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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
producing substrates, and in particular relates to sub-
strates suitable for supporting an elongated supercon-
ducting element, and a corresponding method for pro-
ducing and using such substrates.

BACKGROUND OF THE INVENTION

[0002] Superconducting structures may be seen as ad-
vantageous since they enable conducting current without
resistive losses. Superconducting structures, such as su-
perconducting tapes are thus being used for a number
of applications, such as generators and transformers.
However, although they possess excellent properties
when carrying direct current, they may exhibit high losses
when used in alternating current (AC) applications.
[0003] Means of reducing AC losses that are currently
available may not in a straightforward manner be adapted
to processing long lengths of superconducting tape.
[0004] In the application US 7,593,758 B2 there is pre-
sented a tape which has a high temperature supercon-
ductor layer that is segmented. Disruptive strips, formed
in one of the tape substrate, a buffer layer, and the su-
perconducting layer create parallel discontinuities in the
superconducting layer that separate the current-carrying
elements of the superconducting layer into strips or fila-
ment-like structures. Segmentation of the current carry-
ing elements has the effect of reducing AC losses. Meth-
ods of making such a superconducting tape and reducing
AC losses in such tapes are also disclosed.
[0005] In the application US 4,101,731 there is pre-
sented a composite multifilament superconducting struc-
ture is provided, which includes an elongated substrate-
carrying, longitudinally-directed, sputtered discrete fila-
ment of an A-15 type intermetallic superconductor. In a
preferable procedure, a plurality of spaced, generally lon-
gitudinal grooves are formed on the surface of an elon-
gated filamentary substrate, preferably a metal wire. The
walls of the grooves on the substrate surface are shaped
to undercut the curvilinear surface of the substrate locat-
ed between two adjacent grooves so that at least some
of the wall portions of the grooves are geometrically shad-
owed during the subsequent sputtering step in which a
superconductor is sputtered onto the substrate. In par-
ticular, a film of a suitable superconducting intermetallic
compound having A-15 crystalline structure, such as
Nb3Ge, is thereupon sputtered onto the grooved sub-
strate and deposits at the bottom of the grooves and at
the surface portions of the substrate between grooves.
The shadowed wall portions remain substantially depos-
it-free so that the resultant spaced deposits extend as
distinct lines or bands along the substrate to thereby con-
stitute the superconductive filaments. A plurality of such
substrates may, if desired, be consolidated into a further

composite structure, by bundling the substrates and
passing same through a molten metal. The resultant
structure may then be sized to yield as a foral product a
composite of the substrates bearing the superconducting
filaments in a surrounding matrix of the metal.
[0006] It may be seen as a problem with the prior art
methods that they are not adaptable to continuous
processing of long lengths of such tape, effective, cheap,
enabling low material consumption and/or provides a
good substrate for a superconducting tape. It would be
advantageous to have a method for making a substrate
for a superconducting tape having reduced AC losses,
wherein the method is adaptable to continuous process-
ing of long lengths of such tape and which method would
be effective, cheap and/or would be a method which pro-
vided an improved substrate for a superconducting tape
compared to the prior art.

SUMMARY OF THE INVENTION

[0007] It is a further object of the present invention to
provide an alternative to the prior art.
[0008] In particular, it may be seen as an object of the
present invention to provide a method of making a sub-
strate for a superconducting tape having reduced AC
losses which is adaptable to continuous processing of
long lengths of such tape and which method is effective,
cheap and/or which provides an improved substrate for
a superconducting tape that solves the above mentioned
problems of the prior art.
[0009] Thus, the above described object and several
other objects may be obtained in a first aspect of the
invention by providing a method for producing a substrate
suitable for supporting an elongated superconducting el-
ement, such as a superconducting tape having reduced
AC losses, the method comprising, such as comprising
the steps of:

- Providing a layered solid element, the layered solid
element comprising

+ a lower layer, such as a nickel based alloy,
Hastelloy or stainless steel, and
+ an upper layer, such as a gas-hardened layer,
a deformation hardened layer, an oxide layer, a
nitride layer, a Kapton ® film, a wax or lacquer,

wherein the upper layer is placed adjacent to the
lower layer and at least partially covers the lower
layer,

- Forming, such as forming in a deformation process,
a plurality of disruptive strips in the upper layer there-
by forming a plurality of exposed areas of the lower
layer, where each exposed area is formed along a
disruptive strip,

- Etching the exposed areas so as to form undercut
volumes between the upper layer and the lower lay-
er, where each undercut volume is formed along a
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disruptive strip, wherein an etchant is employed for
which an etch rate for the lower layer is higher than
an etch rate for the upper layer.

[0010] The invention is particularly, but not exclusively,
advantageous for obtaining a method for producing a
substrate suitable for supporting an elongated supercon-
ducting element, which method enables employing a
large number of lower layer materials, i.e., the method
enables choosing between many different materials for
the lower layer, since there is no need for anisotropic
etch rates in order to achieve the undercuts. Another ad-
vantage may be that the method enables choosing be-
tween many different materials for the upper layer. For
example, the upper layer may be a buffer layer, such as
dip-coated buffer layer, which may be advantageous in
that when disruptive strips are formed, the remaining por-
tions of the upper layer may immediately be ready for
deposition of a superconducting layer. Furthermore, the
substrate generated by the method enables efficiently
separating closely spaced lines of superconducting ma-
terial.
[0011] The gist of the invention may be seen as pro-
viding a method which in a few relatively simple steps
enables providing a substrate which may be turned into
a superconducting structure, such as a superconducting
tape, having reduced AC losses. The basic insight un-
derlying the invention may be described as the insight
that undercut volumes (such as undercut volumes in a
structure, such as a layered solid element) may be useful
for separating layers of material which are positioned on
top of the structure which comprises the undercut vol-
umes, and that the undercut volumes may be formed by
etching in a layered solid element where an anisotropy
has been introduced by the layered structure, (which may
also be referred to as "sandwich structure") where the
layers differ in etch rates with respect to each other, and
where disruptive strips may be formed in a deformation
process, a scratching process, a grinding process or a
polishing process or a similar process which enables re-
moving or displacing the upper layer along a line and
thereby exposing areas of the lower layer along a strip.
Thus, relatively simple steps, for example hardening
(thereby providing an upper layer in a layered solid ele-
ment), deforming (thereby forming disruptive strips) and
etching (thereby forming the undercuts), may be em-
ployed in combination so that a solution to the technical
problem of ’providing a method which in a few relatively
simple steps enables providing a substrate which may
be turned into a superconducting structure’ may be
achieved. In another set of relatively steps, an oxide/ni-
tride layer may be formed as the upper layer, disruptive
strips may then be formed in this oxide/nitride layer and
undercuts may be formed via etching. The superconduct-
ing element or superconducting structure may be real-
ized by, e.g., depositing a layer of superconducting ma-
terial on top of the layered solid element wherein under-
cuts have been formed along disruptive strips. The un-

dercuts serve to physically separate the superconducting
material on either side of each disruptive strip and su-
perconducting material within the disruptive strip, thereby
effectively forming a striated superconducting layer.
[0012] The method is furthermore applicable, such as
well-suited, for large-scale manufacturing, since it is a
relatively simple procedure to, e.g., harden a surface and
perform, e.g., a deformation in the hardened surface, or
a scratching in the hardened surface or grinding a portion
of the hardened surface off, even on a large scale. This
is in contrast to, e.g., profiling and etching using litho-
graphic techniques which are not applicable for large
scale manufacturing as a photoresist has to be coated,
exposed to e.g. UV-light and following developed to pro-
duce protecting strips which are not etched in a subse-
quent etching treatment. Furthermore, removed material
is not reusable.
[0013] Thus, large scale manufacturing is possible with
embodiments of the invention, and furthermore, this is
possible while minimizing material costs.
[0014] Embodiments of the invention may furthermore
be seen as cost effective, which is in contrast to, e.g.,
laser stripping which is not considered cost effective. It
may also be seen as an advantage over laser stripping
that embodiments of the present invention might not suf-
fer from redeposition of stripped material.
[0015] It may be understood that the steps are not nec-
essarily arranged in the order in which they are to be
carried out. For example, in one embodiment the step of
forming the plurality of disruptive strips in the upper layer,
may be carried out before the step of providing a layered
element comprising the lower layer and the upper layer.
For example, a striated upper layer may be provided,
e.g., by means of a plurality of strips of Kapton ® film
which are placed adjacent to the lower layer and at least
partially covering the lower layer, such that the areas
between the strips of Kapton ® film form disruptive strips
which entail exposed areas. However, in another embod-
iment, the step of providing the layered solid element
may be carried out (e.g., by oxidizing or gas-hardening
an upper portion of a primary upper layer of a primary
solid element) before forming the plurality of disruptive
strips in the upper layer.
[0016] Throughout this application, it is understood
that ’Kapton ® film’ refers to the well-known product from
DuPont™ which is a film of poly(4,4’-oxydiphenylene-py-
romellitimide).
[0017] In yet another embodiment, the steps are ar-
ranged in the order in which they are to be carried out.
[0018] By ’a substrate suitable for supporting an elon-
gated superconducting element’ is understood a solid
element upon which a superconducting material may be
placed, such as deposited, so that the substrate and the
superconducting element may together form an elongat-
ed superconducting element. By elongated supercon-
ducting element is understood a superconducting ele-
ment which is able to conduct current a distance in a
direction, where the distance is longer, such as signifi-
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cantly longer, such as 2, 5, 10, 100, 1.000, 10.000 or
100.000 times longer than the width of the conductor in
a direction orthogonal to the direction in which current is
conducted.
[0019] In a particular embodiment, the substrate is a
’tape’, i.e., an element which has thickness (length along
a first dimension) which is significantly smaller, such as
10, 100 or 1000 times smaller, than its width (length along
a second dimension) and where the width is significantly
smaller, such as 10, 100, or 1.000 times smaller, than its
length (length along a third dimension).
[0020] Providing a layered solid element, may be un-
derstood as any one of: Obtaining a (pre-manufactured)
layered solid element and manufacturing a layered solid
element. Manufacturing a layered solid element may in
particular embodiments comprise placing an upper layer
(of material) on top of a lower layer (of material), or chang-
ing the properties of an upper portion of a material, so
as to effectively achieve an upper layer and a lower layer
(of a material which was previously a homogeneous ma-
terial). The step of placing an upper layer of material on
top of a lower layer, may be embodied by placing a film,
such as a Kapton ® film, a wax or a lacquer on top of the
lower layer. In different embodiments, disruptive strips in
the upper layer may be formed before and/or after it is
placed on the lower layer.
[0021] By ’a lower layer’ and an ’upper layer’ are un-
derstood layers which are placed adjacent to each other
in a parallel orientation and being displaced with respect
to each other along a direction being orthogonal to the
plane of each of the layers.
[0022] It is understood that when the upper layer is
placed adjacent to the lower layer and at least partially
covers the lower layer, then the upper layer may shield
the lower layer so that an etchant placed on the upper
layer may not access the lower layer, such as at least
not access the portions of the lower layer which are cov-
ered by the upper layer.
[0023] By ’disruptive strip’ is understood a line of lack
of upper layer material which separates the upper layer
material into upper layer material on both sides of the
disruptive strip. A disruptive strip may be seen as a gap
in an otherwise coherent material. If a coherent material,
such as a coherent layer of material, is traversed by a
disruptive strip, the continuity of the coherent material is
thus disrupted into two separate (layers of) material.
[0024] By ’exposed areas of the lower layer’ is under-
stood that the portions of the lower material, i.e., the lower
layer, which might previously have been covered by the
upper layer may be exposed, so that the exposed areas
may be susceptible to etching without removing further
portions of the upper layer.
[0025] By ’etching the exposed areas’ is understood
that the exposed areas of the lower material are etched
with an etchant. The etchant may in particular embodi-
ments be in any one of the following states of matter:
plasma, liquid and gas. In a particular embodiment Re-
active Ion Etching (RIE) is employed.

