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Summary of facts and subm ssi ons

3153.D

Eur opean patent application No. 94 113 973.5 was
refused by the exami ning division on the grounds that
claiml of the application was either not new
(Article 54(2) EPC) or not inventive (Article 56 EPC)
The decision is dated 14 January 1998.

The exam ning division also considered there to be a
lack of clarity in claiml (Article 84 EPC) but in view
of the refusal on the grounds of |ack of novelty or
inventive step did not pursue the matter further.

A notice of appeal was filed on 10 March 1998. The
appeal fee was paid on the sane day. The st at enent
setting out the grounds of appeal was filed on 15 May
1998.

Oral proceedi ngs were requested should the Board intend
to dismss the appeal.

In response to a conmuni cati on annexed to the summons
to the oral proceedings, the appellant filed on

25 Septenber 2002 a main request and a first auxiliary
request. Clainms 1 to 11 according to the main request
consi st of an independent process claiml with
dependent clainms 2 to 4, and an independent device
claim5 with dependent clains 6 to 11

Claim1 of the main requests reads as foll ows:

"1. A process for the production of a sem conductor
el ement having a Schottky junction, conprising the
st eps of

form ng an active layer on a conmpound sem conduct or
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substrate and form ng a Schottky el ectrode which forns
a Schottky junction with said active |ayer,

wherein a nodified layer is formed by plasma treatnent
in said active layer in at |least a portion of a region
conprising a region on which said Schottky el ectrode is
to be formed and a vicinity of said region on which
said Schottky electrode is to be forned,

and wherein said Schottky electrode is formed so that
it is at least partially in contact with or adjacent to
said nodified | ayer,

characterised in that said plasma treatnent is
performed with a plasma source using O, or any
conbination of O with N,, Ar, CF,, CHF; or/and H, and in
that at |east one oxide filmwhich is fornmed through
said plasma treatnment is renoved before formng said
Schottky el ectrode.”

Claim5 of the main requests reads as foll ows:

"5. A sem conductor elenment conprising a Schottky

el ectrode which forns a Schottky junction with an
active layer fornmed on a conpound sen conduct or
substrate, in which elenment a nodified | ayer is forned
in at least a portion of a region conprising a region
of the active layer on which region the Schottky
electrode is formed and a vicinity of said region
characterized in that

the nodified layer is formed by a plasma treating with
a plasma source using O, or any conbination of O with
N,, Ar, CF,, CHF; and/or H,, and at | east one oxide film
- which is forned through said plasma treating - is
renoved

At the oral proceedings held on 25 Cctober 2002, the
appel l ant submtted a new auxiliary request based on
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clainms 1 to 4, replacing the first auxiliary request.
The auxiliary request is for the grant of a patent with
the foll ow ng docunents:

Cl ai ns: clainms 1 to 4 as filed on 25 Cctober
2002

Descri pti on: pages 1 to 37 as filed on 25 Cctober
2002

Dr awi ngs: sheets 1/13 to 13/13 original draw ngs

as filed on
6 Septenber 1994

Caim1l1l of the auxiliary request differs fromclaiml
of the main request only in that "at |east one oxide
film in the latter is replaced by "an oxide filnt.

Clainms 2 to 4 are dependent cl ai s.

The argunents put forward by the appellant in support
of the main and auxiliary requests can be summari sed as
fol | ows.

| nventive Step

The invention as clained differs fromthe prior art by
providing, in a region where a Schottky contact is to
be formed, a nodified region in an active |ayer by
plasma treatnment in the presence of oxygen, whether on
its own or mxed with other specified gases. As can be
seen fromthe experinental results provided by the
appel lant, plasma treatnent in O, brings about a
surprisingly low reverse bias current as conpared with
t hat obtained enploying N, or CF, as a plasma source.
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Because the prior art docunments, read alone or in
conbi nation, contain no relevant disclosures either on
pl asma treatnment with oxygen or the resulting
advantages, it follows that the clained invention is
new and i nvolves an inventive step.

