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Summary of Facts and Submn ssions

0594.D

Eur opean patent application No. 91 920 076.6 was
refused in a decision of the exam ning division dated
27 February 1997. The ground for the refusal was that
the subject matter of clains 1 to 16 did not involve an
i nventive step having regard to the prior art docunments

D1: Patent Abstracts of Japan, vol. 8, no. 272,
(E-284) [1709] 13 Decenber 1984 & JP-A-59 144 149;

D2: EP-A-0 312 466;

D3: Journal of Applied Physics, vol. 58, no. 2, July
1985, pages 683 to 687; and

D4:  Nuclear Instrunents and Met hods in Physics
Research, Section B, vol. 19/20, February 1987,
pages 307 to 311.

The reasoning of the exam ning division in the decision
under appeal can be summarized as fol |l ows:

(a) daim1l under consideration only defines the step
for form ng anorphous silicon on porous silicon,
as a precursor to formng silicon-on-silicon oxide
structures, since it nerely conprises the steps
(i) and (ii) recited in claim1.

(b) Docunent D1 discloses a nethod of form ng single
crystal silicon on porous silicon conprising the
steps of formng a porous silicon [ayer on a
silicon wafer and converting part of the porous
silicon into (non-porous) single crystal silicon
by annealing the porous silicon layer with a | aser
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(c)

(d)
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beam "or the |ike".

The nethod of claim1 differs fromthat of
docunent D1 in that the parts of the porous
silicon which are to be converted into non-porous,
single crystal silicon, are nmade anorphous using
ion inplantation prior to annealing. Therefore,

t he objective problemwas seen in the desire to

i nprove the efficiently of the annealing step by
pre-treating the porous silicon material.

Docunment D2 which is also concerned with a nethod
of formng an SO structure where a porous silicon
| ayer is recrystallized, discloses anorphization
of the porous silicon |ayer by ion inplantation
prior to annealing in order to pronote the
recrystallization. Thus, a skilled person
concerned with inproving the nethod of docunent D1
woul d readily consider replacing the single step

| aser anneal process by the two-step suggested in
docunent D2 and hence arrive at the clai ned

met hod.

The appel |l ant (applicant) |odged an appeal on 1 My

1997, paying the appeal fee on 2 May 1997. A statenent

of the grounds of appeal was filed on 4 July 1997

together with an English translation of docunent D2 and

the foll ow ng new docunents:

D5:

J. M KEEN et al. "Tracking Inplants in Porous
Silicon with Marker Layers" presented at 1992 Fal
Meeting of the El ectrochem cal Society, Toronto,
CA;

Appl i ed Surface Science, vol. 41/42, Novenber
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1989, pages 604 to 613; and

D7: J. M KEEN et al. "lon Beam Modifications of
Porous silicon" presented at the 1992 Fall Meeting
of the El ectrochem cal Society, Toronto, CA

Docunents D5 and D7 are published after the filing date
of the application in suit.

In a comruni cation under Article 11(2) of the Rules of
Procedure of the Boards of Appeal, the Board raised the
obj ection of |lack of novelty having regard to docunent
D2. In response to this conmunication and to a

t el ephone consul tati on dated 12 Decenber 2001, the
appel lant filed new clains and anended description
pages with the letters dated 23 Novenber 2001,

10 Decenber 2001, and 13 Decenber 2001

The appel | ant requests that the decision under appea
be set aside and a patent be granted on the basis of
one of the follow ng requests:

Mai n request:

d ai ns: claims 1 to 6 filed with the letter
dat ed 13 Decenber 2001
clainms 7 to 16 according to the main
request filed with the letter dated
10 Decenber 2001

Descri ption: pages 3, 4 filed with the letter dated
13 Decenber 2001
pages 1, 2, 6 to 12 as originally filed;
page 5 filed with the letter dated
1 Decenber 1994
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Dr awi ngs: Sheets 1/4 to 4/4 as originally filed.
First auxiliary request:
d ai ns: 1 to 16 according to Auxiliary Request
1' filed with the letter dated
10 Decenber 2001

Description and Drawi ngs as for the main request

Second auxiliary request:

d ai ns: 1 to 16 according to Auxiliary Request 2
filed with the letter dated 23 Novenber
2001

Description and Drawi ngs as for the main request.

The appel |l ant furthernore requests reinbursenment of the
appal fee, and oral proceedings in case the Board
intended to reject the application.

