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Summary of Facts and Submn ssions

1767.D

Eur opean patent application No. 90 300 967.8 was
refused in a decision of the exam ning division dated
22 March 1996. The ground for the refusal was that the
subject matter of claim1 according to each of the
main, first and second auxiliary requests |acked an

i nventive step having regard to the prior art docunments

D1: Journal of Crystal Gowth, vol. 93, 1988,
pages 543 to 549; and

D2: Journal of Crystal Gowth, vol. 89, 1988,
pages 131 to 136.

The reasoning in the decision for the finding of |ack
of inventive step can be sumari zed as foll ows:

(a) Docunent D1 di scloses a vapor-phase epitaxia
growt h nethod of formng e.g. GaAs using arsenic
trihydride (arsine) as an arsenic source. It is
noreover reported in docunent D1 that gernmani um
and silicon inpurities were found in the grown
GaAs | ayers. Arsenic trihydride is suggested as a
possi bl e source of germani um

(b) The nethod of claim1l1 differs fromthat of
docunment D1 in that arsenic trihydride is purified
by distillation so as to have a volatile inpurity
concentration of not nore than 1.5 nolar parts per
billion on a germani umtetrahydride conversi on.

(c) Since docunent D1 teaches that gernmani um or
silicon inpurities in the arsenic trihydride
source affect the resistivity of the growm GaAs
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| ayers, the skilled person faced with the task of
produci ng high-purity GaAs |ayers would attenpt to
purify the arsenic trihydride to the required
degree of purity. The skilled person woul d

consi der distillation for this purpose, since
distillation is considered the nost basic
purification nethod, known frome.g. docunent D2,
and the boiling points of arsenic trihydride and

t he nost probabl e germani um conpound, gernani um
tetrahydride, are sufficiently different.

The appel |l ant (applicant) |odged an appeal on 21 May
1996, paying the appeal fee on 22 May 1996. A statenent
of the grounds of appeal was filed on 24 July 1996
together with a copy of a prior art docunent

D3: D. F. Shriver and M A. Drezdzon, "The
Mani pul ati ons of Air-Sensitive Conpounds", Second
Edition (John Wley & Sons, New York, 1986),
pages 7 to 13.

Oral proceedi ngs were requested in case the Board
i ntended to dism ss the appeal.

At the oral proceedings held on 18 May 2001, the
appel l ant requested that the decision under appeal be
set aside and a patent be granted on the basis of one
of the follow ng requests:

Mai n request:

d ai ns: l1to4filed with the letter dated
23 Novenber 1994
5to 10 filed with the letter dated
11 January 1996
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Descri ption: pages 1 to 7 and 9 to 33 as filed
page 8 filed with the letter dated
23 Novenber 1994

Dr awi ngs: sheets 1/9 to 9/9 as filed with the
letter dated 6 February 1990

Auxi |l i ary request:

d ai ns: 1 to 6 filed during the oral proceedi ngs
of 18 May 2001

Description and Drawi ngs as for the nain request.

Claim1 in accordance with the main request reads as
fol | ows:

"1. A vapor-phase epitaxial growth nethod for
produci ng a sem conductor for a field effect

transi stor, the sem conductor being a conpound of an

el ement of Goup IIl, IV or V containing arsenic, by
vapor - phase epitaxial growh using arsenic trihydride
as an arsenic source, wherein said arsenic trihydride
is purified by distillation and has a volatile inpurity
concentration of not nore than 1.5 nolar parts per
billion on a germaniumtetrahydride conversion."