In assessing the rel evance of the prior art docunents,
it is inportant to distinguish between plasma treatnent
and ion inplantation. Because ion inplantation is a
conpletely different process to plasna treatnent, none
of the docunments relating to ion inplantation are
relevant as prior art for the clainmed invention. In
particul ar docunent D3, which is one of the docunents
concerned and which discloses that a thin |ayer having
| ow carrier concentration can be fornmed by ion

i npl antation of either H, D, O or B, should therefore
be di sregarded.

Clarity - Caim5

Concerning the clarity of claim5, the established case
| aw of the Boards of Appeal clearly permts product-by-
process cl ainms where a product cannot be adequately
claimed in ternms of structural elenents. Because of the
nature of the treatnent, the nodified | ayer cannot be
adequately defined in terns of its structure. A
product - by-process claimis therefore appropriate in
the present circunstances. Moreover, the claimis clear
inthat it islimted to a sem conductor device which
has undergone plasma treatnment with oxygen or a gas

m xture including oxygen.

Reasons for the decision

3153.D
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The appeal is adm ssible.

The mai n request

2.2
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Clarity - claim5b

Claim5 relates to a sem conductor el enment and

i ncorporates a process feature in its characterising
clause to define the sem conductor elenment. It is the
est abl i shed case | aw of the Boards of appeal that where
a product cannot be defined in terns of its properties
or product features, it is permssible to incorporate
process features in a product claimprovided that the
process features inpart identifiable product features
or properties to the clained product (e.g. T 815/93 and
T 141/ 93)

The characterizing clause of claim5 purports to define
the sem conductor elenent in terns of process-rel ated
features. The appellant has subm tted experinental

evi dence that Schottky junctions which have undergone
pl asma treatnment with oxygen as the plasnma source

exhi bit much reduced reverse bias currents conpared to
simlar junctions which have undergone either no plasma
treatment or plasma treatnment with N, or CF,.

The appel |l ant has al so argued that plasma treatnent

wi th oxygen as the plasma source would result in
identifiable traces in the finished product. Mboreover,
owing to the differences between ion inplantation and
pl asma treatnment, these traces would be clearly
identifiable as being the result of the clained plasm
treatnment. The Board accepts that this is plausible.

However, claim5 is not Iimted to devices nmade using
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pl asma treatnment with oxygen alone; instead, it also
enconpasses devices in which the source for the plasm
treatnment is a gas m xture of oxygen and ot her

speci fied gases. The experinental evidence which the
appel  ant supplied did not show whether there were

i nprovenents in the reverse bias current for devices

t hat have been plasma treated with any of the clained
oxygen-containing gas mxtures. It is equally not clear
whi ch identifiable traces such gas m xtures woul d | eave
behi nd. There is no relevant disclosure in the
application itself. Accordingly, it is not clear how a
product which has undergone plasma treatnent with the
claimed gas m xtures could be identified and how t he
claimed product would differ, for exanple, fromthe
product disclosed in docunent D1 if the gas m xture
used i s one of oxygen and CHF; as clained in claiml.

For the foregoing reasons the Board concl udes that
claim5 of the main request |acks clarity.

The auxiliary request

3153.D

Clarity

The Board is satisfied, in the light of the description
referring to the nodified | ayer as being a |ayer which
has been nodified to have a higher resistance (page 13
line 26 to page 14 line 4), that claim1l sets out
sufficiently clearly the steps which formthe nethod
clainmed. The Board is also satisfied that the claimis
conci se and supported by the description, and
accordingly fulfills all the requirenents of Article 84
EPC, second sentence.

Amrendnent s
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Claim1 corresponds to claim9 of the application as
originally filed and differs fromthe original claim?9
by the addition of the whole of the characterizing

cl ause. The description as originally filed includes
vari ous exanples of the conditions under which the

pl asma treatment is perfornmed, and al so includes
specific reference to O on its own and in conbination
with the other gases now specified in the claim

(page 17, lines 21 and 22, page 22, lines 25 and 26).
The anmendnments to the description of the application
serve the purpose of making the description conformto
t he amended cl ains. The Board therefore concludes that
t he amended applicati on does not contain any subject
mat t er whi ch goes beyond the contents of the
application as filed and therefore conplies with the
requirements of Article 123(2).

