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Summary of Facts and Submn ssions

Eur opean patent application No. 88 113 499.3 was
refused in a decision of the exam ning division dated
7 February 1997. The ground for the refusal was that
the subject matter of claiml1l filed with the letter
dated 8 Cctober 1996 did not involve an inventive step
having regard to the prior art docunents

D1: Journal of Vacuum Sci ence and Technol ogy A,
vol . 4, No. 6, Novenber/Decenber 1986, pages 3091
to 3094;

D4: JP-60-173872 with correspondi ng Patent Abstracts
of Japan and conplete translation in English;

D6: B. Chapman, d ow Di scharge Processes (John W/l ey
and Sons, New York, 1980), pages 197 to 199 and
255; and

D7: US-A-4 585 517.

. The reasoni ng of the exam ning division in the decision
under appeal can be summarized as fol |l ows:

(A) The nethod of claim1 for formng a sem conduct or
device differs fromthat known from docunent D1 in
t hat

(a) afilmof Wai-N is forned i nstead of WN;

(b) chem cal cleaning is performed prior to
sputter cleaning, whereas docunent D1 does
not mention any cl eaning step before the

sputter etching; and
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(c) prior to sputter etching, a shutter for
shielding the target for the reactive
sputtering is closed, whereas docunent D1
does not nention any shutter.

Since the features (a) to (c) are not functionally
I nt erdependent, they can be consi dered separately.

Feature (a) is known from docunent D4 using the
sanme Ar/ N, anbient in the sputtering chanber as in
docunent Dl1. Therefore, the skilled person seeking
an alternative to the formation of a WN, fil musing
a Wtarget, as described in docunent D1, woul d
regard the reactive sputtering process known from
docunent D4 to be a clearly suitable alternative,
in particular since the nethods of docunents D1
and D4 are very simlar.

As to feature (b), it is well-known in the art to
renove native oxide using a liquid etchant, in
particul ar since sputter etching is a sl ow
process. The conbi nati on of chem cal cleaning and
sputter etching is also known from docunent D7.

Regarding feature (c), a shutter is conventionally
provided in sputter equipnents, and as i s known
from docunent D6, which is an excerpt froma text-
book, a shutter is used to protect a target during
the cleaning of a substrate by sputter etching.

The appel l ant (applicant) | odged an appeal on 7 Apri

1997, paying the appeal fee the sanme day. A statenent

of the grounds of appeal was filed on 17 June 1997

together with an anended claim 1.
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In response to a conmunication fromthe Board
acconpanyi ng a summons to oral proceedings, the
appel l ant submtted further clains with the letters
dated 18 and 25 Septenber 2001.

At the oral proceedings held on 18 October 2001, the
appel l ant requested that the decision under appeal be
set aside and a patent be granted on the basis of any
one of the follow ng requests:

Mai n request:

d ai ns: claiml as filed wth the statenent of
t he grounds of appeal on 17 June 1997,
and
clainme 2 to 7 as filed with the letter
dated 8 Cctober 1996 with claim 7 as
anended according to the appellant's
request dated 17 June 1997

Descri ption: pages 1, 2, 2a, 3to 6 as filed with the
letter dated 23 July 1993;
page 7 as originally filed

Dr awi ngs: Sheets 1 and 2 as originally filed

Auxiliary request |
d ai ns: claim1 as filed with the letter dated
25 Septenber 2001

Auxiliary request 11

d ai ns: claims 1 to 25 as filed wwth the letter
dat ed 18 Septenber 2001 with claim 22
bei ng del et ed.
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Claim1 according to the appellant's main request reads

as foll ows:

