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Summary of Facts and Submn ssions

0904.D

The European patent application No. 91 908 775.9
(Publication No. 0 527 827), indicating the priority of
a filing on 1 May 1990, was refused by a decision of
the exam ning division dated 18 April 1997 on the
ground that claim1l of the nmain and of the auxiliary
request lacked clarity in the sense of Article 84 EPC.

Caiml of the main request formng the basis of the
deci sion of the exam ning division had the foll ow ng
wor di ng:

"1l. An optoel ectronic sem conductor device conprising a
first epitaxial layer (2) grown on a sem conduct or
substrate (1), a second epitaxial layer (3) grown on
said first layer (2) and having a higher refractive

I ndex than that of the first layer, and a third
epitaxial layer in the formof a ridge structure (8)
grown on or over said second |ayer (3), wherein said
first epitaxial layer (2) is of a first conductivity
type, said third epitaxial layer (8) is of a second
conductivity type and a p-n junction is forned in said
second epitaxial |ayer between a region of material of
sai d second conductivity type, which is aligned beneath
said ridge structure (8), and adjacent regions of said
first conductivity type of said second | ayer (3),
characterised in that the ridge structure (8) is

sel ectively grown."

The further independent clainms of the set of 45 of the
applicant's main request, ie clains 32, 33 and 39, read
as follows:
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"32. An optical receiver conprising at |east one device

as clained in any one of the preceding clains."

"33. A nethod of fabricating an optoel ectronic device,
the nethod conprising the steps of:

gromwng a first epitaxial layer (2) of a first
conductivity type on a sem conductor substrate (1);
growi ng a second epitaxial layer (3) of said first
conductivity type on said first |ayer; and
characterised by the steps of:

formng a dielectric layer (5) on or over said second
| ayer;

defining a pattern in said dielectric |ayer;

using selective epitaxy to grow a third epitaxia

| ayer (8) on sem conductor exposed by the patterned
dielectric, said third epitaxial |ayer including at
| east one ridge structure; and

di ffusing a dopant of a second conductivity type from
said third epitaxial layer into said second | ayer

t hereby sel ectively-type-converting regions of said
second layer and formng a p-n junction therein wthout
type converting underlying parts of said first

epi taxial |ayer."

"39. A nethod of fabricating an optoel ectronic device,
the met hod conprising the steps of:

(1) grow ng a planar structure which is all of a first
conductivity type and conprises a wavegui ding | ayer (2)
and an active layer (3) overlying said wavegui di ng
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| ayer (2); and characterised by the steps of:

(ii) formng an inorganic dielectric layer (5) on said
pl anar structure;

(ii1) patterning said dielectric |ayer to expose
underlying sem conduct or;

(iv) using selective epitaxial growth to grow
material (8) of a second conductivity type on said
exposed sem conductor, the selective epitaxial growth
including at |east one ridge; and

(v) simul taneously with step (iv) diffusing dopant
fromsaid material of a second conductivity type into
the planar structure to forma predeterm ned
arrangenent of p-n junctions therein, including a

| ateral p-n junction aligned wth said ridge."

Duri ng the exam nation proceedi ngs, the follow ng
docunments were taken into consideration:

D1: US- A-4 163 952;

D5: El ectronics Letters, vol. 22, no. 21, 9 Cctober
1986, Stevenage, B, pages 1117 to 1118; A
Kurobe et al.: "Submllineter |asing of Zn-

di ffused nesa buried-hetero Al ,G, ,As/ GaAs nul ti -
quantumwel | | asers at 77K";

D7. Journal of Crystal Gowh, vol. 112, (1991),
Ansterdam NL, pages 111 to 122; O Kayser
et al.: "Control of selective area growh
of InP";
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B1: Journal of Crystal Gowh, vol. 109, (1991),
pages 264 to 271, J.L. Zilko et al. : "Effects of
nmesa shape on the planarity of InP regrowths
performed by atnospheric pressure and | ow
pressure sel ective netal organi c vapor phase
epi taxy";

B2: Materi al s Sci ence and Engi neering, vol. B21
(1993), pages 130 to 146; E.J. Thrush et al.
"Sel ective and non-pl anar epitaxy of
| nP/ Gal nAs(P) by MOCVD'; and

B3: an InP single crystal wafer - data sheet provided
by the applicant.