[0026] In terms of directions, it is understood when re-
ferring to ’up’ that an up-down axis is defined as being in
a direction orthogonal to the plane of the interface be-
tween the upper and lower layer, and that ’up’ is in the
direction from the lower layer to the upper layer, and vice
versa for the direction ’down’. It is understood that the
up-down axis is parallel to a y-axis as indicated in the
figures, and that ’up’ is in the positive y-direction. This
definition of direction also applies when using the terms
’above’ and ’below’ which are given their general mean-
ing.
[0027] By ’undercut volumes’ are understood volumes
etched in the lower layer, which volumes may be below
remaining portions of the lower layer and/or the upper
layer. Thus an undercut volume may be shadowed by
overhanging portions of the upper layer and/or the lower
layer. Thus, when a material is deposited on the sandwich
comprising the upper layer and lower layer (or the lower
layer, such as only the lower layer, such as after removal
of the upper layer), using a line-of-sight process for dep-
osition of material in a direction following the up-down-
axis from a position above the sandwich comprising the
upper layer and lower layer (or the lower layer), and un-
dercut portions have been formed in the lower layer, then
the material is not deposited on the portions of the upper
layer and lower layer (or the lower layer) which borders
the undercut volumes.
[0028] By an ’etchant for which the etch rate for the
lower layer is higher than the etch rate for the upper layer’
is understood an etchant which etches more material of
the undercut volume (i.e., etches more length units per
time unit) in the material of the lower layer than in the
material of the upper layer.
[0029] By ’hastelloy’ is understood an alloy wherein
the predominant alloying ingredient is nickel and wherein
other alloying ingredients are added, such as the alloy
comprising varying percentages of one or more of, such
as all of, the elements: molybdenum, chromium, cobalt,
iron, copper, manganese, titanium, zirconium, alumini-
um, carbon, and tungsten. In a particular embodiment,
hastelloy is an alloy which comprises the elements Ni,
Cr, Fe, Mo, Co, W, C. In a more particular embodiment,
the alloy also comprises Ni, Cr, Fe, Mo, Co, W, C and
one or more of the elements Mn, Si, Cu, Ti, Zr, Al and B.
In a more particular embodiment, the alloy is understood
to comprise approximately 47 wt% Ni, 22 wt% Cr, 18 wt%
Fe, 9 wt% Mo, 1.5 wt% Co, 0.6 wt% W, 0.10 wt% C, less
than 1 wt% Mn, less than 1 wt% Si and less than 0.008
wt% B. Hastelloy may be referred to as "superalloy" or a
"high-performance alloy" within the art.
[0030] ’Stainless steel’ is generally known in the art. In
particular embodiments, there is provided stainless steel
with nickel and/or chromium, such as to provide a stain-
less steel which is corrosion and/or oxidation resistant,
mechanically stable and non-magnetic at the operation
temperature of the superconducting layer.
[0031] The invention may in particular embodiments
encompass having one or more intermediate layers of
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material inserted between the upper and the lower layer,
such as having one or more intermediate layers separat-
ing the upper and lower layer, such as the one or more
intermediate layer functioning as a barrier for any one of
heat, current and diffusion of atoms, ions and/or mole-
cules between the upper and lower layer. An advantage
of having one or more intermediate layers may be that it
improves the mechanical properties, such as making the
layered solid element stronger or more rigid. It is thus
understood that the wording ’adjacent to’ does not nec-
essarily imply that upper layer and the lower layer are in
direct physical contact. However, in a specific embodi-
ment, the upper layer and the lower layer are in direct
physical contact.
[0032] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element, wherein the un-
dercut volumes are below remaining portions of the lower
layer, such as the undercut volumes being shadowed by
overhanging portions of the lower layer. It may thus be
understood, that the undercut volumes are positioned so
that a portion of the lower layer is below the undercut
volumes and another portion of the lower layer is above
the undercut volume. A possible advantage of this em-
bodiment may be, that the undercut volumes may still be
present even if the upper layer is removed. A possible
advantage of this may be, that the upper layer may not
be considered beneficial for the further processing and/or
for the properties of a final elongated superconducting
element.
[0033] In a particular embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein the step
of

- forming a plurality of disruptive strips in the upper
layer thereby forming a plurality of exposed areas of
the lower layer, where each exposed area is formed
along a disruptive strip,

comprises a deformation process. In a particular embod-
iment, the deformation process comprises deforming,
such as compressing, a portion of the lower layer below
the positions of the disruptive strips, so as to lower por-
tions of the upper layer below the original position of the
plane of the upper layer, so as to expose areas of the
lower layer.
[0034] By ’a deformation process’ is understood a
process wherein material is deformed such as by a proc-
ess where material, such as the material of the upper
layer and/or the lower layer, is deformed. A deformation
process may be understood as a process involving con-
tact forces.
[0035] In alternative embodiments, the deformation
process may be replaced with any one of a cutting proc-
ess, a scratching process, a grinding process and a pol-
ishing process.
[0036] By a ’scratching process’ is understood that a

portion of the upper layer and possibly a portion of the
lower layer is scratched off, such as scraped off.
[0037] By ’a grinding process’ is understood that a por-
tion of the upper layer and possibly a portion of the lower
layer removed by grinding process or polishing, such as
repeatedly scraping off minor portions of the material to
be removed. A ’polishing process’ is understood to be
similar to a ’grinding process’ in the present context.
[0038] By a ’cutting process’ is understood a process
wherein material is displaced, such dispaced rather than
removed. This may be achieved using a relatively sharp
tool.
[0039] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein the step
of providing the layered solid element comprises

- Providing a primary solid element, the primary solid
element having a primary upper layer being substan-
tially uniform,

- Forming the upper layer of the layered solid element
by any one of:

i. Hardening an upper portion of the primary up-
per layer, such as hardening in a gas hardening
process,
ii. doping an upper portion of the primary upper
layer,
iii. preparation of an oxide layer or a nitride layer
within an upper portion of the primary upper lay-
er.

[0040] It is understood that the primary upper layer of
the primary solid element may thus be changed into the
upper layer (corresponding to the upper portion of the
primary upper layer), and the lower layer (corresponding
to the at least a part of the portion of the primary upper
layer which is not the primary upper layer, such as cor-
responding to the portion of the primary upper layer which
is not the upper portion of the primary upper layer).
[0041] An exemplary gas hardening process could
comprise the steps of heating the substrate to an elevated
temperature, such as at least 500 degrees Celsius, such
as at least 800 degrees Celsius, such as at least 1000
degrees Celsius, within a furnace, and filling the furnace
with a controlled gas (such as nitrogen, carbon, boron or
oxygen, which may be provided with at least 99.9 % pu-
rity), so as to produce the desired thickness of the hard-
ened layer. The thickness of the hardened layer may be
controlled by varying the amount of time the controlled
gas is within the furnace, the temperature within the fur-
nace and/or the composition of the controlled gas. An
exemplary dopant for doping could be nitrogen, carbon,
oxygen. A possible advantage of employing gas harden-
ing may be that it enables providing a very uniform hard-
ening.
[0042] An exemplary process for forming an oxide lay-
er or a nitride layer could comprise the steps of heating
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the substrate to an elevated temperature, such as at least
500 degrees Celsius, such as at least 800 degrees Cel-
sius, such as at least 1000 degrees Celsius, within a fur-
nace, and filling the furnace with a controlled gas (such
as nitrogen or oxygen, which may be provided with at
least 99.9 % purity) so as to produce the desired thick-
ness of the nitride/oxide layer. The thickness of the hard-
ened layer may be controlled by varying the amount of
time the controlled gas is within the furnace, the temper-
ature within the furnace and/or the composition of the
controlled gas.
[0043] It is also encompassed by the present invention
that an upper layer may be formed by employing the proc-
esses of solid diffusion-, plasma- and salt bath based
methods.
[0044] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein the step
of forming in a deformation process a plurality of disrup-
tive strips in the upper layer comprises pressing a portion
of the upper layer into the lower layer, such as in a rolling
step, such as in a cold rolling step, such as when trans-
ferring the tape substrate from one reel to another, such
as in a drawing process.
[0045] By ’pressing’ is understood a pressing step
which is understood to be a step wherein material is dis-
placed using a compressive contact force applied via an-
other element, such as a roller. An advantage of employ-
ing a pressing step may be that it enables deforming ma-
terial, such as forming the plurality of disruptive strips in
a simple, cheap, and/or efficient manner. In a particular
embodiment, there is removed no material. This may be
possible because material is displaced, such as com-
pressed. Another possible advantage of employing a
pressing step may be that it can result in a hardening,
such as a deformation hardening, which may increase
the overall yield strength and/or the hardness of the sub-
strate, such as the hardness of the lower layer.
[0046] By a ’drawing process’ is understood a process
wherein at least the upper layer and a portion of the lower
layer is deformed in a plastic deformation, such as in an
irreversible deformation, such as by drawing it through a
die so as to change shape of the profile. By ’profile’ is
understood the shape of the upper layer and a portion of
the lower layer in a plane, such as a cross section, being
orthogonal to the direction of drawing.
[0047] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein a thick-
ness of the upper layer of the layered solid element is
within 1 nm-100 micrometer, such as within 10-1000 nm,
such as within 0.1 nm-10 mm, such as within 1 nm-1 mm,
such as within 1 nm-0.1 mm, such as within 1-10000 nm,
such as within 1-1000 nm, such as within 1-100 nm, such
as within 10 nm-1 mm, such as within 10 nm-0.1 mm,
such as within 10 nm-10000 nm, such as within 10-1000
nm, such as within 100 nm-1 mm, such as within 100
nm-0.1 mm, such as within 100 nm-10000 nm, such as

