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Summary of Facts and Subm ssi ons

2694.D

Eur opean patent application No. 87 305 165.0 was
refused by a decision of the exam ning division dated
4 Cctober 1993 on the ground that the subject matter of
claiml as originally filed | acked novelty havi ng
regard to the prior art docunent

D1: Patent Abstracts of Japan, vol. 7, No. 65,
18 March 1983 & JP-A-57 211 328.

I n the decision under appeal, the exam ning division
essentially argued that although in docunent D1 it was
not explicitly stated that at |east a nonol ayer of Si O
was in an ordered state, this nust be the case, since
an underlying silicon |ayer was fornmed on GaAs and was
thus strained. Since according to one of the

enbodi nents described in the application in suit,
growt h of an oxide layer on a strained silicon |ayer

| eads to the oxide having an ordered state at the
interface between the two layers, it followed that the
nmet hod di sclosed in DL necessarily resulted in a
dielectric having at |east a nonolayer in an ordered
state.

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

27 Novenber 1993 and paid the appeal fee on 25 Novenber
1993. The statenent of the grounds of appeal was filed
on 2 February 1994 along with new clains 1 to 16 and a
translation of JP-A-57 211 328, which wll be referred
to as docunent Dla hereinafter.

The appel |l ant essentially argued that docunment D1
concerned netal -insul at or-sem conduct or devi ces using
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Goup I11-V sem conductor materials, and that the
problem set out in D1 was entirely in terns of

Goup I11-V sem conductor devices. The skilled person
faced with a probl em concerning Goup IV sem conduct or
devi ces woul d not thus consider the teaching of
docunent D1.

In response to comuni cations fromthe Board, the
appellant filed with the letters dated 7 May 1999,

7 Septenber 1999, and 20 Cctober 1999 new clains 1 and
14 and anended pages of the description. The appel | ant
requested that the decision under appeal be set aside
and a patent be granted on the basis of the follow ng
docunent s:

d ai ns: Caim1 filed on 20 October 1999 with the
letter of 20 Cct ober 1999
Clainms 2 to 13, 15, and 16 filed with the
statenent of grounds of the appea
Caiml1l4 filed on 10 Septenber 1999 with
the letter of 7 Septenber 1999

Description: Pages 2 and 6 filed on 7 May 1999 with the
letter of 7 May 1999
Pages 1, 3to 5 7, 8 as originally filed

Dr awi ngs: Sheets 1/2 and 2/2 as originally filed.

Clains 1 to 3 and 14 of the above request read as
fol | ows:

"1l. A Goup IV sem conductor device conprising (i) a
G oup IV sem conductor material and (ii) a |ayer
(25) conprising a dielectric conpound of a
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constituent elenment of said G oup IV sem conduct or
mat eri al ;

said layer having an interface with at |east a
region of a surface of said sem conductor
mat eri al ;

CHARACTERI ZED I N THAT, at said interface, at
| east a nonol ayer of said dielectric conmpound is
in an ordered state."

The device according to claim1, CHARACTERI ZED I N
THAT said ordered state is induced by an ordered
state of said G oup |V sem conductor nmaterial at
said interface."

The device of claim2 in which said ordered state
of said Goup IV sem conductor material is induced
by strain.”

A nmethod for making a device according to claim 3,
conprising the foll ow ng steps:
(i) a step which results in the production of
said strain in at least a portion of a surface
| ayer of said Goup |V sem conductor materi al
and subsequently
(ii) a step which results in the formation of
said layer (25) conprising said dielectric
conpound whereby said interface is forned in at
| east a region of said portion of a surface
| ayer of said Goup |V sem conductor materi al
whereby at | east a nonol ayer of said dielectric
conpound at said interface is in an ordered
state."
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Reasons for the Deci sion
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The appeal conplies with Articles 106 to 108 and
Rul e 64 EPC and is therefore adm ssible.