Caiml in accordance with the auxiliary request reads
as follows:

"1. A vapor-phase epitaxial growth nethod for
produci ng a sem conductor for a field effect
transi stor, the sem conductor being a conpound of an
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el ement of Group IIl, IV or V containing arsenic, by
vapor - phase epitaxial growmh using arsenic trihydride
as an arsenic source and trinethyl galliumas a source
of the Goup Il elenent, wherein said arsenic
trihydride is purified by distillation and has a
volatile inpurity concentration of not nore than 0.2
nol ar parts per billion on a germaniumtetrahydride
conversion, and wherein the growmh is carried out using
amounts of arsenic trihydride and trinethyl galliumto
provide an As/Ga ratio of from20 - 80 to obtain a
grown crystal having a carrier concentration of not
nore than 1 x 10/ cn®. "

The appel |l ant presented essentially the foll ow ng
argunents in support of his requests:

(a) According to the established case [aw, an
obj ective definition of the problemto be sol ved
by the invention should nornmally start fromthe
probl em described in the contested patent (cf.
Case Law of the Board of Appeal of the European
Patent Ofice, 3rd Edition, pages 114 to 116, QJ
EPO Special Edition 1999, page 20, and T 495/91,
referred in EPOR (1995), pages 516 to 524). One of
the few exceptions to this Rule arises when prior
art previously unknown to the applicant is
revealed in e.g. the official search report. In
the present case, however, docunent D1 which has
three of the inventors as co-authors, was known to
the applicant at the tinme the application in suit
was filed but was not considered relevant for the
problemthe application in suit addresses.

(b It was known in the prior art that a vapor-phase
epi taxial growth nmethod using arsenic trihydride



1767.D

- 5 - T 0713/ 96

as an arseni c source was not capabl e of producing
sem conduct or | ayers of high purity, since the

i mpurity concentration of the sem conductor |ayers
varied fromone | ot of arsenic trihydride source
to the other. Therefore, the vapor-phase epitaxial
grow h nethod was not suitable for producing high
purity layer which are required in e.g. GaAs field
effect transistors.

In the pursuit of elimnating the variation in inpurity
concentration of ultra-pure sem conductors produced
usi ng vapor-phase epitaxy, the inventors were faced
with the foll ow ng questions:

(1) what inpurities were invol ved;

(2) how nuch of each inpurity was present;

(3) which technique is suitable for purifying the
arsenic trihydride gas; and

(4) deciding to what degree the inpurities should be
reduced.

The inventive nerit of the present invention is seen as
a conbi nation effect of finding answers to all the
above four questions.

(c) In docunment D1, the inpurity concentration of GaAs
| ayers grown by vapor phase epitaxy was found to
vary dependi ng on which container of arsenic
trihydride was used, and it was confirned that S
and/or Ge inpurities were present in arsenic
trihydride. Al though the inportance of renobving
the Si and Ge inpurities fromarsenic trihydride
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is highlighted in docunment D1, other inpurities
such as oxygen, carbon and zinc are nentioned as
wel | . Moreover, docunent D1 does not contain any
suggestion to use distillation. Instead, a ternary
Ga-In-Al nelt is used for the purpose of renoving
oxygen inpurities fromarsenic trihydride (cf. D1,
page 544, right hand colum). Thus, docunent D1
fails to indicate the solution to any of the
questions (1) to (4) above.

(d) Docunent D2 discloses a nethod of purifying
trimethyl indium (TM) by distillation. For
arsenic trihydride, on the other hand, it is
taught to use a Ga-I1n-Al nelt of simlar type as
that disclosed in docunent D1 for renoving oxygen
and water (cf. D2, page 132, |eft hand col um,
lines 20 to 24). Therefore, the skilled person
woul d not find any information in docunent D2 that
distillation m ght be useful for purifying arsenic
trihydride.

(e) The common know edge regarding distillation
techni que which reduces inpurity content froma
value in the range of several tens of percent to
one in the range of several percent is not useful
for the present case, where extrenely high purity
I s demanded. Reference is nade to docunent D3 for
conventional distillation equipnent.

Reasons for the Decision

1. The appeal conplies with Articles 106 to 108 and

Rul e 64 EPC and is therefore adm ssible.

