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Summary of Facts and Subm ssi ons
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The appeal |ies against the decision of the Exam ning
Division dated 17 February 1998 refusing the European
pat ent application No. 90 912 955.3. The ground for the
refusal was that claim1 according to the nmain request
cont ai ned subj ect-matter extendi ng beyond the content
of the application as filed (Article 123(2) EPC), and
that the subject-matters of the clains of the first and
second auxiliary request did not involve an inventive
step having regard to the prior art docunents:

Dl1: Patent Abstracts of Japan, vol. 12, No. 318
(E-650) [3165], 29 August 1988 & JP-A-63 81 861
and

D2: International Electron Devices Meeting, Technical
Di gest, Decenber 6 to 9, 1987, Washi ngton DC, US,
pages 670 to 673

The appel | ant (applicant) | odged an appeal on 16 Apri
1998, paying the appeal fee the sanme day. The statenent
setting out the grounds of appeal was filed on 5 May
1998.

At the oral proceedings before the Board held on
10 Cctober 2002 the appellant submtted an anended
request based on clains 1 to 10, replacing all the
previ ous requests.

The appel | ant requested that the decision under appeal
be set aside and that a patent be granted on the basis
of the follow ng patent application docunents:
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Cl ai ns: 1 to 10 submtted during the oral

proceedi ngs on 10 Cct ober 2002

Descri ption: pages 1 to 10 filed with the statenent

of grounds of appeal on 5 May 1998
pages 11 to 30 as originally filed

Dr awi ngs: Figures 1 to 8 and 11 to 16 as

originally filed
Figures 9 and 10 as filed on
16 August 1996

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 claimaccording to the first

auxiliary request formng the basis of the above

deci si on):

"1.

An insul ated gate bipolar transistor with a
reverse conducting function, conprising:

[ 1] a first sem conductor layer (11) of a first
conductivity type (p);

[ 2] a second sem conductor |ayer (12) of a
second conductivity type (n) which is in contact
with said first sem conductor |ayer (11);

[ 3] a first sem conductor region (13) of said
first conductivity type (p) which is fornmed in
sai d sem conductor |ayer (12) such that its
junction portion term nates at the surface of said
sem conductor |ayer (12);
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[ 4] a second sem conductor region (14) of said
second conductivity type (n) which is forned in
said first sem conductor region (13) such that its
junction portion term nates at the surface of said
first sem conductor region (13);

[ 5] a gate electrode (33) forned on at |east a
channel region defined in the surface of said
first sem conductor region (13) between said
second sem conductor |ayer (12) and said second
sem conductor region (14) with a gate insulating
film (15) interposed therebetween;

[ 6] a first min electrode (31) whose contact
portion is in contact wwth both said first

sem conductor region (13) and said second

sem conductor region (14);

[ 7] a second main electrode (22) for the supply
of a main current through said first sem conduct or
| ayer (11)fromsaid second to said first main

el ectr ode;

[ 8] a third sem conductor region (20) of said
second conductivity type (n) which is electrically
connected to said second main el ectrode (22) and
formed in said second sem conductor |ayer (12),
such that its junction portion term nates at the
surface of said second sem conductor |ayer (12),
SO0 as to pass therethrough a reverse conducting
current opposite in direction to the main current;
and

[ 9] an enbedded | ayer (23) of said second
conductivity type (n) which is forned at or in the
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vicinity of the interface (30) between said first
sem conductor |ayer (11) and said second
sem conductor |ayer (12), said enbedded |ayer (23)
having an inpurity concentration higher than that
of said second sem conductor |ayer (12);

[10] at least said first sem conductor region
(13), said second sem conductor region (14) and
said gate electrode (33) formng an el enent region
(4);

characterized by

[11] at |east one fourth sem conductor region
(21) of said first conductivity type (p) |ocated
bet ween said third sem conductor region (20) and
said elenent region (4) in said sem conductor

| ayer (12) such that its junction portion
termnates at the surface of said second

sem conductor |ayer (12) thereby ensuring a high
wi t hstand vol t age; wherein

[9.1] said enbedded | ayer (23) is provided bel ow
at least said elenment region (4) and said fourth
sem conductor region (21) and is forned into a

gi ven pattern having openings through which charge
carriers of the first and second conductivity type
can pass whereby respective charge carriers can be
injected fromsaid first sem conductor |ayer (11)
into said second sem conductor |ayer (12) and from
sai d second sem conductor |layer (12) into said
first sem conductor layer (11); and wherein

[8.1] said third sem conductor region (20) does
not extend to said enbedded | ayer (23)."
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In the decision under appeal the Exam ning D vision
concl uded that although the clains of the first
auxiliary request conplied with the requirenents of
Articles 84 and 123(2) EPC, claim 1l of the request did
not involve an inventive step for essentially the
foll ow ng reasons:

The insul ated gate bipolar transistor (1GBT) according
toclaiml differs fromthe transistor disclosed in
docunent D1 only in that:

(1) a fourth sem conductor region 21, acting as a
guard ring, is |located between the el enent
region 4 and the third sem conductor region 20 for
increasing the transistor's w thstand vol tage, and

(1i) the enbedded | ayer 23 provi ded between the first
and the second sem conductor |ayers (layers 11
and 12, respectively) has openings through which
charge carriers can pass.