Amendnents (Article 123(2) EPQ

Wth respect to the clains, the present clains have
been anmended in that "sem conductor material" is

repl aced everywhere by "G oup |V sem conduct or
material", and that present claiml1l is now directed
towards "a G oup IV sem conductor device" instead of "a
sem conduct or device."

The basis for the above restriction can be found on
page 4, lines 16 to 21 and 28 to 33, as well as in
Exanples 1 to 5 described in the application as filed.

Clarity and support of the clains (Article 84 EPC)

In the decision under appeal, the only ground for the
refusal of the application was that under Article 54(1)
and 54(2) EPC. In the decision, however, it was al so
observed that independent claim114 relating to a nethod
did not conply with Article 84 EPC, since the
statenents in the claimthat the first step "results in
the production of said strain" and that the second step
"results in the formation of a dielectric conpound ..
whereby at | east a nonol ayer of said dielectric is in
an ordered state" defined the nethod steps in terns of
desired results to be achi eved w t hout specifying
details of the nmethod steps.
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In a nunber of decisions, the boards of appeal have
hel d that functional features defining a technica
result to be achieved are permssible in aclaim if
such features cannot otherw se be defined nore
precisely without restricting the scope of the
invention, and if these features provide sufficient
clear instructions to reduce themto practice (see,
e.g. T 68/85, Q) EPO 1987, 228; T 418/89, Q) EPO 1993,
20; T 104/93, unpublished).

In the present case, it is evident fromthe prior art
docunent "Physical Review Letters, vol. 55, No. 10,
pages 1106 - 1109" referred to in the application in
suit that techni ques for producing strained

sem conductor filnms by epitaxial growh on a substrate
of dissimlar lattice constant are well-known in the
art. Moreover, it is also disclosed in the application
in suit (see page 3, line 33 to page 4, line 10) that
the degree of lattice msnmatch and thereby the
resulting strain, can be adjusted by changing the
conmposition of the Goup IV sem conductor material and
its thickness. Furthernore, it follows fromthe
application in suit (see page 4, lines 11 to 27) that

t echni ques such as nol ecul ar beam epitaxy or chem ca
vapour deposition which are enployed in the application
in suit for the formation of a dielectric |ayer on a
substrate are per se well-known in the art. In the
Board's view, therefore, the skilled person in the art
woul d be in a position to carry out these nethod steps
Wi t hout any undue burden. Moreover, he would also be in
a position to verify by the known diffraction

techni ques such as LEED, RHEED or transm ssion el ectron
diffraction nentioned in the application in suit (see
page 3, lines 23 to 30) whether or not the desired
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results, i.e., a strained region and an ordered
nonol ayer of the dielectric, were achieved. In the
Board's opinion, therefore, claim14 clearly defines
the subject matter for which protection is sought.

Novelty (Articles 52(1) and 54 EPC)

Docunent D1, which the Board considers to be the

cl osest prior art, discloses a semnm conductor device
conprising a substrate 1 nade of a Goup I11-V

sem conductor material, such as GaAs, a layer 2 nade of
Si formed on the substrate 1, an insulating |ayer 3
made of SiO (cf. D1, abstract). As also pointed out in
D1, due to the difference in lattice constants between
the substrate 1 and the Si layer 2, the Si layer wll
be strained.

The purpose of the Si layer is to provide a defect-free
i nterface between the sem conductor and the insulating
| ayer in a device with an MS structure (cf. D1,
abstract, "Purpose"), since the interface between a

G oup II1l1-V sem conductor and an oxi de of the

Goup I11-V conpound contai ns many defects, thereby
deteriorating the properties of the sem conductor
device. The thickness of the Si layer 2 is limted to 1
to 5 atomlayers in order to firstly prevent defect
formation in the strained Si |layer, and secondly, to
prevent the conduction channel of the MOS to be forned
inthe Si layer. OQherwise, a Si-MXS on a lll-V
substrate woul d be produced instead of a MS device
made of 111-V sem conductor (cf. Dla, page 3, lines 17
to 27).