within 100-1000 nm, such as less than 10 nm, such as
less than 100 nm, such as less than 1000 nm, such as
less than 10000 nm, such as less than 0.1 mm, such as
less than 1.0 mm, such as less than 10 mm. An advantage
of having a relatively thin thickness may be that it reduces
the time for providing the upper layer, such as the time
for growing or depositing the material of the upper layer.
An advantage of not having the upper layer being too
thin may be that a too thin layer may not be robust
enough.
[0048] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein a dis-
tance between adjacent disruptive strips within the plu-
rality of disruptive strips is within 1 micrometer-1 millim-
eter, such as within 10-100 micrometer, such as within
0.1 nm-10 mm, such as within 1 nm -1000 micrometer,
such as within 1 nm-100 micrometer, such as within 1
nm-10 micrometer, such as within 10 nm-1000 microm-
eter, such as within 10 nm-100 micrometer, such as with-
in 10 nm-10 micrometer, such as within 100 nm-1000
micrometer, such as within 100 nm-100 micrometer, such
as within 100 nm-10 micrometer, such as within 1-1000
micrometer, such as within 1-100 micrometer, such as
within 1-10 micrometer, such as within 10-1000 microm-
eter, such as within 20-200 micrometer, such as within
100-1000 micrometer, such as less than 10 micrometer,
such as less than 100 micrometer, such as less than 200
micrometer, such as less than 1000 micrometer, such as
less than 10 mm. An advantage of having the distance
between adjacent disruptive strips within this range may
be that it enables reducing AC losses. It is to be under-
stood that the distance between disruptive strips is to be
measured in a direction being parallel to the plane of the
interface between the upper and lower layer, and orthog-
onal to the direction of the disruptive strips. The disruptive
strips may in particular embodiments be substantially
parallel, such parallel.
[0049] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein a width
of the disruptive strips may be 1 micrometer, such as 2
micrometer, such as 5 micrometer, such as 10 microm-
eter, such as 30 micrometer, such as 100 micrometer,
such as 1 mm, such as 4 mm, such as 5 mm, such as
10 mm, such as within 1 micrometer-1 mm, such as 1
micrometer-10 mm, such as 1 mm-10 mm. An advantage
of having the width in this range may be that it enables
physically separting layers deposited on the substrate. It
is to be understood that the width is to be measured in a
direction being parallel to the plane of the interface be-
tween the upper and lower layer, and orthogonal to the
direction of the disruptive strips.
[0050] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element according to any
of the preceding claims, wherein a distance between a
plane being parallel with the upper surface of the lower
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layer or the upper surface of the upper layer, and a plane
being tangential to the bottom of the plurality of disruptive
strips is large enough so as to enable that a supercon-
ducting material placed on the substrate will have por-
tions in the disruptive strips and between the disruptive
strips which portions are physically separated. In partic-
ular embodiments, said distance is within 50 nm-10 mi-
crometer. It is understood that when referring to "on the
substrate", that the superconducting material may be de-
posited on the upper layer (being outside of the disruptive
strips) and within the disruptive strips, but it is also un-
derstood that in particular embodiments, the method may
comprise removing the upper layer in which embodi-
ments the superconducting material may be deposited
on the lower layer (being outside of the disruptive strips)
and within the disruptive strips.
[0051] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein a dis-
tance between a plane being parallel with an upper sur-
face of the lower layer, and a plane being tangential to
the bottom of the plurality of disruptive strips is within 50
nm-10 micrometer, such as within 1-100 micrometer,
such as within 0.1 nm - 10 mm, such as within 1 nm -1000
micrometer, such as within 1 nm -100 micrometer, such
as within 1 nm-10 micrometer, such as within 10 nm
-1000 micrometer, such as within 10 nm -100 microme-
ter, such as within 10 nm-10 micrometer, such as within
0.1-1000 micrometer, such as within 0.1-1000 microm-
eter, such as within 0.1-100 micrometer, such as within
0.1-10 micrometer, such as within 1-1000 micrometer,
such as within 1-10 micrometer, such as within 10-1000
micrometer, such as within 10-100 micrometer, such as
less than 10 micrometer, such as less than 100 microm-
eter, such as less than 200 micrometer, such as less than
1000 micrometer, such as less than 10 mm.
[0052] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element wherein a dis-
tance between a plane being parallel with an upper sur-
face of the upper layer, and a plane being tangential to
the bottom of the plurality of disruptive strips is within 50
nm-10 micrometer, such as within 1-100 micrometer,
such as within 0.1 nm - 10 mm, such as within 1 nm -1000
micrometer, such as within 1 nm -100 micrometer, such
as within 1 nm-10 micrometer, such as within 10 nm
-1000 micrometer, such as within 10 nm -100 microme-
ter, such as within 10 nm-10 micrometer, such as within
0.1-1000 micrometer, such as within 0.1-1000 microm-
eter, such as within 0.1-100 micrometer, such as within
0.1-10 micrometer, such as within 1-1000 micrometer,
such as within 1-10 micrometer, such as within 10-1000
micrometer, such as within 10-100 micrometer, such as
less than 10 micrometer, such as less than 100 microm-
eter, such as less than 200 micrometer, such as less than
1000 micrometer, such as less than 10 mm.
[0053] In another embodiment, there is provided a
method for producing a substrate suitable for supporting

an elongated superconducting element, such as a meth-
od for producing an elongated superconducting element,
wherein the method further comprises placing, such as
depositing, a layer of superconducting material on the
upper layer and/or lower layer of the layered solid ele-
ment so that the undercut volumes serve to physically
separate individual lines of superconducting material. An
advantage of placing a layer of superconducting material
on the upper layer and/or lower layer of the layered solid
element may be that it enables providing a supercon-
ducting structure. An advantage of placing a layer of su-
perconducting material on the upper layer and/or lower
layer of the layered solid element so that the undercut
volumes serve to physically separate individual lines of
superconducting material may be that it enables provid-
ing a plurality of lines of superconducting material which
are physically separated and hence effectively reduce
the AC losses. A possible advantage is that it enables
low material consumption, since no superconducting ma-
terial need to be removed in order to realize the physical
separation.
[0054] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element, such as a meth-
od for producing an elongated superconducting element,
wherein the method further comprises placing, such as
depositing,

- a layer of buffer material on the upper layer and/or
lower layer of the layered solid element, and

- a layer of superconducting material on the buffer ma-
terial,

so that the undercut volumes serve to physically separate
individual lines of superconducting material and/or buffer
material.
[0055] A possible advantage of placing a layer of buffer
material on the upper layer and/or lower layer of the lay-
ered solid element may be that it enables placing a layer
of superconducting material on top of the buffer layer,
where the superconducting properties of the supercon-
ducting layers are improved and/or protected by being
placed on the buffer layer, as opposed to being placed
directly on the upper layer and/or lower layer. More spe-
cifically, the superconducting material may be improved
since the buffer material may provide a texture which is
advantageous in terms of improving the superconducting
properties of the superconducting material. For example,
if a substrate has a relatively rough substrate, then plac-
ing a buffer layer on such substrate may enable achieving
a roughnesss (of the buffer - and hence the surface on
which a superconducting layer is to be placed) of, e.g.,
0.1 nmRMS -10 nmRMS. More specifically, the supercon-
ducting material may be protected since the buffer ma-
terial may provide a barrier against potentially harmful
elements (in terms of superconducting properties), such
as atoms, ions and/or molecules which could have dif-
fused from the upper layer and/or lover layer and into the
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superconducting material, and thereby deteriorate the
superconducting properties. An advantage of placing a
layer of superconducting material on the buffer material
may be that it enables providing a superconducting struc-
ture. An advantage of doing it so that the undercut vol-
umes serve to physically separate individual lines of su-
perconducting material and/or buffer material may be that
it enables providing a plurality of lines of superconducting
material which are physically separated and hence ef-
fectively reduce the AC losses. The thickness of the layer
of the superconducting material (in a direction orthogonal
to the plane of the upper layer and the lower layer) may
be 100 nm, such as 1000 nm, such as 3 micrometer,
such as 5 micrometer, such as within the range of 100
nm-3 micrometer, such as within a range of 100 nm-5
micrometer. It is noted that and advantage of having rel-
atively thin superconducting layers may be that too thick
layers becomes brittle and may fracture upon bend-
ing/winding into e.g. a coil. Very thick superconductor
layers (made of Yttrium barium copper oxide, a crystalline
chemical compound with the formula YBa2Cu3O7-x (YB-
CO)) are known to have a lower critical current density
compared with thinner layers. Multilayers of YBCO with
intermediate buffer layers is one method for producing
an effective thick superconductor stack with an overall
higher critical current.
[0056] It is understood, that in order to obtain the ad-
vantage of having electrically decoupling adjacent lines,
it may not be necessary that the lines of layer of material
which is superconducting when placed on the buffer ma-
terial is itself physically separated from adjacent lines. It
may be sufficient that lines of buffer material are sepa-
rated so that the layer of superconducting material is only
superconducting along (and above) the lines of buffer
material, whereas the corresponding lines of material in
between are not superconducting.
[0057] In an embodiment, there is provided a method
for producing a substrate suitable for supporting an elon-
gated superconducting element, such as a method for
producing an elongated superconducting element,
wherein the method further comprises placing, such as
depositing, a layer of superconducting material on the
upper layer and/or lower layer of the layered solid ele-
ment so that the undercut volumes serve to physically
separate individual lines of superconducting material,
and the method further comprising placing, such as de-
positing,

- a layer of buffer material on the superconducting ma-
terial, such as on top of the superconducting mate-
rial, such as on the side of the superconducting ma-
terial being away from the lower layer.

[0058] Strong texture and epitaxial growth of e.g. su-
perconducting YBCO may be difficult to obtain for very
thick layers (such as 500 nm-5 mm thickness). It is noted
that texture and epitaxial growth decay at high supercon-
ductor YBCO layer thicknesses. A possible advantage

of placing an (extra) layer of buffer material on the su-
perconducting material may be that the superconducting
properties of an additional superconducting layer (depos-
ited on top of the extra buffer layer) may be improved,
since the (extra) buffer layer again increases the fraction
of texture and level of epitaxial growth. Thus, a possible
advantage of placing a layer of buffer material on the
superconducting material may be that it enables forming
a ’stack’ of high quality superconducting films.
[0059] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element, such as a meth-
od for producing an elongated superconducting element,
wherein the step of placing, such as depositing, a layer
of superconducting material and/or buffer material is a
line-of-sight process, such as a physical vapour deposi-
tion process, such as a pulsed laser deposition process,
such as RF sputtering, such as E-beam evaporation,
such as Ion Beam Assisted Deposition (IBAD).
[0060] By a ’line-of-sight’ process is understood any
process which enables depositing material only on posi-
tions of a substrate which may be seen along a straight
line from another position, such as a position above the
substrate. ’Line-of-sight’ process is thus construed
broadly to comprise processes where the deposited ma-
terial follows straight lines prior to deposition and proc-
esses for deposition which has a similar effect. In a par-
ticular embodiment, the line-of-sight process is any one
of die coating, bubble jet coating and ink jet coating.
[0061] A possible advantage of using a line-of-sight
process may be that it enables depositing material only
outside of the undercut volumes, and thus enables in a
simple step to simultaneously achieve deposition of ma-
terial outside the undercut volumes and achieve that
there is no deposition of material within the undercut vol-
umes.
[0062] In particular embodiments, ’line-of-sight’ is un-
derstood to be a process wherein the deposited material
has its origin from a source and travels in a direct line
therefrom to the position where it is deposited. In other
words, there can only be deposited material on positions
from which there can be drawn a straight line to the source
which does not traverse any obstacles. In a particular
embodiment, the source is above the undercut volumes.
In another embodiment, the source is so far above the
lower layer, that virtual lines from the source to different
positions within the undercut volumes are substantially
parallel.
[0063] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element, such as a meth-
od for producing an elongated superconducting element,
wherein the method further comprising placing a shunt
layer on the layer of superconducting material.
[0064] By a ’shunt layer’ is understood a layer of ma-
terial which is placed on the layer of superconducting
material, which has high thermal conductivity and high
electrical conductivity. An advantage of having a shunt
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layer may be, that if the an underlying superconductor
does not conduct well at a certain point, the current may
pass this (low conductivity) point via the (high conductiv-
ity) shunt layer thereby avoiding a failure of the structure
due to resistive heating. Exemplary materials of the shunt
layer may comprise silver (Ag) and/or copper (Cu) and/or
gold (Au). The shunt layer is not chemically active with
respect to the layer of superconducting material. The un-
dercut volumes may be advantageous with respect to
the shunt layer as the undercut volumes associated with
the disruptive strips may also physically separate the
shunt layer, such as physically separate the shunt layer
material on either side of each disruptive strip and shunt
layer material within the disruptive strip, thereby effec-
tively forming a striated shunt layer, such as turning the
shunt layer into stripes of shunt layer material. An advan-
tage of forming a striated shunt layer may be that it en-
ables removing high conductivity contact (through the
shunt layer) between the lines of superconducting mate-
rial, which is also separated by the undercut volumes,
while still being able to thermally conduct to the outer
supporting structure and allowing current to pass poten-
tial points of low conductivity (in parallel with the normal
current direction) thus both enabling normal cooling and
protection of the superconductor in the event of a quench.
The shunt layer may be placed on the superconducting
material with methods known in the art, such as by dep-
osition, sputter deposition, electrochemical deposition,
galvanic deposition, or similar methods.
[0065] In another embodiment, there is provided a
method for producing a substrate suitable for supporting
an elongated superconducting element, such as a meth-
od for producing an elongated superconducting element,
wherein the method further comprises introducing virtual
cross-cuts in the substrate, the buffer layer and/or the
superconducting material. Such virtual transverse cross-
cuts may be beneficial for reducing AC loss. Virtual trans-
verse cross-cuts are described in the reference "AC Loss
Reduction in Filamentized YBCO Coated Conductors
With Virtual Transverse Cross-Cuts", Zhang et al., IEEE
TRANSACTIONS ON APPLIED SUPERCONDUCTIV-
ITY, VOL. 21, NO. 3, JUNE 2011, 3301-3306, which is
hereby incorporated by reference in entirety.
[0066] According to a second aspect of the invention,
there is provided a substrate suitable for supporting an
elongated superconducting element, such as a super-
conducting tape having reduced AC losses, the substrate
comprising:

a layered solid element, the layered solid element
comprising

+ a lower layer, such as a nickel based alloy, and
+ lines of an upper layer, such as a gas-hardened
layer, such as a deformation hardened layer,
such as an oxide layer,

wherein the lines of the upper layer is placed adja-

cent to the lower layer and partially covers the lower
layer,
wherein a plurality of disruptive strips between the
lines of the upper layer separates the lines of the
upper layer,
and wherein undercut volumes are present between
the lines of the upper layer and the lower layer, where
each undercut volume is formed along a disruptive
strip.