The objective technical problens solved having regard
to these differences are, therefore:

(i) to inprove the withstand voltage, and

(ii) to increase the on-current of the transistor
di scl osed in docunent DL.

However, feature (i), ie a field (or guard) ring, is

di scl osed in docunent D2 as inproving the wthstand
voltage of an I GBT. A skilled person would, therefore,
have used a field ring for achieving the sanme effect in
t he 1 GBT di sclosed in docunent DL.
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Mor eover, the replacenent in the | GBT disclosed in
docunent D1 of the enbedded | ayer's thinner portions by
openings permts that the charge carriers traverse the
enbedded | ayer nore easily and produces no ot her
effects that would not have been foreseen by the
skilled person: the on-resistance is |owred at the
expense of the latch-up capability and the turn-off
path resistance. Feature (ii) is, therefore, nerely the
result of bal ancing the advantages and di sadvant ages of
a given neasure, and does not involve an inventive

st ep.

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

Docunment D1 di scloses an | GBT with a continuous
enbedded | ayer formed by thicker and thinner portions
which are electrically interconnected. To replace the
t hi nner portions by openings is not an obvi ous

nodi fication, since such a replacenent inplies to
nodi fy the teaching of "form ng" the thinner portions
to "not-formng" them Moreover, the renoval of the

t hi nner portions | eaves the thicker portions as
unconnected islands. The resulting structure,
therefore, is no |onger a conducting |ayer, and cannot
reduce the transistor's turn-off tinme.

According to the application in suit, the enbedded

| ayer is not directly connected to the drain el ectrode
via an n*-type well region as in docunent D1 (cf. D1,
Figure 1, well region 13), but constitutes a layer with
i nproved conductivity. In docunent D1 the direct
connection of the enbedded |ayer to the drain el ectrode
increases the transistor's on-resistance, due to a
decrease of the amount of holes in the n-type
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sem conducting |ayer. The enbedded | ayer has thus a
different function in the present application than in
docunent D1.

Reasons for the Deci sion

1

2.2

2830.D

The appeal is adm ssible.

Arendnent s

The Exam ning Division stated in the decision under
appeal that there were no objections against the clains
according to the first auxiliary request under

Article 123(2) EPC, and the Board agrees with this
findi ng.

In the course of the appeal proceedings the independent
claim1 has been anended with respect to the first
auxiliary request before the Exam ning Division to
specify that the third sem conductor region 20 does not
extend to the enbedded | ayer 23, ie feature [8.1] of
this claim

This feature was already inplicitly disclosed by
feature [8] of the claimwhich specifies that the third
sem conductor region 20 is forned in the second

sem conductor |ayer 12. |In consequence, a portion of

t he second sem conductor |ayer 12 remains interposed
between the third sem conductor region 20 and the
enbedded | ayer 23, and this region, therefore, does not
extend down to the enbedded | ayer. Moreover,

feature [8.1] is disclosed in Figures 2, 3, 7, 8, 12
and 13 as originally filed.
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Caiml1l was further anended in that in feature [9. 1]
the expression "said at | east one sem conduct or

region (21)" was replaced by "said fourth sem conduct or
region (21)". This replacenent is consistent which
feature [11] of this claimin which the fourth

sem conductor region (21) is defined.

The Board is, therefore, satisfied that these
amendnments fulfill the requirenent of Article 123(2)
EPC.

| nventive step

The only remaining issue is that of inventive step.

It is not in dispute that docunent Dl represents the
cl osest state of the art.

Thi s docunent discloses an | GBT having a reverse
conducting function of |ow operating resistance built
init. The transistor conprises an enbedded | ayer which
is electrically connected to the transistor's drain

el ectrode 10 through a n*-type well region 13 which
extends fromthe upper free surface of the device down
to the enbedded | ayer, a second drain el ectrode 14 and
an external wire 18 connect this electrode to the drain
el ectrode 10. The n*-type enbedded | ayer, which is in
direct contact with the well region, is fornmed by thick
and thin portions. The thin portions 12 are | ocated
directly under the n-type drain regions 16 of a current
path of the transistor whereas the thick portions 11
are formed under the p-type base regions 4 (cf. D1,
Abstract and Figure 1).

