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Summary of Facts and Subm ssi ons
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Eur opean patent application No. 97 924 285.6 was
refused in a decision of the exam ning division dated
12 March 2001. The ground for the refusal was that the
clainms according to the main request and first, second
and third auxiliary requests did not neet the

requi renents of Articles 54, 56, and 123(2) EPC. In the
decision the following prior art docunment was cited to
support the findings of lack of novelty and inventive
st ep.

D2: GB 2 293 919 A

The appel | ant (applicant) |odged an appeal on 11 My
2001, paying the appeal fee the sane day. A statenent
of the grounds of appeal was filed on 19 July 2001
toget her with new cl ai ns.

At the oral proceedings held on 15 July 2003, the
appel  ant requested that the decision under appeal be
set aside and a patent be granted on the basis of the
newclainms 1 to 3 filed with the statenent of the
grounds of appeal on 19 July 2001.

Caim1l reads as foll ows:

"1l. A semiconductor light emtting device conprising:

a sem conductor substrate (1) of a first
conductivity type;

alight emtting layer formng portion (10) forned
overlying said sem conductor substrate (1) to have
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an active |ayer (4) sandw ched between an n-type
cl adding layer (3) and a p-type cladding |ayer (5),
said p-type cladding | ayer being forned in a

carrier concentration of 1x10%*® to 5x10%*® cm?3;

a w ndow | ayer (6) of a second conductivity type
provided on said light emtting |ayer formng
portion (10) and having a carrier concentration of
1x10%® to 3x10'° cm?3;

el ectrodes (8,9) respectively provided in
el ectrical connection with said wi ndow | ayer (6)
and said sem conductor substrate (1); and

a p-type second cl adding | ayer (5a) provided on

the opposite side to said p-type cladding |ayer (5)
with respect to said active layer (4) and forned

by a sem conductor |ayer of the sane materi al

basis as said p-type cladding |layer (5) to have a

carrier concentration of 5x10Y to 2x10*® cm?,

wherein said light emtting |ayer form ng portion
is formed by overlying | ayers of Al Gal nP-based
conmpound sem conductors, and said wi ndow | ayer (6)
of a p-type Al GaAs-based conpound seni conduct or
bei ng provi ded overlying said p-type cladding

| ayer through said second p-type cl adding | ayer of
an Al Gal nP- based conpound sem conductor. "

The only other independent claim2 relates to a nethod
of manufacturing a sem conductor light emtting device
whi ch, when manufactured according to the nmethod, has
the sane features as the light emtting device
according to claiml.
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The reasons given in the decision under appeal with

regard to inventive step can be summari zed as foll ows:

(a)

(b)

The cl ained device differs fromthat of docunent
D2 in that (i) the second p-type cladding | ayer is
provided directly on the first p-type cl adding

| ayer, whereas in docunment D2 a plurality of

cl addi ng | ayers having gradual ly increasing
carrier concentration are fornmed over the active

| ayer; and (ii) an Al GaAs-based w ndow | ayer is
formed on the cladding | ayers, whereas in docunent
D2 an Al Gal nP-based | ayer with gradual ly changi ng
dopi ng concentration and bandgap is used as a
conbi ned cl addi ng and wi ndow | ayer.

Difference (i) is considered an obvious
sinmplification, since the skilled person
confronted with providing an opti mum but

sophi sticated solution to a given problem which
in the case of document D2 is to ensure effective
injection of carriers while at the sane tine
preventing the diffusion of inpurities into the
active layer, would recognise that |ess
conplicated alternatives generally entail |ess
perfect results, and consequently, woul d envi sage
such alternatives at least in situations in which
t he advant ages of decreased conplexity can
reasonably be expected to outweigh the resulting

reduction in performance.
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(c) As to difference (ii), Al GaAs-based w ndow | ayers
are wel | -known and are acknow edged as prior art
i n docunent D2. Thus, going back to the prior art

of docunment D2 does not involve an inventive step.

I n support of inventive step, the appellant presented
essentially the follow ng argunents:

(a) Docunment D2 which starts fromthe sane prior art
device as the application in suit, teaches away
fromthe clainmed invention, since it explicitly
t eaches agai nst using a wi ndow | ayer made of
Al GaAs. Instead, it is taught in docunent D2 to
repl ace the wi ndow |l ayer with a thick cladding
| ayer made of Al Gal nP

(b) Furthernore, docunent D2 does not teach the
cl ai med two-| ayer structure for the p-type
cl addi ng | ayer. Instead, docunent D2 teaches to
use a p-type cl adding |ayer having a continuously
varying concentration. The clained structure has
t he advantages that the | ow doped further p-type
cl addi ng | ayer prevents diffusion of zinc into the
active |l ayer, whereas the higher doped p-type
cl addi ng | ayer prevents a voltage drop between the
cl addi ng | ayer and the wi ndow | ayer due to the
het eroj unction between the two |ayers. The latter
effect is not derivable fromdocunent D2, since
such a heterojunction is not present in the device
of document D2, due to the om ssion of a w ndow
| ayer made of Al GaAs.



