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Summary of Facts and Submn ssions

The appel | ant (opponent) | odged an appeal on 20 March
1997 agai nst the decision of the opposition division,
di spatched on 28 February 1997, rejecting the

opposi tion agai nst the European patent No. 0 449 951.
The fee for the appeal was paid on 20 March 1997. The
statenment setting out the grounds of appeal was
received on 27 June 1997.

The opposition was filed against the patent as a whol e
and based on Article 100(a) together with
Articles 52(1) and 56 EPC

The opposition division held that the grounds for
opposition did not prejudice the maintenance of the
pat ent as unanended, having regard inter alia to the
followi ng prior art docunents:

D1: Journal of Applied Physics, vol. 48, no. 11,
Novenber 1977, pp. 4831-4833

D2: Soviet Physics Sem conductors, vol. 22, no. 2,
February 1988, pp. 181-183.

During the opposition proceedings the foll ow ng
docunents were cited by the opponent outside the

opposition period (Article 99(1) and Rule 55(c) EPC):

D7: "Sem conductor Devices" by S. M Sze, John Wley &
Sons, 1985, pp. 103-107

D8: Japanese Journal of Applied Physics, Vol. 2,
No. 11, Nov. 1987, pp. L1815-1L1817
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Do: Sov. Tech. Phys. Lett., Vol. 13, No. 10,
Nov. 1987, pp. 523-524

D10: "Werkstoffe der Hal bl eitertechni k" by
H F. Hadanovsky, VEB Deutscher Verlag fir
Grundstof fi ndustrie, 1985, pp. 113-114

D11: "Silicon Carbide as a sem conductor” by
J. Feitknecht, Springer Tracts in Mdern Physics,
58, 4, 1971, pp. 104-107.

Wth the statenments of grounds of appeal, the appellant
cited the foll ow ng docunents:

D12: Techni cal Docunentary Report No. AL TDR 64- 253,
Air Force Avionics Laboratory, Research and
Technol ogy Division, Air Force Command, Wi ght-
Patterson Air Force Base, Onhio, pp. 98 and 111-113

D13: "Sem conductor Devices" by S. M Sze, John Wley &
Sons, 1985, pp. 76-79 and 102-107

D14: DE-0OS-1 956 011

D15: DE-0S-2 029 369

D16: US-A-3 986 193

D17: DE-OS-2 345 198

Prior to the oral proceedings, which were requested by
both parties as an auxiliary request, the appell ant
informed the Board that he would not be represented at

the oral proceedings and that his request for ora
proceedi ngs was thereby w t hdrawn.



A/

2808.D

- 3 - T 0366/ 97

The appel | ant requested

- that docunents D7 to D11, which were disregarded by
t he opposition division under the provisions of
Article 114(2) EPC, as well as docunents D12 to D17
presented with the statenent of grounds, be introduced
into the proceedi ngs, and

- that the decision under appeal be set aside and the
patent be revoked in its entirety.

The respondent (patentee) requested

- that docunents D7 to D17 be disregarded as late filed
evi dence under Article 114(2) EPC, and

- that the appeal be dism ssed.
The wordi ng of independent claim1 reads as foll ows
and has been subdivided into paragraphs (a) to (h) by

the Board for facilitating its discussion:

"1l. A fast recovery, high tenperature rectifying diode
formed in silicon carbide and conpri sing:

a) a nonocrystalline silicon carbide substrate
havi ng n-type conductivity;

b) an ohm c contact to said substrate;

c) a first nonocrystalline epitaxial |ayer of n-
type silicon carbide upon said substrate; and

d) a second nonocrystalline epitaxial |ayer of
silicon carbide upon said first epitaxial |ayer
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characterized in that:

e) said second epitaxial |ayer has p-type
conductivity and

f) a carrier concentration at |east an order of
magni tude | ess than the carrier concentration of said
first epitaxial layer so that said second |layer is
predom nantly depleted in reverse bias with said
carrier concentration of said second | ayer being
bet ween about 1 x 10% and 1 x 10! atons per cubic
centinmeter (cm?3, and

g) said second layer further having a m ni num
t hi ckness of about 0.2 mcroneters at a carrier
concentration of about 1 x 10 cm? and that may be
i ncreased proportionally to a thickness of about 70
mcroneters at a carrier concentration of about 1 x 10%°
cm?® so that said mnimmthickness is sufficient to
achi eve aval anche breakdown under reverse bias; and

h) an abrupt p-n junction fornmed between said
first and second epitaxial |ayers such that the
rel ati onshi p between the reciprocal capacitance squared
and the applied voltage is a substantially |inear
relati onship."”

