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Summary of Facts and Subm ssi ons

Eur opean patent application No. 90 307 377.3 was
refused in a decision of the exam ning division dated
29 Decenber 1998. The ground for the refusal was that
the application did not neet the requirenent of

i nventive step having regard to the prior art
docunent s:

D1: EP-A-0 305 147;

D3: Extended Abstracts, Spring Meeting 88-1, 15 to 20
May 1988, Princeton, NJ, US, page 126; and

D5: Extended Abstracts, Spring Meeting 87-1, 1987,
Phi | adel phia, PA, US, page 342.

1. Claim 1 according to the main request under
consideration in the decision under appeal reads as
fol | ows:

"1l. A nethod of manufacturing a sem conductor device,
t he net hod conprising the steps of:

formng a SIiO film(3) on a silicon substrate
(1), the SIG film(3) having a thickness of |ess
t han 50 angstrons;

formng aTi film(4) onthe SIG film(3);

performng a first annealing step at a
tenperature within a range of 600°C to 700°C to
forma silicide layer conprising TisSi; and Ti Si
(5) on the silicon substrate (1) and a Ti O | ayer
of the Ti film(4); and
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perform ng a second annealing step at a
tenperature within a range of 800°C to 1000°C to
convert the silicide layer (5) into a
TiSi, silicide layer (6) which has a | ow
resi stance.”

The reasons given in the decision under appeal can be

summari zed as foll ows:

(a)

(b)

(c)

Docunent D1 is the closest prior art. The nethod
of claim1l according to the main request differs
fromthat of docunent Dl in that (i) the
conposition of the silicide |layer after the first
annealing step is specified as conprising TisSi,
and Ti Si on the Si substrate and a Ti O, | ayer on
the Ti film whereas in docunent D1, Ti silicide
is formed on the Si substrate and TiNis forned on
the Ti film and (ii) a second annealing step is
performed at 800 to 1000°C to convert the silicide
| ayer into Ti Si, which has | ow resistance

Difference (i) is an indication that in the

cl aimed nethod, the first annealing step is
carried out in an essentially nitrogen-free
anbient. Fromthe teaching of docunent D1, it
follows that the clained nmethod cannot be used to
formcontact barrier or |ocal interconnect, since
TiNis required for both these applications.

Docunent D1 proposes a nethod of formng barrier

| ayers for a contact structure instead of a
salicide structure. The skilled person is however
aware from docunent D3 that it is possible to take
advant age of the selective formation of the
silicide over the contact areas and to proceed in
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a salicide process. This line of action is taught
in docunent D5 where after a first |ow tenperature
anneal, all conpounds except titaniumsilicide are
renoved, and in a second anneal, the sheet
resistance of the silicide layers is |owered.
Docunment D5 furthernore teaches that the annealing
can be carried out wwth or wi thout the presence of
ni trogen.

The appel | ant | odged an appeal on 19 February 1999 and
pai d the appeal fee on 23 February 1999. A statenent of
t he grounds of appeal was filed on 27 April 1999
together with clainms formng a main request and an
auxiliary request.

In response to a conmuni cation of the Board, the
appel lant filed new clainms form ng second and third
auxiliary requests with the letter dated 11 June 2002.

In response to a tel ephone consultation on 29 July
2002, the appellant withdrew the main request and the
first auxiliary request with the letter dated 1 August
2002.

The appel | ant requests that the decision under appeal

be set aside and that a patent be granted on the basis

of one of the follow ng requests:

Mai n request:

Cl ai ns: 1 to 4 according to "auxiliary request
2" filed with the letter dated

11 June 2002;

Descri ption: pages 1, 5, 6 as originally filed,
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pages 3 and 4 filed with the letter
dated 2 Cctober 1996,

page 2 filed with the letter dated
11 June 2002;

Dr awi ngs: Sheets 1/3 to 3/3 filed with the letter
dated 4 Septenber 1990.

Auxi |l iary request:

C ai ns: 1 to 3 according to "auxiliary request
3" filed with the letter dated 11 June
2002;

Description and Drawi ngs as for the main request.

