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Summary of Facts and Subm ssi ons
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The appeal lies fromthe decision of the Exam ning

Di vision dated 3 May 2001 refusing the European patent
application No. 97 310 536.4. The grounds for the
refusal were inter alia that the independent device
claimlacked clarity contrary to the requirenent of
Article 84 EPC and that the subject-matter of the

i ndependent nmet hod claimdid not involve an inventive

step within the neaning of Article 56 EPC.

The foll ow ng docunent was cited in the decision in
respect of the issue of inventive step:

D3: EP-A-0 575 650

The appel |l ant (applicant) |odged an appeal against the
above decision on 3 July 2001, paying the appeal fee
the sane day. The statenent setting out the grounds of
appeal was filed on 13 Septenber 2001.

The appel | ant requested that the decision under appeal
be set aside and that a patent be granted on the basis
of clainmse 1 to 8 according to the request filed with
the letter of 5 Decenber 2000 on which the decision of
t he Exam ning Divi sion was based.

The wording of the independent clainms is as foll ows
(enmphasi s added by the Board):

"1. A nethod of making an integrated circuit
fabrication having an oxidizable layer (2) with a
surface with a grown oxide |ayer (3 or 14),

i ncluding the step of:
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depositing a high-k dielectric layer (4 or 15) on
t he grown oxide | ayer

depositing an oxide |ayer (5 or 16) on the high-k
dielectric |ayer;

form ng a conductive layer (6 or 17) over the

oxi de | ayer;

characterized by:

the step of densifying the deposited oxide |ayer
(5 or 16); and

the step of form ng the grown oxide |ayer (3 or
14) by therrmal oxidation."

"5. An integrated circuit having a oxidizable |ayer
(2) with a surface;
characterized in that:
a high-k dielectric (4 or 15) on a thermally grown
oxi de layer (3 or 14);
a deposited densified oxide |layer (5 or 16) on the
hi gh-k | ayer; and
a contact layer (6 or 17) in contact with the
deposited oxide layer (5 or 16)."

| V. In response to a conmmuni cati on of the Board under
Article 11(1) RPBA acconpanying the sumons to oral
proceedi ngs the appellant submtted a declaration nade
by M Isik C. Kiziyalli, one of the inventors of the
application in suit, and docunent

D4 "Silicon Processing for the VLSI Era', Volune I:
"Process Technology' by S. Wlf and R N. Tauber,
Lattice Press, 1 Septenber 1986, pages 182 to 195
and 198 to 211.
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At the oral proceedings before the Board held on
6 February 2004 the appellant was not represented as
announced in his letter dated 29 January 2004.

In the decision under appeal the Exam ning D vision
argued that the independent device claim5 was not
clear as required by Article 84 EPC, since although
directed to an integrated circuit device it specified
t hat one oxide layer is thermally grown and the ot her
deposited. However, it is not possible in a finished
circuit to ascertain how the oxide |ayers were forned.
Mor eover, the specification in claim5 that the
deposited layer is densified is not clear, since it
cannot be ascertai ned whet her the deposited oxide | ayer
has been densified or whether it had al ready such
density on deposition.

The Exam ning Division argued further that the nethod
according to claim1 differed fromthe nethod discl osed
in docunent D3 only in that the oxide |ayer in contact
with the substrate was thermally grown instead of being
formed via a CVD process. However, grow ng an oxide

| ayer by thermal oxidation was a sinpler process than a
CVD process. The skilled person would, therefore,

sel ect the thermal oxidation process when the
circunstances allowed it without an inventive step

bei ng i nvol ved.

The argunents of the appellant in favour of inventive
step can be sunmarized as foll ows:

- The declaration of M Kiziyalli and the disclosure
of document D4 provide evidence that the physical
properties of a deposited oxide |layer and a
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thermally grown oxide |layer are different
irrespective of the process conditions enpl oyed
during the thermal growth process. They al so show
that a deposited densified | ayer can be
differentiated froma deposited oxide |ayer

wi t hout any densification.

The use of a thermally grown oxide |ayer adjacent
to the substrate is not an arbitrary choice, since
in paragraph 6 of the declaration of M Kiziyalli
the technical effects achieved by the use of a
thermal |y grown oxide |ayer are clearly
established. It is submtted, noreover, that
docunent D3 | eads away fromthe present invention,
since it is the aimof this docunent to provide a
| ow t enperature oxi de deposition process. A
thermal growth of the oxide layer would result in
significant redistribution of the dopants in the
underlying transistors, since high tenperatures
are necessarily involved in such a process. A
person skilled in the art would, for these reasons,
not be notivated to replace the |ow tenperature
deposition process disclosed in docunent D3 with a
nmet hod involving thermal growth of the oxide |ayer
as in the application in suit.
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Reasons for the Decision

1

2.2

2.3

0516.D

The appeal is adm ssible.

