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Summary of Facts and Subm ssi ons

1925.D

This is an appeal from a decision, dated 6 June 2001,
in which the exam ning division refused European patent
application Nr. 96110018.7 on the ground that claim1l

| acked an inventive step over follow ng two docunents:

D1: EP-A-503078

D2: JP-A-1-128449

The notice of appeal was filed on 1 August 2001. The
appeal fee was paid on the sane day. The st atenent
setting out the grounds of appeal was filed on

21 Septenber 2001.

In response to a conmuni cati on acconpanyi ng the sunmmons
to oral proceedings of 19 March 2003, the appell ant
filed a new main request and two auxiliary requests,
together with a further request that all dependent
clainms be treated as auxiliary requests.

Oral proceedi ngs took place on 21 May 2003. At the oral
proceedi ngs the appellant filed a new request which
repl aced all previous requests. The appellant's main
request is that the decision of the exam ning division
be rescinded and that a patent be granted on the basis
of the follow ng docunents:
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d ai ns:

- claims 1 to 3 as filed on 21 May 2003

Descri pti on:

- pages 1 to 3 and 6 to 12 as originally filed

- page 4 as filed on 18 QOctober 1999

- page 5 as filed on 17 April 2003

Dr awi ngs:

- Sheets 1/5 to 5/5 as originally filed

| ndependent device claim1 of the main request,
identical in wording to claiml as originally filed and
as rejected by the exam ning division, reads as

foll ows:

"1. A sem conductor device conprising an integrated
circuit (36) and a capacitor (41) fornmed on the
integrated circuit,

wherein the capacitor conprises a bottom el ectrode
(38) conposed of a conductive layer fornmed on an
insulating layer (37) of the integrated circuit, a
capacitor dielectric layer (39) conposed of one of a
ferroelectric layer and a high permttivity dielectric
| ayer fornmed on the bottomelectrode, and a top
el ectrode (40) conposed of a conductive |ayer formed on
t he capacitor dielectric |ayer, and
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the top el ectrode and bottom el ectrode of the
capacitor are connected with interconnections (44b,
44c) of the integrated circuit through contact holes
(43b, 43c) provided in an interlayer insulating |ayer
(42) formed so as to cover the capacitor

characterized in that the interlayer insulating
| ayer conprises a silicon oxide |ayer containing
phosphorous by 6% by weight or |ess, and the noisture
content of the interlayer insulating layer is 0.5g or
| ess per lcnt."

There are no dependent device clains.

| ndependent nethod claim2 of the main request reads as
fol |l ows:

"A manuf acturing nmethod of sem conductor device
conprising the steps of:

(a) formng a capacitor (41) conprising a bottom

el ectrode (38) conposed of a conductive |ayer, a
capacitor dielectric layer (39) conposed of one of a
ferroelectric layer and a high permttivity dielectric
| ayer fornmed on the bottomelectrode, and a top

el ectrode (10) conposed of a conductive |ayer formed on
t he capacitor dielectric layer, on an insulating |ayer
(37) of a sem conductor substrate (31) in which an
integrated circuit is fabricated,

(b) formng an interlayer insulating |ayer (42)
covering the capacitor,
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(c) formng contact holes (43a, 43b, 43c) reaching the
integrated circuit, and top el ectrode and bottom

el ectrode of the capacitor, through the insulating

| ayer and interlayer insulating |ayer,

(d) formng interconnections (44a, 44b, 44c) to be
electrically connected with the integrated circuit and
capaci tor through the contact holes, and

(e) formng a passivation |ayer (45) covering the

i nt erconnecti ons,

characterized in that the interlayer insulating
| ayer conprises a silicon oxide |ayer containing
phosphorus by 6% by wei ght or |ess, and

further characterized by a step carried out
bet ween steps (b) and (d) of heat treating the
interlayer insulating layer prior to formng the
i nterconnections (44a, 44b, 44c), said heat treatnent
being carried out in one of (i) nitrogen gas, (ii)
inert gas and (iii) vacuum so as to reduce the
noi sture content of said interlayer insulating |ayer
(42) to 0.5g or |less per cnt."

Caim3 is the only claimdependent upon claim 2.

The argunents presented by the appellant can be
summari sed as foll ows.

| ndependent device claim1 and independent nethod
claim2 require that the noisture content of the
interlayer insulating |layer (42) formed to cover at
| east the capacitor of the device, is at or bel ow
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0.5g/ cn? conpared to the noisture content after
formati on of the layer of about 0.93g/cn?.