The reasoning in the decision of the exam ning division
with respect to the applicant's nmain request was
essentially as follows:

Claim1l is a "product-by-process” claim Such a claim
is adm ssible only if the device as such fulfils the
requi renent for patentability, ie when it is in
particul ar new and inventive (cf. EPO CGuidelines,
ClIl, 4.7b). Mreover, "product-by-process” clains in
whi ch the nethod produces a distinct and patentable

i nvention are only all owabl e when the device cannot be
described in a different way (cf. the decision

T 150/ 82, Q) EPO 7/1984, 309).

The first portion of claim1 is known from docunent D1.

The device of claiml is characterized in that the

ridge structure (8) is selectively grown. This feature
relates to the nmethod of fabrication rather than to the
finished device. It has therefore to be examned in the
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first place whether the finished optoel ectronic device
according to claim1l allows determ nation of the nethod
Wi th which the ridge structure has been grown.

As to the shape of the ridge's cross section, taking
into account the variety of cross sectional shapes of
grown ridges shown in eg docunent D7 (see sections 3.2
and 3.3 and Figures 2 to 7 and 11) or in docunent B2,
It must be concluded that it is not characteristic of
the grom h nethod, especially, because neither the

sem conductor material, nor the crystal orientation of
the substrate, nor the growth conditions are specified
in claiml.

The applicant had al so argued that the top surface of a
ri dge obtained by sel ective growth cannot have the
planarity of the top surface of a ridge etched with the
hel p of a mask, which is as planar as the surface of
the substrate. However, docunent D7 (see page 114,

| eft-hand colum and Figure 5a) shows a "nearly flat"
top surface obtai ned by selective growth. Moreover
under et ching of the mask can occur; thus, since no
specific nmethod features are contained in claiml, a
ridge which is selectively grown cannot be

di stinguishable in all cases froma ridge obtai ned by
etching, so that this argunent is not convincing.

Consequently, a ridge which has been selectively grown
cannot be distinguished froma ridge obtained by
maski ng and etching in all possible cases. Since it is
not apparent which specific characteristics result from
the characterising feature of claiml1, the claimis not
clear (Article 84 EPC).

Furthernore, since a variety of ridge shapes can be
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obtai ned by different conditions, the person skilled in
the art does not know which conditions should be used.
The device is therefore not sufficiently defined in
claim1, so that the clarity requirenent of Article 84
EPC is also not net for this reason.

Thus, a forner objection that the subject-matter of
claim1 was not structurally distinguished fromthe
devi ce of docunent D1 so that it |acked novelty, was
mentioned. Since the structural differences between a
sel ectively grown ridge and an etched ridge, in
particular the alleged different shapes of the cross
section of the ridge and of the top surface of the
ridge, did not appear to lead to a technical effect,
the subject-matter of claim1l was considered as | acking
an inventive step.

Incidentally, it is to be noted that, although not
nmentioned in the decision, the nethod of selectively
growi ng the ridge structure as in the independent
method claim 37 as filed was considered as non obvi ous
(cf. page 6, paragraph 6b) of the conmmunication of

20 May 1994).

The applicant | odged an appeal against this decision on
15 May 1997 paying the appeal fee on the sane day. A
statenent setting out the grounds of the appeal was
filed on 28 August 1997.

Wth the telefax dated 6 March 2002 the appel | ant
(applicant) filed replacenent pages and requested that
t he deci sion under appeal be set aside and a patent be
granted on the basis of the new main or auxiliary
request.
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The Main request consists of the foll ow ng patent
application docunents:

Descri ption:

Pages 1, 2, 4, 6 to 9 and 12 to 23 as filed;

Page 3 filed with applicant's letter of 21 March 1995;
Page 3a (Main request) filed with appellant’'s telefax
dated 6 March 2002;

Pages 5, 5a, 10, 11 and 11a filed on 5 Novenber 1992,

d ai ns:

Nos. 1 to 6 (first part) (Main request) filed with
appel lant's tel efax dated 6 March 2002,

Nos. 6 (second and last part) to 45 filed with
applicant's letter of 21 March 1995;

Dr awi ngs:
Sheets 1/4 to 4/4 as filed.