”1_

A net hod of manufacturing a sem conductor device,
conprising the steps of:

ion-inplanting silicon ions (Si*) into a main
pl ane of a GaAs substrate (11);

anneal ing said GaAs substrate (11) to form an
n-type inpurity region (12) on the main plane of
said GaAs substrate (11);

chem cally cleaning said GaAs substrate (11) to
renove an oxide filmunintentionally fornmed on the
mai n pl ane of said GaAs substrate (11);

setting said GaAs substrate (11) in a sputtering
processi ng chanber (1) so that said nmain plane is
pl aced at a predeterm ned | ocati on;

effecting sputter etching on said GaAs substrate
(11) in an atnosphere of an inert gas (Ar) so that
a surface of the main plane of said GaAs substrate
(11) is partially renoved; and

effecting reactive sputtering on the nmain plane
of said GaAs substrate (11) in a given atnosphere
to deposit on the main plane of said GaAs
substrate (11) a tungsten silicide film(13) in
whi ch a conposition ratio of tungsten and silicon
is 1:0.6;

wherein the sputter processing chanber (1) being
hel d substantially in the vacuum condition while
performng the process for the step of sputter
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etching the surface of said GaAs substrate (11) to
the step of sputter depositing said tungsten
silicide film(13); and

wherein prior to effecting said step of sputter
etching on said GaAs substrate (11) a shutter (4)
for shielding an electrode (3) acting as target in
the reactive sputtering step being closed."”

Claim1 according to the appellant's first auxiliary

request reads as follows:

”1_

A net hod of manufacturing a sem conductor device
havi ng a Schottky el ectrode, said nethod
conprising the steps of:

ion-inmplanting silicon ions (Si*) into a main
surface of a GaAs substrate (11);

anneal ing said GaAs substrate (11) to forman
n-type inmpurity region (12) on the main surface of
said GaAs substrate (11);

chemcally cleaning said GaAs substrate (11) to
renove an oxide filmunintentionally forned on the
mai n surface of said GaAs substrate (11);

setting said GaAs substrate (11) in a sputtering
processi ng chanber (1) which includes a target
el ectrode (3) and a shutter (4), so that said main
surface is placed at a predeterm ned | ocati on;

subj ecting the main surface of said GaAs
substrate to a sputter etching process perforned
in an atnosphere of an inert gas (Ar) so that the
mai n surface of said GaAs substrate (11) is
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partially renoved, while said shutter (4) is kept
cl osed for shielding said electrode (3) during
said sputter etching process;

thereafter, and after opening of said shutter
(3) for using enabling said electrode (3) acting
as a target, depositing on the main surface of
said GaAs substrate (11) a tungsten silicide film
(13), in which Wi filma conposition ratio of
tungsten and silicon is 1:0.6, by reactive
sputtering on said main surface so as to formsaid
Schottky el ectrode, w thout renoving said GaAs
substrate fromsaid sputtering processing chanber
(1) so as to be held substantially in the vacuum
condition within said sputtering processing
chanber, said reactive sputtering being perforned
in an inert gas atnosphere including N, to forma
nitride filmof said tungsten silicide filmon the
mai n surface of said GaAs substrate, wherein a
partial pressure of N, in said inert gas atnosphere
is selected to be substantially 10% thereby
produci ng a Wi - Nx/ GaAs wafer; and

anneal ing said W5 - N\x/ GaAs wafer at 800° C for a
predeterm ned period of tinme so as to restore
damage caused thereto in the depositing step.”

Claim1 according to the appellant's second auxiliary
request reads as foll ows:

A nmet hod of manufacturing a sem conductor device
havi ng a Schottky el ectrode, said nethod
conprising the steps of:

subjecting a surface of a GaAs substrate to a



2815.D

- 7 - T 0737/ 97

sputter etching process in a sputtering processing
chanber of a sputtering device, said sputtering
process being perfornmed in an atnosphere of an

i nert gas;

depositing a refractory netal by reactive
sputtering on the surface of said GaAs substrate
to formsaid Schottky el ectrode in said processing
chanber, w thout renoving said GaAs substrate from
said sputtering processing chanber (1) so as to be
hel d substantially in the vacuum condition within
sai d processing chanber, said reactive sputtering
bei ng perfornmed in an inert gas atnosphere
including N, to forma nitride filmof refractory
nmetal on said GaAs substrate, wherein a partia
pressure of N, in said inert gas atnosphere is
selected to be substantially 10% thereby
produci ng a Wi - Nx/ GaAs wafer; and

anneal ing said W5 - N/ GaAs wafer at 800° C for a
predeterm ned period of tinme so as to restore
damage caused thereto in the depositing step.”

