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Summary of Facts and Subm ssi ons

1213.D

The appel |l ant (applicant) |odged an appeal, received on
26 January 1994, against the decision of the Exam ning

Di vi si on, dispatched on 14 Decenber 1993, refusing the

application No. 90 301 850.5 (publication

No. O 385 643). The fee for the appeal was paid on

24 January 1994. The statenent setting out the grounds

of appeal was received on 13 April 1994.

In the decision under appeal, the Exami ning Division
hel d that the application did not neet the requirenents
of Articles 52(1) and 56 EPC, having regard, inter
alia, to the foll ow ng docunents:

D1: Conference on Lasers and Electro-Optics 1988,
Techni cal Digest Series, vol. 7, Conference
edition, Summaries of papers presented at the
conference, 25-29 April 1988, Anaheim California;
R Ceels et al.:"Sem conductor diode |asers";

D3: P. L. Gourley and T. J. Drummond: "Single crystal,
epitaxial multilayers of Al As, GaAs and Al ,Ga; (As
for use as optical interferonetric el enents”
Applied Physics Letters, vol. 49, No. 9,

1 Septenber 1986, pages 489 to 491.

In a comruni cation to the appellant, the Board
i ntroduced the follow ng docunents:

D5: Y.Arakawa et al.: "Theory of Gain, Mdul ation
Response, and Spectral Linewidth in Al GaAs Quant um
Wl | Lasers", |EEE Journal of Quantum El ectronics,
Cct ober 1985, vol. QE-21, No. 10, pages 1666 to



1213.D

- 2 - T 0368/ 94

1674;

D6: Wei Hsin et al.: "GaAs/ Al GaAs Surface Emtting
Laser Diode with Vertical D stributed Feedback
Optical Cavity and Transverse Junction Buried
Het erostructure", |EDWM 87, 1987, pages 792 to 795;

and expressed the prelimnary opinion that the appea
was |ikely to be dism ssed.

In reply to the Board' s conmuni cation, the appellant
declared that they did not wish to make any further
observations, but relied on the argunents presented in
the statenent of grounds of appeal.

The appel | ant requested that the decision under appea
be set aside and a patent be granted on the basis of
the foll owi ng docunents:

d ai ns:
No. 1 to 21 as filed with a letter dated 15 July 1993,
received on 21 July 1993;

Descri ption:
Pages 1 to 13 as originally filed;

Dr awi ngs:

Sheets 1/5 to 5/5 as originally filed.
The wording of claim1l reads as fol |l ows:
"1. Apparatus conprising quantumwell |aser vertica

cavity structure for lasing in a direction non-paralle
to the major dinensions of a quantumwel |, such | aser
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consi sting essentially of an active el enment containing
one or two quantumwells and a cavity dependent upon
refl ectance as between two distributed Bragg refl ector

mrrors."

The appel lant's argunents can be sunmari sed as foll ows:

Surface emtting lasers using nultiple quantum well
(MQW active regions and distributed Bragg refl ector
(DBR) mrrors fornmed the state of the art. The

obj ective probl em addressed in the present application
was to reduce the threshold power of such lasers with a
view to achi eving higher integration density. No prior
art showed that using only one or two quantum wel|ls had
been recogni zed as a useful thing to try and to do. In
fact, D1 confirnmed the general belief that a |laser with
a DBR cavity required at |east three quantum wel |l s.
Though D3 showed a DBR reflector with a peak
reflectivity of very nearly 100% it did not disclose
that DBR mrrors could have the properties required to
make a | aser with one or two quantumwells. In fact,
mrrors with 100%refl ectance woul d not be of any use
at all, because, though the | aser would probably
generate light, it would not actually emt any.
Reduci ng the nunber of pairs in the DBR reflector would
eventual |y produce a mrror which was not totally
opaque, but in which the | oss was high conpared with
the transmttance. A laser nmade with such mrrors would
have very | ow efficiency, because nore |ight would be

| ost than emtted. There was nothing in D3 to suggest
to a person seeking a practical solution to the problem
of reducing threshold power that using only one or two
quantum wel I s woul d be a possible practical approach.
There was no advantage to having a |ow threshold, if ,
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due to the low efficiency of the DBR mrrors of the
cavity, the laser had to be run above threshold to give
an acceptable output. In sunmary, D3 did not disclose
anyt hi ng which woul d contradict the belief that a MW

| aser required at |east three quantumwells, or which
woul d poi nt towards the present invention.

Reasons for the Deci sion

1

2.1

2.2

1213.D

The appeal is adm ssible.

Dl relates to an apparatus conprising the foll ow ng
features recited in claim1l:

- a quantum wel | laser vertical cavity structure for
lasing in a direction non-parallel to the major
di mensi ons of a quantum wel |,

- such | aser consisting essentially of an active
el ement containing a cavity dependent upon
refl ectance as between two distributed Bragg
reflector mrrors.

The | aser according to D1 has an active region
containing "at |east three quantum wells".

Hence, the subject-matter of Caiml is new and differs
fromthe apparatus known fromD1l in that the active

region of the clained | aser contains:

"one or two quantum wells".
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The Board agrees with the appellant that, in the Iight
of D1, the objective problem addressed by the present
application is to reduce the threshold power with a
view to achi eving higher integration density.