[0067] In another embodiment, there is provided a sub-
strate suitable for supporting an elongated supercon-
ducting element, wherein the substrate is a tape.
[0068] According to a third aspect of the invention,
there is provided an elongated superconducting element
comprising:

- A substrate according to the second aspect,
- a superconducting layer placed, such as deposited,

on the substrate so that the undercut volumes phys-
ically separates individual lines of superconducting
material.

[0069] According to a fourth aspect of the invention,
there is provided a use of an elongated superconducting
element according to the third aspect, within any one of
a performance magnetic coil, a transformer, a generator,
a magnetic resonance scanner, a cryostat magnet, a par-
ticle accelerator, a large hadron collider, an AC power
grid cable, a smart grid.
[0070] According to a fifth aspect, there is provided an
apparatus for, such as arranged for, carrying out the
method according to the first aspect.
[0071] The first, second, third, fourth and fifth aspect
of the present invention may each be combined with any
of the other aspects. These and other aspects of the in-
vention will be apparent from and elucidated with refer-
ence to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0072] The first, second, third and fourth aspects ac-
cording to the invention will now be described in more
detail with regard to the accompanying figures. The fig-
ures show one way of implementing the present invention
and is not to be construed as being limiting to other pos-
sible embodiments falling within the scope of the at-
tached claim set.

FIG 1 shows a typical superconductor structure,

FIG 2 illustrates a non-striated (a) and a striated (b)
superconductor,

FIG 3 shows steps of a fabrication process,

FIGS 4-5 show a deformation step carried out during
standard cold rolling,
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FIG 6 shows steps of a fabrication process,

FIG 7 illustrates dimensions of the disruptive strips,

FIG 8 illustrates dimensions of a superconducting
structure,

FIGS 9-13 show a sample provided according to the
method of EXAMPLE A,

FIG 14 shows an image of a sample produced using
the method of EXAMPLE A,

FIG 15 is a schematic drawing showing an upper
and lower roll,

FIG 16 shows an image of the top-view of a sample
produced using the coating and rolling part from EX-
AMPLE B,

FIG 17 is an image of a cross-section of a sample
produced using EXAMPLE B,

FIG 18 shows a schematic drawing of the method
described in EXAMPLE C,

FIG 19 shows a schematic drawing of the method
described in Example F,

FIG 20 is a schematic illustrating a method according
to EXAMPLE I,

FIG 21 shows an optical microscopy image of the
top-view of a sample produced using ’EXAMPLE A’,
where a film is used for protection during etching,

FIG 22 shows an apparatus for carrying out the meth-
od according to the first aspect.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0073] FIG 1 shows a typical superconductor structure,
which is a sandwich structure comprising a substrate
106, a buffer layer 104 and the superconducting material
102. In the present figure, the current is supposed to flow
through the superconducting material 102 in the z-direc-
tion.
[0074] When the superconducting material is a rela-
tively wide (where width is measured in the x-direction)
layer of material, such as when formed as a layer on a
wide planar substrate, the superconducting layer exhibits
relatively large AC losses which could be reduced by
turning the single, wide superconducting layer into a plu-
rality of relatively narrow lines (i.e., lines with cross-sec-
tions in the yx-plane where the widths measured in the
x-direction are smaller compared to the original, wide lay-
er).
[0075] FIG 2 is a top view of a superconducting mate-

rial, where the left side (a) illustrates a non-striated su-
perconductor 208 formed on a planar layer, and the right
side (b) illustrates a striated superconductor, where in-
dividual lines 210 of superconducting material have been
formed are separated from adjacent lines of supercon-
ducting material by non-superconducting lines 212. It is
understood that current runs in a direction parallel to the
lines, and that the width is the dimension of the lines in
a direction orthogonal to the direction of the current.
[0076] Due to electromagnetic effects, AC losses are
present in superconducting tapes, and this problem
scales with the width of the superconductor. Consequent-
ly, it is suggested to overcome this problem by replacing
the wide superconductor layer (corresponding to the su-
perconductor layer in FIG 2(b)) by a plurality of thin su-
perconductor lines (corresponding to the separated, ad-
jacent lines in FIG 2(a)).
[0077] FIG 3 shows steps of a fabrication process, and
thus illustrates a method for producing a substrate suit-
able for supporting an elongated superconducting ele-
ment, such as a superconducting tape having reduced
AC losses.
[0078] FIG 3A shows a perspective view of a primary
solid element 202, the primary solid element 202 having
a primary upper layer 314 being substantially uniform.
[0079] Generally, the primary solid element material
(tape/wire/cylinder) in an as-rolled (or as-prepared) con-
dition and e.g. with a thickness close to the final thickness
may be fully or partially annealed during a heat treatment
in a protective atmosphere or air.
[0080] FIG 3B shows a side view of the primary solid
element where the side of the primary solid element 202
can be seen.
[0081] FIG 3C shows a method step of making a lay-
ered solid element, the method step comprising forming
the upper layer 316 of the layered solid element by hard-
ening an upper portion of the primary upper layer 314,
such as hardening in a gas hardening process, as illus-
trated by gas atoms 318 diffusing into the primary upper
layer 314. The lower portion of the primary solid element
202 is termed lower layer 303. Alternatively, the harden-
ing could have been carried out using either doping an
upper portion of the primary upper layer 314, or prepa-
ration of an oxide or nitride layer.
[0082] The figure thus shows a method of making a
layered solid element, the layered solid element compris-
ing a lower layer 303, such as a nickel based alloy, and
an upper layer 316, such as a gas-hardened layer, where-
in the upper layer is placed adjacent to the lower layer
and at least partially covers the lower layer.
[0083] A surface hardening (or surface doping) shall
be performed in order to significantly change the etching
rate between upper layer 316 and the lower layer 303
(e.g., bulk material). This may be achieved by using dis-
solution of nitrogen atoms in the surface region (e.g.,
10-1000 nm). The thickness of the actual layer may be
optimized applying different doping atoms, durations,
temperatures and pressures.
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[0084] FIG 3D shows preparation for a deformation
step, the deformation step being a pressing step, such
as a cold rolling step, where a pressing element 320 is
ready to be pressed with a force 322 into the upper layer
316, through the upper layer 316 and into the lower layer
303. The figure furthermore indicates a thickness 360 of
the lower layer 303, and a thickness 362 of the upper
layer. Both of the thicknesses are measured in the y-
direction.
[0085] FIG 3E shows the pressing step, where a press-
ing element 320 has been pressed with a force 322 into
the upper layer 316, through the upper layer 316 and into
the lower layer 303.
[0086] Thus in figures 3D-E there is thus shown an
example of a deformation process wherein a plurality of
disruptive strips in the upper layer 316 (albeit only one
is shown in the figure).
[0087] In this way, a surface profile with narrow stripes
(e.g., 10-100 mm width and 1-100 mm depth) may be
prepared by mechanical deformation (e.g. cold rolling).
The resulting profiles may be optimized with respect to
edge sharpness via the before mentioned annealing pro-
cedure to produce the most appropriate profile for under-
etching.
[0088] FIG 3F shows the situation after the pressing
step where a plurality of exposed areas 323 of the lower
layer 303 are formed, where each exposed area is formed
along a disruptive strip. The upper layer has been sep-
arated into upper portions 324, 326 and lower portions
317.
[0089] FIG 3G shows a situation after etching of the
exposed areas 323 so as to form a cavity forming a dis-
ruptive strip 328 with undercut volumes 330, 332 be-
tween the upper layer 324, 326 and the lower layer 303,
such as forming portions of the lower layer which are
shadowed when observed from above, where each un-
dercut volume is formed along a disruptive strip, wherein
an etchant is employed for which the etch rate for the
lower layer 303 is higher than the etch rate for the upper
layer 316 (or separated portions 324, 326, 317).
[0090] The etching may be performed by dipping the
substrate material in an acidic solution (e.g. 3H2O:
2HNO3: HF) in approximately 5 minutes, such as 5 min-
utes. An electro-polishing step may be introduced in ad-
dition (or instead of dipping) to control the etching rate
of the individual acid applied in the experiment which also
enabled reduction of the surface roughness. Residual
acid may be removed using flowing distilled water/etha-
nol.
[0091] The resulting surface profile, cross-sectional
profile and surface texture may be inspected using a
means for measuring microtexture, such as a scanning
electron microscope (SEM) equipped with an Electron
Backscatter Diffraction Detector (EBSD) detector and
which may in a particular embodiment employ software
for measuring and analysing texture, such as HKL Tech-
nology-Channel 5 software. Note that texture measure-
ments may only be necessary for textured substrate ma-

