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Summary of Facts and Subm ssi ons

Eur opean patent application No. 95 100 707.9 was
refused by the decision of the Exam ning Division of
8 March 1999. The ground for refusal was that the
application did not nmeet the requirenent of inventive
step having regard inter alia to the prior art
docunent s

D1: US- A-3 994 430;
and
D4 US- A-4 316 964.

1. The appel l ant (applicant) |odged an appeal on 17 May
1999, paying the appeal fee the sane day. The statenent
setting out the grounds of appeal was filed on 16 July
1999.

L1l At the oral proceedings before the Board held on
5 February 2002 the appellant subm tted anended
clainms 1 and 2 and anmended pages of the description.

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

Cl ai ns: 1 and 2, filed during the oral
pr oceedi ngs,

Descri pti on: colums 1 and 2, filed during the oral

pr oceedi ngs,
colums 3 to 5, as published,

0679.D Y A
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Dr awi ngs: Figures 1 to 3, as published.

The wording of the only independent claimis as follows
(enmphasi s added by the Board to show t he anendnents

i ntroduced in the course of the appeal proceedings with
respect to the independent claim2 on which the
deci si on of the Exam ning Division was based):

"1. A substrate for a sem conductor device, conprising
a ceram c substrate consisting of 70-90 wt %
al um na and 10-30 wt % zi rconi a, wherein said
zirconia is partially stabilised by dispersing at
| east one of yttria, calcia, nagnesia and ceri a;
and further conprising a copper plate directly
bonded to the cerami c substrate, wherein said
substrate has a thickness of fromO0.05 to 0.32
nm "

In the decision under appeal the Exam ning D vision
essentially argued as foll ows:

From docunent Dl a substrate for a sem conductor is
known whi ch conprises an alum na substrate and a copper
plate directly bonded to the substrate. The subject-
matter of the clains differs fromthis prior art in
that zirconia is added in an anount of 10 to 30 W% to
the alum na of the substrate and that the zirconia is
totally or partially stabilised by yttria, calcia,
magnesi a or ceri a.

The objective problem therefore, was defined as the
desire to increase the nechanical strength of an

al um na based substrate and to facilitate its
sintering.



VI .

0679.D

- 3 - T 0785/ 99

From docunent D4 it was known, however, that the
fracture toughness and strength of an al um na based
ceramc to be used for electrical insulation was

i ncreased by the addition of zirconia (in an anmount of
51to 95 vol% stabilised with yttria or ceria.

No exercise of inventive skill would have been required
for the skilled person to make use of devel opnents for
al um na ceram c conpositions as docunented inter alia
by docunent D4 when | ooking for inproved nmechani cal
strength and sintering properties of an alum na based
substrate as was known from docunent Dl1. Even if the
skilled person is not regarded as being an expert
havi ng detail ed know edge about ceramc materials, he
woul d at | east have been bound to contact such an
expert when designing ceram c substrates for

sem conduct or devices. Therefore, he would have been

i nformed about the progress nmade in the field of

ceram cs.

The appel | ant argued essentially as follows in support
of his request:

It is the object of the invention to inprove the

radi ati on performance of an alum na based ceramc

sem conductor substrate. The sole prior art docunent
relating to this particular art is docunent D1. Al the
other prior art documents cited by the Exam ning
Division are scientific reports on results of ceramc
related scientific work. However, they do not conprise
any hint towards the incorporation of particular
zirconia nodifications into a sem conductor substrate.
The inventors could therefore not rely upon these
docunents to find out the particular zirconia
nodi fi cati ons whi ch woul d sol ve the posed probl em
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A power sem conductor inposes a heavy thermal stress on
the substrate which is subjected to repeated therma
expansi on and contraction. Cracks may occur in the
ceram c substrate, due to the different therm
expansi on coefficients of copper and alum na. The use
of zirconia doped alum na allows the substrate to be
thinner than in the case of alum na, since the forner
materi al has a higher nmechanical strength than the
|atter. As the thermal conductivity of both ceramc
materials is simlar, a larger anmount of heat generated
by the power sem conductor device can be conducted away
t hrough the thinner substrate.

However, a skilled person would not have considered the
repl acenent of the alum na cerami c enployed in the

sem conduct or substrate disclosed in docunent D1 by
zirconi a doped al um na, since docunent D4 does not

di scl ose the thermal properties of this conmpound, but
nmerely discloses its nmechanical properties.

Reasons for the Decision

0679.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
cl ai m has been anended to specify that the thickness of
the substrate is fromO0.05 to 0.32 mm This thickness
range is inter alia disclosed in colum 5, lines 19

to 20 of the published application.

The Board is, therefore, satisfied that the
requirenments of Article 123(2) EPC are ful filled.

| nventive step

The only remaining issue is that of inventive step.

The application in suit relates to a substrate for a
sem conductor device consisting of a layer of a ceramc
mat erial onto which a copper plate is directly bonded
(ie. a DBOC substrate). The ceramic material of the
clainmed device is made of alum na to which stabilised
zirconia is added in an anount of 10 to 30 W%, in
contrast to a conventional DBOC substrate which is nmade
of pure alumi na. This kind of substrate is used eg. for
power sem conductor devices which generate a |arge
amount of heat that has to be renobved in order to

mai ntai n the operating tenperature of the device bel ow
a predeterm ned val ue. The heat conductance of the
substrate is thus an inportant factor for determning
the current capacity of the power sem conductor device
(cf. colum 1, lines 38 to 50 of the published
appl i cation).

