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Summary of Facts and Subm ssi ons
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Eur opean patent application No. 91 307 958.8
(Publication No. 0O 483 958) was refused by a deci sion
of the exam ning division dated 15 April 1996 on the
ground that it did not neet the requirenent of

i nventive step in accordance with Articles 52(1) and 56
EPC having regard to docunent D1 = DE- Al-39 27 033.

The follow ng patent application docunents forned the
basi s of the decision under appeal:

Descri ption: Pages 1 to 5 8 and 10 to 14 as
originally filed;
Page 6 as filed with applicant's letter
dated 31 January 1995;
Pages 7 and 9 as filed during the ora
proceedi ngs of 31 January 1996;

d ai ns: Nos. 1 to 20 as filed during the ora
proceedi ngs of 31 January 1996;

Dr awi ngs: Sheet 1/1 as filed with applicant's
| etter dated 18 COctober 1991.

| ndependent clains, i.e. clains 1 and 18, read as
fol | ows:

"1. An electrically programmable antifuse el ement
di sposed on a sem conductor substrate (10) in an

integrated circuit conprising:

an insulating |ayer (12) covering active circuit
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el enents on said integrated circuit;

a first electrode (14) disposed over said insulating
| ayer;

a first dielectric |ayer (20) disposed over said first
el ectrode;

an antifuse |ayer (22) disposed over said first
dielectric |ayer;

a second dielectric layer (24) disposed over a portion
of said antifuse |layer; and

a second el ectrode (26) di sposed over said second
dielectric layer; characterised in that:

said first electrode (14) conprises a netal."
"18. A nethod of formng an electrically programmbl e,
| ow i npedance antifuse el ement on a sem conduct or

substrate conprising the steps of:

formng an insulating |layer (12) over active circuit
regi ons on said substrate,

formng a first electrode (14) over a selected portion
of said insulating | ayer,

formng a first dielectric layer (20) over said first
el ectrode,

form ng an antifuse layer (22) over said first
dielectric |ayer, and



0635. D

- 3 - T 0753/ 96

formng a second dielectric |ayer (24) over said
antifuse | ayer

formng a second el ectrode (26) over a selected portion
of said second dielectric |layer; characterised in that:

said first electrode is fornmed of a netal ."

In the decision under appeal, the exam ning division
took the follow ng position:

The objective problem associated with the only

di fference between the presently clainmed device and
that of Exanple 3 and Figure 4 of docunent D1, i.e. a
first, lower electrode of netal instead of one of

pol ycrystalline silicon (polysilicon), is to be seen in
the desire to reduce the resistance introduced by the
first electrode. The resistance of netallisation
structures of sem conductor devices is a pernmanent
concern in sem conductor device technol ogy and, thus,
it does not contribute to an inventive step. Mdreover,
its solution is trivial since it is commobn know edge
that netals have a better conductivity than

sem conductor material s.

Fromthe application as filed, which disclosed first

el ectrodes of netal or of polysilicon, the skilled
person woul d not have been prevented to use netal

i nstead of polysilicon for the first electrode. |ndeed,
when replacing the polysilicon of said el ectrode by
nmetal, it could be necessary to adjust the features of
t he nei ghbouring |ayers of the antifuse el enent;
however, it is believed that this would be no probl em
for the skilled person.
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The teaching of docunent D1, in its broadest scope, is
clearly not limted to polysilicon for the first
electrode; it is clear that the beneficial effects
obt ai ned by this known antifuse elenent are mainly
related to its layer structure and not to the use of
any specific material for one of its |ayers. Therefore,
although it is not contested that document Dl di scusses
sone advant ages obtai nabl e by using polysilicon for the
first electrode, the skilled person woul d not have been
prevented to consider replacenent by a netal if

ci rcunst ances had given highest priority to a reduction
of the antifuse resistance in its conducting state.

Therefore, the subject-matters of clains 1 and 18 | ack
an inventive step.

The applicant | odged an appeal against this decision on
5 June 1996 paying the appeal fee the sane day. The
statenment of the grounds of appeal was filed on

13 August 1996.

In the annex to the sumons to the oral proceedings,
the applicant was informed that the subject-matter of
the application did not appear to involve an inventive
step having regard to docunent D1 and US-A-4 823 181, a
prior art docunent cited in the application as filed
(see page 9, lines 6 to 14).

