BESCHVWERDEKAMVERN  BOARDS OF APPEAL OF CHAMBRES DE RECOURS
DES EUROPAI SCHEN THE EUROPEAN PATENT DE L' OFFI CE EUROPEEN
PATENTAMTS OFFI CE DES BREVETS
I nternal distribution code:
(A [ ] Publicationin Q
(B) [ ] To Chairmen and Menbers
(O [X] To Chairnen
(D) [ 1 No distribution
DECI SI ON
of 29 May 2001
Case Nunber: T 0070/96 - 3.4.3
Appl i cation Nunber: 90830428. 0
Publ i cati on Nunber: 0478871
| PC. HO1L 21/90
Language of the proceedi ngs: EN

Title of invention:

Formati on of contact plugs by bl anket CVD deposition and

et chback

Appl i cant:
STM croel ectronics S.r.|.

Opponent :

Headwor d:

Rel evant
EPC Art.

| egal provisions:
56, 123(2)

Keywor d:
"I nventive step (yes)"

Deci si ons cited:

Cat chword

EPA Form 3030 10.93



9

Europdisches European Office européen
Patentamt Patent Office des brevets

Beschwerdekammern Boards of Appeal Chambres de recours

Case Nunber: T 0070/96 -

3.4.3

DECI SI1 ON

of the Technical Board of Appeal 3.4.3

Appel | ant :

Repr esent ati ve:

Deci si on under appeal :

Conposition of the Board:

Chai r man: R K. Shukl a
Menber s: E. VoI ff
M B. Ginzel

of 29 May 2001

STM croel ectronics S.r.|l.
Via C QJdivetti, 2
20041 Agrate Brianza (M ano) (1T

Pel I egri, Alberto

c/o Societa Italiana Brevetti S.p.A
Pi azza Repubblica, 5

21100 Varese (1T

Deci si on of the Examining Division of the

Eur opean Patent O fice posted 4 Septenber 1995
refusi ng European patent application

No. 90 830 428.0 pursuant to Article 97(1) EPC



- 1- T 0070/ 96

Summary of Facts and Submn ssions

1481. D

The appeal lies fromthe decision of the exam ning

di vi sion dated 4 Septenber 1995, to refuse European
patent application No. 90 830 428.0 on the grounds that
the invention as clainmed does not neet the requirenents
of Articles 52(1) and 56 EPC.

The decision of the exam ning division is based on the
fol |l owi ng docunents:

D1: DE-A-3 636 547

D2: EP-A-0 245 627

The notice of appeal was filed, and the appeal fee
pai d, on 24 Qctober 1995, and the statenent of grounds
was filed on 27 Decenber 1995.

The appel | ant requests that the decision of the
exam ni ng division be set aside and that a patent be
granted on the basis of the follow ng docunents:

d ai ns: 1to 7 as filed on 10 March 1995

Descri ption: pages 1 to 3, 5to 7, 10 as originally
filed on 1 QOctober 1990
pages 4, 4bis, 8, 9as filed on
8 Septenber 1994

Dr awi ngs: Figures 1 to 3 (Sheet 1/3) as originally
filed on 1 Cctober 1990
Fi gures 4a-d (Sheet 2/3) and
Figures 5a-f (Sheet 3/3)as filed on
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8 Septenber 1994

The appeal is thus based on the sane set of clains as
t he decision of the exam ning division. There are no
auxiliary requests.

Caim1l of the appellant's request reads as foll ows:

"1. A process for formng contacts with a
sem conducti ng substrate (3) and/or interconnection
vias between a first conducting |ayer (4) and a second
conducting layer to be fornmed at a higher level than
said first conducting layer (4), conprising formng
conducting plugs (1p) of a netallic material by filling
contact and/or via holes, forned through an isolation
| ayer (2) of a dielectric material formed over said
sem conducting substrate (3) and/or over said first
conducting layer (4), by blanket chem cal vapor
deposition of a netallic matrix layer (1) conprising at
least a filling layer of a netallic material chemcally
deposi ted from vapor phase, and etching back said
chem cally deposited matrix layer (1) for renoving it
fromthe surface of said isolation |ayer (2) of
dielectric material while | eaving said conducting plugs
(1p) in the respective holes, characterized by the fact
that the process conprises the follow ng steps:
arresting the anisotropically etching back of said
filling layer (1) of said chemically deposited netallic
material when the surface of the underlying dielectric
material (2) onto which said first netallic materi al
(1) has been deposited is exposed while | eaving plugs
(1p) of said filling netallic material within said
hol es and residues (1r) along discontinuities from
planarity of said surface;
masking with caps (5) of a masking material said
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plugs (1p);

