in docunent D4 that when anisotropic
etching is desired, O, should be the major
conponent of the gas m xture and not CF; (cf. D4,
page 12, lines 11 to 15).

Secondly, the skilled person is discouraged from
using CF; as etchant in the nethod of docunent D3,
si nce docunent D3 discloses that chlorine

| i berating sources (etchants) are |less preferred
for silicon etching in view of the high volatility
of Si,d, (cf. colum 8, lines 24 to 30). Thus,
fluorine radicals, which would result fromthe use
of CF;, would be even less suited to such a
system

As docunents D3 and D4 point in opposite
directions, the skilled person faced with the task
of increasing the etch rate of the nmethod of
docunent D3 would rather resort to the commonly
known neasure of changing the process paraneters
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such as the gas pressure and m crowave power, in
order to obtain the desired increase in etch rate.

Reasons for the Decision

2135.D

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

Amendnents and clarity

Claim1l contains the features of originally filed
claims 1 and 2 and further specifies that the gas is
for "anisotropic dry etching". This last feature is

di scl osed on page 1, lines 3 to 5 of the application as
filed. Cdaim2 corresponds to claim3 as filed, and
claim3 corresponds to claim7 as filed and includes

t he above-nentioned feature that the etching is dry and
ani sot ropi c.

Therefore, in the Board's judgnent, the requirenments of
Article 123(2) EPC are net. The Board furthernore
considers the clains to be clear, as required by
Article 84 EPC

Novel ty

Docunent D3 di scl oses an ani sotropic plasma dry etching
process for etching trenches. The ani sotropic etching
is obtained by form ng passivation |ayers on the side
wal | s of the trenches during the etching process (cf.
abstract). Anong the different nmethods for form ng the
passi vation layer on the side walls, it is suggested to
include in the plasma, in addition to an etchant gas,
speci es which cause a precipitation onto the side walls
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of the trench (cf. colum 6, lines 30 to 38; colum 8,
line 31 to colum 9, line 12). As a specific exanpl e,
HBr is used as etchant gas, and a m xture of Sid, and
N, is present to formthe protective sidewall |ayer (cf.
colum 8, 46 to 46; colum 11, line 27).

The subject matter of claiml differs fromthe
conposite gas disclosed in docunment D3 in that the
conposite gas conprises CF; together with SiCl, and N,,
whereas in docunent D3 the conbination HBr, SiCl, and N,
i s nmentioned.

Docunent D4 discloses the use of CF; as an etchant gas
for dry etching of silicon, either alone or in mxture
with e.g. O, (cf. abstract). The use of A F; in a dry
etching process is found to give a relatively high etch
rate and high uniformty of etch rate across each work
pi ece, as well as an absence of any proximty effects
(cf. page 13, lines 28 to 35). Pure O F; produces
isotropic dry etching, but by adding O, to the etchant
gas, the dry etching becones increasingly anisotropic
(cf. page 11, lines 14 to 34; Figures 5 and 6). A

conpl ete ani sotropic etching process, i.e. wthout any

| ateral etching under the mask, is only obtained by
using 100% d,. It is however observed that an increased
amount of C, will slow down the etching rate with
respect to that for pure F;. There is no disclosure as
to the nmechani sminvolved in anisotropic etching when
adding d, to dF,.

The subject matter of claiml thus differs from
conposite gas of docunent D3 in that it discloses a

m xture of ClF; together with Sid, and N,, where the two
| atter gases contribute to forma protective side wall
on the trench, whereas in docunent D3 the m xture of
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CF; and O, is disclosed without nentioning any
formati on of protective sidewalls.

The subject matter of claiml is therefore newwthin

t he meaning of Article 54 EPC. As independent claim3
contains all features of claiml1, the subject matter of
claim3 is new as well.

| nventive step

The Board agrees with the appellant that document D3,
in contrast to docunment D4 as in the decision under
appeal, represents the closest prior art: Docunent D3
concerns the formation of a trench in silicon by

ani sotropic dry etching enploying the sane base m xture
of gases as in the application in suit, i.e. SiC, N,
base m xture, the mxture formng a protective |ayer on
the sidewalls of the trench during the etching. In
contrast, document D4 discloses CF; primarily as an
etchant gas for isotropic dry etching. It should
however al so be nentioned that the clains considered in
t he deci sion under appeal specified "dry etching" and
were not limted to "anisotropic" dry etching.

The obj ective technical problem addressed by the
present invention is thus to increase the etch rate of
an ani sotropic dry etching process for silicon. This
problemis al so addressed in the application as filed
when di scussing the prior art discussed therein (cf.
page 1, lines 6 to 25).

