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Summary of Facts and Subm ssi ons

1210.D

This is an appeal from a decision of the opposition
di vision, dated 16 Septenber 1998, rejecting the
opposi ti on agai nst European patent no. 0 461 592
pursuant to Article 102(2) EPC.

Claim 1l of the patent as granted reads as foll ows:

"1l. A Josephson device conprising a substrate and an
oxi de superconductor filmformed thereon, wherein
sai d oxi de superconductor filmconprises atomc
nonol ayers each conposed of at | east one kind of
el enent of the oxide superconductor, which are
deposited in a predeterm ned and periodi c order
substantially in a direction perpendicular to the
substrate so that the lattice structure of the
oxi de superconductor is substantially naintained,
and at an internediate portion of the oxide
superconductor film at |least a part of the atons
of the oxide superconductor is substituted by
other element in the lattice structure of the
oxi de superconductor to form a non-superconduct or
interlayer, and the periodicity of the lattice
structure of the oxide superconductor filmis
substantially maintai ned across the interface
bet ween t he oxi de superconductor and said non-
superconductor interlayer."

The appel |l ant (opponent) filed a notice of appeal on
16 Novenber 1998, and paid the appeal fee on the sane
day. The statenent setting out the grounds of appeal
was filed on 13 January 1999.

The appel | ant requested that the decision under appeal
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be set aside and that the patent with the granted
clainms 1 to 9 be revoked.

The appellant relied on the follow ng docunents:

D1: Solid State Communi cations, vol. 71, No. 7, 1989,
pp. 569-572

D2: Applied Physics Letters, vol. 55, No. 19,
6 Novenber 1989, pp.2032-2034

D3: JP 2-125672 A, 14 May 1990 and correspondi ng
Abstract of "Patent Abstracts of Japan"” (E-959),
August 3 1990, vol. 14, No. 359

D4: EP-A-0 366 949

D5:  2nd Workshop on Hi gh-tenperature Superconducting
El ectron Devices, June 7-9 1989, Shi kabe, Hokkai do

(JP), pp. 285-292

D6: JP 2-59403 A, 28 February 1990 and correspondi ng
Abstracts of Derwent and JAPI O

D7: Applied Physics Letters, vol. 54, No. 18, 1 My
1989, pp. 1802-1804

D8: Applied Physics Letters, vol. 56, No. 16, 16 Apri
1990, pp. 1576-1578

D9: Applied Physics Letters, vol. 53, No. 4, 25 July
1988, pp. 337-339

D10: Laser Magazin, Textbook 6, 1989, pp. 25-30.
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D11: Second wor kshop on Hi gh- Tenperature
super conducting El ectron Devices, June 7-9, 1989,
Ext ended Abstracts; Title page
pages 1 and 3 - Organi sations and Foreword,
pages 9 to 17 - Contents,
pages 423 to 425 - Prospects of Possible
Applications of Hi gh T, Josephson Juncti ons.

Docunments D1 to D8 were cited during the opposition
proceedi ngs, whereas docunents D9 to D11 were cited by
t he appel l ant during the appeal proceedings.

The respondent requests that the appeal be di sm ssed.

The respondent submtted the follow ng docunent during
t he appeal proceedings:

D12: Ul mann's Encycl opaedi a of Industrial Chem stry,
5th ed., vol. A23, p. 551

The appellant's argunment in support of his request can
be summari zed as foll ows:

Concerning the adm ssibility of docunents D9 to D11,
docunents D9 and D10 were introduced in response to the
argunents nmade by the opposition division in rejecting
t he opposition. Wile these docunments admttedly do not
have any greater rel evance than other docunents already
cited, they denonstrate the general know edge of the
skilled person and thereby aid the interpretation of
the prior art and the clainmed invention.

The docunent D11 is introduced nerely to show t hat
docunent D5 is addressed to persons skilled in the art
of electronic devices of the kind of which Josephson



1210.D

- 4 - T 1081/98

junction devices are the main representative.

Prior to considering the relevance of the cited prior
art, it is necessary to clarify what is nmeant, in
claiml, by the term™atom c nonol ayers".

Ceram ¢ superconductors of the kind to which the
invention relates have a Perovskite crystal structure
in which each unit cell of the crystal consists of a
sequence of layers. Each layer will generally consi st
of nore than one atom c species. For exanple, in
addition to other | ayers, each unit cell of the
Perovskite structure contains several layers of CuO It
t herefore appears proper to take "atom c nonol ayers” to
mean | ayers with a thickness of atom c di nensions,

rat her than |layers of a single atom c speci es.