overetching said filling netallic material (1) for
elimnating said residues (1A) on the unnasked surface
of said underlying dielectric material (2) under
condi tions of reduced anisotropy and increased etch
selectivity of said filling netallic material of said
matrix layer (1) versus said dielectric material of
said dielectric layer (2), as conpared with said first
et chback step.”

The remaining clains 2 to 7 are directly or indirectly
dependent fromclaim1.

The argunents put forward by the appellant in support
of the application can be sunmari sed as foll ows:

The choi ce of docunent D1 as the closest prior art for
assessi ng whet her the invention involves an inventive
step, is based on a m sconception. It is clearly

i npossible to enploy thermally grown polysilicon
crystals to realise vias, since their contact
resistance is orders of nmagnitude greater than normally
acceptabl e val ues, the tenperature involved in grow ng
the silicon is also far too high and the techni que
requires the underlying |ayer to be

nmonocrystalline silicon (statenent of grounds, page 1,
| ast four paragraphs).

The cl osest prior art for judging whether the clained
I nvention involves an inventive step is docunent D2,
which relates to the known tungsten-plug process as
represented in the introduction to the description in
the application in suit and the preanble of claim1l
(statenent of grounds, page 4, paragraph 5).
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Taki ng docunent D2 as the closest prior art, there is
nothing in the prior art which would induce the skilled
person to divide the etching of the tungsten layer into
two distinct phases and to separate those phases by an
i nternedi ate step of masking the plug areas, all for
overcom ng a problemin a subsequent al um ni um
sputtering step (statenent of grounds, page 4,

par agr aph 6).

Reasons for the Deci sion

1

1481. D

The appeal is adm ssible.

Al llowability of anmendnments under Article 123(2) EPC

Caimlinits present formdiffers in substance from
claiml as originally filed only by the features stated
in the | ast paragraph of the claim These features
correspond to the features originally clainmed in
claim2. The remaining differences are of a m nor
nature and in the Board' s judgenent do not introduce
matter goi ng beyond the subject matter of the
application as filed. The anmendnents are therefore

adm ssi bl e under Article 123(2) EPC

I nventive Step

The invention concerns a nethod of providing, in
integrated circuits, contacts and interconnections
between wiring |ayers by neans of netallic plugs which
are formed as follows. Holes are fornmed in a dielectric
| ayer and are filled with netallic material by bl anket
chem cal vapour deposition of a netallic |ayer. The
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metallic layer is then etched back ani sotropically.
When the etching exposes the surface of the dielectric
| ayer, the holes remain filled by the conducting
metallic plugs but there are al so residues of the
netallic |ayer left along surface discontinuities of
the dielectric layer. To renove the residues,

ani sotropic etching is halted, the plugs are nmasked and
etching is resunmed under conditions which differ from
the preceding etching step by reduced ani sotropy as
well as by increased etch selectivity of the netallic
material as conpared to the material of the dielectric
| ayer.

The cl osest prior art

In the decision under appeal, docunment D1 was regarded
as the closest prior art. Docunent D1 discloses the
formation of conductive plugs in the foll ow ng nanner:
An insulating |ayer is deposited on a silicon
substrate, and contact holes are opened up in the
insulating layer. A layer of alum niumalloy containing
silicon and a p-type dopant is deposited by bl anket
deposition on the insulating layer and in the contact
hol es. The alloy has a higher than normal silicon
content so that silicon easily precipitates out of the
alloy (colum 3, lines 27 to 32). During a subsequent
heat treatnent, silicon precipitates primarily where
the alloy is in contact with the silicon of the
substrate, that is, inside the contact holes. By
epitaxial growh fromthe solid phase, the contact
holes are filled wth p-doped silicon (colum 3,

lines 33 to 39) which fornms the conducting plug. The
alumniumalloy layer is then renoved fromthe surface
of the insulating |ayer by etching, which exposes not
only the silicon plugs in the contact holes but also
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unwanted precipitates of silicon formed on the surface
of the insulating |ayer. To renove these unwanted
precipitates, a patterned nmask is applied to cover and
protect the silicon plugs and then the silicon residues
are renoved in a further etching step