Oral proceedings were requested in the event the above
requests were not allowed by the Board.

Claim 1 according to the main request reads as foll ows:

"1l. A nethod of manufacturing a sem conductor device,
t he net hod conprising the steps of:

selectively formng a SiO field insulating
film(2) on a silicon substrate (1);

formng a SIO film(3) on the selectively
formed SIO field insulating film(2) and a surface
of the silicon substrate exposed by the SiO field
insulating film(2), the SIQ film(3) having a
t hi ckness of |ess than 50 angstrons;

formng aTi film(4) onthe SIG film(3);
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performng a first annealing step at a
tenperature within a range of 600°C to 700°C to
forma silicide |layer conprising TisSi; and
TiSi (5) on the silicon substrate (1) and a Ti O
| ayer of the Ti film(4); and

perform ng a second annealing step at a
tenperature within a range of 800°C to 1000°C to
convert the silicide layer (5) into a TiSi,
silicide layer (6) which has a | ow resistance.”

The appel lant's argunents can be sumrari zed as fol |l ows:

(a)

(b)

The present invention relates to the use of
titaniumand silicon films in salicide technol ogy
in which a netal silicide is formed on diffused

| ayers and gate el ectrodes. In contrast, docunent
D1, which was considered the closest prior art in
t he deci sion under appeal, is concerned with the
technol ogy of contact barriers. Thus, it is
guesti onabl e whether a skilled person seeking to
solve a problemin the technical field of salicide
technol ogy would start from docunent D1 which
relates to contact barriers.

Docunent D3 nmakes it clear that there are three
different applications for TiNand TiSi: (1) as
silicides: (2) as contact barriers; and (3) as

| ocal interconnects. A two-step anneal is

menti oned in docunent D3 in relation to salicide
but not in relation to contact barriers to which
docunent D1 relates. Therefore, the skilled person
woul d not have conbi ned the teaching of docunent
D1 with that of docunent DS.
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(c) Al the cited docunents involve the incorporation
of nitrogen into the structure. Contrary to the
position held in the decision under appeal,
docunent D5 does not teach that annealing is
commonly performed with or without nitrogen
at nosphere, but indicates instead that pure N, is
commonl y used. Docunent D5 seeks to replace the
use of N, with NH;.

Reasons for the Decision

2512.D

The appeal conplies with Articles 106 to 108 and
Rule 64 EPC and is therefore adm ssible.

Amendnents and Clarity

Claim 1 according to the main request contains the
features of clainms 4 and 9 to 12 as filed together with
the features disclosed on page 5, lines 1 to 5 and 8

to 10.

Claim 1 as anended furthernore specifies the step
wherein a SiO, field insulating film(2) is selectively
formed on a silicon substrate (1), a feature considered
essential in light of the technical problemof |ateral
gromh of titaniumsilicide on the field insulating
film which is addressed by the application in suit

(cf. colum 2, lines 25 to 35).

Therefore, in the Board's judgenent, the requirenents
of Articles 84 and 123(2) EPC are net.

| nventive step - Miin request
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| nventive step was the only issue in the decision under
appeal .

The application in suit relates to the so-called
salicide process of formng titaniumsilicide |layers on
contact regions of a sem conductor device. In a typical
prior art salicide process, a silicon substrate is
masked with a SiGQ, field insulating filmexposing only
contact areas, and a titaniumlayer is formed over the
substrate. After an annealing step, titaniumsilicide
is formed where titaniumis in contact with silicon

The unreacted titanium may be selectively renoved

| eaving silicide (TiSi) on the contact areas.

The probl em addressed is that silicon may creep al ong
the SiQ field insulating filns adjacent the exposed
contact areas, so that TiSi regions may grow laterally
on the SIO field insulating filnms which nmay cause
short-circuits.

The cl ai med net hod sol ves the above problem by form ng
a thin oxide layer (less than 5 nmthick) on the wafer
before the Ti-layer is formed. The thin oxide |ayer is
thin enough to allow the formation of Ti Si phases on

t he contact regions, but prevents diffusion of Si atons
al ong the oxide layers. This requires a second
annealing step to allow the formation of a | ow
resistivity phase of TiSi, after the unreacted Ti has
been renoved.

