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Summary of Facts and Subm ssi ons

2132.D

The appeal |ies against the decision of the exam ning

di vi sion, dispatched on 26 Cctober 1999, rejecting

Eur opean patent application Nr.91 103 412 on the ground
that the subject matter of claim1 did not involve an
inventive step as required by Articles 52(1) and 56 EPC
with regard to the following prior art docunents

D2: | BM Techni cal Di sclosure Bulletin, Vol. 30, No. 8,
Jan 1988, pages 252 to 253;

D5: DE-A-3 916 228.

In the decision, the exam ning division also observed
t hat i ndependent device claim 23 | acked novelty with
respect to docunment D5.

The notice of appeal was filed on 27 Decenber 1999 and
t he appeal fee was paid on the sane day. The statenent
setting out the grounds of appeal was filed on

25 February 2000.

At the oral proceedings held on 21 March 2003, the
appel l ant replaced all previous requests with a new
request for the grant of a patent on the basis of the
foll owi ng docunents filed during the oral proceedings:

Cl ai ns: clainms 1 to 48
Descri ption: pages 1 to 5, 9 to 31 and 34
Dr awi ngs: Figures 1 to 13
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The appel l ant al so submitted a scanning el ectron
m croscope (SEM phot ograph show ng the detail ed
structure of a device as clainmed in claim22.

I V. The i ndependent nmethod claim 1l of the request reads as
foll ows:

"1. A nethod of formng a structure having a contact
hol e (10, 25A, 28A, 27A), conprising the steps of:

(a) formng an insulating layer (3, 27) on a
first conductive region (2, 25);

(b) form ng a second conductive |ayer (4, 29
46') over said insulating |ayer;

(c) form ng an opening (6, 29A, 28A) in said
second conductive | ayer;

(d) form ng a conductive sidewall (8, 32, 47
47a, 47b) around an inner wall of said second
conductive | ayer defining said opening, wherein
said sidewal | (8, 32, 47, 47a, 47b) is formed by:

(dl) formng an additional conductive |ayer (32a)
on the surface including the opening (6, 29A, 28A)
in said second conductive |ayer; and

(d2) anisotropically etching said additiona
conductive layer (32a) to renove the horizontally
extending areas of this layer (32a) and to | eave
behi nd vertically extending parts which formthe
sidewal | (8, 32, 47, 47a, 47b);
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(e) selectively etching said insulating layer in
a state in which said second conductive |ayer and
sai d conductive sidewal |l function as etching

masks, so that said contact hole (10, 25A, 28A,
27A) having a wwdth smaller than that of said
openi ng and defined by said conductive sidewall is
formed in said insulating layer and said first
conductive region is exposed through said contact
hol e;

(1) formng a third conductive |layer (17, 29",
46") on said second conductive |layer, said
conductive sidewall and said first conductive
regi on being exposed through said contact hol e;
and

(9) patterning said third conductive | ayer and
second conductive |ayer sinultaneously to forma
gi ven pattern.”

The i ndependent device claim22 of the request reads as
fol |l ows:

"22. A layer structure, conprising:

a first conductive region (2, 25);

an insulating layer (3, 27) formed on said first
conductive region and having a contact hole (10,
25A, 28A, 27A), said first conductive region being
exposed through said contact hol e;

a second conductive layer (4, 29', 46') forned
over said insulating | ayer and having an opening
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(6, 29A, 28A) having a width of approxi mately
0.5um which is the scale Iimt attained by the
conventional photolithographic technique, and
being larger than that of said contact hole,
wherein said opening (6, 29A, 28A) surrounds said
contact hole (10, 25A, 28A, 27A);

a conductive sidewall (8, 32, 47, 47a, 47b) forned
over said insulating | ayer exposed through said
opening and fornmed around an inner wall of said
second conductive | ayer defining said opening,
wherein the part of the conductive sidewall which
is furthest fromthe second conductive | ayer
defines the contour of said contact hole; and

a third conductive layer (17, 29", 46") forned on
sai d second conductive | ayer, said conductive
sidewal | and said first conductive region being
exposed through said contact hole."

The argunents put forward by the appellant can be

summuari sed as foll ows.

The invention relates to the manufacture of

sem conductor structures of the kind used in stacked
capacitor cells. The invention ains to allow the
formati on of contact holes which are smaller than the
size limt set by the resolution of the

phot ol i t hographi ¢ processes concerned. According to the
i nvention, a conductive layer is forned on the
insulating layer to be etched and an opening is forned
in the conductive |ayer using a conventional

phot ol i t hographi ¢ process. The size of this opening is
near the scale limt of the conventi onal
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phot ol i t hographi c techni que. By deposition of a second
conformal conductive | ayer and subsequent ani sotropic
etching, a conductive sidewall is fornmed inside the
openi ng which together with the conductive |ayer

provi des a mask for etching a contact hole which is
defined by the inner perineter of the sidewall and,
hence, is smaller than the opening in the conductive

| ayer. The conductive sidewall and the conductive |ayer
remain part of the structure of the device and
therefore do not need to be renoved after formation of
t he contact hole and before the further processing of

the structure continues.