Novel ty

Novel ty was not disputed in the decision under appeal.
The Board, too, is satisfied that none of the cited
docunents discl oses plasma treatnent with oxygen or a
gas m xture containing oxygen for the purpose of
formng a nodified layer prior to the formation of a
Schottky contact. Accordingly, the clainmed invention
satisfies the requirements of Articles 52(1) and 54(1)
and (2) EPC with respect to novelty.

| nventive step (Articles 52(1) and 56 EPC)

The present claim1l relates to a process and

docunents D1, D2, D6, D7 and D8 relating to a plasm
treatment were cited in the decision against both the
product and the process clains regarding inventive
step. In particular, the exam ning division considered
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t he description of the application in suit to establish
t hat oxygen and oxygen-contai ni ng gas m xtures and

ot her gases such as N,, Ar, CF, CHF; and H, are
equi val ents for the purposes of plasnma treatnment, and
that therefore the choice of oxygen and oxygen-
containing gas mxtures did not require any inventive
skill. In view of the specific properties which

di stingui sh oxygen fromother gases, in particular the
formati on of insulating oxides on surfaces exposed to
oxygen, as well as for the reasons given bel ow, the
Board does not share this view

The characterizing clause of claim1 requires that "the
nodi fied layer is formed by a plasma treating with a

pl asma source using O, or any conbination of O with N,
Ar, CF,, CHF; and/or H,, and at | east one oxide film -
which is formed through said plasma treating - is
removed. "The Board interprets this as a clear statenent
that the claimincludes only nethods in which an oxide
| ayer is formed during the plasma treatnent, either
because the plasma source is pure oxygen or, in the
case of oxygen-contai ning gases, because the oxygen
content of the gas mxture is sufficiently high for
such an oxide to form

Docunent D1 di scl oses fabrication of a Schottky contact
in which the region underneath the Schottky contact is
nodi fi ed before the contact is fornmed, by a Freon-based
reactive ion etching process. This docunent is

acknow edged in the application to be the closest prior
art for considering whether a nethod of plasma
treatment with oxygen and gas m xtures w th oxygen

i nvol ves an inventive step, and it forns the basis for
the preanble of claim1 of the auxiliary request.
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Al t hough document D1 relates to plasma treatnent for

t he purpose of lowering the carrier concentration in a
sem conductor material, the described process provides
no incentive for the skilled person to use an ion
species in addition to or instead of the disclosed
Freon, since the etching properties of Freon are
expressly required.

Docunent D6 relates to treating n-GAs surfaces with
hydrogen plasma prior to the formation of Schottky
contacts on those surfaces. Wiile docunent D6 al so
refers in the introduction to oxygen, it does so only
as one of three gases used in sequence to passivate the
surface of n-GaAs before the deposition of a Ga,0,
insulating | ayer (page 259, |efthand colum, 2nd

par agraph). There is no indication in docunent D6 that
oxygen coul d be used in place of hydrogen for plasm
treating the region on which the Schottky netal -to-

sem conductor contact is to be forned. On the contrary,
t he docunent refers to any native oxide | ayer being
removed by a dilute HO etch prior to being | oaded into
t he vacuum system The Board accepts the appellant's
argunent that this, if anything, points away from using
oxygen in the subsequent plasma treatnment process

t aki ng pl ace inside the chanber.

In the third paragraph of the left hand col utm on

page 259, docunent D6 refers in connection with
nmetal / GaAs interfaces only to investigation of H, and N,
pl asma treated surface |ayers. The renai nder of the
docunent describes solely the results of investigations
into the use of H, as source for plasma treatnent. It is
also clearly stated that passivation of donors and
acceptors in GaAs as a result of plasma treatnent with
H, had previously been attributed to indiffusion of
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atom ¢ hydrogen and the formation of a neutral conplex
bet ween each dopant atom and H

Oxygen, which is nentioned in docunent D6 only in
connection with surface passivation prior to the
deposition of a passivation, is therefore denonstrably
excluded there from consideration as a possible
candidate for formng |low carrier concentration |ayers
by plasma treatnment, since in docunent D6 the
experinmental results are attributed not only to the
indiffusion of atomc H and the formati on of a neutral
conpl ex between each dopant and H but also to the known
exceptionally high diffusion rates which distinguish
hydrogen from ot her atom c speci es.