The appel |l ant argued essentially as foll ows:

- Docunent D1 shoul d be considered as the cl osest prior
art, since it discloses a rectifying diode with the
same pn* abrupt junction as the one clained in the
patent in suit and since it is the junction which
essentially defines the characteristics of a rectifying
di ode (see the patent in suit colum 4, lines 36 to
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39). The di ode disclosed in docunent D2 on the other
hand conprises a np* junction.

- Al though the breakdown vol tage of the device

di scl osed in docunment D2 is higher (300 V) than the one
di scl osed in docunent D1 (140 V), this fact cannot be
interpreted as being due to the different |ayer
structure of these diodes, since the breakdown voltage
is minly due to the crystal quality, the ratio of
carrier concentrations and the doping |level of the | ow
doped side of the junction. A skilled person would
consi der that the higher breakdown vol tage achi eved in
docunent D2 is due to the higher crystal quality of the
epitaxial |ayers, since the |ast two properties
nmentioned previously are simlar in both devices and
since the fabrication of the device of docunent D2
benefits fromthe technol ogi cal progress of nearly ten
years. There are therefore no reasons for a skilled
person to dismss the disclosure of docunent D1.

- It is well known to the skilled person that a n-type
substrate is preferable to a p-type one, since

el ectrons have a nuch higher nobility than hol es and,
consequently, a n-type substrate with a simlar carrier
concentration than a p-type one has a nuch snall er
resistance. This fact directly influences the forward
resi stance of the diode. A skilled person concerned
with reducing the forward resistance woul d repl ace the
p-type substrate used in docunent D1 by a substrate

Wi th the opposed polarity and thereby would arrive at
the ngus/ N*/p structure as cl ai ned.

VIIl. The respondent argued essentially as follows:

- The whol e structure of docunent D2 is closer to the

2808.D Y A
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i nvention than the one of D1 and, in consequence,
docunent D2 shoul d be regarded as the cl osest prior
art. For assessing the closest prior art mainly the
properties exhibited by each structure have to be

consi dered. A skilled person would consider the device
of D2, with its inproved properties, a nuch nore

prom sing starting point than D1. Furthernore, as
specifically nmentioned in docunent D2, the inprovenents
achi eved in breakdown voltage are due to the speci al

| ayer sequenci ng and dopi ng used.

- To arrive at the device of the present invention by
starting fromthe device disclosed in docunent D1, the
skill ed person woul d have to replace the order of al
the layers and woul d al so have to change the
conductivity type of the substrate. The anal ysis
presented by the appellant is clearly based on

hi ndsi ght, as the skilled person starting from Dl would
pronptly have to disregard all the teaching of this
docunent, save for retaining the use of a pn* junction
as the sole feature of value to him

- The statenent that the substrate nmakes the greatest
contribution to the diode's forward resistance is also
contested by the respondent, as the influence of the

| arger substrate's thickness can be easily conpensated
by hi gher doping. There is no conpelling reason to use
a n-type substrate and p-type substrates are stil

enpl oyed for meking rectifying SiC diodes.

- Furthernore, in the device according to the
invention, it is the layer not in contact with the
substrate which is depleted under reverse bias
conditions. This is exactly the opposite structure to
the one disclosed in docunents D1 and D2 in which the
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bl ocki ng | ayer is adjacent to the substrate.

Reasons for the Deci sion

2.2

2808.D

The appeal is adm ssible.

Late fil ed docunents

The appel | ant has requested that docunments D7 to D17 be
i ntroduced into the proceedi ngs, since these docunents
illustrate the general background know edge of the
skilled person in the art.