Cains 6, 12, 13, 14, 17, and 23 according to the
second auxiliary request are further independent
clains, all directed to a nethod for manufacturing a
sem conduct or devi ce.

The appel | ant presented essentially the follow ng
argunents in support of his requests:

(a) The clained process provides a nethod of formng a
sem conduct or device having a Schottky contact
where the individual process steps have been
nodified in order to optimze the properties of



- 8 - T 0737/ 97

the produced device. In particular with respect of
the Schottky barrier height and the reverse bias

| eakage current, the clained nethod produces
superi or devices than prior nethods.

(b) In the decision under appeal, the exam ning
di vision had to select features fromno |ess than
four prior art docunents (D1, D4, D6, and D7) in
order to arrive at the clainmed nmethod. Such
sel ective picking out of features froma | arge
nunmber of prior art docunents, each which provides
a variety of different possibilities, can only be
based on an ex-post-facto analysis without a
realistic assessnent of the prior art.

(c) As to the main request and the first auxiliary
request, docunment D4 does not disclose sputtering
of a WG - Nx having the tungsten/silicon ratio
equal to 1:0.6. It is also not likely that the
skill ed person using the teaching of docunent D4
woul d be able to arrive at the clained
tungsten/silicon ratio, in particular since there
Is not incentive for himto seek this particul ar
ratio. The clainmed ratio of 1:0.6 provides a
hi gher Schottky barrier than the prior art
el ectrodes and is therefore advantageous, as shown
in Table | of the application in suit.

Reasons for the decision

1. The appeal conplies with Articles 106 to 108 and Rule
64 EPC and is therefore adm ssi bl e.

2. Mai n request - Inventive step:

2815.D Y A
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The application in suit relates to a process of formng
a Schottky el ectrode on GaAs, such as a gate el ectrode
of a MESFET. Schottky contacts to GaAs , i.e. a

nmet al / sem conductor contact, are known to be very
sensitive to the presence of residual oxides on the
GaAs surface prior to the deposition of the el ectrode

| ayer. The presence of residual oxides and ot her
inmpurities deteriorate device properties such as the
Schottky barrier height and the reverse bias | eakage
current. This technical problemis solved by performng
a chem cal clean of the GaAs substrate, followed by a
sputter etching. Subsequently, sputter deposition of
W5i , -N. in an Ar/N anbient is carried out in the sane
sputter processing chanber, so that no oxide can form
after the cleaning is conpleted. The electrode |layer is
made of tungsten silicide-nitride which has a high
Schottky barrier with respect to GaAs.

Docunent D1 which is considered the closest prior art,
di scl oses a nethod of forming a Schottky el ectrode on
GaAs (cf. Abstract and page 3091 "Il. Experinental
details"). The nmethod of docunent D1 includes the steps
of inplanting Si in a surface of a GaAs substrate and
anneal ing the GaAs substrate to formn-type regions.
The GaAs substrate is put in a sputtering processing
chanber and subjected to a sputter cleaning by Ar of
the GaAs surface, imediately foll owed by Ar-N
sputtering of a Wtarget to forma Schottky el ectrode
| ayer made of WN..

The nmet hod according to claim1 differs fromthat of
docunent D1 in that

(a') afilmof WS is forned having a conposition ratio
of tungsten and silicon in the deposited silicide
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filmis 1:0.6, whereas in docunent D1, the filmis
made of WN;

(b) chemcal cleaning is performed prior to sputter
cl eani ng, whereas docunent Dl does not nention any
cl eaning step before the sputter etching; and

(c) prior to sputter etching, a shutter for shielding
the target for the reactive sputtering is closed,
wher eas docunent D1 does not nention any shutter.