terials.
[0092] FIG 3H shows a situation similar to the situation
in FIG 3G, where also the separated portions 324, 326,
317 of the upper layer 316 have been removed.
[0093] FIGS 4-5 show a pressing step carried out dur-
ing cold rolling.
[0094] FIG 4 shows a relatively thick element 414 being
treated via upper roll 416 and lower roll 418 so as to be
transformed into a thinner element 420.
[0095] FIG 5 shows a more specific embodiment of
rolling, wherein the profiled roller 516 is shaped so as to
enable pressing only selected portions of the element
514 when rolled in the direction 522, thereby forming a
plurality of depressed strips.
[0096] Rolling Assisted Bi-axially Textured Substrates
(RABiTS) will serve as an example for the technique.
[0097] Mechanical rolling is applied to a metal bar and
rolled into a tape shape (cf., FIG 4). Annealing is subse-
quently performed at high temperatures and a two-step
annealing sequence is beneficial for texture formation.
The RABiTS is then surface hardened, doped and/or ox-
idised in e.g. a gas furnace (cf., FIG 3C) which may also
act as the annealing treatment. Profiles (cf., FIG 3D-E,
and/or FIG 5) are made by introducing an extra rolling
step with a profiled roller (similar to the roller 516) in the
end of tape production before/after an annealing heat
treatment. An etching is performed using a reel-to-reel
etching-bath system and following cleaned with distilled
water/ethanol. Note that, RABiTS surface quality is (for
some productions) optimised by electrochemical polish-
ing.
[0098] FIG 6 shows steps of a fabrication process for
producing an elongated superconducting element.
[0099] FIG 6A shows a situation similar to the situation
of FIG 3H.
[0100] FIG 6B shows placing, such as depositing, a
layer of buffer material 640 on the lower layer 303 of the
layered solid element. The lower layer 303 and the buffer
material 640 form an exemplary substrate 600 suitable
for supporting an elongated superconducting element.
[0101] A ceramic buffer layer stack (e.g. Y2O3/YSZ
/CeO2 for textured substrates) and superconducting lay-
er (such as YBa2Cu3O7) may be placed, such as depos-
ited, such as deposited by pulsed laser deposition (PLD)
using standard settings, on the lower layer 303 of the
layered solid element.
[0102] FIG 6C shows placing a layer of superconduct-
ing material 642, 644, 646 on the buffer material, so that
the undercut volumes serve to physically separate indi-
vidual lines of superconducting material. It is understood
that the distance 648 between bottom of the disruptive
strips and the layer of material of the substrate is large
enough so as to ensure that the separate portions 642,
644, 646 of layer of superconducting material on the buff-
er material is physically separated.
[0103] The deposition of ceramic buffer layers and su-
perconducting layer (where at least one layer is depos-
ited by a physical vapour technique/directional deposi-
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tion) will only deposit material on the horizontal surfaces
of the substrate. A complete strip decoupling is achieved
via the undercut portions, and furthermore material us-
age is minimized. Additional layers (silver/copper) added
on top of the superconductor layer will also be decoupled.
[0104] The performance of the superconducting mate-
rial with respect to critical current density (Jc), critical cur-
rent (Ic), AC-losses (W) and frequency dependency (fd)
may be measured by vibrating sample measurements
and transport measurements on small model samples (5
x 5 mm2) at various applied fields and temperatures. A
full scale, e.g., superconductor tape may be wound into
a coil and tested at 77 K applying various magnetic fields
and transport currents.
[0105] It is noted, that a possible advantage of embod-
iments of the invention may be, that a larger critical cur-
rent (Ic) may be supported for a structure having a certain
width. An explanation of this is that the total width of the
separate portions 642, 644, 646 of layer of supercon-
ducting material is relatively large compared to prior art
solutions where material between lines of superconduct-
ing material is made non-superconducting, cf., the em-
bodiment shown in FIG 2, where the total width of the
striated superconductor (in FIG 2(b)) is approximately
half the width of the non-striated superconductor (in FIG
2(a)). In comparison, with embodiments of the present
invention, the total width of the striated superconductor
may be more than 0.5, 0.6, 0.7, 0.8, 0.9 or 0.95 or 0.99
times the width of the non-striated superconductor, since
the superconducting material may be placed both be-
tween and within disruptive strips.
[0106] FIG 7 illustrates dimensions of the disruptive
strips. The figure shows a situation similar to FIG 3H or
FIG 6A, although the present figure show an additional
disruptive strip 328 formed in the lower layer 703. Fur-
thermore is indicated a distance 748 between a plane
being parallel with an upper surface of the lower layer,
and a plane being tangential to the bottom of the plurality
of disruptive strips is within depth of the disruptive strips
in the lower layer measured in the y-direction. Further-
more is indicated a width 750 of the disruptive strips in
the lower layer measured in the x-direction, the width
may in exemplary embodiments, be 1 micrometer, such
as 2 micrometer, such as 5 micrometer, such as 10 mi-
crometer, such as 30 micrometer, such as 100 microm-
eter, such as 1 mm, such as within 1 micrometer-1 mm.
Furthermore is indicated a distance 752 between adja-
cent disruptive strips within the plurality of disruptive
strips which is measured in the x-direction.
[0107] FIG 8 illustrates dimensions of a superconduct-
ing structure which has thickness 854 (length along a
first dimension, which is in the y-axis) which is signifi-
cantly smaller, such as 10, 100 or 1000 times smaller,
than its width 856 (length along a second dimension,
which is parallel to the x-axis) and where the width 856
is significantly smaller, such as 10, 100, or 1000 times
smaller, than (length along a third dimension, which is
parallel to the z-axis). The figure furthermore shows two

layers 842, 844 of superconducting material on top of the
lower layer 803. The thickness 854 may in exemplary
embodiments be 10 micrometer, such as 20, such as 50
micrometer, such as 100 micrometer, such as 1 mm, such
as within 10 micrometer-1 mm. The width 856 may in
exemplary embodiments may in particular embodiments
be 1 micrometer, such as 10 micrometer, such as 100
micrometer, such as 1 mm, such as 10 mm, such as 100
mm, such as 1 m, such as within 1 micrometer-1 m. The
length 858 may in particular embodiments be 1 m, such
as 100 m, such as 1 km, such as 20 km, such as 100
km, such as above 100 km, such as within 1 m-30 km,
such as within 1 km-30 km.

EXAMPLES

EXAMPLE A - ’Coating-cut-etched’-tapes

A1. Providing the upper layer: Surface layer/coating

[0108] The starting materials were commercially avail-
able Hastelloy C276 tapes, supplied annealed, and with
a bright surface finish, from Stahlwerk Ergste Westig Gm-
bH. The Hastealloy tape may be considered a primary
solid element. Samples with typical dimensions; length
~ 100 mm, width ~ 10 mm and thickness ~0.1 mm, were
cleaned in an ultrasonic bath using a mixture (10:1) of
acetone and ethanol for 25 min, then dipped in ethanol,
dried with compressed air. The samples were subse-
quently heat treated at 800-1000 °C for 3 h in an open
tube furnace equipped with a fan in order to supply suf-
ficient amounts of new air while growing a surface lay-
er/coating (oxide/nitride). The surface layer may be con-
sidered the upper layer. A quartz-based holder enabled
an upright positioning of the sample so that none of the
tape sides, i.e., the two sides being parallel with a plane
of the tape, were in contact with the sample holder.
[0109] It may be advantageous to avolid placing a tape
with one side downwards, since this may typically result
in an inhomogeneous, coarse and porous surface layer
(oxide/nitride).

A2. Forming the disruptive strips: Cutting disruptive lines

[0110] A standard scalpel and plastic ruler were used
to manually cut parallel disruptive lines, with a spacing
of about 1 mm, into the surface layer of the oxide/nitride
coated tapes. One, or more, cuts were typically per-
formed until bright lines were clearly apparent during vis-
ual inspection. The bright lines indicate that exposed ar-
eas are formed. Shorter samples with a length of about
20 mm were cut from the tapes using a standard paper
scissor.
[0111] The sample end, which was no longer coated
with a surface layer due to the cutting, was protected
using Kapton ® films. About 1 mm was folded around the
end onto the area with the disruptive lines and also ap-
plied firmly on the backside of the samples thus typically
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covering the sample backside as well.

A3. Etching the exposed areas so as to form undercuts: 
Undercut etching

[0112] A glass container with 50 ml of 15 % nitric acid
(HNO3) at 20 °C was stirred using a standard plastic coat-
ed magnetic stirrer. One stainless steel electrode with
dimensions; length = 50 mm, width = 10 mm and thick-
ness = 2 mm, was placed in the glass container and con-
nected to the negative output of the power supply. A sam-
ple was connected to the positive end of the power supply
using an alligator clip that was positioned opposite to the
end of the tape protection. The distance between the
sample and the stainless steel electrode was about 20
mm. An ammeter was inserted between the power supply
and the alligator clip. The sample was wriggled while firm-
ly holding the clip to ensure sufficient electrical contact
between the clip and the sample.
[0113] About 10 mm of the sample was immersed into
the acid and a current, such as a current of 400 mA, 425
mA or 450 mA (with a voltage of about 2 V), was applied
for 60 seconds. The sample was subsequently cleaned
using three separate water baths, the cleaning compris-
ing the steps of rinsing in each bath for about 2 minutes,
and finally drying the sample using a paper tissue.

Silver layer deposition (applies only to selected samples 
in EXAMPLE A)

[0114] Samples for silver deposition were mounted ei-
ther using adhesive carbon pads or a small metal holder.
The sample produced using the method described in EX-
AMPLE A was coated with a silver layer using physical
vapour deposition (E-beam evaporation, Alcatel ma-
chine). A 500 nm thick silver layer was produced at a
deposition rate of ~7 Å/s and a pressure of ~6x10-6 mbar.

RESULTS

[0115] FIGS 9-13 shows a sample provided according
to the method of EXAMPLE A, where the profile was
made by etching in 15 % HNO3 applying 450 mA for 1
minute. No silver is deposited on the samples shown in
FIGS 9-13.
[0116] FIG 9 shows an optical microscopy image of
the cross-section of a sample produced using the coating
and cutting part from ’EXAMPLE A’ (the viewing angle is
similar to FIG 3F). Notice that this sample has not been
etched before the image is aquired. A clear opening in
the upper layer 924 is present in the middle of the upper
layer, i.e., upper surface layer (oxide layer) at the position
where the cutting has been performed, so that an ex-
posed area 923 is provided, i.e., an exposed area of the
lower layer 903.
[0117] FIG 10 is a scanning electron microscopy image
of the top-view of a sample produced using the coating
and cutting part from ’EXAMPLE A’. Notice that this sam-

ple has not been etched before the image is aquired. The
upper layer, such as the surface layer (oxide layer) is
deformed and the surface layer is removed and/or trans-
lated from the position where the cutting has been per-
formed. The bright center strip is an opening into the
Hastelloy metal tape.
[0118] FIGS 11-13 are optical microscopy images of
the cross-section of a sample produced using ’Method
A’ (i.e., the viewing angle corresponds to FIG 7). The
profile was made by etching in 15 % HNO3 applying 450
mA for 1 minute.
[0119] The undercut profiles are made in the Hastelloy
metal tape and is not only a feature between the surface
layer coating and the metal tape, i.e., the undercut vol-
umes are below remaining portions of the lower layer.
[0120] FIG 11 shows two undercut profiles, such as
etched volumes 1128a, 1128b. The undercut profiles are
made in the Hastelloy metal tape, i.e., lower layer 903.
[0121] FIG 12 shows a zoom of the left etched volume
1128a from FIG 11. The arrows indicate the undercut
profile edges 1229.
[0122] FIG 13 shows a zoom of the the left etched vol-
ume 1128a from FIG 12. The undercut volume 1330 is
~ 20 mm wide which is sufficient to physically separate
a physical vapor deposited layer (this is demonstrated
by the silver layer shown in FIG 14. The figure also shows
the remaining portion of the upper layer 1324.
[0123] FIG 14 shows an optical microscopy image of
the cross-section of a sample produced using ’EXAMPLE
A’, where the profile was made by etching in 15 % HNO3
applying 425 mA for 1 minute.
[0124] Furthemore, a 500 nm silver layer 1464, 1466
was deposited on the sample which was positioned hor-
izontally above the silver source, i.e. the normal of the
sample surface was parallel to the line-of-sight direction
from the silver source.
[0125] The silver layer is physically separated as indi-
cated in the gap 1465 at the left side of the profile due to
the undercut feature between the lower layer 1403, being
a Hastelloy metal tape and the upper layer 1424, being
an oxide/nitride surface coating. Importantly, about 5 mm
of the undercut feature (which in the present figure is
given by the overhanging remaining portion of the upper
layer 1424) is sufficient to produce a significant separa-
tion of the silver layer 1464 on top of the upper layer 1424
and the silver layer 1466 at the bottom of the etched
volume.

EXAMPLE B - ’Coating-roll-etched’-tapes

B1. Surface layer/coating

[0126] See section A1.

B2. Rolling/disruptive lines

[0127] A special set of profile-rolls were applied when
producing disruptive lines in this method and a schematic
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drawing of the rolls is shown in FIG 15.
[0128] FIG 15 is a schematic drawing showing an up-
per roll 1516, being an upper profiled roller and a lower
roller 1518. The height difference 1519 between the inner
part of the curved part of the upper profiled roller and the
edge of the curved part roll is 10 mm. Note that the draw-
ing is not correctly scaled.
[0129] The coated tape was rolled manually without
lubrication and at a low rolling speed as the rolls where
driven using a set of Clyburn spanners (Swedish form).
The PPR (per pass reduction) was approximately 1-20
micrometers. The speed of rolling was approximately 10
mm per second. Bright lines (indicating exposed areas)
were apparent at the positions where the edge of the
profiled roll had deformed the tape, and visible during
subsequent inspection. The lines were accompanied by
a stepwise profile perpendicular to the length of the tape.