The heat conductance is proportional to the therma
conductivity of the material and inversely proportional
to the length of the heat conduction path. In the
present case of a planar substrate, this path is the

t hi ckness of the substrate. The heat conductance can,
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t herefore, be enhanced by enploying a material having a
hi gher thermal conductivity and/or by reducing the
t hi ckness of the substrate.

3.2 It is not in dispute that docunent Dl represents the
cl osest state of the art. This document discloses a
met hod for bonding netals to substrates by using a
bondi ng agent which forns an eutectic alloy with the
metal. In particular, a sem conductor circuit board
assenbly consisting of a copper plate directly bonded
to an alum na ceram c substrate is disclosed (cf.
Abstract; Figures 13 to 15; colum 5, lines 24 to 28;
colum 13, line 32 to colum 14, line 4).

3.3 The substrate according to claim1 differs fromthat of
docunent D1 in that:

(1) the ceramic material consists of 70 to 90 m %
alumna and 10 to 30 wt % zi rconi a;

(i) the zirconia is partially stabilised by
di spersing at | east one of yttria, calcia,
magnesi a or ceria; and

(iii) the substrate's thickness is fromO0.05
to 0.32 mm

3.4 The Exam ning Division, considering the differences
(i) and (ii) nmentioned above, saw the objective probl em
solved by the invention as the desire to increase the
mechani cal strength of an al um na based substrate and
to facilitate its sintering, since the addition of
zirconia to alumna increases the nechanical strength
of the ceramic material and the stabilization of
zirconia by yttria, calcia, nmagnesia or ceria,

0679.D Y A
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facilitates its sintering (cf. colum 2, lines 44 to 49
and line 57 to colum 3, line 1 of the published
application).

Claim 1 as anended, however, further specifies that the
ceram c substrate has a thickness between 0.05 and

0.32 mm (cf. feature (iii)). According to the
application in suit, it is not possible to reduce the

t hi ckness of a DBOC substrate nade of pure alumna to
within the clained range, since the substrate would
crack under the thermal stress due to thermal expansion
m smat ch bet ween copper and alum na (cf. colum 2,
lines 4 to 16). The increased nechanical strength of

Zi rconi a Doped Al um na (ZDA) over pure alum na,

however, nakes it possible to use a thinner ceramc
substrate than that in the device of docunment Dl. Since
ZDA of the clainmed conposition furthernore has about
the sane thermal conductivity as pure alum na, the
ceram c substrate of the clained device has a higher

t hermal conductance than that of the device of docunent
D1 (cf. application as published, colum 5, lines 4

to 11; Figure 3).

In view of the above considerations, the objective
techni cal probl em addressed by the application in suit
thus relates to inproving the thermal conductance of

t he al um na- based DBOC substrate known from

docunent D1.

Docunment D4 discloses that the fracture toughness and
strength of an alum na/zirconia ceramic is increased by
i ncorporating netastable grains of tetragonal ZrQ in
the structure. During cracking the netastable
tetragonal ZrGQO, transforns to a stable nonoclinic
structure thus increasing the energy required for the
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crack to propagate and retarding its growh. The ZrO
occupies from5 to 95 vol % of the ceram c and has
dissolved in it a rare earth oxide such as yttria or
ceria to pronote retention of the netastable tetragonal
ZrQ, (cf. Abstract). Document D4, however, does not
contain any information about the thermal properties of
t he conpound ceram cs.

The Board concurs with the appellant in that a person
skilled in the art, even after having consulted an
expert in the field of ceramc materials, would not
have regarded the ceram c material disclosed in
docunent D4 as a possible solution to the probl em of

i mproving the thermal conductance of a DBOC substrate,
since, as shown in Figure 3 of the application in suit,
the thermal conductivity of the ZDA ceramc is the sane
as the one of pure alumna up to a content of about 25
wt % of zirconia. For this reason, the replacenent of
pure alumna by the ZDA would on its own not |lead to an
i nprovenent of the thermal conductance of the DBCC
substrate.

The problem of inproving the thermal conductance of the
DBOC substrate is only solved when the skilled person
recogni zes that the increased nechanical strength of
the ZDA ceramic allows for the reduction of the ceramc
| ayer's thickness. Under the present circunstances, the
Board considers that it is not obvious to recognize
that a material property, which in itself is not
directly related to the problem may lead to its

sol uti on.

It is furthernore noteworthy that document D1,
di scl osi ng DBOC substrates, dates from Novenber 1976
and that docunent D4, disclosing ZDA ceram cs, was
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publ i shed in February 1982. The filing date of the
application in suit, however, is January 1995.

Thus, nearly thirteen years |lie between the date when
t he ZDA ceram cs were disclosed and the date when the
present inventors considered their use in a DBOC
substrate. In the Board's view, this fact further
supports the finding of the presence of an inventive
st ep.

3.9 For these reasons, it is the judgenent of the Board,
that claim 1 involves an inventive step within the
meani ng of Articles 56 EPC
The dependent claim 2 concerns a further particul ar

enbodi nent of the invention which is patentable for the
same reasons.

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 according to the appellant's
request.

The Regi strar: The Chai r man:

0679.D
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M Zawadzka G L. Eliasson
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