As conpared with claim1l of the nmain request formng

t he basis of the decision of the exam ning division,
claiml of the appellant's main request conprises an
addi tional feature (enphasized by the Board) and reads
as follows:

"1. An optoel ectronic sem conductor device conprising a
first epitaxial layer (2) grown on a sem conduct or
substrate (1), a second epitaxial layer (3) grown on
said first layer (2) and having a higher refractive

i ndex than that of the first |layer, and a third
epitaxial layer in the formof a ridge structure (8)
grown on or over said second |layer (3), wherein said
first epitaxial layer (2) is of a first conductivity
type, said third epitaxial layer (8) is of a second
conductivity type and a p-n junction is forned in said
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second epitaxial |ayer between a region of material of
sai d second conductivity type, which is aligned beneath
said ridge structure (8) and which extends fromthe
ridge structure (8) inwardly into the second epitaxia

| ayer (3), and adjacent regions of said first
conductivity type of said second |ayer (3),
characterised in that the ridge structure (8) is

sel ectively grown."

The appel | ant requested oral proceedings for the case
that his main request woul d be rejected.

The appel |l ant subm tted essentially the follow ng
argunments in support of his main request:

Carity

Ri dges obt ai ned by etching have either re-entrant
cross-sectional shapes as see eg docunent D5 or

Figures 1 and 2 of docunent Bl, or have a base w der
than the top. Ridges forned by sel ective epitaxy have
not these features so that, while there is no single
profile which always characterises either fabrication
met hod, for the skilled person, the shape of the cross-
section of a ridge is a good indicator of the
fabrication nmethod used.

In addition, the surface flatness of a ridge forned by
etching of a non-selectively grown material wll equal
that of the substrate on which the material is grown,
as see e.g. docunent B3. Conversely, selective
epitaxial growh of a ridge always gives rise to a
ridge top which is nuch less flat than that of a
standard wafer. The non-fl atness can even appear as
pronounced ears at either side of the ridge with a
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val | ey between them So called "flat" selective growh
will not give rise to very pronounced ears, but the
surface of the ridge will still be several orders of
magni tude | ess than flat than the wafer on which growth
took place. As the testinony of Dr. Perrin showed,
conventional flatness neasurenent techni ques can
readily distinguish between the fl atness val ues typica
of wafers (and hence of etched ridges) and those of
selectively grown ridges. As Dr. Perrin pointed out,
even if one were to etch the top of a selectively grown
ridge, one could not achieve the level of flatness
found in an etched ridge.

The flat upper surface of the ridge shown in Figure 5a
of docunent D7 may | ook as having a flat upper surface.
However, there are small but distinct ears at the edges
of the ridge. Moreover, direct neasurenent of surface
flatness is capable of detecting "non-flatness”
(relative to the wafer flatness) where a scanning

el ectron m crograph (SEM may seem to the eye, to show
a "flat" surface, so that sinple eye analysis is not

al ways sufficiently accurate to determ ne whether a
surface is flat or not.

Even if partial |loss of the mask when formng a ridge
by etching may |lead to a non-flat top, the mask woul d
however nevertheless need, if it were to be effective,
to protect sone of the surface of the ridge during
fabrication, so that the relevant part of the ridge
woul d retain a truly flat surface.

Thus, selective epitaxy, |ike many other industria
processes (such as welding, casting, etc..) gives rise
to clearly identifiable characteristics in devices
produced by it. Just as with welding or casting, the
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preci se nature of the characteristics which show that
sel ective epitaxy has been used may vary from device to
devi ce, but they are always present for the skilled
person to see and to enable himher to identify the
fabrication techni que used.

Therefore, the shape of the cross-section of a ridge is
a good indicator of the fabrication nethod used, so
that the claim which is indeed a product-by-process
claim is clear.

Moreover, it is to be noted that the fact that there
are a |lot of ways of using selective epitaxial growh
may result in a claimwhich a broad scope, but this
does not nmean that the claimis unclear, as see for

I nstance the decisions T 238/88, QJ EPO 1992, 709,

T 823/91 of 23 Novenber 1991 and T 688/91 of 21 Apri
1993.

Novelty and inventive step

Since as set forth above the use of selective epitaxy

does give rise to clearly identifiable characteristics
in the finished device which would not be present in a
devi ce nmade according to the teachings of docunent D1,
the subject-matter of claim1l is indeed new.

The cl ai ned device as a whol e cannot be said to have no
techni cal advantage. It is a |arge benefit of the
device of claiml that it is easier to make, with fewer
steps, and hence higher yield and | ower cost than the
devi ce known from docunent D1. It is submtted that the
fact that these benefits flow fromthe nethod of making
the devi ce does not nean that they are unconnected with
t he design of the device. Rather the design of the
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device as defined in claim11 nakes possi ble the use of
t he advant ageous and inventive nethod. In any case,
there is no indication that the skilled person could be
incitated to nodify the teaching of docunent Dl to
arrive at the device of claiml.