The Board after having studied these docunents has cone
to the conclusion that they are not relevant for the
present decision and deci des, under the provisions of
Article 114(2) EPC, that docunments D7 to D10 and D12 to
D17 are not introduced into the proceedings, for the
foll ow ng reasons:

Docunents D7 and D13 are extracts froma standard

t ext book on the physics of sem conductor devices. The
general concepts exposed in these docunents were,
however, not contested by the respondent.

No argunents of the appellant are based on docunents D8
to D10.

Docunent D12 supports the finding, already acknow edged
in the patent in suit, that the properties of a
rectifying diode are nainly defined by the properties
of the pn junction used.

Docunent D14 is referred to by the appellant to show
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that all possible conbinations of substrate types and
| ayer sequences at the pn junction were available to
the skilled person.

Docunents D15 to D17 di sclose that n-type substrates
were enpl oyed for manufacturing SiC rectifiers. This
I's, however, already disclosed in docunent D2.

Nevert hel ess, docunent D11 is admtted into the
proceedi ngs by the Board, as it discloses genera
background know edge on silicon carbide (SiC) which is
rel evant to the consideration of inventive step.

I nventive step (Article 56 EPC)

The only remaining issue in the present appeal is that
of inventive step.

Cl osest prior art

There is no agreenent between the parties as to which
of the docunents D1 and D2 represents the cl osest prior
art. The appellant has contended that docunent Dl is
the closest prior art, since it discloses the same pn*
abrupt junction as the invention, which determ nes the
characteristics of a rectifying diode. According to the
respondent on the other hand, the device of docunment D2
havi ng an overall device structure and properties
simlar to the structure and properties of the

i nvention, respectively, is the closest prior art.

According to the established case | aw of the Boards of
Appeal , an objective and realistic consideration of

i nventive step requires that certain criteria are
followed in selecting the closest prior art. The first
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or the forenost consideration is that the closest prior
art relates to the sane or a closely related technica
field as the invention (cf. T 989/93). Also, where
several prior art docunents neet this criterion,
according to the case law, the closest prior art is the
nost prom sing starting point for denponstrating the
obvi ousness of the invention having regard to the
primary object of the invention (cf. T 254/86, QJ EPO
1989, 115; T 656/90 and T 282/90).

Consequently, in the follow ng, docunent D1 will be
consi dered as the closest prior art to assess inventive
step of the subject-matter of claiml.

Docunent D1 discloses a SiC diode forned of a p*-type
substrate onto which a first epitaxial |ayer of p-type
conductivity and a second epitaxial |ayer of n*-type
conductivity are grown in this order. The junction
formed by the p- and n-type layers is an abrupt one, as
evi denced by the linear relationship between the

reci procal capacitance squared (1/C) and the reverse
vol tage. The doping of the p-type layer is in the range
of 10 to 2 x 10*® cm?® and the doping of the n*-type

| ayer is at |east one order of nagnitude higher. The

| ess doped p-type layer, which is in contact with the
substrate, acts under reverse bias conditions as the

bl ocking |ayer. OChm c contacts are provided on the
substrate and on the n*-type layer (cf. D1, Abstract;
page 4831, l|eft-hand colum, last full paragraph;

Figs. 1 and 3).

The pn* abrupt junction disclosed in docunent D1,
however, achi eves a maxi num br eakdown vol t age of about
150 V. The breakdown voltage of abrupt asymetric
junctions is, in a first approxi mation, inversely
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proportional to the carrier concentration of the

bl ocking layer. This inplies a linear relationship with
a negative sl ope between these nmagnitudes in a double

| ogarithm c representation (see Figure 19 of docunent
D11). As is, however, shown in Figure 4 of docunent D1,
t he breakdown voltage curve stops increasing at a
carrier concentration of about 10 cm?® and | evels off
at this value instead of following the predicted |inear
relationship for | ower carrier concentrations. This is
due, as explained in this docunent, to the nesa-etching
t echni que enpl oyed which gives rise to an enhanced
electric field at the periphery. The breakdown

behavi our at | ower doping levels is, therefore,

dom nated by edge effects and | ocal crystal

i nperfections and not by the junction itself (cf.

page 4832, l|eft-hand colum, |ast but one paragraph).