Thus, in contrast to the G oup |V sem conductor device
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according to claim1, the device of docunent Dl is to
be regarded as a G oup IIl-V sem conductor device,
despite the fact that it conprises a |ayer nade of
silicon.

The subject matter of claiml1l is thus new within the
meani ng of Article 54 EPC

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

In relation to docunent D1, the problemwhich the
present application seeks to solve can be regarded as
reduci ng the nunber of defects at a

sem conductor/insulator interface of a Goup |V

sem conduct or device. The nunber of defects at the

sem conductor/insulator interface is known in the art
to be crucial for the perfornmance of MOS devices, and
therefore, the technical problemis as such well-known
in the art.

Docunment D1 al so describes a nethod for reducing
defects at an sem conductor/insulator interface, but
only in the context of Goup Ill-V sem conduct or
materials which are known to have a very large density
of interfacial surface defects (of the order of 10! to
10*? cm?) at the sem conductor/insulator interface. The
hi gh nunber of interfacial surface defects is believed
to be caused by the non-stoichionetry of the Il1-V
conpound at the interface and the non-stoichionetry of
the oxide filmitself at the interface (cf. D1, the
par agraph bridging pages 1 and 2). In the detailed
description of the invention in docunent Dla (see

page 2, |ast paragraph of page 3), it is stated "Al so,
between the Si film2 and SIG, film3, a good interface
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I's obtained and the low interfacial |evel density of

| ess than 10 cm? is realized." It thus follows from
the teaching of docunent Dla that the insertion of a
silicon | ayer between a |I1I1-V conpound substrate and a
Si O, | ayer reduces such a high level of interfacial
defect density which is known to exist at the interface
of a Ill-V conmpound sem conductor and an insulator. The
i nterface between a G- oup |V sem conductor such as S
and an insulator such as SiO, is known to have a
considerably | ower defect density than the interface
between a I11-V conpound and Si Q.. Consequently, it
cannot be derived fromthe teaching of docunent D1 that
the insertion of a layer of Si would reduce further the
interfacial defect density in the case of a Goup |V
sem conduct or substrate, which is known to be
considerably low in conparison with that in a

Goup I11-V conpound sem conductor. Mreover, it cannot
be derived that the neasure taught in docunent Dla
woul d lead to the formation of an ordered nonol ayer of

Si G

For the foregoing reasons, in the Board's opinion, it
was not obvious to extend the teaching of docunent D1
to a Goup IV sem conductor device.

The remai ni ng docunents cited in the search report, do
not provide a hint leading to the clained invention.

Al though it was known in the art that a 7x7
reconstruction is preserved at a buried anorphous-
Si/Si(111) interface (cf. the application, page 2,
lines 13 to 17), this reconstruction is not preserved
at a SiI/SIQ interface (cf. Exanple 3 of the present
appl i cation).
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For the foregoing reasons, in the Board's judgenent,
the subject matter of claim1 involves an inventive
step within the neaning of Article 56 EPC and therefore
neets the requirenents of Article 52(1) EPC. Clains 2
to 16 neet the requirenents of Article 52(1) EPC as
well, since they all contain the features of claim1.

For these reasons it iIs 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 a patent on the basis
of the foll ow ng docunents:

d ai ns: Caim1 filed on 20 October 1999 with the
letter of 20 October 1999
Cains 2 to 13, 15, and 16 filed with the
statenent of grounds of the appea
Claim14 filed on 10 Septenber 1999 with
the letter of 7 Septenber 1999
Description: Pages 2 and 6 filed on 7 May 1999 with the
letter of 7 May 1999
Pages 1, 3to 5 7, 8 as originally filed
Dr awi ngs: Sheets 1/2 and 2/2 as originally filed.
The Regi strar: The Chai r man:

2694.D
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