Taki ng atomi ¢ nonol ayers to be the layers which in
sequence meke up the unit cell of the Perovskite
crystal structure, the invention as clainmed in claiml
can be seen to be anticipated by the disclosure in
docunent D1.

Docunment D1 describes the growth of epitaxial nulti

| ayers of YBa,Cu;O and PrBa,Cu;O, as a possible basis for
superconducting el ectroni c devices, with particular
reference to SIS or SNS tunnel junctions in SQU Ds and
i ke devices. According to docunent D1, such devices
are formed by placing a non-superconducting |ayer of

Pr Ba,Cu;O, between a superconducting strip line and a
super conducting ground plane forned from YBa,Cu;0O,

Docunent D1 specifically discloses that the interface
bet ween t he superconductor and the non-superconducti ng
mat eri al should be very sharp. It further states that
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"the epitaxy is maintained throughout the | ayer
system™ It follows that the periodicity of the atomc
| ayers nust have been preserved, otherw se, as a result
of crystallographic m sorientations, epitaxy would not
have been maintained and a | ower crystal quality would
have been obtained than is indicated by the nmeasurenent
results quoted in docunment D1.

Shoul d the Board not accept that docunent D1 destroys
the novelty of the invention as clainmed in claiml1,
then in order to consider whether the invention
involves an inventive step it is necessary to take into
account docunent D4 or D5, each of which describes
formati on of superconducting filns by |ayer-by-I|ayer
deposition. Docunment D4 refers to periodically

| am nated |layers (e.g. colum 11, lines 9 to 10) while
docunent D5 concerns a | ayer-by-|ayer deposition
technique in which site-selective substitution of atons
in a layered structure is used to provide tailored
variation of the properties of superconducting filns
(abstract). Since the nost conmon el ectronic devices
usi ng superconductivity are Josephson junction devices,
the skilled person would i mredi ately recogni se that the
t echni ques provided by docunment D4 or D5 woul d be
applicable when formng the structure disclosed in
docunent D1, and would allow the precise tailoring of

t hat structure.

The respondent's argunments can be summarized as
fol |l ows:

Docunents D9, D10 and D11 do not appear prima facie to
be highly relevant. The Board is requested to exercise
its discretion under Article 114(2) EPC in disregarding
t hese bel atedly subm tted docunents. Al so rejected
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shoul d be any argunents that these docunents represent
t he common general know edge of the skilled person at
the priority date of the application, because these
docunents cannot be taken to be equivalent to standard
t ext books.

Concerning the nmeaning of the term "atom c nonol ayer",
it is clear that in building the structure |ayer-by-

| ayer, the individual |ayers do not need to consist of
a single elenment. On the other hand, a [ayer 100 nm
thick, say, is clearly not an atom c nonol ayer. The
termatom c nonolayer is thus intended to refer to a

| ayer of atom c di nensions which however does not in
general consist of nerely a single atom c species.

As regards the invention as clained, it is not disputed
that all but the last five lines of claim1 of the
granted patent as published are known. The difference
to the prior art is set out in those last five |lines
which require that the periodicity of the lattice
structure is maintained across the interface between
super conduct or and non-super conduct or.

Mai nt ai ni ng epi taxy throughout does not inply that
periodicity is also nmaintai ned throughout. For exanple,
the definition of "epitaxy" in docunment D12 |acks any
mention of periodicity, epitaxy being defined as "the
grom h of a crystal on another crystal al ong
essentially the sane crystal axis..." (page 551,
section 5 "Epitaxy", first paragraph). In the process
descri bed in docunment D1, the change from Y-based
material to Pr-based material may interrupt the
periodicity of the |ayer sequence though epitaxy is
mai nt ai ned.
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Moreover, in the process of docunment D1 a crystal is
grown by a DC sputtering technique in which the target
heads are of stoichionetric conposition. In this
techni que, the crystal is not deposited in atomc

| ayers. Instead the material is deposited from an
essentially stoichionetric gas cloud.

Simlarly, docunment D2 uses stoichionetric targets to
fabricate Josephson devices, although in this case a

| aser deposition technique is used. As in the case of
docunent D1, the deposition technique is not

| ayer-by-layer since it |leads to an atom c cl oud being
formed fromwhich the material is deposited. Docunent
D2, |ike docunent D1, describes the quality of the
grown material having been assessed by RBS which

provi des no information about the periodicity of the

| ayers across the interface.