The rectifying diode according to claim1l of the patent
insuit differs fromthis known rectifying di ode
essentially in that

(1) the conductivity type of the substrate and of
the first and second epitaxial l|ayers is of the
opposite conductivity type (features (a), (c)
and (e) of claim1, see point V. above),

(1) the carrier concentration of the second
epitaxial layer is |lower than the one of the
first epitaxial layer (feature (f)), and in that

(itii1) the mninmmthickness of the second epitaxial
| ayer is specified in dependence of the carrier

concentration of this layer (feature (g)).

According to the patent in suit, it is an object of the
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invention to provide a SiC rectifying di ode which
operates at high frequency, high reverse voltage and
hi gh tenperatures, having | ow forward resistance (cf.
colum 5, lines 29 to 33 of the published patent). The
rectifier described in the specific enbodi nent shown in
Figure 3 of the patent in suit achieves a voltage

br eakdown of about 400 V which is considerably higher
than the breakdown voltage of 150 V obtained with the
di ode structure described in docunment Dl1. Also the

di ode of the invention is enployed at a tenperature of
about 350°C and is suitable for high frequency
applications, since it has a reverse recovery tinme of
about 6 ns (cf. Figs. 11, 12, 14 and 15).

I n consequence, the SiC rectifying diode as cl ai ned
solves the primary problem addressed in the patent in
suit, taking docunent Dl as the closest state of the
art.

The appel |l ant has argued that the skilled person would
consi der the replacenent of the p-type substrate used
i n docunent D1 by a n-type substrate as an obvi ous
alternative, since n-type substrates have | ower

resi stance than p-type substrates with the sane doping
| evel due to the higher nobility of the el ectrons and
the | ow donor's ionization energy (cf. D11, page 106,
lines 5 to 16). In order to avoid a further junction
bet ween the n-type substrate and the p-type bl ocking

| ayer, he would position the substrate on the opposite
side of the junction, i.e. in contact with the n*-type
| ayer, obtaining a diode with the sane structure as the
one of the clainmed invention.

The Board, however, is not convinced by the above
argunentation, since it ignores the primary object of
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the invention, i.e. an increase in the reverse

br eakdown vol tage of the SiC diode, and additionally
di scards the overall arrangenent of the sem conductor
substrate and the sem conductor |ayers as well as the
conductivity type of the substrate taught in the

al l eged cl osest prior art docunent Dl. The appellant's
argunentation, in the Board's view, is thus based on
hi ndsi ght and cannot therefore be accepted.

3.2.6 Mreover, followi ng the teaching of docunent D1, the
skilled person, would try to reduce the crysta
i nperfections at the periphery and i nprove the edge
properties of the nesa device with a view to enhance
the reverse breakdown voltage. There is no suggestion
i n docunent D1 or any other prior art docunent
refl ecting the common general know edge in the art that
a change in the conductivity type of the substrate,
with the resulting nodification of the |ayering
sequence, would inprove the breakdown behavi our. This,
however, is not contended by the appellant either.

3.2.7 The Board al so cannot follow the argunent of the
appel l ant that the skilled person would preferably use
a n-type substrate instead of the p-type substrate
enpl oyed in docunent D1 in order to reduce the forward
resi stance of the rectifier, since it is the thickness
of the | ow doped bl ocki ng | ayer which mainly determ nes
the forward resistance, i.e. it is this layer which has
t he hi ghest resistance (cf. D11, page 106,
2nd sentence). Furthernore, the difference in
resi stance between n- and p-type substrates is reduced
at hi gher doping levels and, in consequence, both
substrate types are, in principle, equivalent (cf. D11,
page 106, lines 16 to 18). The contribution of the
bl ocking |ayer to the total resistance of the diode is,

2808.D Y A
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however, not nodified by a change in the conductivity
type of the substrate.

For the foregoing reasons, in the Board' s judgnent,
docunent D1 does not represent the closest prior art.

Consequently, it follows that the appellant's
subm ssi ons regarding |ack of inventive step based on
docunent D1 as the closest prior art are not well
founded and are not convincing.