The present invention solves the above problem by neans
of a |aser consisting essentially of an active el enent
Wi th one or two quantum wel | s.

According to the appellant, the significance of D1 is
that it explicitly states (col. 2, first paragraph)
that at |east three quantumwells are required. In the
appel lant's opinion, D1 confirnms that the genera
belief in the art prior to the present application was
that Multiple Quantum Well (MM surface emtting

| asers needed at |east three quantumwells in the
active layer (cf. D1, mddle col., first paragraph).

It is indeed pointed out in Dl that "to avoid noving
into the n = 2 quantumwel | state and excessive | eakage
currents, at |least three quantumwells are required in
each di ode junction of the surface-normal case" (D1,
col. 2, first paragraph). In this context, Dl refers to
D5 which is a theoretical investigation into the
performance of Al GaAs quantum wel | sem conduct or

| asers.

D5 (cf. page 1668, first and second paragraphs)
teaches, inter alia, the foll ow ng:

- the gain of a quantumwell (QWN |aser shows a
marked flattening ("saturation") at high injected
currents (D5, cf. fig. 1);
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- the maxi num gain available with n QNs is n tinmes
| arger that the maxi mumgain available with one QW
since each well can provide its saturation gain,
which is equal to that of a Single Quantum Wl |l

(SQWN | aser;

- the saturation effect can be avoi ded by increasing
the nunber of QWs although the injected current
to achieve this maxi mum gain al so i ncreases by
n times;

- owng to this saturation effect there exists an
opti mum nunber of QWN's for mnimzing the
threshold current for a given total |oss;

- for low |l osses, the injected threshold current is

mnimmin the case of n = 1.

In other words, it is clearly stated in D5 that the
| owest threshold current can be achieved with a SQW
| aser provided that the total |osses are | ow.

The statenent in D1 that "at |east three quantumwells
are required" confirnms, therefore, the teaching of D5
that, in a laser with high internal |osses, a nultiple
guantum wel | active region should be used to avoid
saturation effects that would increase the threshold
current (cf. D1, mddle col. "Note that a higher
internal loss is assuned for the surface-normal |aser
to account for the higher doping levels"). In other
words, Dl should not be interpreted as reflecting a
general technical prejudice against single quantum wel |
| asers.
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Hence, in the opinion of the Board, the skilled person
was aware before the priority date of the present
application that using only one or two quantumwel |ls
was a viable solution to the problem of reducing the
threshold current as long as the laser's total | osses

were limted.

According to the appellant, the general belief in the
art prior to the present application was that
reflectivity versus | oss characteristics of DBR
mrrors, such as were used in D1 for a laser with three
or nore quantumwells, was not good enough to nmake a

| ow | oss cavity suitable for a laser with just one or
two quantum wel | s.

In this respect, the contested decision refers to D3
whi ch shows a reflector fornmed by Al As/ GaAs with a peak
reflectivity of very nearly 100% According to the
appel l ant, however, this docunent inplies that a | arge
nunber of periods produce a reflector which is useful
as a single mrror, but not as a partially transm ssive
mrror for a laser with | ow threshold power, since the
transmttance (if any) wll be small conpared with the
| oss.

The Board agrees with the appellant that, although D3
shows quarter-wave high reflectors (HR s) having 30 to
22 periods, the mrrors used in the described

enbodi nent of a Fabry-Perot cavity suitable for a

| aser, have fewer layers (8 to 10) and thus a
reflectivity which could not sustain lasing in an
active layer conprising only one or two quantum wel | s.
However, in the opinion of the Board, this does not
reflect the general belief that it would not be
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possi bl e to produce a quarter-wave high reflector with
high reflectivity (i.e. nore layers) and sufficient
transmttance (i. e. lowloss) to be used in a |aser
cavity. In fact, D6 proves that a "vertical distributed
feedback surface emtting |aser diode" conprising an
optical cavity fornmed by 20 Al GaAs/ GaAs pairs at the
top and 60 pairs at the bottom was known before the
priority date of the present application (cf. D6,

page 792, col. 1 |ast paragraph and col. 2, first
paragraph). As shown in Fig. 6 of D6, the reflectivity
of the top surface is close to 1 (cf. page 793,
"Conputer Sinmulation Results").

As a result, a person skilled in the art, wishing to
reduce the threshold power of a MQW (Miltiple Quantum
Well) laser according to D1, would realize fromthe
teaching of D5 that the | owest threshold current could
be obtained with a single quantumwell (SQWN | aser,
provi ded that cavity |osses were kept low. As it was
known in the art (cf. D6) to make a high reflective

di stributed feedback mrror with sufficient
transmttance to sustain lasing in a lowgain active

| ayer, it would be obvious to the skilled person to try
and optim ze known DBR mrror structures so as to nake
them suitable for the cavity of a SQWVWlaser. In so
doing, the skilled person would arrive at an apparat us
falling within the terms of claim1l of the present
application wthout the exercise of any inventive
activity.

Hence, the subject-matter of claim1l does not involve
an inventive step wthin the neaning of Article 56 EPC
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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

1213.D



