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Summary of Facts and Submn ssions

1725.D

The opponent as sol e appellant contests the
interlocutory decision of the opposition division that
Eur opean patent 412 690 as anended net the requirenents
of the EPC

The follow ng prior art docunents, which were anong
those considered in the first instance proceedi ngs,
featured in the appeal proceedings:

E1l: Springer Series in Optical Sciences, vol 43: X-Ray
M croscopy, Editors G Schmahl and D. Rudol ph
Berlin 1984, pages 119 to 128,

Article by H W P Koops and J. G ob,
Subm cron Lithography by Denmagnifying El ectron-
Beam Proj ecti on;

E19: Transm ssion El ectron M croscopy, Ludw g Reiner,
Springer Verlag, 1984, pages 112 to 113 and 186 to
195;

P15: J. Vac. Sci. Technol., volune 12, No. 6
Nov/ Dec 1975, pages 1135 to 1140,
Article by M B. Heritage,
El ectron-projection mcrofabrication system

In the decision under appeal the opposition division
found that the subject-matter of claim 1l as anended was
new and i nventive over the closest prior art E1. In the
statenment of grounds of appeal the appellant opponent
contested the permissibility of the anmendnents to
claim1l and the finding of novelty and non-obvi ousness.



VI .

1725.D

- 2 - T 0859/ 98

In a reasoned comuni cati on acconpanyi ng the sumons to
oral proceedings, the board identified the function of
t he di aphragm aperture referred to in E1 at 13.5 as a
critical point in relation to the issues of novelty and
i nventive step in the appeal and expressed the board's
provi sional opinion that this di aphragm aperture was
the space frequency filter referred to in the sane

par agraph and was al so the space frequency filter

di aphragmreferred to at the end of 13.1, and that the
board was accordingly not persuaded by the reasoning in
t he deci si on under appeal towards the end of point 4.3
whi ch appeared to regard these different nanes as
referring to different things.

At the oral proceedings held before the board on 28
June 2001, which the appell ant opponent, as
foreshadowed in his letter of 26 March 2001, did not
attend, the board indicated that it had doubts
concerning the permssibility under Article 84 and
123(2) EPC of the anmendnents nmade before the opposition
di vi sion, as they appeared to introduce a functiona
feature which had not been disclosed in the application
as originally filed. The respondent proprietor stated
there was no intention to change the substance of the
subject-matter clainmed and he was therefore prepared to
revert to the formof clains in the published patent;

cf the respondent's single request bel ow.

| ndependent claim1 of the patent is worded as foll ows:

"1l. Method for device fabrication conprising at | east
one fabrication step including a |ithographic

del i neation step, said delineation step using a |lens
system (46, 49) and conprising projection of patterned
radi ation to produce a pattern inmage (9) on a body
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conprising a device under fabrication in order to

sel ectively process such pattern inmage during the said
fabrication step, in which a mask is illum nated by
radi ation froma radiation source (41) to result in
said patterned radiation,

CHARACTERI ZED | N THAT

the path of said patterned radiation includes a back
focal plane filter (47) defined as positioned on the
back focal plane or on sone equival ent conjugate pl ane
of such lens system said filter including tw types of
filter regions the first of which (48) is nore
transparent to said patterned radiation than the second
so that the first filter region/regions define the pass
portion of said filter, said filter serving to bl ock
transm ssion of a part of said patterned radiation
dependent upon degree of scatter as inposed by said
mask, wherein said mask is either a transm ssion mask
(43) or a reflection mask (2')."

Clains 2 to 20 are dependent on claim 1.

The appel | ant opponent argued essentially as follows:

(1) The patent specification clearly described the
concept of the opposed patent as being the
application of a principle well known from
m croscopy to lithography, ie the illumnation
of an object (specinmen in mcroscopy, nmask in
I'i thography) that contained regions of varying
scattering capability, and the subsequent use of
a back focal plane filter to provide contrast
bet ween the regions of varying scattering
capability. In other words the core of the
di scl osed concept was to apply the principle of

scattering contrast imagi ng known from
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m croscopy to |ithography.