The inventors of the clainmed invention were the first
to appreciate that the cause of inferior capacitor
performance is "internal" noisture in the interlayer
insulating layer, rather than "external" noisture
penetrating into the device, because the internal

noi sture is released and diffuses into the dielectric
of the capacitor during device fabrication steps taking
pl ace at el evated tenperatures. The inventors were al so
the first to propose that the noisture content of the
interlayer insulating | ayer should be reduced by heat
treatment to | ess than 0.5g/cn? before form ng any
subsequent | ayers such as the passivation |ayer
covering the device.

Al t hough document D1 describes a device with the sane
structure as the clainmed device, document D1 nentions
nei ther noisture content of any of the device |ayers
nor the problemof its release during processing at

el evated tenperatures, nor the adverse effects of such

noi sture on devi ce perfornmance.

Docunent D2 nerely teaches that the phosphorous content
of a PSG | ayer (6) should be chosen to be | ower than
7.5% by weight in order to provide sufficient
protection against humdity for a polysilicon |ayer 4.
However, there is no nention of the noisture content of
the | ayers described there.

Accordingly, a conbination of docunment D2 and docunent
D1 woul d not nmake the clained invention obvious.
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Reasons for the Decision

2.2

1925.D

The appeal is adm ssible.

Clarity, support in the description and anmendnents

Clarity and support for the clainms in the description
were not in dispute, and the Board is satisfied that
the clains are clear, concise and supported by the
description as required by Article 84 EPC.

Claim1 was anended neither during exam nation nor
during the appeal proceedings. The anmendnments nade to
claim2 during exam nation are based on the description
as originally filed and were not in dispute. The
anmendnents nmade to pages 4 and 5 of the description
serve, respectively, to acknow edge the prior art and
to provide consistency between the "summary of

i nvention" statenent and the clains. The Board is
therefore satisfied that the application conplies with
the requirements of Article 123(2) EPC.

Novel ty

Docunment D1 describes a sem conductor device in which a
capacitor is formed having a bottom el ectrode (28), a
ferroelectric dielectric (29) and a top el ectrode (32),
with the capacitor being covered by an insulating
interlayer film(33) except for the |ocation of
connection holes (Figure 2 and the correspondi ng text
in colum 5, line 35 to colum 6, line 40). The device
di scl osed in docunment D1 thus has all the features of
the invention, except for the features in claim1 of
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the application in suit, which specify that the
interlayer insulating | ayer has a phosphorous content
of 6% or |ess by weight and a noisture content of
0.5g/cn? or |ess.

Docunment D2 discloses that a PSGfilm (6) with a
phosphorous concentration of |ess than about 7.5% by
wei ght is noisture resistant, but does not concern
itself with capacitor structures. The Board, noreover
accepts the appellant's argunment that this reference to
hum dity resistance appears to relate nerely to the
effect of the |layer as a barrier to noisture
penetration from outside, but says nothing about the
noi sture content of the layer itself.

The novelty of the independent clains 1 and 2 was not
in dispute and in the light of the above-nenti oned

di fferences over the cited prior art, which were

al ready acknow edged by the exam ning division, the
Board is satisfied that the subject matter of these
clainms is novel over each of the cited prior art
docunents D1 and D2.

| nventive step

Caimil

The nearest prior art docunment in respect of claim1l is
docunent D1. The invention clainmed in claim1l differs
fromthe device disclosed in docunent D1 by the
features set out in the characterising clause of
claiml, that is, in that the interlayer insulating

| ayer conprises a silicon oxide |ayer containing
phosphorous by 6% by weight or |ess, and the noisture
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content of the interlayer insulating layer is 0.5g or
| ess per cnr.

The probl em which the invention addresses is to inprove
t he | eakage current characteristics of capacitors. The
solution provided by the invention as clainmed in
claiml is to use an interlayer insulating layer in
whi ch the noisture content does not exceed 0.5g/cnt.
Figure 6 of the application in suit and the associ ated
text of the description show a conpari son between a
conventional device in which the PSG insulating |ayer
has a noisture content of 0.93g/cn? (curve (a)) and a
devi ce according to the invention (curve (b)) in which
the PSG insulating | ayer has a noisture content of
0.45g/cn?. As shown in Figure 6, the | ow noisture
content of the interlayer insulating layer in a
capacitor causes a significant inprovenent in the
reliability of that capacitor

