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Summary of Facts and Subm ssi ons

1350.D

Eur opean patent application No. 98 307 928.6 was
refused by the decision of the Exam ning Division of

27 January 2000. The ground for the refusal was that
the subject-matters of clainms 1 to 5 did not involve an
i nventive step having regard to prior art docunents:

D1: Electrochem cal Society Proceedi ngs, 1996,
pages 36 to 48, being the closest state of the
art, and

D2: US-A-5 382 822.

The appel | ant (applicant) |odged an appeal on 2 March
2000, paying the appeal fee the sane day. The statenent
setting out the grounds of appeal was filed on 3 June
2000.

Amendnents to the clains and the description were filed
by the appellant with the letter dated 4 April 2003 in
response to a conmunication fromthe Board.

The appel | ant requests that the decision under appeal
be set aside and that a patent be granted on the basis
of the follow ng patent application docunents:

Cl ai ns: 1tob5, filed with the letter of 4 April
2003

Descri ption: pages 1 and 5 to 7, as originally filed
pages 2 to 4, filed with the letter of
4 April 2003

Dr awi ngs: Sheets 1/3 to 3/3, as originally filed.
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The wording of the independent clains 1 and 5 are as

foll ows:

"1.

An article conmprising a netal - oxi de-sem conduct or
(MOS) device that conprises an oxide |ayer on a
maj or surface of a sem conductor body;

characterized in that

t he sem conductor body is a single crystal GaN
body, and the oxide layer is a high quality Ga- Gd-
oxi de layer, selected such that the MOS device
exhi bits charge depl etion under an applied voltage
of a first polarity, and exhibits charge
accurul ati on under an applied voltage of a second
polarity."

Met hod of making an article conprising a netal -

oxi de- sem conduct or (MOS) device that conprises an
oxi de layer on a major surface of a sem conductor
body;

characterized in that

a) providing a sem conductor body that is a single
crystal GaN body;

b) preparing the major surface of the

sem conductor body such that at |east a rel evant
portion of the surface is substantially atomcally
cl ean and substantially atomcally ordered and

c) formng the oxide |layer on the major surface of
t he GaN body by exposing the major surface an
evaporant froma Gas;Gd;O, evaporati on source such
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that a first nonol ayer of the oxide is forned
before a 1% surface coverage with inpurity atons
is reached.”

In the decision under appeal the Exam ning D vision
argued that docunent D1, representing the closest state
of the art, discloses a nethod to forma Ga- Gd-oxi de

| ayer on a GaAs body fromwhich the article according
toclaiml1 differs only in that the GaAs body is

repl aced by a GaN body. The problemto be sol ved was
thus seen in providing a power device based on a high
bandgap material having good breakdown characteristics.
However, GaN based devices are well known in the art
(cf. docunent D2). The skilled person had therefore a
clear incentive to try the Ga- Gd-oxi de system di scl osed
in docunent D1 al so for GaN based devi ces. Even though
the I'll-V materials GaAs and GaN have different

physi cal properties the skilled person had not to
overconme a technical prejudice to apply the teachings
of docunment D1 also to the GaN system

The argunents of the appellant in favour of inventive
step can be sunmarized as foll ows:

- In a 1977 review article (C. W WIlnsen et al.
Thin Solid Films, 1977, Vol. 46, pages 17 to 45)
the failure of finding a suitable insulator for a
GaAs- based net al - oxi de-sem conductor (MOS) field-
effect-transi stor (MOSFET) device is reported.

- Nearly twenty years | apsed before a suitable
oxi de/ GaAs system wi th devi ce-grade properties was
found: docunent D1, published in 1996, discl oses
that, in sharp contrast to the results obtained
wi th Ga-Gd-oxide, the interface properties of
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Al ,0/ GaAs, MO GaAs and Si O/ GaAs systens are
intrinsically pinned at m dgap and are, therefore,
usel ess for device purposes. The results of
docunent D1 clearly denonstrate the specificity of
the process of fabricating device-grade GaAs MOS
structures.

- In view of the specificity with regard to the
conposition of the oxide on GaAs, there is no
reason for assum ng that Ga-Gd-oxide deposited on
a lll-V sem conductor other than GaAs woul d yield
a device-grade structure. GaAs and GaN do not only
have different lattice symetry (cubic vs.
hexagonal ) but also differ with regard to bondi ng
(4% ionic vs. 39%ionic). In view of the
pronounced physical differences betwen GaAs and
GaN and the known specificity of GaAs-based MOS
structures with regard to the conposition of the
oxide, it would be a conpletely unwarranted
expectation to assune that Ga-Gd-oxide would yield
a device-grade structure in a GaN-based MOS
devi ce.

Reasons for the Decision

1

1350.D

The appeal is adm ssible.

Amrendnent s

In the decision under appeal, there were no objections
rai sed agai nst the clains under Article 123(2) EPC, and
the Board is also satisfied that the clains as anended
during the exam nation proceedings conplied with
Article 123(2) EPC
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In the course of the appeal proceedings the independent
met hod claim5 has been anended by the addition of
features as in (b) and (c). These features are

di sclosed in the application as originally filed (cf.
colum 2, lines 44 to 49 and colum 3, lines 29 to 38
of the published application).