Clarity - Cdaim5

In its decision the Exam ning D vision argued that the
process features 'thermally grown' oxide |ayer and

' deposited' oxide |ayer used in the device claim5
rendered the latter unclear, since it was not possible
to distinguish between these two types of oxides |ayers.
Mor eover, the expression 'deposited densified oxide
layer' in the claimwas found to be lacking clarity,
since it could not be ascertained in the finished
device whether it had already this density on
deposition (see point 2 of the 'Gounds for the

Deci sion').

The appel |l ant has submtted the Declaration of

M Kiziyalli, an expert in the field and one of the
inventors of the application in suit, and docunent D4
to show that a thermally grown oxide |ayer has

di fferent physical properties froma deposited oxide

| ayer irrespective of the process conditions enpl oyed
in the thermal growth process. These docunents provide,
according to the appellant's subm ssions, evidence that
a deposited densified oxide |ayer can be differentiated
froma deposited oxide layer in an integrated circuit.

In his declaration, M Kiziyalli affirmed that:
(i) CVD (chem cal vapour deposition) silicon dioxide

i s an anor phous structure of SiQ, where X is
not 2. Depending on the deposition conditions, the
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CVD silicon dioxide nmay have | ower density and
different stoichionetry fromthermal silicon

di oxi de, causing difference in their respective
mechani cal and el ectrical filmproperties (such as
i ndex of refraction, etch rates, stress,
dielectric constant and electric field breakdown
strength). \Wile deposition at high tenperatures
or the use of a separate high tenperature post-
deposition anneal step (referred to as
densification), attenpts to make the properties of
the CVD silicon dioxide filmapproach those of the
thermal |y grown oxide | ayer, the properties of the
two different |ayers never align with one another
and therefore always remain different (cf. point 6
of the declaration).

The thermally grown oxide | ayer exhibits nore
uni form thi ckness and conposition, |ower
particul ate and chem cal contam nation, better
adhesion to the substrate, better integrity for
hi gher dielectric breakdown and | ower pinhole
density. Additionally, the thermally grown oxide
| ayer exhibits |lower interface trap states than
t he CVD deposited counterpart (ibid).

(1i1)Mechanical density neasurenents could be enpl oyed

to differentiate a deposited | ayer froma
densified deposited layer. Simlarly, an exposed
edge of each of the different |ayers could be

subj ected to selective etch, which would decorate
each of the layers differently. This difference
coul d be observed by SEM or TEM devi ces. Thus, the
difference in etch rate of the different |ayers
woul d further differentiate the two dissimlar
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| ayers. On the electrical foot, one could perform
gate oxide current | eakage tests on the different
| ayers to differentiate them O her nechani cal
chem cal and electrical tests mght al so be used
(cf. point 8 of the declaration).

The Board notes that the declaration by M Kiziyall

rel ates exclusively to Si oxide layers. Simlarly,
docunent D4 is concerned with the processing of silicon
for integrated circuits. Caim5 is, howver, not
limted to a silicon oxide |ayer, but refers to an

oxi de layer in general. The description of the
application in suit, noreover, specifies that "while
silicon is described as the material type for the
substrate and other layers, it is understood that other
materials may be used, such as GaAs, InP, etc.' (cf.
colum 4, lines 6 to 8 of the published application).
There is, therefore, no doubt that several different
materials fall wthin the scope of claim5 as |ong as
they forman oxide and are suitable for form ng
integrated circuits. The evidence provided by the
appellant, in the Board' s view, thus does not clearly
establish that any thermally grown oxide | ayer and not
only thermally grown silicon oxide |ayers, can be

di stingui shed froma deposited oxide |ayer.

Moreover, in case of silicon oxide, the submtted

evi dence does not show conclusively that a thermally
grown silicon oxide |ayer can be distinguished froma
deposited silicon oxide |layer under all circunstances.
The declaration of M Kiziyalli states that electrical
and nmechani cal neasurenents can be enpl oyed to

di stingui sh both kinds of l|layers. The declaration,
however, does not specify how this can be achieved. In
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t he declaration neither results of different tests for
thermal |y grown and deposited silicon oxide |ayers
allowing the distinction to be made nor an indication
of the tests that should be nmade depending on the
possi bl e deposition techni ques of the oxide |ayer are
provi ded. A general reference to docunment D4, which
consi sts of 28 pages, w thout providing any specific
reference to the text |locations or tables on which the
aut hor of the declaration relies, does not allow any
conclusions to be drawn regarding the properties of the
thermally grown silicon oxide |ayer distinguishing it
fromthe deposited silicon oxide |ayer

Wth respect to the possibility of distinguishing a
densified deposited oxide |layer froma deposited oxide
| ayer, M Kiziyalli suggests to conpare the results of
mechani cal , chem cal and electrical neasurenents
performed on the different |ayers. The Boards concurs
with the appellant that a person skilled in the art is
abl e to distinguish a deposited oxide |ayer which has
been densified fromthe sanme deposited oxide |ayer

whi ch has not been subjected to a densification step,
by conparing the results obtained on both | ayers.