On the other hand the patent specification did
not describe how nmuch of the radiation scattered
by the mask reached the focal plane, neither
qualitatively nor quantitatively. In fact, the
pat ent specification made absolutely no nention
of energy that passed the mask but did not reach
the filter. Consequently, there was al so no
information or data on how t he anount of
scattered radiation interacted with the presence
or absence of the back focal plane filter to
thereby influence the contrast in the imge

pl ane.

El di scl osed the use of a scattering mask. The
sentence at 13.5 in El: "El ectrons passing the
original are scattered in the heavy netal

lines of the replica but can penetrate the
carbon foil with less interaction” nmeant that
the foil mask had two regions having a different
degree of scattering. Electrons incident on the
carbon foil could penetrate and el ectrons

i ncident on the heavy netal l|ines were scattered
and fornmed a diffraction pattern at a focal

pl ane. A di aphragm set at the focal plane acted
as a space frequency filter and stopped al

hi gher orders of scattered waves. The el ectrons
whi ch penetrated the carbon foil could pass the
space frequency filter and the electrons in al

hi gher orders of scattered waves were stopped by
t he space frequency filter so that contrast was
f or med.

The foil mask used in E1, a carbon replica foi
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with a platinumpattern thereon was a textbook
exanpl e of a scattering mask, cf E19, page 193.
There was no doubt that El1 showed the use of a
scattering mask.

The respondent proprietor's argunents can be sunmari sed

as foll ows:

(i)

El (Koops et al), although the only rel evant
docunent, was not as close as m ght appear at
first sight. In particular, section 13.5 of the
docunent which, when read wth knowl edge of the
i nvention of the opposed patent, m ght give the
i npression of teaching the use of a scattering
mask in the sense of claim1l of the latter was,
in fact, concerned with sonething else, nanely a
solution to the so-called stencil problem The
|atter referred to the need to provide webs in a
I'i thographic mask to support disconnected
portions of the mask, eg an annul us-defi ning
central disk, and the ensuing need to prevent
the i mages of these webs appearing as an
artefact in the desired lithographic pattern, eg
by a second exposure step. Koops taught the

el imnation of support webs by "the application
of self-supporting foil masters in a reducing

i mage projection system having a contrast
aperture stop in the entrance pupil."” In the
experiment described in El1, Koops used a carbon
replica grating shadowed with plati num as

i thographic mask. Although this elimnated the
webs it gave rise to a different artefact:

el ectrons penetrating the carbon foil gave rise
to a diffraction pattern which would reduce
contrast in the |ithographic pattern inmage.
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Hence Koops taught, as the second part of his
solution, the further step of using a contrast
aperture to stop the first and higher orders of
this diffraction pattern. It was solely to
obviate this latter source of |oss of contrast

t hat Koops taught the use of the aperture, which
he also referred to as a space frequency filter.
This was summari sed at E1, page 121, third

par agr aph. However Koops expl ai ned the contrast
produced by his aperture as being forned "in the
reduci ng i mage projector like in a

CTEM (conventional transm ssion el ectron

m croscope) as scattering absorption contrast.”
Her e Koops was expl ai ning the contrast enhancing
action of his aperture as being anal ogous to
that of the scattering absorption contrast
aperture which would be famliar to the skilled
reader fromits notorious use in CTEM It was
inmportant to note that the |oss of contrast that
Koops was concerned with did not originate in
the mask proper, but in the foil carrier
therefor. The skilled reader woul d appreciate

t hat Koops, witing in 1983 would be referring
to an absorption mask, which was the standard
mask before the priority date of 1989 of the
opposed patent. Thus the passage : "El ectrons
passing the original are scattered in the heavy
nmetal lines of the replica but can penetrate the
carbon foil with less interaction. The
diffracted waves however are focused by the
field lens to forma source inmage at the
entrance pupil."” was not a discussion of what
the mask did, but rather drew attention to those
of the incident electrons which were not
absorbed by the mask and which penetrated the
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carbon foil and which had the potential to
reduce contrast in the desired |ithographic
pattern as a result of diffraction in the foil.