1767.D Y A



2.1

1767.D

- 7 - T 0713/ 96

I nventive step - Main request

Docunment D1 is a research Article investigating the
role of residual inpurities in GaAs and Al GaAs grown by
Met al Organi ¢ Vapor Phase Epitaxy (MOVPE) using
trimethyl gallium (TM5 and arsenic trihydride. Before
the arsenic trihydride gas is brought to the reaction
chanber for grow ng undoped GaAs, the arsenic
trihydride is purified in anelt of Al:In:Ga to renove
oxygen inpurities (page 544, right hand colum, first
par agraph). The el ectron concentration of the grown
sanpl es was neasured, and it was found that the

el ectron concentration vari ed dependi hg on which
arsenic trihydride gas cylinder was used (page 545
"Results 3.1"; Table 4). The variation in electron
concentration was found to be due to the presence of
germani um and silicon donors (inpurities). Since the
sane source of TMG was used for all the experinents,
the authors concl uded that the germanium and silicon

i mpurities nust have been contained in arsenic
trihydride (page 546, left hand colum, lines 1 to 7).
This result therefore confirmed conjectures nade in
earlier publications that arsenic trihydride may
contain germaniuminpurities (cf. page 543, right hand
columm, first paragraph; references 5 and 6). It is
concl uded in docunent D1 that nost of the donor
Impurities, such as Ge and/or Si, is carried into the
system by the arsenic trihydride gas, and therefore the
reduction of shallow donor inpurities, such as Ge
and/or Si, in arsenic trihydride, is considered by the
aut hors of docunment D1 to be the nobst inportant issue
in order to achieve better GaAs | ayers by MOWPE usi ng
arsenic trihydride (cf. page 546, right hand col um,
second paragraph).
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The nmethod of claim1l thus differs fromthat of
docunent D1 in that the arsenic trihydride gas is
purified by distillation and has a volatile inpurity
concentration of not nore than 1.5 nolar parts per
billion (nol ppb) on a germani umtetrahydride
conversion, whereas in docunent D1 no purification by
distillation is carried out, and consequently the
volatile inpurity concentration is not below the
clainmed limt.

The nmet hod of docunent D1 has the di sadvantage that the
conductivity of the GaAs | ayers grown using highly
purified TMG and various sources of arsenic trihydride
was not constant.

The technical problemthus addressed by the application
in suit relates to producing high-purity layers of I11I-
V sem conductor conpounds for a field effect transistor
by vapor-phase epitaxial growth using arsenic
trihydride.

The above problemis the sane as stated in the
application as filed (cf. the application as published,
page 3, lines 41 to 47). Therefore, the argunents given
by the appellant relating to the case | aw on the
formul ati on of the technical problemis not rel evant,
since no refornulation of the technical problemis
necessary, despite the fact that the closest prior art
docunent D1 was not cited in the application as filed
(cf. itemVlil(a) above).

Si nce docunment D1 teaches that the reduction of
germani um and/or silicon inmpurities in arsenic
trihydride is the nost crucial issue for achieving
better GaAs | ayers by MOVPE using arsenic trihydride
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the skilled person faced with the above-nenti oned
techni cal problemwould take on the task to purify the
arsenic trihydride gas. Thus, he first has to decide
what degree of purity of the arsenic trihydride gas is
desirabl e, and then choose a technique for purification
whi ch woul d attain the desired degree of purity.

The desired degree of purity of the arsenic trihydride
is dictated by the requirenments on the performance of
the device to be forned using vapor-phase epitaxy. From
the discussion of the prior art in the application as
filed, and docunent D1, it follows that it was well-
known in the art that the inpurity concentration of the
buffer layer of a GaAs field effect transistor should
be at the nost 1 - 2 x 10 cm?® in order to allow an
opti mum devi ce performance (cf. the application as
publ i shed, page 2, lines 51 to 54; D1, Table 4

"El ectronic properties" where even |lower inpurity
concentrations in sanples S8, S9, and Sl11 are

di sclosed). A simlar requirenent applies for the
undoped channel |ayer of other field effect devices,
such as HEMIs, in order to obtain a high carrier
mobility (cf. application, page 2, lines 26 to 43; D1,
abstract; page 543, "Introduction”, first paragraph).
Therefore, the skilled person faced with the task of

i nprovi ng the vapor-phase epitaxial nethod known from
docunent D1 so that high-purity layers suitable for
GaAs field effect transistors can reliably be forned,
woul d consider a nethod that is capable of producing
GaAs | ayers which consistently have an inpurity
concentration of at nbst 2 x 10 cm?.