Wth respect to claiml1 formng the basis of the
deci si on under appeal, claim1l according to the main
request further specifies the conposition ratio of
tungsten and silicon to be 1:0.6, whereas the forner
claimdefined a filmof WS -N w thout any specified
conposition ratio (cf. feature (a) referred to in item
Il (A above). In its assessnent of inventive step, the
exam ni ng division held that none of the differences
(a) to (c) were functionally interdependent. Therefore,
each feature solving a separate technical problemcould
be considered on its own nerit for inventive step. In
this connection the Board agrees with the exam ning

di vision, since there is no evidence or even suggestion
that the above features (a) to (c) support each other
in their effect to provide a new technical result. The
nodi fication of feature (a) into feature (a') in
claim1 according to the main request presently under
consi derati on does not change this situation. Al though
the appell ant argued that the clainmed process was

nodi fied in each step in order to optim ze the
properties of the produced device, the appellant has
failed to show that the device properties are inproved
beyond what one woul d expect froma nere addition of
the effects that each of the individual neasures (a')
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to (c) would provide in the final product (cf. item
| X(a) above). The Board, however, agrees with the
appel l ant that each of these neasures individually
contributes in obtaining a Schottky contact with
desired el ectrical characteristics.

Consequently, the features (a'), (b), and (c) listed
above relate to the solution of three separate
techni cal probl ens:

A The partial technical problem addressed by
enpl oying neasure (a') is to find an alternative
to WN, as material for the Schottky el ectrode
whi ch, anong ot her properties, has a high Schottky
barrier wwth respect to GaAs.

B: As to feature (b), it is known in the art that
sputter etching is a slow process. It therefore
takes long tine to renove a native oxide | ayer on
a GaAs substrate using only sputter etching. On
the other hand, sputter etching in situ, i.e. in
the sane sputter processing chanber as where the
deposition of the Schottky el ectrode takes pl ace,
has the advantage that the substrate surface wl|
remai n absolutely clean until the deposition of
the el ectrode nmaterial begins. The partia
technical problemrelated to feature (b) thus
relates to shortening the total tinme for cleaning
the GaAs substrate prior to deposition of the
Schottky el ectrode, w thout conprom sing the
quality of the cl eaned surface.

C Regardi ng feature (c), the effect of having a
shutter in the sputter processing apparatus is
that during cleaning of the substrate or the
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target by sputter etching, the other parts not
bei ng subject to sputter etching will be protected
from being contam nated fromthe cl eani ng process.
The partial technical problemrelated to feature
(c) thus relates to protecting the target from
bei ng contam nated during the step of cleaning the
substrate by sputter etching.

Docunent D4 is considered relevant for feature (a'),
since it discloses a process of formng a Schottky

el ectrode nade of WSi -Nx on a GaAs substrate using
reactive sputtering in an Ar/N, and a target nade of W&
(cf. abstract). Wen the reconmended process paraneters
of having a mxture of 10% N, and anneal i ng the
substrate at 800°C for 20 m n after deposition are
followed (cf. English translation, page 7, |ine 14;
page 14, first paragraph), it is shown in Figure 5
(amended nunbering) that a Schottky barrier height of
about 0.79 V is obtained.

In the decision under appeal, the exam ning division
argued that a skilled person would consi der the

repl acenent of the Wtarget known from docunent D1 by a
target made of Wsi as a matter of routine, in
particul ar since the sanme Ar/N, anbient is used for the
reactive sputtering in both the nmethods of docunents D1
and D4, and therefore no nmajor nodifications other than
a change of target would be required.