Docunent D5 relates to stacked capacitors and is
therefore the closest prior art docunent. However, only
conventional techniques for formng contact holes are
descri bed in docunment D5, which neans that resol ution
of the lithographic processes enpl oyed sets the scale
l[imt of features such as contact hol es.

As regards claiml1l, it was not disputed that the
invention clainmed in claiml is new The clainmed nethod
is also inventive over the prior art. Starting from
docunent D5, the problemto be solved can be considered
to be the formation of holes smaller than the m ni num
openi ng attainable by photolithography. In docunent D2,
the formation of the etching mask involves the use of
materials which are insulating materials and thus
different fromthe materials used in the invention, and
t hese materials nust, noreover, be renmpved by etching
bef ore processing of the structure can conti nue.
Therefore, applying the teaching of docunment D2 to the
fabrication of stacked capacitors known from docunent
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D5 would not lead to the invention as clained in

claim 1.

As regards claim22, the SEM phot ograph submtted

provi des cl ear evidence that the second conductive

| ayer, the sidewall and the third conductive |ayer are
clearly distinguishable in the finished device,
contrary to the conclusion arrived at by the exam ning
division. The structure claimed in claim23 can thus be
di stingui shed fromthe structure disclosed in docunent
D5 and is therefore novel. Mreover, as the structure
is the inevitable result of applying the inventive
method clainmed in claiml, it is also in itself

i nventi ve.

Reasons for the Decision

1

2132.D

The appeal is adm ssible.

Amendnents (Article 123(2) EPC)

Caimil

Claiml differs fromclaim1l as originally filed in
several respects.

The additional features

(i) that the sidewall is formed by formng an
addi ti onal conductive |layer (32a) on the surface
i ncluding the opening (6, 29A, 28A) in the second
conductive |ayer (feature (dl) of claim1),
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(1i) that the additional conductive |layer (32a) is
ani sotropically etched to renove the horizontally
extending areas of this layer (32a) and to | eave
behi nd vertically extending parts which formthe
sidewal | (8, 32, 47, 47a, 47b) (feature (d2) of
claim1) and

(tii)that the third conductive layer (17, 29", 46") is
formed on said second conductive |ayer
(feature (f) of claiml),

are based, inter alia, on the originally filed
description of Figures 6F to 6K on page 19, line 10 to
page 20 line 35.

The additional feature that the second and third
conductive |ayer are patterned together (feature (g) of
claim1l) derives, inter alia, fromthe originally filed
description of Figure 6Mon page 21, lines 18 to 22.

The omission fromclaim21 of the original feature (f)
of "renoving said second conductive | ayer and said
conductive sidewal " is also based, inter alia, on the
originally filed description of Figure 6H , which
states that "[i]t should also be noted that the

pol ysilicon layer 29' and the polysilicon sidewall 32
are not renoved during a subsequent process, and are
utilized as parts of the storage el ectrode of the
stacked capacitor, ..." (page 20, lines 4 to 8).
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Claim?22

Claim 22 corresponds to claim 23 of the application as
refused by the exam ning division which itself was
derived fromclaim17 as originally filed. In substance,
claim?22 differs fromclaim1l7 in that it additionally
specifies that the opening (6, 29A, 28A) in the second
conductive layer (4, 29", 46')

(i) bhas a wdth of approximately 0.5um which is the
scale limt attained by the conventional
phot ol i t hogr aphi ¢ techni que,

(i) is larger than, and surrounds the contact hole
(10, 25A, 28A, 27A)

and that the part of the conductive sidewall which is
furthest fromthe second conductive | ayer defines the
contour of the contact hole.

These anmendnents neet the objections of lack of clarity
which the Board raised in the witten conmunication

whi ch acconpani ed the sunmons to the oral proceedings,
and are all based on the description as originally
filed, such as the description of Figure 6H on page 19,
lines 22 to 34, for exanple.