According to the argunments presented by the appellant,
whi ch are supported by the introductory part of the
description (page 4, lines 3 to 9 of the application as
filed), the inventors were the first to realise that an
i nportant cause of |eakage currents in capacitors is to
be found in the noisture content of around 0.93g/cn? in
a conventionally forned interlayer insulation. During
further processing steps this noisture diffuses into
the ferroelectric dielectric |ayer of the capacitor
thereby lowering its electric resistance which, in turn,
leads to a rise in | eakage current or a decline in
dielectric strength and could thereby induce dielectric
br eakdown of the capacitor.
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Docunent D1 is concerned with preventing deterioration
of the electrical properties of capacitors in which the
dielectric is a ferroelectric material. The
deterioration is caused when the materials making up

t he upper electrode of the capacitor react with the
alum niumof the wiring |layer at tenperatures around
300°C, in particular during annealing of the device and
the formation of the final passivation |ayer (colum 2,
lines 14 to 28). The renedy provided in docunent D1 is
to forma conducting, reaction-preventing film between
t he upper el ectrode and the wiring layer (colum 3.
l[ines 39 to 49). The reaction-preventing filmis also
effective against an increase of the junction |eakage
current as it prevents a reaction between Al and Si in
the source and drain regions (colum 8, lines 39 to 49).
Thus, the skilled person would | earn from docunent D1
that | eakage currents resulting froma reacti on between
Al and Si can be prevented by providing a conductive
reacti on-preventing |ayer. Docunent D1 woul d not,
however, have assisted the skilled person in
identifying the noisture content of the interlayer as a
cause of | eakage currents.

Al t hough docunent Dl al so states that a final

passi vation | ayer can inprove the long-termreliability
of such devices by providing resistance to humdity
(colum 8, lines 5 to 11), it is clear fromthe context
that this refers to protecting the device fromhumdity
originating outside rather than fromwthin the device.
There is no nmention in docunent D1 of the noisture
content of the insulating interlayer nor of any effects
whi ch m ght be attributable to it.
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Docunment D2 discloses that a PSGfilmwth a
phosphorous content of |ess than about 7.5% by wei ght
provi des good hum dity resistance. As in the case of
docunent D1, it is clear fromthe context that the | ow
phosphorous content provides protection agai nst

noi sture ingress fromoutside the device. There is no
mention of the noisture content of the interlayer
insulation filmitself, nor of any possible effects of
t hat noi sture content.

There is no indication in the cited prior art of the
probl em caused by the natural noisture content of about
0.93g/cn? of the interlayer insulating |layer, nor of
the inprovenments in the electrical characteristics and
reliability which, as shown by Figure 6, a reduction of
the noisture content to 0.5g/cnt or |ess can achieve.
The Board therefore concludes that claim1l is not
obvious in the light of the cited prior art.

Claim?2

Claim2 is an independent nethod claimw th processing
steps corresponding to each of the device features of
claim1l, including the formation of the interlayer
insul ating |ayer having a noisture content of 0.5g/cn?
or less. In addition, the claimspecifies that the

noi sture content of the interlayer insulating |ayer is
to be reduced by heat treating the interlayer before
either the interconnections or the passivating

| ayer (45) are forned.

Docunent D2 discloses a nethod of formng a flat PSG
interlayer insulating |layer which also has humdity
resi stance. However, as already discussed in relation
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to claim1 above, the hum dity resistance concerned is
unrel ated to the noisture content of the |ayer.
Annealing is not referred to in docunent D2.

Docunent D1 refers to annealing, i.e., heat treatnent
during the device manufacture, but only at the
following two stages of device fabrication: either

i medi ately after the formation of the capacitor and
before the interlayer insulating |ayer (33) is forned
(page 5, colum 7, lines 8 to 18), or after the
reaction-preventing TiN fil m 35 has been forned.

The Board accepts the appellant's argunment that in the
process of docunent Dl in the first instance annealing
t akes pl ace obviously too early, i.e., prior to the
formation of the interlayer, and in the second instance
too late to bring about the required reduction in the
moi sture content to 0.5g/cn?, since in the latter case
anneal ing occurs only after at |east those areas of the
interlayer filmwhich cover the capacitor are covered
by the netal film thereby trapping the noisture in the
interlayer and preventing the noisture being driven off

during annealing.

The Board is therefore of the view that the invention
claimed in claim2 involves an inventive step because
the solution of heat treating the interlayer insulating
| ayer to lower its nmoisture content to 0.5g/cn? or |ess
before any further |layers are formed, is not obvious
having regard to the cited prior art which neither
concerns itself with the noisture content of interlayer
i nsul ating | ayer nor provides any incentive for any
heat treatnment at that particular stage of the
fabrication process.
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5. In the Board's judgenent, for the reasons set out above,
the invention as clainmed in independent clains 1 and 2
involves an inventive step as required by Articles 52(1)
and 56 EPC.

Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is submitted to the first instance with the
order to grant a patent with the follow ng docunents:

- claims 1 to 3 filed at the oral proceedings

- descri ption:
pages 1 to 3 and 6 to 12 as originally filed,
page 4 filed with letter of 18 Oct ober 1999,

page 5 filed with letter of 17 April 2003

- drawi ngs as originally filed

The Regi strar: The Chai r man:

U. Bul t nann R K. Shukl a

1925.D