Docunent D4, which the opposition division considered
the nearest prior art, admttedly uses |ayer-by-Iayer
deposition of atomc |ayers. However, it is clear from
t he di sclosure in docunent D4 that not only is
periodicity not taken into consideration by the authors
concerned but cannot be nai ntai ned because of the
inclusion in the structure of the netal |ayer 10.
Docunent D4 therefore | eads away fromthe clained

i nvention.

Docunent D5 makes no nention of Josephson junction

devi ce structures. The paper nerely discloses that
superconducting layers of different properties can be
created by substitution of certain atons in sone of the
nonol ayers. In contrast, the invention as clained
relates to a three |ayer Josephson devi ce.
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Docunment D5 al so describes replacenment of a single
| ayer by three layers, thereby altering the periodicity
froma five layer structure to a seven |ayer structure.

Docunents D6 to D9 are concerned only with the | ayer-
by-1 ayer techni que of deposition, but not in the
context of manufacturing three-layer Josephson junction
devices of the kind to which the clained invention

rel ates.

The di sclosure in docunent D3 is simlar to the

di scl osure in docunent D1 in that the crystal structure
of the non-superconducting material in a Josephson
junction is identical to that of the adjacent
superconducting |ayers, without referring in any way to
the periodicity of the lattice structure across the
super conduct or/ non- super conductor interfaces or the
need to nmaintain that periodicity.

In addition to the other differences, the processes
descri bed in docunents D1 and D2 al so invol ve higher
tenperatures than those enpl oyed by the invention.

Oral proceedings were held on 7 March 2002 in the
presence of both parties to the appeal.

Reasons for the Decision

1

1210.D

The appeal is adm ssible.

Adm ssibility of docunments D9 to D11

The Board reached its decision to revoke the patent
wi t hout needing to take into account the contents of
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Documents D9 to D11. These docunents are therefore not
admtted into the proceedings.

Novel ty

The invention as clained relates to Josephson junction
devi ces based on oxi de superconducting filnms, in which
at | east sonme of the atons of the oxide superconductor
are substituted by other elenents to formthe non-
superconducting interlayer w thout disrupting the
periodicity of the lattice structure across the

super conduct or/ non- super conduct or interface.

Docunent D1 di scl oses superconducting el ectronic

devi ces based on epitaxial nmulti layers of YBa,Cu;O and
PrBa,Cu;0,, with particular reference to SIS or SNS
tunnel junctions in SQU Ds, that is, devices based on

t he Josephson effect. In the words of claim1 of the
patent in suit, docunent D1 discl oses Josephson devices
conprising a substrate (SrTiO, as referred to for
exanple in the Abstract and in Figure 3) with a
superconductor filmfornmed thereon (e.g. the Abstract,
and page 570 left-hand columm "Experinental”, and
Figure 3) wherein the superconducting filmconprises
atom ¢ nonol ayers deposited in a predeterm ned and
periodi c order substantially in a direction

per pendi cular to the substrate (page 570 |eft-hand
columm, "Results and Discussion” lines 14 to 17 "the
films grew epitaxially with the crystall ographic c-axis
parallel to the substrate normal"), and at an
intermedi ate portion of the oxide superconductor film
at least a part of the atonms (Y) of the oxide
superconductor is substituted by an other elenment (Pr)
in the lattice structure of the superconductor to form
a non-super conductor | ayer.
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The appel lant submtted that the invention as clained
shoul d be considered to |ack novelty in view of the

di scl osure docunent D1 because the characteristics of

t he superconducting material described there, together
with the explicit statement that epitaxy is maintained
t hroughout the deposition process, lead to the
conclusion that the periodicity of the atomc |ayers
is, in fact, maintained across the boundary between the
super conducti ng and non-superconducting materi al s.

Since only the Perovskite unit cell with three CuO

pl anes i s superconducting, any departure fromthe
sequence of |ayers would have the negative effects of
i ntroduci ng a non-superconducting |ayer next to the

Pr Ba,Cu;O, | ayer, thereby reducing the sharpness of the
interface. It would also lead to crystall ographic

m sorientations in the epitaxial growth of both the
non- super conducting | ayer and the subsequent

super conducting | ayer.