The omission fromthe claimof the barrier |ayer
referred to in original claim17 is based, inter alia,
on the enbodi nent of the invention which is described
with reference to and shown in Figures 6H to 6K of the

dr awi ngs.
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The Description

The description has been anended by renoving original
Figures 3 and 15 and the acconpanyi ng descri ption.
Oiginal Figure 3 (consisting of Figures 3Ato 3D) and
the associated parts of the description related to a
way of obtaining the mask for form ng the contact hole
in a manner which is not covered by the wordi ng of
claiml1l. Oiginal Figure 15 (Figures 15A to 15J) and
its associated description had as their subject a
further enbodinent in which a contact hole is etched

t hrough both insul ating and conductive | ayers. Deletion
of these enbodi nents therefore does not provide the
skilled reader with information extendi ng beyond the
contents of the application as originally filed. O her
amendnments nmade to the description are nerely of an

editorial nature.

The Board is therefore satisfied that the anendnents to
the clains and description do not introduce subject
matter which goes beyond the content of the application
as filed and thus conmply with the requirenents of
Article 123(2) EPC

Clarity and support (Article 84)

Unlike claim1l as rejected by the exam ning division,
claim1l now specifies that the sidewall is formed by
process steps (dl) and (d2) of the claim which is to
say, by depositing a |ayer of conductive material and
ani sotropically etching that |ayer to | eave behind
vertically extending parts which formthe sidewall.

I ncl usi on of these features overcones the objections of
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| ack of clarity and support raised by the Board inits

witten communi cati on

Claim?2, which related to the enbodi nent of the
originally filed Figure 3 and was therefore
i nconsistent with the invention as now clained in

claim 1, has been del et ed.

Claim 22, corresponding to claim23 of the application
as rejected by the exam ning division, now specifies
that the opening in the second conductive layer is
approximately 0.5pum wi de and thus at the limt of
conventional photolithography, and that the part of the
conductive sidewall which is furthest fromthe second
conductive |l ayer defines the contour of the contact
hol e, thereby making it clear that the contact hole is
smal ler than the scale limt achievabl e by

phot ol i t hogr aphy.

The Board is therefore satisfied that the clainms conply
with the requirenents of Article 84 EPC.

Novel ty

The novelty of the independent nethod claim1l was never
di sput ed.

| ndependent device claim 22, which corresponds to
claim 23 of the rejected application, requires the
presence of a second conductive |layer, a conductive
sidewal | and a third conductive |ayer. The exam ni ng

di vision considered the claimto |lack novelty with
respect to docunment D5 because the second conductive

| ayer, the conductive sidewall and the third conductive
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| ayer all consisted of the sane material, polysilicon,
and consequently were not considered as separate
structures in the finished device. The cl ai ned device
could therefore not be distinguished fromthe structure
of the device in docunent D5 having first and second
conductive polysilicon |ayers which also were not

di scerni bl e as separate layers in the finished device.

I n the SEM phot ograph submtted by the appellant,
however, the second conductive |ayer, the sidewall and
the third conductive |ayer as clainmed and described in
the application are clearly visible as separate | ayers.
As there are no reasons to doubt the authenticity of
the subm tted SEM phot ograph, the Board is satisfied
that the three-conponent structure clained in claim22
can be distinguished in the finished device fromthe
structure disclosed in docunent D5. Additionally, the
amended claim22 now expressly requires that the size
of the opening (6, 29A, 28A) which surrounds the
contact hole is at the scale limt of conventional
photol i t hography and that the contact hole (10, 25A,
28A, 27A) is smaller than that opening. It follows that
the contact hole is smaller than the scale |imt of
phot ol i t hography. In contrast, in the devices described
in docunent D5 the contact holes are formed by
conventional nethods and cannot therefore be narrower

than the scale Iimt of photolithography.

The Board therefore concludes that the subject matter

of claim22 is novel.
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| nventi ve step.

Caimil

Claim1l relates to a nethod of form ng a contact hole
which is smaller than an opening fornmed by
phot ol i t hogr aphy.

Docunent D5 is the closest prior art docunment. It
relates to stacked capacitor structures for use in
dynam ¢ RAMs, and di scl oses a nethod of form ng contact
holes with the aid of a conventional photolithographic
process. As described in colum 4, lines 27 to 53 with
reference to the figures follow ng Figure 3C of
docunent D5, an insulating |layer (24) is forned,
followed by a first conductive |ayer (30) which forns
part of the first electrode of the capacitor. A
conventional etching step follows to forma contact
hol e (26) through both the conductive |layer (30) and
the insulating | ayer (24). A second conductive |ayer
(34), which fornms a uniformfilmon the bottom and
sides of the contact hole, is fornmed after the contact
hol e has been etched, and provides the connection to

t he source of the MOSFET of the nmenory cell concerned.
Deposition of a third conductive |ayer constituting the
second el ectrode of the capacitor takes place after the
deposition of the insulating film (36) which forns the
dielectric of the capacitor.

The objective problemto be solved by the invention is
that already identified by the exam ning division, that
is, to find a nethod of form ng openings such as
contact holes that are smaller in size than the m ni mum
si ze of opening that can be achi eved by the
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conventional photolithographic techni que described in
docunent Db5.