The interpretation of E1 put forward in the
board's conmuni cati on accordi ng to whi ch Koops
wor ked the invention of the opposed patent as a
bonus effect to his primary ai mof suppressing
the carbon foil diffraction pattern was not
tenabl e. Scattering absorption contrast as
achieved in the opposed patent was based on a
systemati c anal ysis and was not achi evabl e by
accident. Thus the platinumlines of the nmask
woul d need to be specially selected to produce
the required result. In this respect the

concl usi on reached by M Manoru Nakasuji in his
statenment filed in the course of the opposition
proceedi ngs with the opponent's letter dated

5 Septenber 1997 that the Pt mask used by Koops
was not an absorbing mask because the data given
in E1l inplied a thickness in the range 40 to 70
nm whereas a thickness of at |east 900 nm woul d
be required to prevent penetration by 40 kV

el ectrons, was not well founded. Full absorption
was not the aim In fact wde angle scattering
was irrelevant; one only needed to go down to a
t hi ckness where no el ectrons entered the opti cal
system The affidavits filed in the opposition
proceedi ngs showed that in the 40 to 70 nm

t hi ckness range, indeed above 10 nmthere were
no el ectrons scattered at a sufficiently snal
angle to enter the optical system Koops taught
not hi ng about the Pt thickness; there was no

di scussi on of absorption or scattering. He was
concerned only with diffraction by the carbon
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foil.

(iii1) The invention of the opposed patent was a nethod
and Koops did not teach the working of the
invention clained in the opposed patent. The
|atter required that very distinct neasures be
enpl oyed which were not taught in El.

I X. The appel | ant opponent requested that:

- t he deci si on under appeal be set aside and that
t he patent be revoked.

X The respondent proprietor requested that:

- t he deci sion under appeal be set aside and that
the patent be nmi ntained as anended on the basis

of :

Cl ai ns: 1 to 20;

Descri ption: colums 1 to 28 and
Dr awi ngs: Figures 1 to 8;

of the patent specification, with the insert filed with
the letter of 31 October 2000 to go after line 13 of
columm 8 of the patent specification.

Reasons for the Decision

1. The appeal is adm ssible.

1725.D Y A
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The crucial issues in this appeal are novelty and
i nventive step of claim1l over EI.

Ter m nol ogy

In the relevant art the term "absorption” in relation
to a beam of radiation or matter incident on a body
means, in a first, w de, sense, the renoval of

radi ation or matter fromthe beamgiving rise to an
attenuation in the transmtted beamrelative to the

i nci dent beam The radiation or matter lost fromthe
beamis either scattered, ie deflected to energe in a
direction different fromthat of the incident and
transmtted beans, giving rise to so-called scattering
absorption; or it is absorbed in the material of the
body, the latter being "absorption” in a second,
$narrower sense. Cenerally it will be clear fromthe
context which neaning applies, but, to avoid anbiguity
the board will sonetinmes mark the relevant sense by the
use of a subscript, thus: beam absorption, = materi al
(body) absorption, + scattering absorption,.

Novel ty

The patent relates generally to a nethod for device
fabrication including a |ithographic delineation step
and conprising projection of patterned radiation on a
body in which a mask is illumnated by radiation to
result in said patterned radiation. In the main

enbodi ment described in the patent specification the
radiation is a beamof electrons, ie the technol ogy
known as el ectron projection |lithography (EPL). Wt hout
prejudice to the generality of claiml, the board's
assessnent of novelty and inventive step in relation to
the claim wll be, like the description in the patent,



4.2

4.3

1725.D

- 10 - T 0859/ 98

in terms of EPL. By the sanme token the discussion wll
relate to the transm ssion as opposed to the reflection
variant; cf patent specification, columm 8, lines 35 to
42. As acknow edged in the opposed patent at col umm 6,
line 35 to colum 7, line 33, EPL was an actively
pursued technology in the 1970s which "for the nost
part, nmade use of absorbing masks" (colum 7, lines 3
and 4). Prior art docunment P15 is representative of
this art and the precharacterising portion of claiml
of the opposed patent corresponds thereto.