Oral proceedi ngs took place on 22 February 2000.

The appel |l ant requested that the decision under appea
be set aside and that a patent be granted on the basis
of the sanme patent application docunents as set out in
t he deci si on under appeal, and provided essentially the
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foll ow ng argunments in support of his request:

From Exanpl e 3 and Figure 4 of docunent D1, there
is known an electrically progranmabl e antifuse

el enent di sposed on a sem conductor substrate in
an integrated circuit conprising all the features
of the pre-characterising portion of present
claim1. However, the first electrode of this
Exanpl e does not conprise a netal, but

pol ycrystalline silicon.

In this respect, it is to be noted that, in
accordance with the established case | aw of the
boards of appeal (cf. in particular the decision
T 373/94 of 8 July 1999, unpublished, point 5.5 of
the reasons), the disclosure of particular
features in a prior art docunent nust be
considered in the technical context of the whole
di scl osure, so that the particular features cannot
be selected in a manner whi ch changes or
contradicts the teaching of the docunent in
gquestion. Here, the teaching derivable from
docunent D1 di scourages fromusing nmetal for the
first el ectrode.

The desirable properties of an electrically
programmuabl e antifuse el enent include: reliability
i n programm ng; |ow progranmm ng vol tage; | ow

resi stance when progranmed, |ow capacitance and
hi gh resi stance when unprogramred and reliability
i n manufacture, whereby in particular hillocks on
the | ower el ectrode which nay pierce the antifuse
| ayer and cause short circuits between the first
and the second el ectrode are to be avoi ded.
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It is believed that, as conpared with the
electrically progranmabl e antifuse el enent of
Exanpl e 3 and Figure 4 of docunent D1, the use of
metal instead of polycrystalline silicon for the
first electrode further inproves reliability; it

al so i nproves programed resistance, this latter
effect being not only due to a reduction in the
resistance in the |lower electrode itself, but also
because the netal first, |ower electrode
contributes material to formthe filanment(s) which
short-circuit the antifuse when programed.

The problem nentioned in the inpugned decision is
related with high value of the resistance of

pol ycrystalline silicon | ower el ectrode of the
electrically progranmabl e antifuse el enent as
conpared to such an el ectrode conprising netal
However, nultiple advantages are nentioned in
docunent D1 as resulting fromthe use of the
polycrystalline silicon, in particular when using
said material instead of a doped region of the
sem conduct or substrate, and it is the object of
the invention of docunent D1 to provide an el enent
of this type with inter alia a | ow resi stance when
programed, so that a problemrelated to the

resi stance of polycrystalline silicon is not
directly apparent from docunent DL.

Shoul d the skilled person starting from Exanple 3
and Figure 4 of docunent D1 anyway see a problem
with the value of the resistance of the
electrically programmabl e antifuse el enent, then
such a probl em would not be restricted to the

val ue of the resistance of the | ower el ectrode of
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the electrically programmbl e antifuse el enent,
but woul d al so concern the resistance of other
parts of the electrically programrabl e antifuse
el ement, which also contribute to the resistance
of said el enent.

7. It is also to be noted with respect to the
specific structure of the electrically
programmabl e antifuse el enent that, because of the
superposition of parts of different materials
whi ch are nmentioned in docunent D1 as having a
specific function in the elenent as a whole and as
havi ng an influence on the nei ghbouring parts, the
replacenent of the polysilicon electrode by a
nmetal one is not a sinple replacenent, but would
requi re conpensating adjustnments to the other
parts of the device. Indeed, in addition to
mul ti pl e advant ages stressed in docunent D1 and
resulting fromthe use of polysilicon for the
| ower electrode, in particular for replacing a
doped sem conductor region with the sane function,
sone of said advantages are nentioned as being
related to the interaction between the
polycrystalline silicon and the nei ghbouring parts
of the antifuse elenment. In docunent Dl (see
colum 3, lines 2 to 8), in particular, the
i nportance of the thickness of the isolating
silicon filmof the antifuse elenent for the | ow
resi stance in the programmed state and for the
hi gh resistance in the unprogranmed state is
stressed, and tenperatures of formation of the
different |ayers of the antifuse elenent are al so
di scl osed throughout the docunent, which are for
obtaining said results and which are to be

0635. D Y A
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understood in relation with the use of a | ower
polycrystalline electrode, and not in relation
with other materials such as netal.