The presence of the enbedded | ayer allows that the
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operating resistance of the reverse conducting diode is
| ow, since the reverse conducting current can flow

t hrough the highly doped enbedded | ayer 11, 12 and the
hi ghly doped well region 13 to the transistor's drain
el ectrode, ie through a | ow resistance path. The | ow
reverse resistance leads in turn to a short turn-off
tinme.

On the other hand, under forward bias condition, the
charge carriers can pass nore easily through the

t hi nner portions 12 of the enbedded | ayer than through
t he thicker portions 11. In consequence, the
transistor's on-resistance is reduced with respect to a
transi stor in which the enbedded |layer is fornmed by a

| ayer with a constant thickness.

The | GBT according to docunent D1 conprises thus an
enbedded | ayer allowi ng the passage of charge carriers
under forward bias conditions and formng a | ow

resi stance path under reverse bias conditions.

The |1 GBT according to claim1 differs fromthe | GBT
di scl osed in docunment Dl in that:

(1) a fourth sem conductor region (21), ie a guard
ring, is |ocated between the el enent region (4)
and the third sem conductor region (20) to ensure
a high withstand voltage (see above point 1V,
feature [11]);

(i) t he enbedded |l ayer (23) is forned into a given
pattern having openi ngs through which the charge

carriers can pass (ibid, feature [9.1]); and

(tii) the third sem conductor region (20) does not
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extend to the enbedded | ayer (23) (ibid,
feature [8.1]).

The provision of a guard ring, ie feature (i), inproves
the withstand voltage of the |GBT.

Mor eover, according to the present application, the
provi sion of openings in the enbedded | ayer, ie feature
(1i), permts the charge carriers to traverse this

| ayer under forward bias conditions, as if the enbedded
| ayer were not provided (cf. colum 8, lines 7 to 18 of
t he published application). In consequence, the
transistor's turn-off tine is reduced w thout degrading
the efficiency of injection of the charge carriers from
the first sem conductor |ayer 11 or increasing the
transistor's on-resistance (cf. colum 9, lines 7

to 14).

Furthernore, feature (iii) allows that the third

sem conductor region 20 can be forned concurrently with
t he second sem conductor region 14, as it does not need
to extend down to contact the enbedded | ayer. This
reduces the nunber of steps needed and sinplifies the
manuf acturing process (cf. colum 9, lines 15 to 16

and 27 to 29).

As regards feature (i) the Board agrees with the

Exam ning Division that feature (i) was known from
docunent D2 where a field ring structure is provided in
an | GBT to inprove the withstand voltage (cf. D2,

page 670, right-hand colum, lines 1 to 4 and

Figure 1). Incorporation of feature (i) in the | GBT of
docunent D1 was therefore nerely the use of a known
measure for its known purpose and was therefore obvious
to a skilled person
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In the Board's view, however, the replacenent of the

t hi nner portions of the enbedded |ayer by openings and
the reduction in depth of the third sem conductor
region so as not to contact the enbedded |ayer are not
obvi ous nodifications of the transistor disclosed in
docunent D1, since both features increase the value of
t he operating resistance of the reverse conducting
diode and it is stated in this docunment that the
enbedded | ayer has to be connected to the drain

el ectrode by neans of a n*-type well region. The

provi sion of a continuous current path for the reverse
conducting diode is, therefore, not nerely a design
option, but constitutes an essential aspect of the | GBT
di scl osed in this docunent.

Moreover, the fact that the enbedded |ayer is not in
direct electrical contact with the drain el ectrode

t hrough the third sem conductor region creates a
different electric field structure within the

transi stor, since the enbedded |layer is left floating
and is not held at the potential of the drain el ectrode
as it is the case in the | GBT disclosed in docunent DL.

For the foregoing reasons, in the Board' s judgenent,
the subject-matter of claim1l involves an inventive
step in the sense of Article 56 EPC and accordingly
neets the requirements of Article 52(1) EPC

The dependent cl ains concern further particul ar
enbodi nents of the invention and are patentable for the
sanme reasons.
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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 departnment of the first
instance with the order to grant a patent on the basis
of the follow ng docunents:

Cl ai ns: 1 to 10 submtted during the oral
proceedi ngs on 10 Cct ober 2002
Descri pti on: pages 1 to 10 filed with the statenent
of grounds of appeal on 5 May 1998
pages 11 to 30 as originally filed
Dr awi ngs: Figures 1 to 8 and 11 to 16 as
originally filed
Figures 9 and 10 as filed on
16 August 1996
The Regi strar: The Chai r man:
D. Spigarelli R K Shukl a

2830.D