The appel lant, who in the appeal stage has anended
claiml to specify the conposition ratio of tungsten to
silicon to be 1:0.6, mainly argued that a skilled
person using the teaching of docunent D4 on the nethod
of docunment D1 would not be able to arrive at the

cl ai med conposition ratio, since docunent D4 does not



2.6.3

2815.D

- 13 - T 0737/ 97

di scl ose any conposition of the deposited film A |ayer
havi ng the conposition ratio of 1:0.6 has a
particularly high Schottky barrier when conpared to
prior art devices, as can be seen from Table | of the
application in suit (cf. itemlX(c) above).

The Board is however not convinced by the above
argunents for the follow ng reasons: Firstly, the Board
Is not able to find any disclosure in the application
in suit attributing any favorable properties or
technical effect to the particular conposition ratio of
1:0.6, and it is therefore appears to be a nore or |ess
arbitrary choi ce.

As to the disclosure in Table | referred to by the
appel l ant, the results shown in Table | are clearly

i nconsistent wth the discussion of the results in the
description (cf. page 3, |ast paragraph) according to
whi ch the Schottky di ode characteristics in the exanple
according to the invention (where sputter deposition is
carried out after sputter etching in the vacuum
chanber) are inproved over the conparative exanple
where no sputter etching is carried out prior to
deposition. Table I on the other hand does not show any
etching for the exanple according to the invention
havi ng a hi gher barrier height of 0.798.

Even when the results in Table | are interpreted in the
light of the description, the fact neverthel ess remains
that the results presented in Table | only show that a
devi ce subjected to the step of sputter etching the
substrate prior to el ectrode deposition has a higher
Schottky barrier height and a | ower reverse bias | eak
current conpared to a device where no sputter etching
took place (cf. application, page 6, line 23 to page 7,
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line 15). Both the sanples of Table |I have the sane
conposition ratio 1:0.6, so that the only information
gained from Table | regardi ng about the clained
conposition ratio is that a Schottky barrier hei ght of
0.798 volt can be achi eved.

Furt hernore, although docunent D4 does not disclose any
conposition ratio of the deposited el ectrode | ayers, it
appears that a skilled person follow ng the teaching of
docunent D4 would inevitably arrive at a conposition
rati o having a value very close to the clained val ue of
1: 0.6, since the process paraneters disclosed in
docunent D4, i.e. sputtering with 10%N, in Ar using a
WS target and annealing in 800°C for 20 m nutes, are
al nost the sane as all the paraneters disclosed in the
application in suit (cf. D1, page 7, line 14; page 14,
first paragraph; application in suit, page 3, lines 27
to 31; page 4, lines 33 to 36). The only difference in
paraneters of the two nethods is that in docunent D4,

t he post-deposition anneal is carried out at 800°C for
20 m nutes, whereas in the application in suit, the
anneal is carried out at the sane tenperature but for
only 10 m nutes.

The reported Schottky barrier heights, about 0.79 Vin
docunent D4 (Figure 5) and 0.798 in the application in
suit (Table 1), also support the assunption that the
nmet hod of docunent D4 using the disclosed process
paranmeter would yield a device having about the sane
conposition ratio as cl ai ned.

Therefore, the Board finds that the nodification of the
met hod known from docunent D1 by feature (a') does not
i nvol ve an inventive step.
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Regarding feature (b), it is was argued in the decision
under appeal that, although sputter etch has the

advant age of being carried out in the sane process
chanber as the subsequent deposition step, it is well-
known in the art that argon sputter etching is a very
sl ow process. It is therefore known in the art that
argon sputter etch alone is inpractical, and it would
therefore be obvious to a skilled person to carry out a
chem cally cleaning step prior to the sputter etching
step in order to shorten the overall process tine.

As an evidence of this conventional know edge,
reference was made in the decision under appeal to
docunent D7 which discl oses a process of cleaning a
sem conduct or substrate prior to netal deposition by
reactive sputtering, i.e. the sane type of nethod for
depositing the electrode material as in docunent D1. A
net hod of cl eaning which is described in docunent D7 as
bei ng conventional conprises the step of cleaning the
substrate in a hydrofluoric acid dip followed by argon
sputter etch (cf. colum 1, lines 54 to 65).