B3. Undercut etching

[0130] See section A3, except that this sample was
etched for 120 seconds.

RESULTS

[0131] FIG 16 shows a scanning electron microscopy
image of the top-view of a sample produced using the
coating and rolling part from ’EXAMPLE B’. The rolling
lines, where the surface layer (oxide layer) has been dis-
rupted, are clearly seen as bright stripes 1668. Multiple
roll lines (bright lines) are seen in this image and are
caused by the surface of individual profiles, i.e. each sin-
gle curved profile part consist of many smaller tracks
which is a result of the roll-fabrication process.
[0132] No roll profile was in contact with the upper part
of the tape in the image and accordingly no stripes are
observed here.
[0133] FIG 17 is an optical microscopy image of the
cross-section of a sample produced using ’EXAMPLE B’.
The profile was made by etching in 15 % HNO3 applying
450 mA for 2 minute. An undercut profile, i.e., an undercut
volume 1730 (indicated by the black arrow), is clearly
present in the Hastelloy metal tape, i.e., the lower layer
1703. The undercut volume is below remaining portions
of the lower layer. The oxide layer (surface layer) is not
removed on this sample (see white arrow), i.e, the upper
layer 1724.

ALTERNATIVE EMBODIMENTS - Examples C, D, E, F.

[0134] In general, Kapton ® film may be applied as an
extra step for all fabrication methods, such as in order to
minimize final polishing if it is placed on the areas where
no profiles, such as disruptive strips or exposed areas,
are present.

EXAMPLE C:’Roll-coating-cut/cut-roll-1’

C1. Profile rolling

[0135] The sample is rolled prior to coating using a
profile roll similar to that shown in FIG 15 (with/without
the "cutting-edge" with depth 1519, such as 10 microm-
eter, of the roll).

C2. Forming the upper layer: Surface layer/coating

[0136] A surface coating is prepared (see section A1
or using e.g. Kapton ® film) after the initial (C1) rolling.
This surface layer is covering the entire sample surface.

C3. Forming disruptive strips: Cutting/cut-rolling/grinding

[0137] A subsequent cutting or cut-rolling (roll with a
sharp cutting-profile, see FIG 15) is performed in the bot-
tom of the profile, i.e. either removing only a small part
of the horizontal part of the surface coating (i.e., the upper
layer), in the bottom of the profile or the entire surface
coating (i.e., the upper layer), in the bottom of the profile
as shown in FIG 18.
[0138] FIG 18 shows a schematic drawing of the meth-
od described in Example C (’Roll-coat-cut’ method). Sub-
figures a-d show: (a) Rolled sample, (b) after surface
coating, (c) after cutting and (d) after etching.
[0139] While in the present EXAMPLE C the step of
rolling (C1) precedes the step of cutting (C3), the opposite
is also possible, i.e., a sequence of steps where cutting
precedes rolling.

C4. Undercut-etching

[0140] See section A3.

EXAMPLE D: ’Coat-roll-cut’

[0141] Similar to EXAMPLE C but possibly without the
initial profile rolling (C1), and with an additional cutting
step is introduced after the rolling/cut-rolling to better
open/break the surface layer at the positions where the
undercut-profile is to be produced. This step is followed
by the etching step, see section A3.
[0142] An advantage of EXAMPLE D is that in case
the upper layer is not broken in the initial rolling/cut-roll-
ing, then it may be broken in the additional cutting step.
[0143] While in the present EXAMPLE D the step of
rolling/cut-rolling precedes the step of cutting, the oppo-
site is also possible.

EXAMPLE E: ’Coat-cut’

[0144] An upper layer is provided by a protective layer,
such as a standard photoresist for UV lithography, a Ka-
pton ® film or scotch tape.
[0145] The protective layer of e.g. photoresist (pro-
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duced e.g. using die slot coating or dip coating) or Kapton
® film, or scotch tape is applied to the sample surface
(i.e., to a lower layer). Disruptive lines are made by cutting
or roll-cutting lines into the protective layer and subse-
quently removing, e.g., every second of the thin strips of
protective layer so that the sample surface is covered by
parallel but separated e.g. Kapton ® film areas. The sam-
ple is etched as in section A3.

EXAMPLE F: ’Tape-etch-wax-etch’

[0146] The starting material, such as the lower layer
(e.g. Hastelloy tape), is coated with Kapton ® film (or wax
or lacquer) in stripes parallel to the length of the metal
tape. The stripes should be e.g. 1 mm wide and posi-
tioned with a spacing of, e.g., 1 mm. Then the sample is
etched (see section A3), cleaned and subsequently
dried. Additional Kapton ® film stripes (or wax or lacquer)
are then positioned at the same positions as the first Ka-
pton ® film stripes but these stripes are e.g. 200 mm wider,
i.e. second Kapton ® film width = 1.2 mm, as shown in
FIG 19.
[0147] FIG 19 shows a schematic drawing of the meth-
od described in Example F (’Tape-etch-wax-etch’). Sub-
figures a-e show: (a) sample coated in stripes, (b) after
etching, (c) after additional coating, (d) after a second
etching, (e) after removal of the coating.
[0148] Alternatively, the second coating (such as, cf.,
step (c) above), i.e., the second Kapton ® film, wax or
lacquer is applied only at the intersections between the
Kapton ® film and the metal tape. Notice that the Kapton
® film may be firmly attached to the sample, e.g. using
a brush or rubber rolls and then etched again (see section
A3). An undercut profile is formed during the second etch-
ing process.

ADDITIONAL EXAMPLES

[0149] The following examples comprises method
steps which may be combined with one or more of the
previous examples:

EXAMPLE G: Method for removing the coating/oxide lay-
er

[0150] This method step is applicable, e.g., in combi-
nation with EXAMPLES comprising the method step de-
scribed as A1, wherein the upper layer is formed as a
surface coating being an oxide/nitride layer.
[0151] This surface coating was removed using a com-
bination of a pulsed and alternating current while the sam-
ple was placed in the acid container and finally by using
an ultrasonic ethanol/acetone/water bath.
[0152] More specifically, the sample was immersed
about 10 mm into either 15% concentration of HCl, HNO3
or buffered HF acid. The current level was set between
50 mA and 500 mA (with a voltage of 1-20 volt, such as
~ 2 volt) and the negative power output was connected

to the sample while the positive output was connected
to the stainless steel electrode positioned about 20 mm
from the sample. Outputs were reversed after about 10
seconds of layer removal, so that the positive output was
connected to the sample and the stainless steel electrode
to the negative output. This procedure, flipping the cur-
rent direction, was conducted until the sample was virtu-
ally free from the surface coating layer. Durations typi-
cally spanned from 30 seconds to 5 minutes. Residues
were removed in the ultrasonic cleaning procedure (3
minutes duration in ethanol, acetone or water). Introduc-
ing a mechanical deformation, such as a rolling step, to
the surface layer (i.e., the upper layer in cases where the
upper layer is an oxide/nitride layer) could aid the coating-
removal process.

EXAMPLE H: Method for electro-polishing

[0153] After removing the surface layer, i.e., the upper
layer, additional electro-polishing may be required in or-
der to obtain a smooth surface condition which may be
particularly applicable for further deposition of e.g. buffer
and/or superconducting layers. The electrolyte may for
example be chosen from the group comprising H3PO4,
HCl and H2SO4, or a similar electrolyte.
[0154] The skilled person will be capable of carrying
out this procedure, and reference is made to a standard
for this procedure and to the reference "Electropolishing
Stainless Stee/s", by Alenka Kosmac, Euro Inox, Mate-
rials and Applications Series, Volume 11, ISBN:
978-2-87997-310-4, which is hereby incorporated by ref-
erence in entirety.

EXAMPLE I: Undercut-profile protection during electro-
polishing

[0155] In order to ensure that significant electro-pol-
ishing of the sample surface, does not result in modified
undercut-profiles, the following methods may be utilized:

Method of Protection - I.A:

[0156] Protective film with an adhesive side, such as
Kapton ® film, can be positioned at the profile edges so
that it is only covering a small fraction of the area which
shall be polished as shown in FIG 20. The sample surface
is thus covered with parallel thin protective films that may
be firmly attached to the surface by e.g. applying a set
of soft brushes on the tapes.
[0157] FIG 20 is a schematic drawing showing a lower
layer 2003 with an undercut volume as part of an etched
volume 2028. The portion of the lower layer adjacent to
the undercut volume is covered with a protective layer
2068, such Kapton ® film, lacquer or wax.
[0158] FIG 21 shows an optical microscopy image of
the top-view of a sample produced using ’EXAMPLE A’.
The profile was made by etching in 15 % HNO3 applying
450 mA for 1 minute. The dashed line 2169 indicates the
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position of the protective Kapton ® film during etching
(the film was placed only on the left side of the dashed
line). Notice that the Kapton ® film was removed prior to
the silver deposition. The left hand side of the image
shows the cut-line, i.e., the exposed area 2123 without
etching and with a silver layer. The right hand side shows
the cut-line after etching, i.e., an etched area 2128, and
with a silver layer. The figure shows that, e.g., Kapton ®
film, may serve to protect against etching.

Method of Protection - I.B:

[0159] Protective lacquer or wax may be coated in par-
allel lines using a slot die coater or an alternative standard
coating process. This lacquer or wax can subsequently
be removed using e.g. acetone or hot water.
[0160] An apparatus for carrying out the method ac-
cording to the first aspect:

FIG 22 shows an apparatus for, such as arranged
for, carrying out the method according to the first
aspect. The figure shows a reel-to-reel system,
where a metal tape is transferred from a first reel
2271 to a second reel 2287, and in the process is
transformed into a substrate suitable for supporting
an elongated superconducting element by going
through an ultrasound cleaning bath 2272 compris-
ing acetone and/or ethanol, a dryer 2273 using air
or nitrogen (N2), a heater 2274 using air and/or ni-
trogen (N2) so as to form the upper layer as an ox-
ide/nitride layer, a set of rolls comprising an upper
roll 2216 and a lower roll 2218 (such as rolls similar
to the rolls in FIG 15) so as to form disruptive strips
and exposed areas (note that the tape continues as
indicated by the dashed line), an etching bath 2277
with HNO3 where the tape is etched, a first cleaning
bath 2278 with water, an oxide-removal bath 2279
which may employ ultrasound, such as ultrasound
in HCl and/or ethanol, a second cleaning bath 2280
with water, a dryer 2281 using air or nitrogen (N2)
(note that the tape continues as indicated by the
dashed line), a device 2282 for applying profile
tape/wax/lacquer (as suggested in EXAMPLE I), an
electrochemical polishing bath 2283 comprising
H3PO4, a third cleaning bath 2284 with water, a third
cleaning bath 2285 with water, a dryer 2286 using
air or nitrogen (N2), and finally the second reel 2287.
To sum up, there is provided a method for producing
a substrate (600) suitable for supporting an elongat-
ed superconducting element, wherein, e.g., a defor-
mation process is utilized in order to form disruptive
strips in a layered solid element, and where etching
is used to form undercut volumes (330, 332) between
an upper layer (316) and a lower layer (303) of the
layered solid element. Such relatively simple steps
enable providing a substrate which may be turned
into a superconducting structure, such as a super-
conducting tape, having reduced AC losses, since

the undercut volumes (330, 332) may be useful for
separating layers of material. In a further embodi-
ment, there is placed a superconducting layer on top
of the upper layer (316) and/or lower layer (303), so
as to provide a superconducting structure with re-
duced AC losses.