Moreover, in the Board's view, the invention as clained
i nvol ves an inventive step even if , as submtted by
the respondent, docunent D2 was regarded as the cl osest
prior art, for the follow ng reasons:

Docunent D2 di scl oses an abrupt junction SiC diode for
hi gh tenperatures and high frequency (cf. D2, Abstract
and page 182, rightnost colum, 2nd full paragraph).
This diode is forned by a n*-type substrate, a first

epi taxi al layer of n-type conductivity and a second
epitaxial |ayer of p*-type conductivity. The inpurity
concentration of the n-type layer is in the range of
5x10% to 10' cm?® and, under reverse bias conditions, it
is this layer which will act as the bl ocking |ayer.

Al t hough the breakdown voltage achieved is in excess of
300 V, it is limted by |eakage currents al ong the

peri phery of the mesa structure (cf. page 181, 2nd and
3rd paragraphs; page 182, 1st and 3rd paragraphs). The
m nimum effective lifetinme of the mnority carriers is
estimated in this docunent to be of the order of 10 ns
(cf. page 182, rightnost colum, 2nd full paragraph).
Such a short mnority carrier lifetinme is required for
hi gh frequency applications, as it allows fast

swi tching pol arization.
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The rectifying diode according to claim1 of the patent
insuit differs fromthe rectifier disclosed in
docunent D2 essentially in that

(1) it is the second epitaxial |ayer, i.e. the |ayer
not in contact wwth the substrate, which acts as
the bl ocking | ayer under reverse bias condition
(feature (f) of claim1, see point V. above),
and in that

(1) the m ni mum thi ckness of the blocking | ayer is
specified in dependence of the carrier
concentration of this layer (feature (g)).

The rectifying diode described in the enbodi nent shown
in Figure 3 of the patent in suit achieves a reverse
breakdown vol tage of about 400 V and has a reverse
recovery tinme of about 10 ns (cf. colum 11, lines 21
to 24 and 45 to 50; colum 12, lines 8 to 11). The
overal |l properties of this rectifying diode are,
therefore, simlar to the ones disclosed in docunent
D2.

I n consequence, having regard to docunent D2, the

obj ective probl em addressed by the patent in suit is to
provide an alternative structure having at |east the
sane performance as the rectifying diodes disclosed in
this docunent.

A skilled person does not derive from docunent D2 that
a rectifying diode with the blocking |ayer which is not
in contact with the substrate woul d have overal
properties as good as the ones of a diode in which the
bl ocking | ayer is adjacent to the substrate.
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This viewis further confirmed by docunment D11 which
states that it is advantageous to start with a heavily
doped n-type substrate and successively deposit a high
resistivity (no intentional doping) epitaxial |ayer and
a p-type epitaxial layer on it (cf. page 105, full [ ast
paragraph). Non-intentionally doped | ayers have,
however, n-type conductivity, since nitrogen, a donor
inmpurity, is practically always present (cf. the
sentence bridgi ng pages 106 and 107). |In consequence,
the structure suggested in this general background
article as being advant ageous for producing SiC
rectifying diodes has the blocking Iayer in contact
with the substrate, i.e. the sane structure as the one
enpl oyed by the authors of docunents D1 and D2. In
consequence, taking account of the conmobn genera

know edge in the art, there was no reason to expect
that a rectifying diode in which the blocking |ayer is
not provided directly in contact wwth the substrate
woul d have acceptabl e overall properties. Furthernore,
the overall properties of a SiCrectifying di ode cannot
be deduced from general theoretical considerations

al one, but are a matter of practical experinentation
based on these considerations.

For the foregoing reasons, in the Board's judgenent,
the subject-matter of claim1 involves an inventive
step in the sense of Article 56 EPC, having regard to
the prior art and the general background know edge of
the skilled person.

Dependent clains 2 to 18 concern further particul ar
enbodi nents of the invention and are patentable for the
same reasons.
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For these reasons it

The appeal is dism ssed.

The Regi strar:

D. Spigarelli

2808. D

I s decided that:

The Chai r nan:

R K. Shukl a
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