The neasured characteristics of the deposited filns
provide a strong indication that the crystal quality
was hi gh, since otherwi se the reported critical current
densities of 10°A/cnt (page 570, left-hand col um,
"Resul ts and discussion”, lines 20 to 23) coul d not
have been achi eved, and that the junction was sharp
since the presence of the Pr-layer is reported to have
had no adverse effects on the superconducting
properties of the Y-band | ayer (page 571, right-hand
colum, lines 17 to 20). It follows that the
periodicity of the atomc |ayers nust have been
preserved. Although the deposition nethod described in
docunent D1 results in a stoichionetric cloud,
deposition fromthis cloud nust result in the sane

| ayer structure as in the invention as clained
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ot herwi se the deposited material woul d not be the
superconducting crystal structure.

Docunent D2 corroborates the teaching of docunment D1 in
that it states that it is necessary to select a barrier
which is conpatible with growh of the second YBCO

| ayer in the correct orthorhonbic phase and with the
correct stoichionmetry. The particular materi al
considered in docunment D2 is PrBa,Cu;O._,(PBCO which is
non- super conducti ng and provides a very good | attice
mat ch to YBa,Cu;O,., (e.g., docunent D2, page 2032,

| eft hand col um, penultimate line to right-hand col um,
first line).

The respondent, on the other hand, contended that

al t hough the periodicity of the nonatom c | ayer
sequence woul d not necessarily be broken at the
boundary between the superconducting and non-
superconducting materials when using the deposition

met hod described in docunment D1, it is essential that
speci al neasures enabling selective substitution of the
atons of the superconductor |ayer are taken to ensure
that the periodicity is maintained across the boundary.

More specifically, the unit cell of the Perovskite
structure which fornms both the superconducting filns
and the internedi ate non-superconducting filmof the
Josephson device, can be visualised as consisting of
si x separate |layers. The change from Y-based materi al
to Pr-based material nmay cause the periodicity of this
| ayer sequence to be interrupted in that, for exanple,
the last |layer of the Y-based material could consist of
only four |ayers. According to the definition in
docunent D12, epitaxy is neverthel ess naintai ned.
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O her differences between the invention and the cited
prior art in docunment Dl concern the crystal grow ng
process. Document D1 enpl oys a DC sputtering technique
in which the target heads are of stoichionetric
conposition. In this technique, the crystal is not
deposited in atomc layers. Instead the material is
deposited froman essentially stoichionetric gas cloud.
The | ayers formed are about 100 nmin thickness, much
t hi cker than the | ayers enployed by the invention.

Rut herford Backscattering Spectroscopy (RBS) was then
used to neasure the thickness of the Y-based film and
the Pr-based filmand to confirmthe stoichionmetry of
the filmsystem As the resolution of RBSis only
around 10 nm the neasurenent system enpl oyed in
docunent D1 is about an order of magnitude too coarse
for establishing whether or not periodicity of the
lattice structure is maintained across the interface
bet ween the superconducting Y-band material and the
non- super conducting Pr-band materi al .

Mai nt ai ni ng epitaxy throughout does not inply that
periodicity is maintained throughout. For exanple, the
definition of "epitaxy" in docunment D12 | acks any
mention of periodicity, epitaxy being defined as "the
grom h of a crystal on another crystal al ong
essentially the sane crystal axis..." (page 551,
section 5 "Epitaxy", first paragraph). The process
descri bed in docunent D1 has to be interrupted when
targets are changed, which is a further indication that
breaks in the periodicity of the layer structure are to
be expected at the interfaces between superconducting
and non-superconducting materials. That despite such
interruptions epitaxy would be maintained is
denonstrated, for exanple, by docunent D7 which, in
Figure 3, shows unit cells which are of different
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| engths as a result of variations in the nunbers of CuO
| ayers, and of differences in the |layers |ocated
bet ween the CuO | ayers.

The Board is not convinced by the appellant's argunent
t hat document D1 takes away the novelty of the
invention as clainmed. The reported materi al
characteristics and mai ntai ned epitaxy do not

concl usively show that periodicity was maintained
across the boundary in the case of the experinents
reported in docunent D1. The Board therefore concl udes
that, for the reasons submtted by the respondent, it

i s not unanbi guously derivable from docunent D1 that in
the crystal structure resulting fromthe process
described in docunent D1 periodicity is necessarily
mai ntai ned as required by claim1.

| nventive step

In view of the features which, as set out in paragraph
3.2 above, claim1 and docunent D1 have in conmmon,
docunent D1 represents the closest prior art. The only
di fference between the disclosure in docunent D1 and
the invention is that, as clained, the invention
requires explicitly that the periodicity of the lattice
structure is maintained across the boundary between the
super conduct or and the non-superconducting interl ayer.