Claim1 according to appellant's nmain request reads as
fol | ows:

"1l. A nethod of producing anorphous silicon on porous
silicon material conprising the steps of:

(1) manuf acturing a porous silicon |ayer on a
silicon wafer, such that the silicon wafer
has a porous silicon surface and a non-
porous silicon surface, and

(ii) applying an inplanted ion dose to at |east a
portion of the porous silicon surface at
i nci dence angles that m nimze channeling of
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the i ons down pores or ngjor
crystal | ographi c axes such that the dose is
sufficient to cause anorphi zati on of porous
silicon to produce an anorphous silicon
region."

Clains 2 to 16 are dependent cl ai ns.

The appel |l ant presented essentially the follow ng

argunents in support of his requests:

(a)

(b)

The appel | ant does not agree with the position of
t he exam ning division that the application in
suit concerns the formation of silicon-on-porous-
silicon as a precursor for formng silicon-on-
silicon-oxide structures, since the steps (i) and
(ii) of claiml1l May be foll owed by e.g.
nmetalllization of the porous silicon, as disclosed
in the application as file (cf. page 7, second
par agr aph). Thus, the exam ni ng division has
incorrectly identified the objective problem
underlying the difference between the nethod of
claim1 and that of docunment D1, since no
annealing step is required to performthe nethod
of claim 1.

By ion inplanting at a slant angle, it is possible
to convert only the top | ayer of the porous
silicon | ayer to an anorphous | ayer. Docunent D2
does not give any details at all how the ion-

i npl antation should be carried out, and does not
indicate that ion-inplantation would result in a
non- por ous anor phous sanpl e.

Reference is nade to docunents D5 and D7 to show
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that the properties of ion inplantation of porous
silicon, in particular controlling the

i nplantation depth, is quite different fromthat
of non-porous, crystalline silicon.

(c) The appellant requests rei nbursenent of the
appeal s fee, since the exam ning division had
stated in the decision under appeal that claim1l
was not limted to the two steps (i) and (ii). The
appel l ant argues that the position that claiml
nerely concerns part of the desired process of
formng single crystal silicon on porous silicon
viol ates the provisions of Article 84 EPC
Therefore, the appell ant request reinbursenent of
t he appeal fee.

Reasons for the Decision

2.1

0594.D

The appeal conplies with Articles 106 to 108 and
Rul e 64 EPC and is therefore adm ssible.

Amendnents and clarity

Present claim1 is based on clains 1 and 10 as filed
together with the feature di scl osed on page 4, |ast
par agraph, first sentence of the application as filed,
and has been anended for clarity. Clains 2 to 16 are
based on clains 3 to 17 and 19 as filed, respectively.

The Board is therefore satisfied that the requirenents
of Articles 84 and 123(2) EPC are net.

Novel ty
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The application relates to a nethod of producing
anor phous silicon on porous silicon. Such a structure
can be used for e.g. pyroelectric devices, or the
anor phous- porous silicon structure can be processed
further into e.g. silicon on insulator (SA)
structures. The anorphous silicon layer is formed by
ion inplantation of a surface portion of porous
silicon. In case when an SO structure is to be
produced, the anorphous |ayer can be recrystallized
into a non-porous nonocrystalline silicon | ayer by
anneal i ng the structure.

Docunment D1 di scl oses a nethod of formng a silicon on
i nsul ator structure (SO) where a porous silicon |ayer
is formed on a silicon wafer. A non-porous crystalline
silicon layer is selectively forned in the porous | ayer
usi ng | aser annealing. The remaining porous |ayer is
subsequent |y oxi di zed.

Al t hough the abstract of docunent D1 suggests that

| aser "or the like" nmay be enpl oyed for the annealing
step, the only neans for annealing disclosed in
docunent D1 enpl oys a | aser beam

The nmethod of claiml differs fromthat of docunment D1
in that a step of ion inplanting the porous |layer is
carried out in order to produce an anorphous silicon

| ayer, whereas in the nmethod of docunent D1, no pre-
treatnment of the porous layer is carried out prior to
the | aser anneali ng.

Docunment D2 di scl oses a process of form ng an SO
structure. After a porous layer is fornmed on a wafer,
the interface between the wafer and the porous is
oxi di zed using an anodi ¢ oxi dation process. The
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remai ni ng porous layer is then recrystallized by
annealing. In order to aneliorate the
recrystallization, it is suggested either to deposit an
anor phous | ayer on the porous layer, or to ion inplant
the porous layer to form an anorphous |ayer on the
surface portion (cf. colum 3, lines 53 to 60).