The Board is, therefore, satisfied that the anendnents
made fulfill the requirement of Article 123(2) EPC

Clarity (Article 84 EPQ

The expressions "substantially atom cally clean" and
"substantially atomcally ordered” used in claim5 are
defined in the description of the application in suit
(cf. colum 2, lines 1 to 23 of the published
appl i cation).

The expression "high quality"” Ga-CGd-oxide layer is
clear in the context and neans that the quality of the
Ga- &d- oxi de layer is such that it enabl es charge

depl etion and charge accunul ation as specified in the
claim

For these reasons, in the Board' s view, the scope of
the clains is clearly defined.

| nventive step (Article 56 EPC)

The only remaining issue in this appeal is that of
i nventive step.

Docunent D1 di scl oses the properties of several oxide-
GaAs single crystal heterostructures. According to this
docunent, a low interface state density is required
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inter alia for netal -insul ator-sem conductor field
effect transistors (MOSFETs), but the fabrication of
such structures with thernodynam cal and phot ochemni ca
stability has remained one of the key challenges in
conmpound sem conductors during the |last three decades
(cf. D1, page 37, 2nd paragraph). A unique |ow
interfacial state density has been attained in

G,0,( &d,0;) - GaAs heterostructures. In contrast thereto,
the results obtained in Al ,0-, Si0O- and MO GaAs
interfaces are intrinsically pinned at m dgap (cf.
page 37, 4th paragraph; page 41, 3rd paragraph and
page 47, "Concl usions").

The application in suit, on the other hand, discloses a
nmet al - oxi de- sem conductor (MOS) device conprising in
the order specified, a dielectric substrate 11, a GaN
single crystal layer 12, a Ga-Gd-oxide layer 13 and a
netal electrode 14 (cf. Figure 1). GaNis a high
bandgap sem conductor having excell ent breakdown and
transport properties which nmake it very useful for
power el ectronic devices (cf. colum 1, lines 23 to 29
of the published application). However, it has not
previ ously been possible to grow a high quality oxide
on GaN that perm ts nodul ation of the sem conductor's
surface charge by variation of the applied voltage (cf.
ibid, colum 1, lines 39 to 40 and 48 to 51).

The article according to claim1, therefore, differs
fromthe device disclosed in docunent D1 in that a high
bandgap sem conductor, ie a GaN single crystal, is

enpl oyed.

The Board concurs with the Exam ning Division in that
t he probl em addressed by the application is the
provi sion of a power device based on GaN, a high
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bandgap material, having good breakdown
characteristics.

In the decision under appeal the Exam ning D vision
argued that although the Il11-V materials GaAs and GaN
have different physical properties the skilled person
had no technical prejudice to overcone to apply the

t eachi ngs of docunent D1, ie the use of a Ga- Gd- oxi de
as insulating |ayer, to a GaN-based MOS structure known
eg fromdocunent D2. For this reason, it concluded that
t he device according to claim1l and the fabrication

nmet hod according to claimb5 did not involve an

i nventive step.

The Boards of Appeal have recognized eg i n decisions

T 119/82 (QJ 1984, 217) and T 48/ 86 that a well
established technical prejudice in the state of the art
agai nst the teaching of the invention can be regarded
as an indication of the presence of inventive step.
However, in the present Board's view, the contrary
situation, ie the absence of a technical prejudice,
cannot be, as a rule, taken as an indication of the
absence of inventive step. In the present case, an
absence of a technical prejudice, therefore, cannot be
the sol e reason for denying the presence of an

i nventive step. According to Article 56 EPC an

i nvention shall be considered as involving an inventive
step if, having regard to the state of the art, it is
not obvious to a person skilled in the art.
Consequently, an invention nust be obvious in view of
the state of the art to be considered non inventive.

The Exam ning Division has not shown that the use of a
Ga- Gd-oxide in a GaN-based MOS structure was obvious in
view of the state of the art and, in particular, of
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docunent D1. The Board concurs with the appellant in
that, due to the different lattice symretry (cubic vs.
hexagonal ) and the nature of bonding (4% ionic vs. 39%
ionic) of GaAs and GaN and due to the specificity of
the material of the oxide |layer for a device-grade
GaAs- based MOS structure there are no reasons to expect
a priori that a Ga-CGd-oxide would provide a | ow
interfacial state density which would yield a useful a
GaN- based MOS devi ce.

No further insight is gained, noreover, fromthe

di scl osure of docunent D2, since this docunment nerely
suggests the use of a layer of dianond for form ng an
insul ating | ayer between the gate electrode and the
sem conduct or body such as GaN in a M SFET device (cf.
colum 2, lines 12 to 29).

For these reasons, in the Board's judgenent, the
subject-matter of claim1 involves an inventive step in
the sense of Article 56 EPC and accordingly neets the
requirements of Article 52(1) EPC.

The above reasoning is al so applicable to i ndependent
claim5 relating to a nmethod producing a MOS devi ce
havi ng a Ga- Gd-oxi de | ayer on a GaN sem conduct or.
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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 in the follow ng version:

C ai ns: 1tob5, filed with the letter of 4 April
2003
Descri ption: pages 1 and 5 to 7, as originally filed
pages 2 to 4, filed with the letter of
4 April 2003
Dr awi ngs: Sheets 1/3 to 3/3, as originally filed.
The Regi strar: The Chai r man:
N. Maslin R K. Shukl a
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