It follows fromthe foregoing that the nethod known
from docunent D1 is exclusively for the selective
epitaxial growth of silicon plugs. Hence, a skilled
person concerned with providing netallic plugs would
not consi der the teaching of docunent Dl to be rel evant
to this end. The Board therefore accepts the
appel l ant's argunent that docunent D1 is not the
appropriate closest prior art, and concludes that the
obj ective probl em which had been defined on the basis
of this prior art docunent as being the provision of a
conductive plug with a lower resistivity than a doped
sem conductor, is also not appropriate.

Docunent D2 on the other hand teaches a process of
formng netallic plugs in sem conductor circuits, which
has the foll ow ng features:

(1) a tungsten layer is deposited on an insulating
| ayer (2) by chem cal vapour deposition. Because
tungsten is deposited on the bottom and the
sides of the holes (colum 2, lines 11 to 27),
the holes are filled at a rate faster than the
rate of vertical blanket deposition.
Nevert hel ess, when deposition is conplete,
depressions are still left in the surface of the
tungsten | ayer where the hol es have been filled
(Figure 1).

(1) An organic layer is deposited on the tungsten



1481. D

- 7 - T 0070/ 96

| ayer. Being spun on (colum 3, lines 35 to 37),
the top surface of the organic layer is
essentially planar, which neans that the organic
| ayer is thicker above the depressions in the
surface of the tungsten |ayer than el sewhere
(layer 6 of Figure 1). As shown by of Figure 2,
ani sotropically etching the organic |ayer back
to the tungsten surface results in islands (6a)
of organic material being |eft behind where the
organic | ayer was thickest, that is, on top of
the conductive plugs (5a). Hence, the islands
(6a) form masks which are self-aligned with
respect to the tops of the plugs (col. 2,

lines 51 to 54, col. 3, lines 38 to 49 and
Figure 2).

(iii) Next, the blanket |ayer of tungsten material is
sel ectively etched back wherever the tungsten
surface is not covered by a mask, until the
i nsul ating | ayer (Bor-Phosphor-

Si li kat gl asschi chtoberfl d&che 2) is exposed
(colum 3, lines 1 to 3 and lines 49 to 52).

(iv) After the tungsten | ayer has been renpved by
etching everywhere except for the nmasked pl ugs,
the organic material masking the plugs is
renmoved (colum 4, lines 1 and 2).

Accordi ng to docunent D2, the technique ains, inter
alia, to ensure that the insulating layer is free of
tungsten residues (colum 2, |ines 38 and 39).

The process disclosed in docunent D2 and the process
clainmed in claiml1 of the invention in suit both use
conductive plugs forned fromnetallic materi al
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deposited on the surface of an insulating |ayer by

bl anket chem cal vapour deposition. Both processes are
capabl e of providing electrical connections to an
underlying netal |ayer. Al though different steps are
taken in the two nethods to renove all the unwanted
netal yet |eave the conductive netal plugs intact, in
both cases the deposited netal |ayer is etched back
until only the nmetallic plugs remain which fill the
contact holes. In view of the basic simlarities of the
processes as clainmed in the application in suit and as
di scl osed in docunent D2, the Board concludes that of
the cited docunents docunent D2 constitutes the cl osest
prior art for the purpose of assessing whether the

clai med invention involves an inventive step.

The objective problemand its sol ution

Starting fromthe cl osest prior art, docunent D2, the
obj ective probl em addressed by the invention is
therefore to provide an alternative manner of form ng
nmetallic conductive plugs by chem cal vapour deposition
of the netallic material.