As noted in the patent, columm 7, lines 25 to 33,
"required thick absorption regions, in conjunction with
the (inconplete) nature of the absorption phenonenon
itself, gives rise to electrons escaping fromthe edge
of the absorbing region. Associated resol ution
limtation is a consequence of such el ectrons being

i nproperly transmtted/ bl ocked due to either of two
nmechani sns. Electrons as initially scattered or as

m sdirected due to reduced energy are inproperly
captured or excluded."

Thus the patent appears to acknow edge that one of the
known shortcom ngs of EPL using absorption, masks was
that scattered el ectrons, which ideally should have
been absorbed in the material of the mask, were able to
travel down the optical system and be registered in the
i mage pattern as transmtted el ectrons, thus causing
what shoul d have been a bl ack region of the inmage to
appear grey, ie reducing contrast.

The patent continues (colum 7, lines 34 to 55):

"The history of conventional transm ssion electron
m croscopy is relevant to this discussion. Constant
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demand toward resolution of finer and finer features
has been attended by design alterations. A consequence
is very thin specinens as well as high accel erating

vol tages - both to expedite resolution of such snal
features. Both are attended by | owered absorption, by a
degree of absorption inadequate to resolve features,
and just as inportant, inadequate for replicating a
grey scale needed for resolving detail within

"bl ocki ng" regions. The now fam liar solution to the
problemis in a node of electron mcroscopy known as
"Scattering Contrast Transm ssion Electron M croscopy".
This node relies upon inmaging as based upon the degree
to which el ectrons experience scatter upon transm ssion
t hrough the specinen. Such imaging i s dependent upon an
apertured back focal plane filter. The principle of the
operation is well known - unscattered electrons are
selectively transmtted or bl ocked dependi ng upon

pl acenent of the aperture. Replication of adequate grey
scale is due to dependence of transm ssion on
scattering angle.”

The solution specified in claiml of the opposed patent
to the problemof loss of contrast in EPL is to use the
back focal plane filtering technique known from CTEM to
bl ock the scattered el ectrons, a technique which is
comonly referred to in the CTEM art as scattering
absorption; contrast. Thus at colum 20, line 52 the

pat ent states:

"The single feature common to all aspects of the
invention is selective passage of transmtted

| i thographi c energy as dependent on angle of scatter

i ntroduced by the mask." (The terns "lithographic" and
"mask"” mark the application to EPL). The fact that it
is a direct transfer of the technique fromthe field of
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CTEM to that of EPL is confirnmed at colum 21, |ines 20
to 25 the patent, where it is stated:

"Design principles for the filter are known (and are
regularly used in scattering contrast transm ssion

el ectron mcroscopy). Design, largely in terns of
aperture dianeter, is sinply with the objective of

sel ective passage of energy based on scattering angl e,
however, with a viewto the inventive objectives."

It is common ground that E1 is the nost rel evant prior
art docunent, that it relates to EPL and that it

di scl oses an arrangenent enploying a back focal plane
aperture to enhance |ithographic pattern contrast by
st oppi ng (absorbing) scattered el ectrons, although the
parties disagree as to the origin of these scattered
el ectrons.

The respondent proprietor maintains that the mask
described in E1 is of the type which was standard in
EPL technol ogy as practised in 1983, ie an absorption,
mask i nvolving negligible scattering and that the
function of the back focal plane aperture in the
arrangenent of El is purely the suppression of the
first and higher orders of the diffraction pattern
produced by the carbon foil nenbrane carrier of the

sel f-supporting, ie webless, mask. On this
interpretation of the disclosure of E1, the fabrication
method of claim11 is distinguished fromE1l by the
feature that in accordance with the cl ai med nethod the
part of the patterned radiation bl ocked by the filter

i s "dependent upon degree of scatter as inposed by said
mask", whereas in El the scatter is not inposed by the
l'ithographic mask proper but by its ancillary support
structure, ie the carbon foil nenbrane. Thus, according
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to the respondent proprietor's interpretation there is
no teaching in E1 of the designing of the filter to

mat ch the radiation patterning of the lithographic nmask
and hence the clained nethod is neither worked in El
nor suggested thereby.