[0161] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "com-
prises" do not exclude other possible elements or steps.
Also, the mentioning of references such as "a" or "an"
etc. should not be construed as excluding a plurality. The
use of reference signs in the claims with respect to ele-
ments indicated in the figures shall also not be construed
as limiting the scope of the invention. Furthermore, indi-
vidual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning
of these features in different claims does not exclude that
a combination of features is not possible and advanta-
geous.

Claims

1. A method for producing a substrate suitable for sup-
porting an elongated superconducting element, the
method comprising:

- Providing a layered solid element, the layered
solid element comprising

o a lower layer (303), and
o an upper layer (316),

wherein the upper layer is placed adjacent to
the lower layer and at least partially covers the
lower layer,
- Forming a plurality of disruptive strips in the
upper layer (316) thereby forming a plurality of
exposed areas (323) of the lower layer (303),
where each exposed area is formed along a dis-
ruptive strip, characterized in that the method
further comprising
- Etching the exposed areas (323) so as to form
undercut volumes (330, 332) between the upper
layer (316) and the lower layer (303), where
each undercut volume is formed along a disrup-
tive strip, wherein an etchant is employed for
which an etch rate for the lower layer (303) is
higher than an etch rate for the upper layer (316).

2. A method for producing a substrate suitable for sup-
porting an elongated superconducting element ac-
cording to claim 1, wherein the undercut volumes
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are below remaining portions of the lower layer.

3. A method for producing a substrate suitable for sup-
porting an elongated superconducting element ac-
cording to any of the preceding claims, wherein the
step of

- forming a plurality of disruptive strips in the
upper layer thereby forming a plurality of ex-
posed areas of the lower layer, where each ex-
posed area is formed along a disruptive strip,

comprises a deformation process.

4. A method for producing a substrate (600) suitable
for supporting an elongated superconducting ele-
ment according to any of the preceding claims,
wherein the step of providing the layered solid ele-
ment comprises

a. Providing a primary solid element (202), the
primary solid element having a primary upper
layer (314) being substantially uniform,
b. Forming the upper layer (316) of the layered
solid element by any one of:

i. Hardening an upper portion of the primary
upper layer (314), such as hardening in a
gas hardening process,
ii. doping an upper portion of the primary
upper layer (314),
iii. preparation of an oxide or nitride layer
within an upper portion of the primary upper
layer.

5. A method for producing a substrate (600) suitable
for supporting an elongated superconducting ele-
ment according to claim 3, wherein the step of form-
ing in a deformation process a plurality of disruptive
strips in the upper layer (316) comprises pressing a
portion of the upper layer into the lower layer (303).

6. A method for producing a substrate (600) suitable
for supporting an elongated superconducting ele-
ment according to any of the preceding claims,
wherein a thickness (362) of the upper layer (316)
of the layered solid element is within 1 nm-100 mi-
crometer.

7. A method for producing a substrate (600) suitable
for supporting an elongated superconducting ele-
ment according to any of the preceding claims,
wherein a distance (752) between adjacent disrup-
tive strips within the plurality of disruptive strips is
within 1 micrometer-1 millimeter.

8. A method for producing a substrate (600) suitable
for supporting an elongated superconducting ele-

ment according to any of the preceding claims,
wherein a distance (748) between a plane being par-
allel with an upper surface of the lower layer (303)
or an upper surface of the upper layer (326), and a
plane being tangential to a bottom of the plurality of
disruptive strips is large enough so as to enable that
a superconducting material placed on the substrate
will have portions in the disruptive strips and between
the disruptive strips which are physically separated.

9. A method for producing an elongated superconduct-
ing element, wherein the method further comprises
placing a layer of superconducting material (642,
644, 646) on the upper layer (316) and/or the lower
layer (303) of the layered solid element according to
any of the preceding claims so that the undercut vol-
umes (330, 332) serve to physically separate indi-
vidual lines of superconducting material.

10. A method for producing an elongated superconduct-
ing element, wherein the method comprises the
steps of producing a substrate suitable for supporting
an elongated superconducting element according to
any one of claims 1-8, and wherein the method fur-
ther comprises placing a layer of superconducting
material (642, 644, 646) on the upper layer (316)
and/or the lower layer (303) of the layered solid el-
ement so that the undercut volumes (330, 332) serve
to physically separate individual lines of supercon-
ducting material.

11. A method for producing an elongated superconduct-
ing element according to any one of claims 9-10,
wherein the method further comprises placing,

a. a layer of buffer material (640) on the upper
layer (316) and/or lower layer (303) of the lay-
ered solid element according to any one of
claims 1-6, and
b. a layer of superconducting material (642, 644,
646) on the buffer material,

so that the undercut volumes (330, 332) serve to
physically separate individual lines of superconduct-
ing material and/or buffer material.

12. A method for producing an elongated superconduct-
ing element according to any one of claims 9-11,
wherein the step of placing a layer of superconduct-
ing material (642, 644, 646) and/or a layer of buffer
material (640) is a line-of-sight process.

13. A method for producing an elongated superconduct-
ing element according to any one of claims 9-12, the
method further comprising placing a shunt layer on
the layer of superconducting material (642, 644,
646).
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14. A substrate suitable for supporting an elongated su-
perconducting element, the substrate comprising:

a layered solid element, the layered solid ele-
ment comprising

o a lower layer (303),
o lines of an upper layer (316),

wherein the lines of the upper layer (316) are
placed adjacent to the lower layer (303) and par-
tially covers the lower layer,
wherein a plurality of disruptive strips between
the lines of the upper layer (316) separates the
lines of the upper layer (316),
characterized in that undercut volumes (330,
332) are present between the lines of the upper
layer (316) and the lower layer (303), where
each undercut volume is formed along a disrup-
tive strip.

15. A substrate (600) suitable for supporting an elongat-
ed superconducting element according to claim 14,
wherein the substrate is a tape.

16. An elongated superconducting element comprising:

- A substrate according to any one of claims
14-15,
- a superconducting layer placed, on the sub-
strate so that the undercut volumes (330, 332)
physically separates individual lines of super-
conducting material.

17. An apparatus for carrying out the method according
to any one of claims 1-13.

18. Use of an elongated superconducting element ac-
cording to claim 16, within any one of a performance
magnetic coil, a transformer, a generator, a magnetic
resonance scanner, a cryostat magnet, a large
hadron collider, an AC power grid cable, a smart grid.

Patentansprüche

1. Verfahren zur Herstellung eines Substrats, das als
Träger für ein längliches supraleitfähiges Element
geeignet ist, wobei das Verfahren umfasst:

- Bereitstellen eines geschichteten festen Ele-
mentes, wobei das geschichtete feste Element
umfasst

o eine untere Schicht (303) und
o eine obere Schicht (316),

wobei die obere Schicht neben der unteren

Schicht angeordnet ist und die untere Schicht
mindestens teilweise bedeckt,
- Ausbilden einer Mehrzahl disruptiver Streifen
in der oberen Schicht (316), wobei eine Mehr-
zahl exponierter Bereiche (323) der unteren
Schicht (303) ausgebildet wird, wobei jeder ex-
ponierte Bereich entlang eines disruptiven Strei-
fens ausgebildet ist,

dadurch gekennzeichnet, dass das Verfahren wei-
terhin umfasst

- Ätzen der exponierten Bereiche (323) unter
Ausbildung von hinterschnittenen Volumen
(330, 332) zwischen der oberen Schicht (316)
und der unteren Schicht (303), wobei jedes hin-
terschnittene Volumen entlang eines disrupti-
ven Streifens ausgebildet ist, wobei ein Ätzmittel
verwendet wird, dessen Ätzgeschwindigkeit in
der unteren Schicht (303) höher ist als eine Ätz-
geschwindigkeit in der oberen Schicht (316).

2. Verfahren zur Herstellung eines Substrats, das als
Träger für ein längliches supraleitfähiges Element
geeignet ist, nach Anspruch 1, wobei die hinter-
schnittenen Volumen unterhalb von Restabschnit-
ten der unteren Schicht sind.

3. Verfahren zur Herstellung eines Substrats, das als
Träger für ein längliches supraleitfähiges Element
geeignet ist, nach einem der vorhergehenden An-
sprüche, wobei der Schritt des

- Ausbildens einer Mehrzahl disruptiver Streifen
in der oberen Schicht (316), wobei eine Mehr-
zahl exponierter Bereiche (323) der unteren
Schicht (303) ausgebildet wird, wobei jeder ex-
ponierte Bereich entlang eines disruptiven Strei-
fens ausgebildet ist,

einen Verformungsvorgang umfasst.

4. Verfahren zur Herstellung eines Substrats (600), das
als Träger für ein längliches supraleitfähiges Ele-
ment geeignet ist, nach einem der vorhergehenden
Ansprüche, wobei der Schritt des Bereitstellens des
geschichteten festen Elements umfasst

a. Bereitstellen eines primären festen Elements
(202), wobei das primäre feste Element eine pri-
märe obere Schicht (314) aufweist, die im We-
sentlichen einheitlich ist,
b. Ausbilden der oberen Schicht (316) des ge-
schichteten festen Elements mittels eines der
Folgenden:

i. Härten eines oberen Abschnitts der pri-
mären oberen Schicht (314), wie Härten in
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einem Gashärtungsvorgang,
ii. Dotieren eines oberen Abschnitts der pri-
mären oberen Schicht (314),
iii. Präparieren einer Oxid- oder Nitrid-
schicht innerhalb eines oberen Abschnitts
der primären oberen Schicht.

5. Verfahren zur Herstellung eines Substrats (600), das
als Träger für ein längliches supraleitfähiges Ele-
ment geeignet ist, nach Anspruch 3, wobei des Aus-
bildens einer Mehrzahl disruptiver Streifen in der
oberen Schicht (316) in einem Verformungsvorgang
das Pressen eines Abschnitts der oberen Schicht in
die untere Schicht (303) umfasst.

6. Verfahren zur Herstellung eines Substrats (600), das
als Träger für ein längliches supraleitfähiges Ele-
ment geeignet ist, nach einem der vorhergehenden
Ansprüche, wobei eine Dicke (362) der oberen
Schicht (316) des geschichteten festen Elements
zwischen 1 nm und 100 Mikrometer liegt.

7. Verfahren zur Herstellung eines Substrats (600), das
als Träger für ein längliches supraleitfähiges Ele-
ment geeignet ist, nach einem der vorhergehenden
Ansprüche, wobei ein Abstand (752) zwischen be-
nachbarten disruptiven Streifen der Mehrzahl dis-
ruptiver Streifen zwischen 1 Mikrometer und 1 Milli-
meter liegt.

8. Verfahren zur Herstellung eines Substrats (600), das
als Träger für ein längliches supraleitfähiges Ele-
ment geeignet ist, nach einem der vorhergehenden
Ansprüche, wobei ein Abstand (748) zwischen einer
Ebene, die parallel zu einer oberen Fläche der un-
teren Schicht (303) oder einer oberen Fläche der
oberen Schicht (326) ist, und einer Ebene, die tan-
gential zu einem unteren Ende der Mehrzahl disrup-
tiver Streifen ist, groß genug ist, um zu ermöglichen,
dass ein supraleitfähiges Material auf dem Substrat
Abschnitte in den disruptiven Streifen und zwischen
den disruptiven Streifen aufweist, die physisch ge-
trennt sind.

9. Verfahren zur Herstellung eines länglichen supra-
leitfähigen Elements, wobei das Verfahren weiterhin
das Anordnen einer Schicht supraleitfähigen Mate-
rials (642, 644, 646) auf der oberen Schicht (316)
und/oder der unteren Schicht (303) des geschichte-
ten festen Elements nach einem der vorhergehen-
den Ansprüche umfasst, sodass die hinterschnitte-
nen Volumen (330, 332) als physisch getrennte in-
dividuelle Linien supraleitfähigen Materials dienen.