- 5 - T 0864/ 01

Reasons for the Decision
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The appeal neets the requirenents of Articles 106 to
108 and Rule 64 EPC and is therefore adm ssible.

| nventive step

The application in suit relates to a doubl e-
heterostructure light emtting di ode (LED) enpl oying

Al Gal nP- based materials and discloses a prior art
device known fromJP 4 212 479 A, in the follow ng
referred to as docunment D4, in which an undoped active
| ayer 13 is sandw ched between an n-doped 12 and a p-
doped cl addi ng | ayer 14, where all three | ayers are
made of Al Gal nP-based nmaterials and are fornmed over a
substrate 11 of n-type GaAs (cf. Figure 4; colum 1,
lines 15 to 49 of the application as published). Both
cl addi ng | ayers have a doping concentration of 5x10 to
2x10*® cm?3. A p-doped w ndow | ayer 15 made of Al GaAs-
based material is forned on the p-type cladding |ayer
14 for spreading the current over the entire active
device area, and is usually referred to as a "current
spreading layer"” in the art. Two el ectrodes, 17, 18 are
in contact wwth the window | ayer 15 and the substrate
11, respectively.

The application in suit does not provide any
information as to the doping concentration of the

wi ndow | ayer of the device of document D4. Docunent D4
itself, however, discloses a doping concentration of
3x10*® cm? for the wi ndow |l ayer 15 (cf. D4, Table in
colum 6, which corresponds to the Table bridging
colums 6 and 7 in the patent famly nmenber US-A-5 153
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889), a value thus falling within the claimed range of
1x10*® to 3x10% cm?,

The probl em addressed by the application in suit is to
inprove the intensity of the emtted |ight of the prior
art device known from docunent D4 which is not
sufficiently high for applications such as outdoor

di spl ays and autonobile lights (cf. colum 1, |ine 50
to colum 2, line 7).

The device according to claim1l differs fromthat of
docunent D4 in that it conprises a first p-doped

cl addi ng | ayer 5 adjacent the active layer 4 and having
a dopi ng concentration of 1x10'® to 5x10'® cm?3 and a
second p-doped cl addi ng | ayer 5a between the first

cl adding layer 5 and the wi ndow | ayer 6 and having a
dopi ng concentration of 5x10' to 2x10*® cm?3, whereas in
t he known device, a single, p-doped cladding |ayer
havi ng a dopi ng concentration of 5x10' to 2x10*® cm? is
used.

According to the application in suit, the probl em of
low light emtting efficiency is caused by diffusion of
p-type dopant, such as zinc, fromthe p-type cladding

| ayer into the active layer (cf. colum 4, lines 34 to
55). The reduced dopant concentration in the first

cl adding layer 5 adjacent to the active |ayer of the

cl ai med device prevents diffusion of dopants into the
active layer, thereby enhancing the light emtting
efficiency. The second cl addi ng | ayer 5a has a hi gher
dopi ng concentration in order to prevent voltage drop
due to the heterojunction between the second cl addi ng

| ayer 5a and the wi ndow |ayer 6 (cf. Figure 3; colum 2,



2.2

2.2.1

2207.D

- 7 - T 0864/ 01

lines 21 to 31 and colum 2, line 50 to colum 3,
line 5; colum 7, lines 41 to 58).

Docunent D2 refers to the same prior device as that of
the application in suit (cf. D2, Figure 12; page 1

line 21 to page 2, line 19, referring to US-A-5 153 889
which is a patent famly nenber of docunment D4), and is
concerned with inproving the intensity of the emtted
light (i.e. the problem addressed in the application in
suit) and additionally inproving the device reliability.

The problemof the low light intensity, according to
docunent D2, is caused by diffusion of zinc into the
active layer (cf. D2, page 3, line 35 to page 4,

line 8. The reliability problem on the other hand, is
in docunent D2 attributed to the tendency of the w ndow
| ayer to oxidize, since the wi ndow | ayer of Al GaAs-type
mat eri al nust have a high concentration of Al to ensure
transparency to the emtted light (cf. D2, page 2,

lines 3 to 15).

As a solution to the problemof increasing the |ight
intensity, docunment D2 suggests to provide a p-type

cl adding layer with a varying dopi ng concentration such
that the doping concentration is lowin a region

adj acent to the active layer. The | ow doped regi on of
the p-type cladding |ayer prevents diffusion of zinc
into the active |layer (cf. page 3, line 35 to page 4,
line 8; page 13, line 19 to page 14, line 10). The
doping profile of the p-type cladding |layer is
preferably continuously increasing with distance from
the active layer (cf. Figures 5 and 11 with
acconpanyi ng text).
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In order to inprove the reliability of the device, the
wi ndow | ayer of Al GaAs-type material is replaced by a
thick (about 3 to 50 um p-type cladding | ayer nade of
Al Gal nP-type material with a graded conposition (cf.
page 3, lines 21 to 31; page 9, line 28 to page 11,
line 28).