The Board therefore agrees with the opinion of the
exam ning division that it would be obvious to a
skilled person to include a chemcally cleaning step
prior to the sputter etching step, in order to speed up
the etching process. It is also noted that the
appel | ant has not contested the exam ning division on
this point.

As to feature (c), it is was held in the decision under
appeal that nobst conventional sputter processing
apparatuses are provided with a shutter, and that it
bel ongs to the basic know edge of an average
practitioner that a shutter serves the purpose of
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shielding the target from contam nation during sputter
etching of the substrate. As evidence of this

conventi onal know edge, reference was made to docunent
D6 which contains excerpts froma textbook on
sputtering techniques (cf. D6, Figure 6-12, page 197,
section "Shutters"). Therefore, the skilled person
woul d consider it is to obvious to engage the shutter
during the step sputter etching the substrate.

The appel | ant has not provi ded any counter-argunent on
this point, and the Board sees no reasons to depart
fromfinding of the exam ning division on this issue.

The appel l ant submitted that the exam ning division had
to conbine the teaching of four different prior art
docunents in order to arrive at the clainmed nethod.
Since the different docunents on their own provide
teachi ngs which point in different directions, the
conbi nation of features given in the decision under
appeal can only be obtained by picking out particular
features from each docunent, an approach which relies
on hindsight (cf. iteml|X(b) above).

Al t hough the boards of appeal exercise great caution
with respect to any inventive step argunment which
relies on a conbination of a |arge nunber of docunents,
the Board is in the present case not convinced by the
appel l ant's argunent of hindsight: The relatively |arge
nunber of docunents (four) was a result of the finding
that the clainmed nethod solves three partial technica
probl ens which are not interrelated, and therefore,
each partial technical problemcould be considered
separately. Consequently, it should be expected that

t he nunber of docunents would increase with the nunber
of partial technical problens to be sol ved.
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For the foregoing reasons, in the Board's judgenent,
the subject matter of claim1l according to the main
request does not involve an inventive step within the
nmeani ng of Article 56 EPC.

First auxiliary request - inventive step

Wth respect to claim1 according to the nmain request,
claim1l according to the first auxiliary request
contains the further specifications that (i) a SchottKky
el ectrode is produced; (ii) the partial pressure of N,
iIs 10 % (iii) a Woi-Nx layer is fornmed in the reactive
sputtering step; and (iv) the W5 - NX GaAs wafer is
anneal ed at 800°C for a predeterm ned period of tine so
as to restore danage caused thereto in the depositing
step. Al the above features (i) to (iv) are however
known from docunent D4, as al ready discussed under item
2.6 above. Therefore, the subject matter of claiml
according to the first auxiliary request does not

i nvol ve an inventive step within the neani ng of

Article 56 EPC for the sane reasons as given under item
2 above for claim1l according to the nmain request.

Second auxiliary request

The second auxiliary request contains seven independent
clainms all directed to a nethod of producing a

sem conduct or device, in contrast to the main request
and the first auxiliary request each of which contains
one independent claim Since there are no speci al
reasons gi ven for having such hi gh nunber of

I ndependent clains, the clains according to the second
auxiliary request are not concise, contrary to the
requi renents of Article 84 EPC
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Furthernore, the subject matter of claim 1l according to
the second auxiliary request does not involve an

i nventive step for the sane reasons as given for
claim1 according to the main request: Although a
partial pressure of 10% N, and an annealing step are
specified, neither the conposition ratio nor the
presence of a shutter are specified. The particul ar

val ue of 10% nitrogen partial pressure is disclosed in
docunent D4, as nentioned under item 2.6 above.

For the foregoing reasons, in the Board's judgenent,
none of the appellant's requests neets the requirenent
of inventive step according to Articles 52(1) and 56
EPC.

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Spigarelli R K  Shukl a
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