In claim1, the purity of the arsenic trihydride gas is
expressed in terns of germaniumtetrahydride
conversion, since it was not possible to directly
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measure the inpurity concentration in the gas itself.

I nstead, the purity of the gas is determ ned by grow ng
a sem conductor using the arsenic trihydride gas as
arseni c source, neasuring the carrier concentration of
t he sem conductor crystal, and finally, with the aid of
Figure 2 of the application in suit, the neasured
carrier concentration is translated into the anmount of
ger mani um tetrahydri de whi ch woul d have been added to
pure arsenic trihydride in order to grow a

sem conductor crystal with the sanme inpurity
concentration. For exanple, it follows fromFigure 2 of
the application in suit that an inpurity concentration
of 2 x 10 cm?® in GaAs corresponds to a val ue well
below 1.5 nolar parts per billion of gernmani um
tetrahydri de conversion, whereas an inpurity
concentration of 7 x 10' cm? corresponds to about 0.2
nol ar parts per billion.

It should also be pointed out, that the neans of
expressing the inpurity concentration in terns of
germani um tetrahydri de conversi on does not make any
di stinction whether the inpurities are in form of
germani um or silicon conpounds.

Since 1 - 2 x 10 cm?® or less is a conmon requirenent
for the undoped | ayer of a GaAs field effect
transistor, the corresponding, clained purity range of
|l ess than 1.5 parts per billion on gernmani um
tetrahydri de conversion woul d be considered by the
skilled person as a matter of routine.

2.6 As to the choice of technique for obtaining the above
chosen degree of purity, it is evident to the skilled
person that the ternary nelt of Al:In:Ga used in the
net hod of docunent D1 to renpbve oxygen fromthe arsenic

1767.D Y A
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trihydride gas is not adequate for renoving Ge and/or

Si conpounds, since these conpounds evidently remain in
the gas after it has been passed thought the nelt.
Therefore, the skilled person would have to seek a

met hod for further purifying arsenic trihydride.

Docunent D2 di scl oses the use of a vacuumdistillation
apparatus for purifying the source conmpounds to be used
in MOCVD growm h of 111-V conpounds, in particular for
purifying trinmethyl indium(cf. Figure 1; abstract). It
is furthernore pointed out in docunent D2 that
fractional distillation is one of the classica

| aboratory and | arge scal e nethods for purifying

vol atile reagents (cf. D2, page 132, left hand col um,
penul ti mat e paragraph).

The skilled person seeking to renoving the shall ow
donor inpurities in arsenic trihydride would therefore
consider distillation as one suitable nethod, in
particul ar since the use of distillation in docunment D2
is carried out under simlarly stringent purity

requi renents as the nethod according to claim1.

Mor eover, as al so pointed out in the decision under
appeal, the boiling points of arsenic trihydride and

t he nost probabl e ger mani um conpound, ger nmani um
tetrahydride, are sufficiently distinct fromeach other
that there is a reasonabl e expectati on of success when
using distillation for renoving the germani um and/ or
silicon inpurities.

The argunents of the appellant are not convincing for
the foll ow ng reasons:

The appel |l ant argued that the skilled person making an
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endeavour to solve the above probl em woul d i nevitably
have to address the followi ng four questions: (1)
establishing what inpurities are involved; (2)
determining the concentrations of the inpurities; (3)
finding a technique for purifying the arsenic
trihydride (cf. itemVII(b) above); and finally (4)
deciding to what degree the inpurities should be
reduced. Docunent D1 woul d, according to the appellant,
not be able to aid the skilled person in any of these
aspects. The inventive nerit was also seento lie in a
conbi nation effect of addressing the above questions.

