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Summary of Facts and Subm ssi ons

Eur opean patent application No. 93 304 926.4
(publication No. 0 578 407) was refused by a deci sion
of the exam ning division dated 24 August 1995, on the
ground of |ack of inventive step (Articles 52(1) and 56
EPC) .

1. The appel | ant | odged an appeal agai nst the decision on
16 October 1995 and paid the prescribed fee on the sane
day. A statenent of grounds of appeal was filed on
27 Novenber 1995 together with a set of newclains 1 to
5.

L1, In a comruni cati on dated 9 Novenber 1999 the Board nade
reference inter alia to the foll ow ng docunents:

D1: Applied Physics Letters, vol. 58, no. 10, 11 March
1991, pages 998 to 1000;

D2: Journal of Applied Physics, vol. 70, no. 7,
1 Cctober 1991, pages 3778 to 3784,

D4: Applied Physics Letters, vol. 57, no. 26,
24 Decenber 1990, pages 2814 to 2816
and

D5: Journal of Applied Physics, vol. 69, no. 11
1 June 1991, pages 7430 to 7434.

Docunents D4 and D5 were introduced by the Board into
t he proceedings in view of anmendnents nade to the

clains. D4 was cited in the European Search Report. D5
is a docunent which the Board happened to be aware of.
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The Board rai sed objections under Article 56 EPC

agai nst the subject-matter of all the clains then on
file and, in this context, explicitly drew attention to
the fact that mrrors conprising alternating | ayers of
Si and Si O, were known from docunent D5.

The applicant replied with a |etter dated 27 January
2000 requesting the grant of a patent on the basis of a
new set of clainms 1 to 4.

| ndependent claim 1 reads as follows :

"1. A light-emtting device which conprises in an
ascendi ng order froma substrate (11), a first mrror
(12), an active layer (13), and a second mrror (14),
said first and second mrrors being distributed Bragg
reflector (DBR) mrrors formng a Fabry-Perot cavity
havi ng a fundanental node; each of said mrrors
including a layer that is contiguous with the active

| ayer; said active layer including a light emtting
speci es having an em ssion wavel ength, the thickness of
the active |ayer being a whole nunber nultiple of é/2,
where €& is said em ssion wavel ength, said whol e nunber
being in the range 1 to 5, the fundanental node of the
cavity being in resonance with said em ssion

wavel engt h;

characterized in that

(a) said light emtting species conprises a rare earth
el ement having an atom c nunber in the range 57 to
71;

(b) each of said DBR mirrors conprises alternating
| ayers of Si and Si G;
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(c) the active layer conprises Si O

(d) each of said DBR mirrors is configured such that
the layer that is contiguous with the active |ayer
is a Si layer; and

(e) each of said first and second DBR mrrors has a
reflectivity of at |east 98% for radiation of said
em ssi on wavel ength, one of said mrrors having
hi gher reflectivity than the other."

The appel l ant's subm ssions in support of claiml1l nmay
be sunmari sed as foll ows:

Docunent D1 concerning a light-emtting device
according to the preanble of claiml1l nade use of
Langmui r- Bl odgett (LB) filns for the active |ayer,
bei ng advantageous in terns of controlling the

t hi ckness to nononol ecul ar | ayer precision and of
reproduci bility of high quality filnms. D1 thus taught
away fromthe invention as defined by features (a) to
(e) of claim1. In particular, nothing in D1 suggested
that by using Si/SiO, DBR mirrors high-Q mcrocavities
coul d be attai ned.

Docunent D2 disclosed that Er inplanted into a variety
of materials can exhibit photol um nescence, but nothing
in this docunent suggested incorporation of Er into the
active region of a mcrocavity structure.

Docunent D4 di sclosed a planar mcrocavity structure
wi th an undoped GaAs nul ti ple quantumwel | active
region. The lower DBR mrror consisted of pairs of
Al As/ Al GaAs | ayers and the upper mrror consisted of
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pairs of ZnSe/ Si G, | ayers.

D1, together with D2 and D4, did not disclose the

clai med invention. Docunent D5 taught away fromthe

i nvention, by disclosing that ZnSe/ CaF, Bragg reflectors
had i nproved optical qualities over Si/Si O reflectors.

Reasons for the Deci sion

0707.D

The appeal conplies with the requirenents of
Articles 106 to 108 and Rule 64 EPC and is, therefore,
adm ssi bl e.

Right to be heard (Article 113(1) EPC)

In view of the fact that present claiml is an anended
version of preceding claimb5, which was dealt with in
the Board's conmmuni cation of 9 Novenber 1999 (cf. in
particular points 5.4 and 5.5) anticipating the present
anmendnents, the follow ng decision is solely based on
grounds and evi dence on which the appellant has had an
opportunity to present its coments.