Docunment D1, which was considered the closest prior art
in the decision under appeal, discloses a process of
formng titaniumsilicide/titaniumnitride. Prior to

t he deposition of titanium a control |ayer nmade of
SiNG, and having a thickness of 2 to 5 nmis forned.
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After annealing in ammonia atnosphere, a Ti Si region 30
is formed at the silicon contact regions. The Ti Si
region is covered with a Ti ,QN, | ayer 32 which acts as a
barrier |layer against diffusion of alum numfromw ring
| ayers which are subsequently forned.

Docunent D3 describes essentially the sane process as
in docunent D1: Ti is deposited, followed by annealing
at 600°C in nitrogen/amonia anbient. As a result, Ti N
is formed on the surface and TiSi is fornmed where Ti is
in direct contact with silicon. A second annealing step
at 850°C converts the TiNand TiSi to their respective
| owresistivity phases. As in docunent D1, TiNis used
for preventing Al fromdiffusing into silicon. Docunent
D3 al so di scl oses the conventional salicide process.

Docunent D5 addresses the same problemas that of the
application in suit, ie. to prevent the |ateral

di ffusion of silicon on the SiO field insulating fil ns.
In order to solve this problem the nmethod of docunent
D5 conprises the step of formng a nmask | ayer of
silicon oxide where a native oxide |layer is
automatically formed on the exposed silicon regions;
formng a Ti layer on the native oxide filmand the
mask | ayer; performng a first annealing step at 600 to
700 °C in ammoni a plasma anbient to formTi Si on the
silicon surface and a TiN layer on the Ti film and
perform ng a second anneal i ng step at higher
tenperature to | ower the sheet resistance.

The anneal ing steps in anmoni a anbi ent pronotes the
formation of TiN on the Ti surface which suppresses the

Si diffusion.

Docunent D1 addresses the problemof formng a | ow
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resistance titaniumsilicide/nitride contact, which

al so acts as an effective barrier against diffusion of
al um num whereas the application in suit relates to

t he probl em preventing diffusion of silicon on the Si G
field insulating filnms. Therefore, the Board agrees
with the appellant's subm ssions that docunent Dl is
not relevant for solving the problem addressed by the
application in suit (cf. itemVliIl(a) above).

Si nce docunent D5 relates to the same technical problem
as the application in suit, the Board considers
docunent D5 to represent the closest prior art.

The nethod of claim 1 according to the main request
differs fromthat of docunent D5 in that the first
annealing step is performed to formTi;Sis and Ti Si on
the silicon regions and TiOon the Ti film whereas in
docunent D5, "titaniumsilicide" is formed on the
silicon regions and TiNfilmis formed on the Ti |ayer.

In the decision under appeal it was held that docunent
D5 teaches to performannealing with or wthout
nitrogen anbient (cf. itemlIll(c) above). The Board is
however unable to follow this finding, since it is
stated in docunment D5 that either pure nitrogen or
form ng gas (=hydrogen + inert gas (nitrogen or argon))
is comonly used (cf. left hand colum, first

par agr aph). Thus, docunent D5 does not suggest the use
of a nitrogen-free anbient for the first annealing
step, since a titaniumnitride filmis necessarily
formed in the nmethod of docunent D5.

The objective technical problemthus relates to finding
an alternative solution to the problem of avoiding
|ateral growth of TiSi in the salicide process.
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3.8 A skilled person faced with the problemof finding an
alternative to the approach suggested in docunent D5
woul d however not consider the docunents D1 or D3,
since both docunents are concerned with avoiding the
diffusion of Al into the Si substrate and not with the
sal i ci de process.

3.9 Therefore, in the Board's judgenent, the subject matter
of claim1l according to the main request involves an
inventive step within the nmeaning of Article 56 EPC.

Or der

For these reasons it is decided:

1. The deci sion under appeal is set aside.

2. The case is remtted to the departnment of the first
instance with the order to grant a patent according to
the main request as specified under item VIl above.

The Regi strar: The Chai r man:

R. Schunacher R K. Shukl a
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