On the appell ant opponent's interpretation of the prior
art docunent E1, however, the latter does indeed

di scl ose the use of a scattering, as opposed to an
absorption mask. In the statenent of grounds of appeal,
bott om of page 21, the appellant drew attention to the
concl udi ng sentence in the two-paragraph summary at the
head of the docunent El1 (page 119, |ast sentence of the
second paragraph): "W show that foil nasks render
sufficient scattering absorption contrast to be

enpl oyed as an original in projection systens."

He has al so pointed out that the carbon replica
shadowed with platinumused in E1 is a textbook exanple
of a scattering contrast structure (cf E19, pages 193
and 194).

Further the appellant has established convincingly that
the term"scattering absorption contrast” is wdely
used in the art to describe what is referred to as
"scattering contrast” in the patent specification, ie
both ternms refer to the undisputedly well-known

techni que for providing adequate contrast in a
conventional transmi ssion electron mcroscope; conpare
El, page 126, paragraph 13.5 "Contrast is forned in the
reduci ng i mage projector like in a CTEM as scattering
absorption contrast” and the patent specification,
colum 7, lines 44 to 55 (cf point 4.4 above.)

The appel |l ant construes the sentence at 13.5 in EL:
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"El ectrons passing the original are scattered in the
heavy netal |ines of the replica but can penetrate the
carbon foil wth less interaction.” as neaning that the
foil mask has two regions having a different degree of
scattering: electrons incident to the carbon foil can
penetrate and el ectrons incident to the heavy netal
lines are scattered and forma diffraction pattern at a
focal plane. He further asserts (statenment of grounds
of appeal, mddle of page 18) that "the skilled person
al so knows well that there is absolutely no difference
interns of effect in the inmaging process for
diffraction or scattering.”

Thus the parties have essentially opposite views about
the fate of the electrons "scattered in the heavy
metal” in the EPL system described in El. For the
respondent proprietor they are not captured by the

el ectron optics; to that extent they behave |ike

absor bed, el ectrons and the focal plane aperture or
space frequency filter of El has no effect on them For
t he appel | ant opponent they are the main source of
potential |oss of contrast and the main purpose of the
focal plane aperture stop is to absorb them together
with those diffracted by the carbon foil, so as to
enhance contrast exactly as in a conventiona

transm ssion el ectron m croscope.

On the latter reading E1 would destroy the novelty of
claim1 of the opposed patent.

The board's interpretation of the disclosure of E1 is

i nternedi ate between the opposing views of the parties
inthat it agrees with the respondent proprietor that

El appears to teach that the main purpose of the foca
pl ane aperture stop or space frequency filter is to
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suppress the diffraction pattern produced by el ectrons
coherently scattered in the carbon foil carrier of the
webl ess stencil mask, but the board is not entirely
persuaded that E1 can be read as teaching that the

el ectrons "scattered in the heavy netal"” are not

st opped by the space frequency filter to any
significant degree. There is, in the judgenent of the
board, sufficient doubt about the latter point as to
make it inpossible to conclude that E1 clearly and
convincingly discloses the use of a nethod of device
fabrication using a scattering mask in the sense of
claim1. The board therefore regards the subject-nmatter
of claim1l as new having regard to the available prior
art.

I nventive step

Starting fromEl as cl osest prior art, the rel evant

obj ective technical problemis to inprove the
resolution and depth of focus achievable in EPL; cf
patent specification colum 8, lines 17 to 21 and
colum 17, lines 31 to 34. As is notorious in the art,
the straightforward way of achieving this is by the use
of higher energy electrons with a shorter de Broglie
wavel ength, so that the problemis effectively to adapt
the fabrication nethod of E1 to enabl e el ectrons having
an energy significantly greater than the 40 keV used
therein to be enployed. Formulating such a problemis a
routine activity for the person skilled in the art, the
paraneters constraining the performance of EPL systens
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bei ng well understood as is clear fromthe discussion
in the introduction to the opposed patent. In
particular, it is well understood that higher energy
el ectrons incident on an absorption, mask give rise to
potentially destructive heat dissipation.