8. In any case, whereas for the second, upper
el ectrode, a netal, i.e. alumnium is nentioned
in connection with the exanples with a doped
region, the only clear and positive teaching in
docunent D1 for the first, lower electrode is an
el ectrode consisting either of a doped region in
t he sem conduct or substrate supporting the device
or of polysilicon. Thus, the reasoning in the
i mpugned deci si on based on the general teaching
of, for instance, clainms 1 and 5 of the docunent,
whereby the material of the electrodes is not
specified at all, cannot be accepted as an
i ndication for the use of nmetal for the | ower
el ectrode in place of polysilicon.

The further prior art docunents are |ess rel evant.
Therefore, the device of present claiml is not obvious
to a skilled person and involves an inventive step.

Met hod claim 18 al so involves an inventive step for the

sane reasons.

Reasons for the Deci sion

1. The appeal is adm ssible.
2. I nventive step
2.1 In spite of the anbiguities in docunent Dl (see
colum 4, line 45 to colum 5, line 2) about Exanple 3

0635. D Y A
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("Beispiel 3") in the description and the rel ated
Figure 4, which in particular arise because of the

i nconsi stent use of reference signs and whi ch have been
noted by the Exam ning Division and by the appell ant,
there is sufficient information for clearly deriving
therefromthat the electrically progranmable antifuse
el enent is disposed on a sem conductor substrate in an
integrated circuit conprising:

an insulating |layer covering active circuit elenents on
said integrated circuit;

a first electrode disposed over said insulating |ayer;

a first dielectric layer disposed over said first

el ectr ode;

an antifuse | ayer disposed over said first dielectric

| ayer;

a second dielectric |ayer disposed over a portion of
said antifuse | ayer; and

a second el ectrode di sposed over said second dielectric

| ayer.

However, the first electrode of Exanple 3 and Figure 4
of docunent Dl does not conprise a netal, but

pol ycrystalline silicon, and it has not been di sputed
by the appellant that this constitutes the only feature
di stingui shing the el enent of present claim1l fromthat
of this known exanpl e.

As submtted by the appellant in the statenent of the
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grounds of appeal (see item V.4 above), the netal

el ectrode in the antifuse el enent according to the

i nvention supplies material for the formation of the
filament which short-circuits the antifuse el enent when
programed and thereby provides a reliable antifuse

el ement having a | ow programmed resistance ("on-

resi stance").

The objective problem which according to the
establ i shed case | aw of the boards of appeal has to be
established in relation to the closest state of the
art, addressed by the present invention, can therefore
be regarded as providing an electrically programmabl e
antifuse elenent which is reliable and has a | ow
programed resi stance.

In electrically programmabl e antifuse el enents, as
submtted by the appellant (see item V.3 above), the
reliability in programming and a relatively | ow
programmed resi stance are known to be desirable
properties. There is thus no contribution to inventive
step in the recognition of the above problemin the
field of electrically progranmable antifuse el enents.

As acknow edged in the present application (see page 3,
lines 13 to 15; page 5, lines 10 to 12 and 17 to 19),
the use of netal electrodes for antifuse of both the
types, i.e. (a) the first type enploying an interl ayer
of silicon dioxide and silicon nitride and (b) the
second type enploying an interlayer of anorphous
silicon, is well known in the art.

Al so, as acknow edged in the present application (see
page 3, lines 15 to 25), it is well known in the art
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that during the programmng of the first type of
antifuse the dielectric between the netal electrodes
breaks down at weak points due to the progranmm ng
vol tage and that a conductive link is established
bet ween the el ectrodes.

As further generally known, such a conductive |ink can
be forned by the conductive material fromthe

el ectrodes which flows during the breakdown of the
dielectric, see, e.g., colum 3, line 20 to colum 4,
line 45, of US-A-4 823 181, cited in the application as
filed (see page 9, lines 6 to 14).