The nmethod of claiml differs fromthat of docunment D2
in that the ion inplantation is carried out at

i nci dence angles that mni mze channeling of the ions
down pores or mmjor crystallographic axes such that the
ion inplantation dose is sufficient to cause
anor phi zation of porous silicon to produce an anorphous
silicon region. Docunent D2, on the other hand, does
not disclose any details as to how the ion inplantation
shoul d be carried out in order to form an anorphous

| ayer on the porous silicon |ayer.

Docunents D3 and D4 di scl ose anorphi zation of silicon
using ion inplantation (cf. the abstracts). The ion

i mplantation is carried out into bulk silicon and not
porous silicon. Docunent D6, cited by the appellant,
descri bes the oxidation of porous silicon for formng
SO structures using the sane anodi ¢ oxi dati on process
as di sclosed in docunent D2.

Docunents D5 and D7, which were cited by the appellant,
are published after the filing date of the application
in suit, and therefore do not belong to the state of
the art.

Thus the method of producing anor phous silicon on
porous silicon as defined in claiml is newwthin the
nmeani ng of Article 54 EPC
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I nventive step

Docunent D2 is considered the closest prior art, since
it discloses a nmethod of form ng anorphous silicon on
porous silicon.

In view of the differences stated above between the
met hod of claim1 and that of docunent D2, the
application in suit relates to the probl em of
converting a portion of a porous silicon |ayer to
anmor phous silicon |ayer using ion inplantation.

The appel |l ant argued that ion inplantation of porous
silicon is nore unpredictable than that of non-porous
silicon. In particular the inplantation depth is nore
difficult to control and predict due to the presence of
| arge pores along which the ions nmay be channel ed. Such
i on channeling has to be avoi ded when only an upper
portion of a porous |ayer is to be inplanted.

Therefore, the clainmed process specifies that the

i nci dence angles of the ion inplantation should be
chosen to mnimze channeling of the ions down pores or
maj or crystall ographic axes. The Board is convinced by
t hese argunents, since docunments D5 and D7 cited by the
appel l ant provide the evidence regarding the effect of
channeling (cf. D5, Figures 1 to 3; D7, Figure 3). As
shown in Figure 1 of docunent D5, the channeling of
ions in porous silicon causes a significant increase in
i npl antation depth, as well as a broadening of the

di stribution of the inplanted ions, when conpared to
ion inplantation in bulk silicon.

Si nce neither docunent D2 nor the other available prior
art docunents disclose any details relating to ion
i mpl antation of porous silicon, the control of the
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channeling of ions by controlling the angle of

i ncidence as set out in claiml so as to convert a
position of the porous |layer into an anorphous |ayer is
not suggested by the prior art.

Therefore, in the Board's judgenent, the subject matter
of claim1 involves an inventive step within the
meani ng of Article 56 EPC.

Rei mbur senent of the appeal fee

The appel | ant has requested rei mbursenent of the appea
fee for the reason that the exam ning division
commtted an error when determning the scope of the
clains (cf. itemVi(a) and (c) above).

Under Rule 67 EPC, a reinbursenent of the appeal fee
can only take place when the appeal is allowable, and a
rei mbursenent is equitable by reason of a substantia
procedural violation. In the present case, the reason
for the request for reinbursenent of the appeal fee is
an alleged error in determning the scope of the
clainms. In other words, the examning division is

all eged to have conmtted an error of judgnment.
According to the case | aw of the boards of appeal,
however, an alleged error of judgenent normally is not
to be regarded as a substantial procedural violation
(see "Case Law of the Boards of Appeal of the EPO', 3rd
Edition 1998, section VII-D-15.4.5, pages 516 and 517).

Furthernore, the Board is of the opinion that the
exam ning division did not conmt an error of judgnent
in this respect. The exam ni ng division argued that
claiml1l was not |imted to the two steps (i) and (ii)
defined therein for the reason that the nethod of
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claim1l conprises the steps (i) and (ii). This is
consistent with the established practice in the EPO of
interpreting the term"conprising"” to nean "includi ng",
"containing" or "conprehending" (cf. Guidelines, V-I11I,
4.13).

The appel l ant's request for rei nmbursenent of the appea

fee is therefore not well-founded and is accordingly
rej ected.

O der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the departnent of the first
instance with the order to grant a patent on the basis
of the docunments according to the main request as
speci fied under item IV above.

3. The request for reinbursenent of the appeal fee is
rej ect ed.

The Regi strar: The Chai r man:

D. Spigarelli R K Shukl a
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