In this connection as already di scussed above, docunent
D1 teaches that Ge and/or Si inpurities in arsenic
trihydride are considered to be the main sources for
the lot-to-lot variation in electrical conductivity.
Moreover, the docunment al so discloses results of an
analysis of the type of inpurities as well as their
concentration in GaAs sanples (cf. Table 4 and Figure 1
wi th acconpanyi ng text). Thus, docunent D1 provides
information as to the inpurities (Si and/or Ge in
arsenic trihydride) (question (1)); and their
concentrations (question (2)).

As to the questions (3) and (4) referred to above,
guestion (3) is entirely determ ned by the requirenents
of the device to be produced using the vapor-phase
epitaxial growth nmethod, and the choice of purification
techni que (question (4)) depends on the required degree
of purity, since a particular technique for
purification may only be useful in a certain range of

purity.

The Board al so cannot see any unexpected conbi nati on
effect arising from addressing the above questions (1)
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to (4), since, docunent Dl answers the questions (1)
and (2), and the remaining issues (3) and (4) are
considered to be within the routine expertise of the
skill ed person enploying the well-established
purification technique.

The appel |l ant argued that the skilled person would not
consider the distillation of docunent D2, since
distillation is only disclosed therein for trinethyl
indium and for arsenic trihydride, a ternary nelt of
Al:In:Ga is recormended for the cleaning (cf. itens
VII(d) and (e) above).

These argunents cannot be followed, since firstly the
trimethyl indiumpurified in the process of docunent D2
has to neet the sane criteria for purity in order to be
useful as raw material for the growmh of high-quality
sem conductor |ayers (cf. D2, section 6. "Sunmary").
Therefore, the skilled person would expect that
distillation of the type known from docunent D2 woul d
have the potential to purify arsenic trihydride as well
to the required degree of purity.

Secondly, as nentioned under item 2.6 above, a ternary
melt of Al:In:Ga is not effective for renoving
germani um and/or silicon inpurities, but is used to
renove oxygen and water fromthe arsenic trihydride gas
(cf. D1, page 544, right hand columm, first paragraph;
D2, page 132, left hand col umm, second paragraph).

For the foregoing reasons, in the Board's judgenent,
the subject matter of claim1 according to the main
request does not involve an inventive step within the
nmeani ng of Article 56 EPC
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I nventive step - auxiliary request

Wth respect to the nethod according to the main
request, Claim 1l according to the auxiliary request
contains the further features that (i) trinmethyl
galliumis used as a source of the Goup Il elenent;
(ii) the volatile inpurity concentration is not nore
than 0.2 nolar parts per billion on a gernmani um
tetrahydride conversion; and (iii) the ratio of arsenic
trihydride and galliumtetrahydride is between 20 and
80 to provide a GaAs | ayer having an inpurity
concentration of not nore than 10 cm?.

Docunent D1 di scl oses values of the ratio of arsenic
trihydride to trinethyl gallium between 30 and 80

(cf. Table 4). As seen fromFigure 2 of the application
insuit, the limt 0.2 nolar parts per billion on a
germani um tetrahydri de conversi on corresponds to an

i mpurity concentration in GaAs of not nore than

10* cm3. Since a inpurity concentration of |ess than
10 cm?® still lies within what is comonly required for
GaAs field effect transistors (cf. item2.5 above), the
additional features (i) to (iii) do not contribute to
an inventive step.

Therefore, in the Board's judgenent, the subject matter
of claim1l according to the auxiliary request does not
i nvol ve an inventive step within the neani ng of

Article 56 EPC

Thus, the appellant's main and auxiliary requests do
not neet the requirenent of inventive step according to
Articles 52(1) and 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 R K. Shukl a

1767.D