This is, however, not the issue under the present

ci rcunst ances. For the independent device claimto be
clear, the feature that the oxide | ayer has been
densified has to be recognizable in the device and,
consequently, in the layer itself. The possibility of
maki ng a conpari son between the properties of a
deposited | ayer and a densified deposited |ayer is not
available in the finished integrated circuit of the
claim The appellant has, however, failed to show that
a densified deposited |layer has a specific property or
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conbi nation of properties that allows it to be

di stingui shed froma deposited | ayer, as the properties
of a deposited layer, and in particular its density,
are very different depending on the particular
deposition techni que enployed (cf. D8, page 183,

Tabl e 2 and second paragraph, |ast sentence).

For these reasons, in the judgnent of the Board,
claim5 is not clear contrary to the requirenent of
Article 84 EPC

The objection of lack of clarity of the independent
product claim5 is in itself sufficient for refusing
the application in suit. The Board, however, considers
useful a discussion on inventive step of the subject-
matter of the independent nmethod claim 1, since this

i ssue was al so decided in the decision of the Exam ning

Di vi si on.

| nventive step - Caiml

Docunment D3 di scl oses a nethod of form ng a capacitor
insulating filmconsisting of a triple |layer of a |ower
CVD silicon dioxide film20a, a tantalum oxide film 20b
and an upper CVD silicon dioxide film20c. A
polysilicon film18 is provided as the upper contact
filmof the capacitor. The whole triple |ayer
insulating filmis densified by the exposure to
ultraviolet Iight and oxygen or ozone gas (cf.

colum 22, lines 49 to 53; colum 23, lines 26 to 30;
colum 24, line 46 to colum 25, line 2; Figures 9(d)
and 10).
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It is disclosed in docunent D3 that the reason for

enpl oying a | ow tenperature CVD deposition process for
formng the silicon dioxide |layers is to avoid

t enper at ures above 450°C which deteriorate the contact
characteristics between an Al filmand the Si substrate
(cf. colum 2, lines 16 to 25).

The nethod according to claiml differs therefore from
t he met hod di scl osed in docunent D3 in that the oxide

| ayer in contact with the substrate is forned by

t hermal oxi dation of the substrate.

According to the application in suit the provision of a
thermal |y grown oxide |ayer reduces the strain between
the high-k dielectric |ayer and the underlying silicon
substrate and provides a good interface with the
silicon, reducing undesired surface states in the
silicon (cf. colum 2, lines 53 to 57 of the published
appl i cation).

The obj ective technical problem addressed by the
appl i cation when considering docunment D3 as the cl osest
state of the art is, therefore, to inprove the

el ectrical and physical properties of the triple |ayer
capaci tor disclosed in docunent DS.

As explained in M Kiziyalli's declaration a thermally
grown silicon dioxide |layer has inproved properties
with respect to an oxide |ayer deposited by a CVD
process (cf. point 2.3 (ii) above).

This fact, however, was already known by a person
skilled in the art at the priority date of the
application in suit. Docunent D4 is part of the general
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know edge of the person skilled in the art of
fabricating integrated circuits. It discloses on

page 187, |ast paragraph, that CVD silicon dioxide has
a higher density of interface states and poorer
interface quality than thermally grown silicon dioxide
and is, therefore, mainly used as a tenporary structure
if used in contact with single crystal silicon.

It follows therefore, that the skilled person would use
a thermally grown silicon dioxide |layer in contact with
the silicon substrate whenever the circunstances all ow
it, since it inproves the overall electrical and
mechani cal properties of the device. The circunstances
di scl osed in docunment D3 do not permt the use of the
hi gh tenperatures required for growing a silicon

di oxi de layer, as this would damage the ot her
structures present in the integrated circuit. However,
a skilled person would choose a thernmally grown oxide
layer if no detrinmental effects are produced in the
integrated circuit by such high tenperatures.

The application, however, does not disclose any special
measures that allow the use of a thermally grown oxide
under the circunstance disclosed in docunent D3, ie
avoi di ng damage to the underlying conponents by the

hi gh tenperature treatnent required for growi ng the

oxi de | ayer. The application in suit, furthernore, does
not di scl ose any unexpected effects that are related to
the use of a thermally grown oxide |ayer.

For these reasons, it is the judgnent of the Board that
the subject-matter of claim1l does not involve an
inventive step in the sense of Article 56 EPC
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Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Meyfarth R K. Shukl a
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