10. Verfahren zur Herstellung eines länglichen supra-
leitfähigen Elements, wobei das Verfahren die
Schritte des Herstellens eines Substrats umfasst,
das als Träger für ein längliches supraleitfähiges Ele-

ment nach einem der Ansprüche 1-8 geeignet ist,
und wobei das Verfahren weiterhin das Anordnen
einer Schicht supraleitfähigen Materials (642, 644,
646) auf der oberen Schicht (316) und/oder der un-
teren Schicht (303) des geschichteten festen Ele-
ments nach einem der vorhergehenden Ansprüche
umfasst, sodass die hinterschnittenen Volumen
(330, 332) als physisch getrennte individuelle Linien
supraleitfähigen Materials dienen.

11. Verfahren zur Herstellung eines länglichen supra-
leitfähigen Elements nach einem der Ansprüche
9-10, wobei das Verfahren weiterhin umfasst das An-
bringen

a. einer Schicht Puffermaterials (640) auf der
oberen Schicht (316) und/oder der unteren
Schicht (303) des geschichteten festen Ele-
ments nach einem der Ansprüche 1-6 und
b. einer Schicht supraleitfähigen Materials (642,
644, 646) auf dem Puffermaterial,

sodass die hinterschnittenen Volumen (330, 332) als
physisch getrennte individuelle Linien supraleitfähi-
gen Materials und/oder Puffermaterials dienen.

12. Verfahren zur Herstellung eines länglichen supra-
leitfähigen Elements nach einem der Ansprüche
9-11, wobei der Schritt des Anbringens einer Schicht
supraleitfähigen Materials (642, 644, 646) und/oder
einer Schicht Puffermaterials (640) ein Sichtlinien-
vorgang ist.

13. Verfahren zur Herstellung eines länglichen supra-
leitfähigen Elements nach einem der Ansprüche
9-12, wobei das Verfahren weiterhin das Anbringen
einer Nebenschlussschicht auf der Schicht supra-
leitfähigen Materials (642, 644, 646) umfasst.

14. Substrat, das als Träger für ein längliches supraleit-
fähiges Element geeignet ist, wobei das Substrat
umfasst:

ein geschichtetes festes Element, wobei das ge-
schichtete feste Element umfasst

o eine untere Schicht (303)
o Linien einer oberen Schicht (316),

wobei die Linien der oberen Schicht (316) neben
der unteren Schicht (303) angeordnet sind und
die untere Schicht mindestens teilweise bede-
cken,
wobei eine Mehrzahl disruptiver Streifen zwi-
schen den Linien der oberen Schicht (316) die
Linien der oberen Schicht (316) trennen,
dadurch gekennzeichnet, dass hinterschnit-
tenen Volumen (330, 332) zwischen den Linien
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der oberen Schicht (316) und der unteren
Schicht (303) vorhanden sind, wobei jedes hin-
terschnittene Volumen entlang eines disrupti-
ven Streifens ausgebildet ist.

15. Substrat (600), das als Träger für ein längliches su-
praleitfähiges Element geeignet ist, nach Anspruch
14, wobei das Substrat ein Band ist.

16. Längliches supraleitfähiges Element, umfassend

- ein Substrat nach einem der Ansprüche 14-15,
- eine supraleitfähige Schicht auf dem Substrat,
sodass die hinterschnittenen Volumen (330,
332) individuelle Linien supraleitfähigen Materi-
als physisch trennen.

17. Vorrichtung zur Durchführung des Verfahrens nach
einem der Ansprüche 1-13.

18. Verwendung eines länglichen supraleitfähigen Ele-
ments nach Anspruch 16 in einer Leistungsmagnet-
spule, einem Transformator, einem Generator, ei-
nem magnetischen Resonanzscanner, einem Kyro-
statmagneten, einem Large Hadron Collider, einem
Wechselstrom-Versorgungskabel, einem intelligen-
ten Stromnetz.

Revendications

1. Procédé de production d’un substrat conçu pour sup-
porter un élément supraconducteur allongé, le pro-
cédé consistant à :

- Fournir un élément solide en couche, l’élément
solide en couche comprenant

o une couche inférieure (303), et
o une couche supérieure (316),

dans lequel la couche supérieure est placée de
manière adjacente à la couche inférieure et re-
couvre au moins en partie la couche inférieure,
- Former une pluralité de bandes disruptives
dans la couche supérieure (316), formant ainsi
une pluralité de zones exposées (323) de la cou-
che inférieure (303), où chaque zone exposée
est formée le long d’une bande disruptive,

caractérisé en ce que le procédé consiste en outre
à

- Graver les zones exposées (323) de façon à
former des volumes de gravure sous-jacente
(330,332) entre la couche supérieure (316) et la
couche inférieure (303), chaque volume de gra-
vure sous-jacente étant formé le long d’une ban-

de disruptive, dans lequel un agent de gravure
est employé pour lequel un taux de gravure pour
la couche inférieure (303) est supérieur à un
taux de gravure pour la couche supérieure
(316).

2. Procédé de production d’un substrat conçu pour sup-
porter un élément supraconducteur allongé selon la
revendication 1, dans lequel les volumes de gravure
sous-jacente se trouvent sous les parties restantes
de la couche inférieure.

3. Procédé de production d’un substrat conçu pour sup-
porter un élément supraconducteur allongé selon
l’une quelconque des revendications précédentes,
dans lequel l’étape de

- formation d’une pluralité de bandes disruptives
dans la couche supérieure, formant ainsi une
pluralité de zones exposées de la couche infé-
rieure, où chaque zone exposée est formée le
long d’une bande disruptive,

comprend un processus de déformation.

4. Procédé de production d’un substrat conçu pour sup-
porter un élément supraconducteur allongé selon
l’une quelconque des revendications précédentes,
dans lequel l’étape de fourniture de l’élément solide
en couche consiste à

a. Fournir un élément solide principal (202),
l’élément solide principal ayant une couche su-
périeure principale (314) sensiblement unifor-
me,
b. Former la couche supérieure (316) de l’élé-
ment solide en couche par l’un quelconque des
moyens suivants :

i. Durcissement d’une partie supérieure de
la couche supérieure principale (314), tel
qu’un durcissement par un processus de
durcissement au gaz,
ii. dopage d’une partie supérieure de la cou-
che supérieure principale (314),
iii. préparation d’une couche d’oxyde ou de
nitrure dans une partie supérieure de la cou-
che supérieure principale.

5. Procédé de production d’un substrat (600) conçu
pour supporter un élément supraconducteur allongé
selon la revendication 3, dans lequel l’étape de for-
mation lors d’un processus de déformation d’une plu-
ralité de bandes disruptives dans la couche supé-
rieure (316) consiste à presser une partie de la cou-
che supérieure dans la couche inférieure (303).

6. Procédé de production d’un substrat conçu pour sup-
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porter un élément supraconducteur allongé selon
l’une quelconque des revendications précédentes,
dans lequel une épaisseur (362) de la couche supé-
rieure (316) de l’élément solide en couche est com-
prise entre 1 nm et 100 micromètres.

7. Procédé de production d’un substrat (600) conçu
pour supporter un élément supraconducteur allongé
selon l’une quelconque des revendications précé-
dentes, dans lequel une distance (752) entre les ban-
des disruptives adjacentes de la pluralité de bandes
disruptives est comprise entre 1 micromètre et 1 mil-
limètre.

8. Procédé de production d’un substrat (600) conçu
pour supporter un élément supraconducteur allongé
selon l’une quelconque des revendications précé-
dentes, dans lequel une distance (748) entre un plan
parallèle à une surface supérieure de la couche in-
férieure (303) ou à une surface supérieure de la cou-
che supérieure (316) et un plan tangentiel à un côté
inférieur de la pluralité de bandes disruptives est suf-
fisamment grande pour permettre qu’un matériau
supraconducteur placé sur le substrat possède des
parties dans les bandes disruptives et entre les ban-
des disruptives physiquement séparées.

9. Procédé de production d’un élément supraconduc-
teur allongé, dans lequel le procédé consiste en
outre à placer une couche de matériau supracon-
ducteur (642, 644, 646) sur la couche supérieure
(316) et/ou sur la couche inférieure (303) de l’élé-
ment solide en couche selon l’une quelconque des
revendications précédentes, de sorte que les volu-
mes de gravure sous-jacente (330, 332) servent à
séparer physiquement les lignes individuelles du
matériau supraconducteur.

10. Procédé de production d’un élément supraconduc-
teur allongé, dans lequel le procédé comprend les
étapes consistant à produire un substrat conçu pour
supporter un élément supraconducteur allongé se-
lon l’une quelconque des revendications 1 à 8, et
dans lequel le procédé consiste en outre à placer
une couche de matériau supraconducteur (642, 644,
646) sur la couche supérieure (316) et/ou sur la cou-
che inférieure (303) de l’élément solide en couche
de sorte que les volumes de gravure sous-jacente
(330, 332) servent à séparer physiquement les li-
gnes individuelles du matériau supraconducteur.

11. Procédé de production d’un élément supraconduc-
teur allongé selon l’une quelconque des revendica-
tions 9 et 10, dans lequel le procédé consiste en
outre à placer

a. une couche de matériau tampon (640) sur la
couche supérieure (316) et/ou la couche infé-

rieure (303) de l’élément solide en couche selon
l’une quelconque des revendications 1 à 6, et
b. une couche de matériau supraconducteur
(642, 644, 646) sur le matériau tampon,

de sorte que les volumes de gravure sous-jacente
(330,332) servent à séparer physiquement les lignes
individuelles du matériau supraconducteur et/ou du
matériau tampon.

12. Procédé de production d’un élément supraconduc-
teur allongé selon l’une quelconque des revendica-
tions 9 à 11, dans lequel l’étape consistant à placer
une couche de matériau supraconducteur (642, 644,
646) et/ou une couche de matériau tampon (640) est
un processus à visibilité directe.

13. Procédé de production d’un élément supraconduc-
teur allongé selon l’une quelconque des revendica-
tions 9 à 12, le procédé consistant en outre à placer
une couche de shuntage sur la couche de matériau
supraconducteur (642, 644, 646).

14. Substrat conçu pour supporter un élément supra-
conducteur allongé, le substrat comprenant :

un élément solide en couche, l’élément solide
en couche comprenant

o une couche inférieure,
o des lignes d’une couche supérieure (316),

dans lequel les lignes de la couche supérieure
(316) sont placées de manière adjacente à la
couche inférieure (303) et recouvrent au moins
en partie la couche inférieure,
dans lequel une pluralité de bandes disruptives
entre les lignes de la couche supérieure (316)
séparent les lignes de la couche supérieure
(316),
caractérisé en ce que des volumes de gravure
sous-jacente (330,332) sont présents entre les
lignes de la couche supérieure (316) et la cou-
che inférieure (303), chaque volume de gravure
sous-jacente étant formé le long d’une bande
disruptive.

15. Substrat (600) conçu pour supporter un élément su-
praconducteur allongé selon la revendication 14,
dans lequel le substrat est un ruban.

16. Élément supraconducteur allongé comprenant :

- un substrat selon l’une quelconque des reven-
dications 14 à 15,
- une couche supraconductrice placée sur le
substrat de sorte que les volumes de gravure
sous-jacente (330,332) séparent physiquement
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les lignes individuelles du matériau supracon-
ducteur.

17. Appareil destiné à exécuter le procédé selon l’une
quelconque des revendications 1 à 13.

18. Utilisation d’un élément supraconducteur allongé se-
lon la revendication 16, à l’intérieur de l’un quelcon-
que d’une bobine magnétique, un transformateur,
un générateur, un appareil d’imagerie par résonance
magnétique, un aimant de cryostat, un grand colli-
sionneur de hadrons, un câble de réseau d’alimen-
tation CA, un réseau électrique intelligent.
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