Anmendnent s

Present claiml is based on original claim10 and
features disclosed on original page 4, lines 13 to 16).
The Board is thus satisfied that claim1l on file
conplies with the requirenents of Article 123(2) EPC

I nventive step (Articles 52(1) and 56 EPC)
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Docunent D1 (cf. in particular Figure 1(a) and the
correspondi ng description) is considered the cl osest
prior art. It discloses a light-emtting device which
conprises the features given in the preanble of claim1l
under consideration. The DBR mrrors provided on either
side of the active layer are forned by stacks of
ZnS/ Si O, layers with a ZnS | ayer being contiguous with
the active layer. Although in the specific exanple of
D1 the active layer is fornmed by a Langnuir- Bl odgett
(LB) film this docunent neverthel ess points to the
possibility of using other materials for the active

| ayer (such as organic light-emtting materials or

sem conductors) as well (cf. page 1000, right-hand
columm, third paragraph in D1).

The subject-matter of claiml1l differs fromthe |ight-
emtting device according to D1 in a specific selection
of materials for the active layer, including the |ight
emtting species, and the mrrors (features (a) to (d)
of claiml1l) and in the requirenent that the two mrrors
have different reflectivity (feature (e) of claim1l).

The objective problem (see in this respect page 1,
line 30 to page 2, line 11, and page 4, lines 14 to 16
of the originally-filed description) associated with
the specific choice of materials may be seen in the
desire to operate the device at wavel engt hs ot her than
those accessible with the active material used in D1,
in the desire to inprove integration into integrated
optics systens and in providing a cavity with a
sufficiently high quality factor, whereas the problem
addressed by feature (e) is to be seen in the desire to
provide a cavity which has a preferred direction of

i ght em ssion.
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Al'l aspects of this problemas well as the solutions
thereto are known in the art.

From docunent D2 (cf. in particular the abstract;

page 3778, |eft hand colum, second paragraph to right-
hand col unm, second paragraph; the paragraph bridgi ng
the two colums on page 3784; and Figures 2 and 3(a))
it was known before the priority date of the present
application to use silica including, as light-emtting
species, a rare earth elenent (and in particular Er) as
the active material of light-emtting devices,
particularly if the device was to be integrated with
standard silica-based fiber optics. Therefore, a
skill ed person, wshing to integrate a mcrocavity
structure as known fromDl into silica fiber optics,
woul d have readily taken into consideration active

| ayer materials (and thus aforenentioned features (a)
and (c)) as disclosed by D2.

As regards the clainmed nmaterials for the DBR mrrors
(i.e. aforenentioned features (b) and (d)), docunment D5
(cf. in particular the abstract; and the sections
"Introduction” and "Sunmmary" on pages 7430 and 7434,
respectively) provides evidence that DBR mrrors forned
of stacks of Si/Si G |layers, the Si |ayer being
contiguous with the active | ayer, were comonly used
before the priority date of the present application to
form Fabry-Perot cavities. Thus, it would have been
obvious to the skilled person that these mrror
materials and structures are readily conbined with an
active layer of silica as known from D2 and enpl oyed in
the light-emtting device according to D1, sinply by
replacing the ZnS | ayers by Si |ayers.
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Moreover, the provision of mrrors of differing
reflectivity in optical cavities for the purpose of
obtaining a preferential direction of |ight em ssion
and the choice of a mninumreflectivity for the
mrrors, as defined by aforenentioned feature (e), are,
in the Board's opinion, purely conventional neasures
which fall within the routine conpetence of a skilled
person when selecting mrrors according to a required
optical gain and a desired degree of output coupling
froman optical cavity. Both neasures have even to be
considered as relating to basic textbook know edge in
the technical field at issue. Apart fromthat, a light-
emtting device conprising a cavity having mrrors of
differing reflectivity, with the reflectivity of one
mrror being in the order of 98% was for instance
known from docunent D4 (cf. in particular Figure 1 with
t he correspondi ng description on page 2814).

I n consequence, it would have been obvious to the
skilled person to devise a light-emtting device as
defined by claim1 under consideration. In this
context, the Board cannot accept the appellant's

subm ssions as regards the rel evance of the cited prior
art. In particular in view of the explicit indication
given in D1 as to the use of alternative materials for
the active |ayer, the Board cannot accept the
appel l ant's subm ssion that D1 woul d have taught away
fromthe invention. Mreover, the argunentation brought
forward by the appellant does not properly acknow edge
t hat docunent D2 envi saged the use of a rare-earth

el ement, such as Er, as the light-emtting species in
the optically active material of a light-emtting

devi ce. Although the appellant is right in observing

t hat docunent D5 discloses DBR mrrors forned of
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mul til ayer stacks of ZnSe/ CaF,, which are found to be
superior to Si/SIOG mrrors in ternms of reflectivity and
optical loss, the latter type of mrror is neverthel ess
taught to be conventionally used. Mireover, in the
absence of any other distinguishing feature in present
claim1l and the supporting application description, it
has to be assuned that the use of the known Si/Si O
mrrors results in the sane high-Q mcrocavities as are
all eged for the claimed mrrors.

4.6 For the foregoing reasons, in the Board's judgenent,
the subject-matter of claim1 on file does not involve

an inventive step within the nmeaning of Article 56 EPC
Caim1l is therefore not allowable.

4.7 Dependent clains 2 to 4 are also not all owabl e because
of their dependency on an unal |l owabl e claim 1.

O der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

M Beer G Davi es
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