Thus, docunent D6 relates to plasma treatnent for the
pur pose of lowering the carrier concentration in a
sem conductor material, but on account of the stated
reliance in the process on the exceptional diffusion
properties of hydrogen ions provides no incentive for
the skilled person to consider any other gas.

Li ke docunent D6, docunent D7 is concerned solely with
exposing n-type GaAs to hydrogen plasma for the

pur poses of inproving Schottky contacts fornmed on the
n-type GaAs.

Docunent D2 di scl oses a nethod of shaping the depth
profile of the electron-depleted | ayer under a Schottky

contact by ion bonmbardnment with N,.

Docunent D8 concerns plasma treatnent using an inert
at nosphere such as Argon as the plasma source.

Docunent D11, which the examning division relied on as
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prior art, particularly wth respect to the product
claim1l, relates to a plasma etching process which -
unlike the invention - does not involve formng a
nodi fied |ayer. Instead, plasma etching is used in
docunent D11 to etch away parts of a deposited netal
| ayer not required for the formation of the Schottky
contact so that, in contrast to the invention, the
surface under the Schottky contact is at no tine
subject to a plasma treatnent.

Concerning prior art docunents relating to ion

i npl antation, the appellant submtted that there are
fundanmental differences between plasnma treatnent and
ion inplantation.

(a) Plasma treatnment is essentially a surface
treatnment, even if sone of the ions penetrate a
short distance bel ow the surface. A plasma cloud
is formed and a | ow voltage attracts the ions to
the surface to be treated. The plasma ions react
chemcally with the target surface. Even if atons
penetrate bel ow the surface, they will generally
do so by diffusion without causing any damage to
the crystal lattice; indeed, plasma treatnent can
be used to renmove danage froma crystal lattice as
described for exanple in |last three |ines of
docunent D1, where it is explained that the | ow
carrier concentration results from"restoring a
crystal by plasma treatnent by a Freon-based
reactive ion etching operation of only the surface

| ayer

(b) In contrast, ion inplantation is a technique
designed to place ion species into bulk material .
An ion beamis generated and the ions are
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accel erated until they have the required kinetic
energy to penetrate the target material to the
desired depth, where they generally replace atons
of the crystal lattice, thereby causing danage to
the lattice structure. Even if the process is
adjusted so that ions are inplanted only near the
surface, the distribution of ions and the effect
on the crystal lattice will be noticeably
different fromthe distribution resulting from

pl asma treatnment on account of the lattice danmage
and, for exanple, because unlike plasm treatnent,
ion inplantation results in an approxi mately
Gaussi an depth distribution of the ion species
concer ned.

I f the argued for distinction between plasma treatnent
and ion inplantation is accepted, as it is by the
Board, it follows that the disclosures in docunents D3
and D15, both of which disclose ion inplantation with
oxygen ions, fail to provide the skilled person with
any indication that oxygen would be suitable as a

pl asma source for a nethod of plasma treatnent, and for
this reason are irrelevant prior art.

In the Board's judgnent, none of the cited prior art
docunents woul d have provided the skilled person with
any indication that oxygen or oxygen-contai ni ng gases
woul d be worth trying as a plasma source to prepare a
nodi fied region prior to formng a Schottky contact on
it, especially as the use of oxygen or the clained
oxygen-m xtures |eads to the formati on of undesirable
oxi des which nust then be renpved, and that therefore
claiml of the auxiliary request involves an inventive
step as required by Articles 52(2) and 56 EPC.
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For these reasons it is decided:

1. The deci sion under appeal is set aside.

2. The case is remtted to the Examning Division with the
order to grant a patent with clains 1 to 4 and
description, pages 1 to 37, of the auxiliary request
filed at the oral proceedings, and figures 1 to 42,
sheets 1/13 to 13/13, as fil ed.

The Regi strar: The Chai r man:

R Schumacher R K. Shukl a
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