Therefore, the subject-matter of claim11 involves an
i nventive step

Reasons for the Decision

1

2.1

0904.D

The appeal is adm ssible.

Mai n request

Adm ssibility of the anmendnents

In the optoel ectronic sem conductor device of the
appel lant's main request, a p-n junction is forned in
the second epitaxial |ayer between the region of
material of the second conductivity type, which is

al i gned beneath the ridge structure (8), and adj acent
regions of said first conductivity type of said second
| ayer (3); the region of material of the second
conductivity type is also specified as extending from
the ridge structure (8) inwardly into the second
epitaxial |ayer (3).

The latter feature is based on the whol e content of the
application as filed (see for instance all the

I ndependent nethod clains, ie, clains 37 and 43).

Therefore, the application satisfies the requirenent of
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Article 123(2) EPC that a European patent application
may not be anended in such a way that its subject-
matter extends beyond the content of the application as
filed.

Carity

Claim1l is a "product-by-process” claim As can be seen
hereunder in item2.3, the claimis patentable and

ot her ways of defining the clained device or delimting
it vis-a-vis the prior art are not directly avail abl e
(cf. the decision T 130/90 of 28 February 1991,

poi nt 3.3 of the reasons).

Therefore, the conditions enounced in the decision
T 150/82 (cf. itemlIV of the Summary of Facts and
Subm ssions, here above) are fulfilled.

I ndeed, a variety of ridge shapes can be obtai ned by
different conditions, and no such conditions are
contained in claim11. However, as convincingly argued
by the appellant, the fact that there are a | ot of ways
of using selective epitaxial growth may result in a
claimw th a broad scope, but this does not per se nean
that the claimis unclear, see for instance the above-
nmentioned decisions T 238/88 (cf. point 5.1 of the
reasons), T 823/91 (cf. item 3.2 of the reasons) and

T 688/91 (cf. item4.11 of the reasons).

It is also to be noted that claim1 specifies that the
p-n junction is forned in the second epitaxial |ayer
between a region of material of the second conductivity
type, which is aligned beneath the ridge structure (8)
and whi ch extends fromthe ridge structure (8) inwardly
into the second epitaxial layer (3). This feature of
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the optoelectronic device is derivable fromthe whole
content of the application as being a feature essentia
to the performance of the invention.

Therefore, in the Board's judgenent, claim1l is clear
in the sense of Article 84 EPC

Novel ty and inventive step

Docunent D1 represents the closest prior art docunent.
The optoel ectronic device known from docunent D1

(see colum 1, line 58 to colum 2, line 7; colum 2,
lines 16 to 39), which corresponds to the first portion
of claiml1, conprises a projecting rib (7), ie, a ridge
structure, which is forned by (non-selective) epitaxia
growt h, maski ng and et chi ng.

According to the characterizing portion of claim1 of
the main request, the ridge structure (8) is
selectively grown. Indeed, this last feature relates to
the nmet hod of fabrication rather than to the finished
device, and it has to be examned in the first place
whet her the finished optoel ectronic device according to
claim1l conprises specific structural features which
allow it to be distinguished from devices wherein the
ridge structure is not selectively grown, ie is forned
by anot her, different nethod.

The followng is to be added concerning structura
features of ridges obtained by different processes:

A ridge structure being wider at its top than at its
bottomis known for ridge structures obtai ned by
etching, see for instance docunent D5 (cf. Figure 1 and
the associated text). However, a large variety of the
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cross sectional shape of selectively grown ridges can
be obtai ned dependi ng upon the crystal orientation and
the gromh conditions, as shown in docunent D7

(cf. sections 3.2 and 3.3 and Figures 2 to 7 and 11). A
ridge structure being wider at its bottomthan at other
parts thereof can al so be obtained as well by etching,
see for instance docunent D5 (cf. Figure 1), as by

sel ective growth, see docunment B2 (cf. Figure 3b). It
is al so possible that an etching step for formng a
ridge structure can result in etching under the edges
of the mask and thus can |ead to height variations of
the top surface, ie to top surfaces of the ridge
structure being only nearly flat, as this is the case
for selectively grown ridge structures.