Al t hough the Board agrees with the appellant on both
the choice of the closest prior art and the fornul ation
of the technical problem addressed by the present
invention, it does not agree with the appellant that
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t he technical problem should be either disclosed in or

i mmedi ately apparent fromthe closest prior art wthout
any reference to the clained subject matter. On the
contrary, for the application of the probl em and-
solution approach, it is essential to carry out a
conpari son between the features of the clained subject
matter with the features of the closest prior art so as
to determ ne the features which distinguish the
invention fromthe closest prior art and which in
conmbination with the features known fromthe cl osest
prior art provide the solution to the problem In order
to avoid an ex post facto anal ysis, however, according
to the established case | aw of the boards of appeal,
such a fornul ation of the technical problem nmust not be
so narrow as to include a hint to the solution to the
pr obl em

I n docunment D4, the use of ClF; gas for dry etching of
silicon is disclosed, where CF; is described as having
several favourable properties such as high etch rate,
hi gh selectivity with respect to silicon dioxide, and
excellent uniformty (cf. abstract and page 13, |line 28
to page 14, line 9). Mreover, the etch process using
ClF; could be carried out at | ow power levels. It is

al so shown in docunment D4 that pure C F; produces

i sotropic etching of silicon.

Thus, a skilled person seeking an alternative to HBr
used in docunment D3 in order to further inprove the
etch rate would in the Board's opinion consider the
choice of CF; known from docunent D4.

The appell ant argued that C F; was di scl osed i n docunent
D4 as an etchant for isotropic dry etching. \Wen
ani sotropi c etching was desired, docunment D4 taught to
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use pure O, instead. Thus, according to the appellant,
docunent D4 was not only teaching away fromusing O F;
for anisotropic dry etching, but also provided a
solution for obtaining anisotropic etching (use of pure
d,).

The Board agrees with the appellant's observation that
pure CF; is reported in docunent D4 to be an isotropic
etchant. In the present case, however, starting with

t he conposite gas known from docunent D3, the
conponents SiCl, and N, are present in order to produce
sidewal s in the etched trenches, so as to prevent any
| ateral etching, i.e. to cause the etching process to
be ani sotropic. Therefore, in the Board' s judgnent, the
skilled person would not be di ssuaded by the
observations in docunent D4 that pure CF; is an
isotropic etchant, since it is not essential whether
ClF; is isotropic etchant or not, as long as protective
sidewal | s are present.

As to the argunent that docunent D4 teaches to use pure
Cl, when ani sotropic etching was desired, the Board
finds that G, would not be a viable alternative to the
skilled person seeking to increase the etch rate, since
it is knowmn fromD4 that the overall etch rate for d,
is lower than for A F; (cf. D4, page 11, lines 19 to
22).

The appel |l ant further argued that docunent D3 was
teaching away fromusing a chlorine-based etchant,
since its compounds with silicon would be highly

vol atil e conpared to brom ne conpounds (cf. D3,

colum 8, lines 24 to 27). This argunent would be even
stronger agai nst the use of fluorine. Therefore, the
skilled person follow ng the teaching of docunent D3
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woul d not consider the use of O Fs.

The Board finds that document D3 teaches that

ani sotropic dry etching can be obtai ned by using a
process where protective sidewalls are forned in the
etched trenches. There are a nunber of ways descri bed
in docunent D3 for formng the protective sidewalls. As
di scussed under point 3.1 above, one alternative is to
i ncl ude additional gas conponents to the etchant which
formthe protective sidewall. In addition, there is

al so described the possibility of choosing an etchant
gas where the reaction products of the etchant with
silicon formthe protective sidewalls. The statenent on
colum 8, lines 24 to 27 describing chlorine liberating
sources as less preferred etchant is therefore in the
context of discussing which properties an etchant gas
must have, in order that the reaction products of the
etchant gas itself may formprotective sidewalls. It is
al so apparent that this statement is not applicable to
t he enbodi nents where, in addition to an etchant gas,
speci es which cause a precipitation onto the side walls
of the trench are included in the conposite gas, since
the chlorine-containing gas SiC, is in particular
mentioned to be suitable for such applications (cf. D3,
colum 8, lines 46 to 49; colum 9, lines 6 to 12;
colum 10, line 50; colum 11, line 27). Thus, in the
light of the above considerations, the Board finds that
t he skilled person would not be discouraged to use CF;
as an etchant gas, as long as other species, which
cause the formation of protective sidewalls, are also
included in the conposite gas used for the dry etching.

Regardi ng the argunent made by the appellant that the
skilled person would rather be inclined to change the
process paraneters such as gas pressure and nicrowave



- 11 - T 0659/ 96

power in order to increase the etch rate, the Board
agrees that it is well-known in the art that e.g.

i ncreased gas pressure leads to a correspondingly

hi gher etch rate. This, however, is possible only to a
limted extent, since as disclosed in docunent D3, the
etch process is | ess anisotropic with higher gas
pressure (cf. D3, colum 7, lines 37 to 51). Therefore,
inthe light of the [imted prospects of obtaining a
consi derably higher etch rate by varying only the
process parameters, the skilled person would have to
consi der other neans, such as the etchant gases as
wel | .

4.8 For the above reasons, in the Board' s judgnent, the
subject matter of claim 1 does not involve an inventive
step within the neaning of Article 56 EPC. The patent
application therefore does not neet the requirenents of
Article 52(1) EPC

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Spigarelli R K Shukl a
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