Bot h docunent D1 and the invention as clained relate to
Josephson junction devices in which the non-
superconducting interlayer is formed by repl acing
certain atons in the superconducting |ayer by other
atons. The problem addressed by the skilled person is
to provide an inproved Josephson junction device of
this type.
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Docunment D1 is not only the closest prior art but also
inforns the skilled person about certain aspects of an
i nproved device. Thus, the skilled person is inforned
that a device of this kind requires high crystal

qual ity throughout because, in the case of YBa,Cu;O
"the superconducting properties depend very sensitively
on the structure and stoichionetry of the filns"

(page 569, left-hand colum, |ast paragraph) and
"epitaxy has to be maintained throughout the nultilayer
systent (page 569, right-hand colum, lines 7 to 9).

Al so, the non-superconducting | ayer needs to be forned
thin enough to correspond to the coherence | ength which
"is known to be extremely short in high T¢
superconduct ors" (page 569, right-hand colum |ines 26
to 28) and, for that same reason, "the interface

bet ween t he superconductor and the non-superconducting
mat eri al” should be "be very sharp" (page 569, right-
hand columm, last |line to page 560, |eft-hand colum
line 2).

Docunent D5 discl oses | ayer-by-1|ayer deposition of high
Tc superconductors and site-sel ective substitution of
atons in order to alter the superconducting properties
of the material. According to docunent D5, the
superconducting properties of the material are varied
solely by substitution of atoms during the |ayer-by-

| ayer deposition process. These substituted atons are,
nor eover, incorporated into the crystal structure (e.g.
docunent D5, page 286, Figure 1).

It is the appellant's subm ssion that in the |ight of
the clear statenents in docunment D1 that high crystal
quality is necessary and epitaxy needs to be

mai nt ai ned, the skilled person would inmediately
recogni se that wth the nmethod di scl osed in docunent D5
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better Josephson devices can be made. Applying the

| ayer-by-| ayer deposition technique of docunent D5 to
form Josephson junction devices as described in
docunent D1 woul d necessarily result in a Josephson
junction device in which periodicity is maintained
across the boundary between superconducti ng and non-
superconducting material. The sane | ayers sequence
needs to be maintained throughout the deposition
process to ensure the necessary high crystal quality
and the sharp boundary is achieved by the substitution
of sonme of the atons in certain |ayers.

The respondent has expressed the view that docunent D5
relates to the deposition of superconducting |ayers of
different properties, not to the formation of nulti

| ayer devi ces.

The Board does not consider the respondent's argunent
per suasi ve. The skilled person would not consider
docunent D5 to be irrelevant nerely because it does not
explicitly refer to nulti |ayer device structures. The
skilled person would recognise, as submtted by the
appel l ant, that the method of deposition and
substitution described in docunent D5 is applicable to
the formation of nulti |ayer devices of the kind

descri bed in docunent D1, where the non-superconducting
filmis formed by substituting atons of one species,
Pr, for those of another, Y, and would appreciate that
being able to tailor the properties of superconducting
| ayers in the manner described there gives inproved
control over the device structure.

I n docunent D5, the sequence of targets for |aser
abl ation and thus the sequence of |ayers is described
in terms of corresponding letters such as A-B-C-B-A for
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t he deposition of a standard film (page 286, lines 2
and 3). Under the heading "I-3. Substitution of Ba at
Ca site", is discussed the conplete substitution of Ca

by Ba, resulting in the sequence A-B-D-B-A and the
partial substitution, resulting in the sequence A-B-
(DQO-B-A It is clear fromthis that replacing the
layer C by the layer (G D C) nerely indicates the
change in the target for |aser ablation to obtain the
partial replacenent within that |ayer of one atomc
speci es by another, rather than replacenent of one

| ayer by three layers and thereby a break in
periodicity. Contrary to the subm ssion by the
respondent, docunent D5 cannot on this count be
considered to teach away fromthe invention

The | ayers deposited by the nethod according to
docunent D5 are |layers the thickness of which is of
atom c di nensi ons, consisting of one or nore species of
atons. They are therefore atom c nonol ayers as
understood in connection with the clained invention.

Appl yi ng the deposition technique of document D5 to
manuf act uri ng devi ces of the kind described in docunent
DL will inevitably result in devices in which the sane
sequence of nonatom c |layers is deposited throughout.

For the foregoing reasons, in the Board' s judgenent,
the invention as clainmed in claim1l does not involve an
inventive step as required by Article 56 EPC.



Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The patent is revoked.

The Regi strar: The Chai r man:
D. Spigarelli R K Shukl a

1210.D

T 1081/98