The appel |l ant has argued that sinple eye analysis is
not always sufficiently accurate to determ ne whether a
surface is flat or not, and that conventional fl atness
nmeasur enent techni ques can readily distinguish between
the flatness values typical of wafers (and hence of
etched ridges) and those of selectively grown ridges.
The appel |l ant has argued, nore in general, that

sel ective epitaxy, |like many other industrial processes
(such as wel ding, casting, etc..) gives rise to clearly
identifiable characteristics in devices produced by it
and that, just as wth welding or casting, the precise
nature of the characteristics which show that selective
epi taxy has been used may vary from device to devi ce,
but they are always present for the skilled person to
see and to enable hinfher to identify the fabrication

t echni que used.

I ndeed, no docunent showing this in the clained
generality has been provided by the appellant. However,
this is generally known to people wth a technica
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background at |least with respect to the cited exanpl es
of industrial processes, and it is also credible that a
person skilled in the art is not restricted to the
sinmple eye analysis in the conparison of pictures and
may be aware of or may use nore adapted net hods and
instrunents for determ ning the nethod used for
fabricating an optoel ectronic device. Since noreover at
the oral proceedi ngs before the exam ning division a
person presented as an expert, M. Perrin, has provided
rel evant information in this respect and decl ared that
this is the case, and since there is no evidence to the
contrary, the appellant's argunent is accepted.

Thus, the feature of the characterizing portion of
claiml1l that the ridge structure (8) is selectively
grown, and not obtained by nasking and etching as in
docunent D1, constitutes a distinguishing structura
feature.

Incidentally, it is to be noted that the docunents D7
and Bl to B3 do not formpart of the state of the art
as defined in Article 54(2) EPC

Therefore, the subject-matter of claiml is newin the
sense of Article 54 EPC.

The Board agrees to the finding of the exam ning

di vision that the nethod of selectively growi ng the
ridge structure as in the independent nethod claim 37
as filed is not obvious (cf. itemIV of the Sunmary of
Facts and Subm ssions, here above), and this applies to
clainms 33 and 39 of the appellant's nmain request. This
inplies that, to the skilled person, having regard to
the state of the art, it was not obvious to substitute
maski ng and sel ective growh for epitaxial growth
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maski ng and etching in the fabrication of an
opt oel ectroni c device conprising the further structura
features of claim1.

The appell ant has argued that it is a |large benefit of
the device of claim1 that it is easier to make, wth
fewer steps, and hence higher yield and | ower cost than
t he device known from docunent D1 (cf. item VIl of the
Sunmary of Facts and Subm ssions, here above). Taking
into account that substituting the two steps of nasking
and selective growth for the three steps of epitaxia
growt h, masking and etching in the fabrication of an
opt oel ectroni c device can in particular credibly result
in a process wth | ess steps, the Board agrees to the
argunent that the design of the device as defined in
claim1l makes possible the use of the advantageous and
i nventive nmethod and that, thus, the clainmed device as
a whole can be said to have a technical advantage.

For the same reasons as for the process clains 33
and 39, the Board agrees to the appellant's argunent
that there is no direct incitation to nodify the
teachi ng of docunent D1 to arrive at the device of
claim1.

Therefore, to a person skilled in the art, having
regard to the state of the art, the subject-matter of
claiml is not obvious and thus involves an inventive
step in the sense of Article 56 EPC

Consequently, claiml1l is patentable in the sense of
Article 52(1) EPC.

Therefore, clains 2 to 31, 34 to 38 and 40 to 45, which
are clains dependent fromclaim11, claim33 or
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claim39, are also patentable for the sane reasons.
This is also the case for claim 32, which concerns an
optical receiver conprising at | east one device as
claimed in any of the clains 1 to 31.

As a consequence, it is not necessary to consider the
set of clains of the appellant's auxiliary request or
his auxiliary request for oral proceedings.

For these reasons it is decided that:

1

0904.D

The deci si on under appeal is set aside.

The case is remtted to the first instance with the
order to grant a patent on the basis of the follow ng
patent application docunents:

Descri ption:

Pages 1, 2, 4, 6 to 9 and 12 to 23 as fil ed;

Page 3 filed with applicant's letter of 21 March 1995;
Page 3a (Main request) filed with appellant’'s telefax
dated 6 March 2002;

Pages 5, 5a, 10, 11 and 11a filed on 5 Novenber 1992,

d ai ns:
Nos. 1 to 6 (first part) (Main request) filed with
appel lant's telefax dated 6 March 2002,

Nos 6 (second and last part) to 45 filed with
applicant's letter of 21 March 1995;
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Dr awi ngs:
Sheets 1/4 to 4/ 4 as fil ed.

The Regi strar The Chairman

D. Spigarelli M Chonent owski

0904.D