Since in docunent D1 a conposite |ayer conprising a
dielectric layer is enployed, to a skilled person
concerned with the objective problem of reducing the
programed resi stance of the antifuse device, it would
be obvious that an el ectrode conprising netal or forned
of a netal instead of a polysilicon electrode would not
only reduce the programmed resistance of the device but
woul d al so provide the conductive material for the link
which is to be established when the dielectric breaks
down during the programmng. It is true, as argued by
the appellant (see item V.7 above), that docunent D1
enphasi zes the advantages of providing a silicon
insulating film in particular a silicon oxide filmon
a polycrystalline | ower electrode in controlling the
"on-resistance" and "off-resistance" of the antifuse
element (cf. colum 2, line 65 to colum 3, |ine 8;
colum 7, lines 25 to 56). The Board, however, does not
agree with the subm ssion of the appellant that in view
of these advantages resulting fromthe use of the

pol ysilicon for the |lower electrode the skilled person
woul d not depart fromthe teaching of docunent D1 and
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repl ace the polysilicon | ower electrode by an el ectrode
conprising a netal. This is mainly because the skilled
person nust be presuned to be aware of the generally
wel I known fact that the material of the electrode in
docunent D1, i.e. polysilicon, would also contribute to
t he programmed-resi stance, so that the skilled person
faced with the above objective probl emwoul d consi der
the use of netal for the |ower electrode in the
antifuse el ement of docunent D1 for the above reasons.
Mor eover, as can be seen fromthe advantages listed in
colum 7, lines 35 to 56, docunment D1 recommends the
use of polysilicon with a viewto sinplifying the
formation of the oxide filmand having a relatively | ow
progranm ng voltage. The present invention, on the

ot her hand, does not address these problens, and is
concerned mainly with providing | ow programed

resi stance.

The Board agrees with the appellant (cf. itemV.2
above) (cf. T 373/94 of 8 July 1999) that the

di scl osure of particular features in a prior art
docunment nust be considered in the technical context of
t he whol e disclosure, so that the particul ar features
cannot be selected in a manner whi ch changes or
contradicts the teaching of the docunent in question.
Thus, the use of polysilicon in docunent D1 has to be
seen in the context of the problens addressed in
docunent Dl1. In the opinion of the present Board, the
teachi ng derivable from docunent D1 as a whole is that
the use of polysilicon as a lower electrode is to be
preferred over the use of a single crystal silicon

| ower el ectrode when the formation of the oxide filmis
to be sinplified and a | ow programm ng voltage is
desired. There is no suggestion in docunent Dl that a
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| ower el ectrode of netal would be inconpatible with the
structure of the antifuse el enent di scl osed therein.

Concerni ng the appellant's argunent about a technica
prejudi ce against the use of a netal, it is first to be
noted that such a prejudice is not derivable from
docunent D1, because all the advantages of using
polysilicon in Exanple 3 therein are in conparison with
the use of a single crystal silicon as an el ectrode,
and not as conpared to a netal electrode. Myreover, it
Is the established case | aw of the Boards of appea

that to denonstrate a technical prejudice in the art

t he di sclosure in one docunent is in general not

enough.

The argunents in the statenent of grounds of appea
(see item V.7 above) about the difficulties in adapting
the nmethod of form ng an antifuse el enent of docunent
DL to the use of a |ower netal electrode are not
convi nci ng since nethods for formng netal el ectrode

| ayers, dielectric layers and antifuse |ayers are
generally known in the relevant art of antifuse

el ements and there is no indication that the nethods
used in fabricating the antifuse elenent of claim1l in
suit are different therefromor that there was a
particular difficulty in selecting or adapting said
general |y known nethod steps when the | ower el ectrode
conpri ses a netal

For the foregoing reasons, in the Board's judgenent,
the subject-matter of present claim1l does not involve
an inventive step in the sense of Article 56 EPC
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Mor eover, since claim 18 concerns a nethod of formng a
devi ce having the sane features as claim1, and since
the nethod steps per se are conventional, claim18 also

does not involve an inventive step (Article 56 EPC).

Therefore, the patent application has to be refused
(Article 97(1) EPC).

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Spigarelli R Shukl a
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