As set out in full in the characterising portion of
claim1l1, the invention solves this problem by applying
the foll owi ng neasures during etching off excess
metallic material:

(a) anisotropic etching of the netallic layer (1) is
arrested when the surface of the underlying
dielectric layer (2) is reached. At this point,

t he conducive plugs still fill the holes and

resi dues of the netallic material remain al ong

di scontinuities in the planarity of the surface of
the dielectric |ayer,
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(b) the conductive plugs are nmasked with caps (5), and

(c) the unmasked residues of the netallic material are
et ched under conditions of reduced anisotropy and
i ncreased etch selectivity to renove themfromthe
surface of the underlying dielectric material.

In summary, the clainmed nethod thus enpl oys two etching
steps, (a) and (c), separated by a step b) of masking
the plugs. Most of the netal is renoved in the first
etching step using anisotropic etching, while the
second etching step serves to renove under different
etching conditions any resi dues which have been |eft
behi nd by the first step.

In contrast, in the nmethod di sclosed in docunent D2 the
pl ugs are masked prior to the start of the single
etching step which renoves all unwanted netal w thout

| eaving any residues. There is nothing in docunent D2
whi ch woul d indicate to the skilled person that

metal lic residues which require renoving would be |eft
behi nd when the netallic layer is anisotropically
etched until the surface of the insulating |ayer is
reached. Docunent D2 therefore cannot of itself make
the cl ai ned invention obvi ous.

The formation of unwanted residues of silicon, and
their renoval, is described in docunent Dl1. The net hod
di scl osed in docunent D1 involves two different etching
steps, the first for renoving the alloy |ayer and the
second for renoving the silicon residues, and these two
etching steps are separated by an internedi ate maski ng
step to protect the conducting plugs. In order to

consi der whether the skilled person would contenpl ate
conbining this teaching of docunent DI wth that of the
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cl osest prior art docunment D2, the follow ng points
nmust be taken into account:

(1) The plugs forned by the nethods in docunent D1
and in docunent D2 are markedly different; they
are, respectively, of silicon which has been
grown in situ froman alloy and of nmetal which
has been deposited by chem cal vapour
deposi tion.

(i) according to docunent D1, residues are forned
random y on the surface of the underlying
i nsul ating |ayer through precipitation of
silicon fromthe deposited alum niumsilicon
all oy and are exposed by etching back the alloy;
t he met hod of document D2 does not | eave any
resi dues.

(iii) In the nmethod disclosed in docunent D1, a mask
is applied only after the silicon-al um nium
all oy has been renoved by the first of two
etching steps; in docunent D2, a mask is forned
before there is any etching of the tungsten
| ayer. On the basis that docunment D2 descri bes
the next stage of processing to be the formation
of a further netallisation |layer (colum 4,
lines 3 to 6), the nmethod of docunent D2
i nvol ves renoving the masking material only
after all the unwanted tungsten has been
removed. In these circunstances, what is
di scl osed in docunent D1 could not sinply be
applied to the nethod as it is described in
docunent D2 w thout significant nodification of
the latter.

1481.D Y A
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In summary, as regards the disclosures in docunents D2
and D1, there are differences in the nmaterials enpl oyed
and differences in the way they are processed, as well
as the absence of residues in the nethod of docunent

D2. As there are no residues, the skilled person has no
reason to introduce into the nethod of docunent D2 an

i nternmedi ate masking step and a further etching step as
taught by docunment D1. Moreover, neither of the two
docunents contains any incentive to consider nodifying
the nethod of docunent D2 in this manner. The Board
therefore concludes that the skilled person woul d not
conbi ne the contents of docunent D2 and D1 when trying
to solve the objective problemdefined in the first

par agraph of this section.

3.4 Taking into account the facts and argunents set out
above, it is the Board's judgenent that the invention
as claimed in claiml is not obvious fromthe contents
of the prior art docunents D2 and D1 and, hence, that
it involves an inventive step within the nmeaning of
Article 56 EPC.

Or der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the departnent of the first
instance with the order to grant the patent on the
basis of the docunments listed in paragraph Il of this
deci si on.

1481.D Y A
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The Regi strar: The Chai r man:

L. Martinuzzi R K. Shukl a
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