In the judgenent of the board, the skilled person
addressing the problemreferred to i nmedi ately above
woul d study E1 since it is specifically concerned with
fabricating nanonetre structures by EPL; cf E1, first
paragraph. He would not fail to notice the fact that
the foil replica nasks proposed in E1l as a solution to
the stencil problem"can w thstand hi gher power
densities than bulk stencils" (El, page 121, lines 15
and 16) since this suggests the possibility of using

hi gher energy electrons. In particular he would notice
that the use of | ow absorption, foil nmasks is linked in
El to the application in EPL of the well known
scattering absorption contrast technique - thin

speci nens scattering el ectrons which are then

i ntercepted by a space frequency filter aperture in the
focal plane - used in conventional transm ssion

el ectron m croscopy.

The board is m ndful of the great danger of being
unfair to an inventor in reading a docunent such as El1
with hindsight in the light of the disclosure in the
opposed patent. Wile bearing this risk very nmuch in
m nd, the board neverthel ess judges that the skilled
person readi ng such statenents as: "The use of foi
masks and the contrast nmechanismin the denmagnifying
projection systemis discussed. W show that foil masks
render sufficient scattering absorption contrast to be
enpl oyed as an original in projection systens." in the
i ntroductory sunmary of E1 and a subsequent perusal in
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El of the technique by which this is achieved, would
find at | east a decisive suggestion in the direction of
choosing a |ithographic mask which patterns the

i ncident beamat |east to a significant degree by
scattering el ectrons which are absorbed in a space
frequency filter at the focal plane.

In comng to this conclusion the board is influenced by
the fact that the invention as clainmed in claim1 of

t he opposed patent is a broad concept admttedly based
on the transfer of the scattering absorption contrast
techni que from conventional transm ssion el ectron

m croscopy to EPL, as prefigured in the description of
the patent specification at columm 20, lines 52 to 55:
"The single feature common to all aspects of the
invention is selective passage of transmtted

l'i thographi c energy as dependent on angle of scatter

i ntroduced by the nask.”

It is undisputed that El1 teaches the application of the
conventional transm ssion electron mcroscope technique
of scattering absorption contrast to the field of EPL
at least as far as the mask foil carrier is concerned,
so that the bridge from conventional transm ssion

el ectron mcroscopy to EPL is undeni ably established.

It is also a fact that E1 refers to el ectrons being
scattered by the heavy netal lines, ie the Iithographic
mask proper. Wile it remains true, as noted above in

t he di scussion of novelty, that the discussion in E1 of
the action of the focal plane aperture does not
explicitly state that the latter is lithographically
active in stopping these electrons scattered by the
heavy nmetal the step that remains for the skilled
person to take is one that he would take, guided by his
ai m of using high energy el ectrons which cannot be
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absorbed, wi t hout damage in the nask.

This conclusion is reinforced by the consideration,
that the structure of the mask described at 13.5 in El
("A foil mask is prepared as a replica of a surface
relief using standard transm ssion el ectron m croscopy
preparation techni ques. From photoresist |line patterns
recorded by laser interferonetry, carbon grating
replicas were fabricated. They are shadowed wth
platinum..") corresponds to text-book exanpl es of
structures for use in provide scattering absorption
contrast inmaging (cf E 19, pages 193 and 194).

Hence, having regard to E1 and conmon general know edge
in the art, the subject-matter of claiml1l of the patent
is not to be considered as involving an inventive step
within the nmeaning of Article 56 EPC.

The board concl udes therefore that the grounds for
opposi tion nentioned in Article 100 EPC prejudice the
mai nt enance of the patent.

For these reasons it is decided that:

1. The deci si on under appeal is set aside.
2. The patent is revoked.
The Regi strar: The Chai r man:

1725.D
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U. Bul t mann W J. L. Weel er
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