The device of claim1 differs fromthat of document D2
in that (i) the doping concentration in the p-type

cl addi ng varies step-w se, such that the dopant
concentration in a first sublayer fornmed adjacent the
active layer |lies between 1x10' cm?® to 5x10' cm?3, the
carrier concentration in the rest of the p-type

cl addi ng | ayer |ies between 5x10' cm? and 2x10'® cm?,
whereas in docunent D2, the doping concentration in the
p-type cladding | ayer varies gradually within the range
of 1x10*® cm? and 1.10x10'® cm?3; and (ii) a w ndow | ayer
made of p-type Al GaAs-based conpound sem conductor is
formed on the p-type cladding | ayer and the anode
electrode is formed on the wi ndow | ayer, whereas in
docunent D2, the p-type cladding layer is forned to
have a thickness greater than in a conventional device,
so that it will act as a window | ayer, i.e. being able
to spread the current fromthe anode el ectrode over the

entire active device area.

In the decision under appeal, document D2 was
considered the closest prior art, and the appell ant
initially agreed with this assessnent of the prior art.
Fol | owi ng a discussion at the oral proceedi ngs before
t he Board, however, it was agreed that docunent D4,
which is the prior art referred to in both the
application in suit and docunment D2, nore properly
represents the closest prior art, since firstly it has
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nore features in common with the clained device than

t hat of docunment D2. Secondly, the objective definition
of the technical problemto be solved should normally
start fromthe problem as described in the application
in suit. If docunent D2 was to be considered as cl osest
prior art, the technical problemwould have to be

conpl etely refornul at ed

As di scussed under 2.1.1 and 2.2 above, the device
known from docunent D4 has the problemthat the |ight
emtting efficiency is small due to the diffusion of
zinc fromthe p-type cladding |ayer into the active

| ayer (cf. application as published, colum 1, Iine 50
to colum 2, line 7). Thus, the probl em addressed by
the application in suit relates to inproving the |ight
emtting efficiency.

It is known from docunment D2 that the |ow |ight
emtting efficiency of the device of docunment D4 is due
to zinc diffusing into the active layer, and that this
probl em can be sol ved by reducing the concentration of
zinc in a region of the p-type cladding | ayer adjacent
to the active layer (cf. D2, page 13, line 19 to

page 14, line 10). For this purpose, docunment D2
recommends to formthe p-type cladding |ayer with a
continuously varying inmpurity concentration (cf. D2,
Figure 11 with acconpanying test).

Al t hough the appellant correctly observes that docunent
D2 does not disclose two-1layer structure of the p-type
cl adding layer (cf. item VI(b) above), the Board

foll ows the argunment nade by the exam ning division in
t he deci sion under appeal, that the skilled person
woul d al so consi der | ess sophisticated solutions than
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t hat suggested in docunment D2, in particular the
insertion a | owdoped p-type | ayer between the p-type
cl adding | ayer and the active layer, in order to solve
the problemof zinc diffusion (cf. itemV(b) above).

As to the argunent that the doping concentration of the
second cl addi ng | ayer has to be high in order to
prevent a voltage drop between the cl adding | ayer and

t he wi ndow | ayer (cf. item V(b) above), the Board notes
firstly that it is well-known in the art that the

vol tage drop at a heterojunction can be reduced by

i ncreasing the doping concentration. Secondly, in the
devi ce of docunent D4, the doping concentrations are
hi gh at the heterojunction formed by the p-type

cl addi ng | ayer and the w ndow | ayer.

Incidentally, it is also worthwhile to remark that
docunent D4 discloses that the voltage drop at the

cl addi ng | ayer/w ndow | ayer heterojunction is strongly
i nfluenced by the respective doping concentrations of

t he cl adding | ayer and the wi ndow | ayer (cf. colum 16,
lines 31 to 45 of the patent fam |y nmenber US-A-5 153
889) .

Thus, the skilled person faced with the probl em of
increasing the emtted light intensity of the device of
docunent D4 would arrive at the clainmed subject matter
by taking a nmeasure (using two p-type cladding |ayers
with different doping concentrations) which is known to
sol ve the probl em addressed by the application in suit
(diffusion of zinc).
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The appel | ant argued that since docunment D2 explicitly
t eaches agai nst using a wi ndow | ayer made of Al GaAs and
provi des a unique solution of a sole upper clad |ayer
on top of the active |layer, the skilled person would be
led away fromthe clainmed structure of having two p-
type cl adding | ayers nade of Al GalnP and a p-type

wi ndow | ayer nade of Al GaAs (cf. itemVi(a) above).

The Board finds however that a skilled person faced
with the problem of reducing the effects of zinc
diffusion into the active |layer would not contenpl ate
nodi fying the wi ndow | ayer of the device of docunment D4,
since this would not be relevant for solving the
techni cal problem at issue. As discussed under item
2.2.2 above, docunent D2 only discloses the repl acenent
of a window | ayer nmade of Al GaAs-based material with a
thick p-type cladding |layer for the purpose of
inmproving the reliability of the device, and there is
not hi ng i n docunment D2 whi ch woul d suggest that this
measure woul d inprove the light emtting efficiency.

For the above reasons, in the Board' s judgenent, the
subject matter of claim 1 does not involve an inventive
step within the neaning of Article 56 EPC.
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Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

U. Bul t nann R K. Shukl a

2207.D