5.1.4 Docunent D2 discloses a nmethod of formng holes in an
insulating layer (2) smaller than the limts of
conventi onal photolithographic techni ques. The net hod
i nvol ves the steps of depositing an insulating |ayer (6)
on top of the insulating layer (2), formng a hole in
the layer (6) by conventional |ithography and
depositing a further insulating |layer (8) by conforna
deposi tion. Subsequent ani sotropic etching of the
further layer (8) results in a vertical |ayer of
insulating material lining the wall of the hole. The
resulting aperture which forns the etch nask for the
contact hole in the layer (2) is thus smaller than
conventi onal photolithography would all ow.

5.1.5 The exam ning division took the viewthat it would be
obvious to apply the processing steps described in
docunment D2 with corresponding effect to the nethod
di scl osed in docunent D5 (Decision, page 3, point 3.4,
lines 3 to 6). To support this conclusion the exam ning
di vision argued further that the skilled person woul d
realise that the masking | ayer and the sidewall do not
have to be renoved if they are useful or required in
the desired structure (point 3.4, lines 7 to 9).

5.1.6 The Board cannot share the view of the exam ning
di vision. According to docunent D2, the etching mask is
formed with the aid of two insulating |ayers (6) and
(8). After the contact hole has been etched into the
insulating layer (2) and before processing of the
structure can continue, the residual material of the

maski ng |l ayer (6) as well as the material of the

2132.D
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residual vertical l|ayer (8) need to be renoved. In
contrast, according to the nethod as clainmed, the mask
is formed by conductive material, the second conductive
| ayer (4, 29', 46') and the conductive sidewall (8, 32,
47, 47a, 47b). Then, after the contact hole has been
etched, the third conductive layer (17, 29", 46") is
formed on both the second conductive | ayer and the
conductive sidewall which together forned the mask. The
material used as mask thus becomes a permanent part of
the el ectrode structure of the capacitor.

The Board accepts the appellant's subm ssion that there
is nothing in docunent D2, which discloses the use of a
mask formed frominsulating materials deposited for the
sol e purpose of formng the etching mask and then
removed again, to provide any incentive for the skilled
person to use conductive materials as mask; nor is
there any suggestion that the material used for the
mask need not be renmpved but, instead, should remain in
situ to formpart of the finished el ectrode structure.

For the foregoing reasons, the Board concludes that the
conmbi nati on of docunments D5 and D2 woul d not neke the

invention claimed in claim21 obvious.

Claim?22

Claim 22 relates to a stacked capacitor structure. It
now clearly states the opening in the second conductive
layer (4, 29', 46') has a width of approximately 0.5im
which is the scale Iimt attained by the conventional
phot ol i t hographi ¢ techni que, and that the contact hole
is smaller than this opening, that is to say, the
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contact hole is smaller than the scale limt of
conventi onal photolithography.

Docunment D5 is concerned wth stacked capacitor
structures and is the closest prior art with regard to
claim?22. The structures disclosed have contact holes
made by conventional etching techniques, which are
therefore of dinensions that are within the limts set
by these techni ques (see, e.g., the text in colum 4,
lines 38 to 44, which refers to the contact hol es being
formed by known etching steps).

In view of the differences between the prior art
structure disclosed in docunent D5, the objective
probl em sol ved by the invention is to provide a stacked
capacitor structure in which the contact holes are
smal l er than the scale Iimt of conventional

phot ol i t hogr aphy.

Docunent D5 gives no indication whether and, if so, how
contact holes could be made smaller than the
conventionally forned ones used in the structures

descri bed. The disclosure in docunment D2 in which the
masks are provided by tenporarily formed insulating

| ayers woul d not provide the information necessary for
the skilled person to arrive at the structure clai ned

in claim?22. The Board accepts the appellant's

submi ssion that the three separate conductive regions
that formthe contact hole, i.e. the second conductive

| ayer (4, 29', 46'), the conductive sidewall (8, 32, 47,
47a, 47b) and the third conductive layer (17, 29", 46"),
whi ch can noreover be identified in the finished device
as shown by the SEM phot ograph subm tted by the

appel lant, are distinctive of the process enpl oyed for
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form ng the structure, and concludes that the clai ned
structure is not obvious froma conbination of the
t eachi ngs of docunents D5 and D2.

5.3 For the foregoing reasons, in the judgenent of the
Board the inventions clainmed in the i ndependent
claims 1 and 22 are not obvious in view of the cited

prior art and hence involve 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 remtted to the first instance with the
order to grant a patent with the documents submtted
during the oral proceedings.

The Regi strar: The Chai r man:

S. Fabi ani R K. Shukl a
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