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Sealed Superconductor Tape

Description

The present invention is in the field of sealed high-temperature superconductor tapes. High-
temperature superconductors have been discovered in the 1980ies, but their commercial use is
still limited. One reason is that it remains a challenge to produce superconductors of high quality
and performance on a large scale at low price. For high-temperature superconductors of the
second generation the superconducting material is deposited on tape-shaped substrates,
wherein the substrate and the superconductor are separated by a buffer layer. To reduce pro-
duction cost, the substrates are often wider than the desired width of the final tape which re-
quires a slitting step after the layers are deposited. During the slitting, the substrate and the de-
posited layers can get deformed and/or damaged, in particular close to the slitting zone. This
can cause a deterioration of the critical current or even complete failure of the tape due to in-
gression of acid in a galvanization step or of cryogenic agent in the cooling bath. Various ap-
proaches to reduce the sensitivity of the tape are described in the prior art.

WO 01 /08234 A2 discloses a method to seal the superconductor tape by embedding the tape
between two wider metal tapes and a non-porous solder. However, this method cannot be ap-
plied if galvanized stabilizer layers are desired, for example due to cost reasons. In addition,
very thin but dense stabilizers, such as below 20 um, cannot be produced in this approach.

It was therefore an object of the present invention to provide a superconductor tape which is
stable against its environment and which can be produced at low cost. The production process
was aimed to be flexible and easy to transfer to industrial scale.

These objects were achieved by a superconducting tape comprising a substrate, a buffer layer,
a superconductor layer, wherein the substrate, the buffer layer and the superconductor layer are
at least partially surrounded by a solder layer and wherein the solder layer is at least partially
surrounded by a galvanized metal layer.

The present invention further relates to a superconducting article comprising two superconduct-
ing tapes each comprising a substrate, a buffer layer, a superconductor layer, wherein the sub-
strate, the buffer layer and the superconductor layer are at least partially surrounded by a solder
layer, and wherein the superconducting article is at least partially surrounded by a galvanized
metal layer.

The present invention further relates to a process for producing a superconducting tape com-
prising in the following order

(a) depositing a buffer layer on a substrate,

(b) depositing a superconductor layer,

(c) immersing the substrate with the buffer layer and the superconductor layer into a liquid sol-
der bath and thereby forming a solder layer, and

(d) electrodepositing a metal.
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Preferred embodiments of the present invention can be found in the description and the claims.
Combinations of different embodiments fall within the scope of the present invention.

According to the present invention, the superconductor tape contains a substrate. The substrate
may be any material capable of supporting buffer and/or superconducting layers. For example,
suitable substrates are disclosed in EP 830 218, EP 1 208 244, EP 1 198 846, EP 2 137 330.
Often, the substrate is a metal and/or alloy strip/tape, whereby the metal and/or alloy may be
nickel, silver, copper, zinc, aluminum, iron, chromium, vanadium, palladium, molybdenum, tung-
sten and/or their alloys. Preferably the substrate contains nickel. More preferably, the substrate
contains nickel and 1 to 10 at-%, in particular 3 to 9 at-%, tungsten. Laminated metal tapes,
tapes coated with a second metal like galvanic coating or any other multi-material tape with a
suitable surface can also be used as substrate.

The substrate can be textured or non-textured, preferably it is textured, i.e. it has a textured sur-
face, in particular a cube textured surface with a degree of cube texture of at least 90 %, such
as at least 95 %. The degree of cube texture in a rectangular object, for example a sheet or
tape, of a polycrystalline material generally means that the percentage of grains with a deviation
of their crystallographic axes from the principal axes of the rectangular object is equal or less
than 16 °. The substrates are typically 20 to 200 um thick, preferably 40 to 100 um. The length
of the substrate usually substantially resembles the length of the superconductor tape.

The surface of the substrate can have a roughness in a relatively wide range, for example with
root-mean-squared roughness (rms) according to DIN EN ISO 4287 and 4288 of 5 to 50 nm,
such as 10 to 30 nm. The roughness refers to an area of 10 x 10 um within the boundaries of a
crystallite grain of the substrate surface, so that the grain boundaries of the metal substrate do
not influence the specified roughness measurement. However, it is also possible to use rougher
and thus less expensive substrates. In this case, the buffer layer can serve as planarization lay-
er.

According to the present invention the superconductor tape contains a buffer layer. In the con-
text of the present invention, a buffer layer is any layer between the substrate and the super-
conductor layer which serves to planarize the substrate and/or separates the substrate from the
superconductor layer against diffusion of atoms from the one to the other and/or transfers tex-
ture from the substrate to the superconductor layer.

It is possible that the superconductor tape contains one buffer layer or more than one buffer
layers, preferably, the superconductor tape contains more than one buffer layer, for example
two, three or four buffer layers, in particular two buffer layers. If the superconductor tape con-
tains more than one buffer layer, at least one of the buffer layers has the characteristics de-
scribed herein, preferably the buffer layer in closest proximity to the substrate has the character-
istics described herein, in particular all buffer layers have the characteristics described herein.

Preferably, the buffer layer contains a metal oxide, such as TbOx, GaOy, CeO,, yttria-stabilized
zirconia (YSZ), YzOs, LaA|Os, La22r207, SrTiC)s, CaTiC)s, GdzOs, LaNiC)s, LaCUC)s, SFRUC)s,
NdGaOs;, NdAIO;, CeGdO and/or some nitrides as known to those skilled in the art. Preferably,
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the buffer layer contains at least one rare earth metal, i.e. Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, preferably the buffer layer contains an oxide containing at least one
rare earth metal. Preferred buffer layer materials are yttrium-stabilized zirconium oxide (YSZ);
zirconates, such as gadolinium zirconate, lanthanum zirconate; titanates, such as strontium ti-
tanate; and simple oxides, such as cerium oxide, or magnesium oxide. More preferably the
buffer layer contains lanthanum zirconate, cerium oxide, yttrium oxide, magnesium oxide, stron-
tium titanate and/or rare-earth-metal-doped cerium oxide such as gadolinium-doped cerium ox-
ide. Even more preferably the buffer layer contains lanthanum zirconate and/or cerium oxide. In
the context of the present invention, a region of substantially the same composition is regarded
as one buffer layer, even though it may be made by stacking several layers of about the same
composition.

Preferably, the buffer layer has a thickness of 50 to 400 nm, more preferably 100 to 350 nm, in
particular 150 to 300 nm. The buffer layer preferably covers the whole surface of the substrate
on one side, which means at least 95 % of the surface, more preferably at least 99 % of the
surface. Preferably, the surface of the buffer layer facing towards the superconductor layer has
a low roughness such as a rms of less than 50 nm, more preferably less than 30 nm, in particu-
lar less than 20 nm.

The surface of the buffer layer is preferably textured, in particular cube-textured. The degree of
texture is preferably at least 90 %, more preferably at least 96 %, in particular at least 98 %.
The degree of cube texture in a rectangular object, for example a sheet or tape, of a polycrystal-
line material generally means that the percentage of grains with a deviation of their crystallo-
graphic axes from the principal axes of the rectangular object is equal or less than 16 °.

Preferably, the superconducting tape contains a shield layer on the substrate on the side oppo-
site to the superconductor layer. The description of composition and the thickness of the buffer
layer also applies to the shield layer. The composition of the shield layer can be the same or
different to that of the buffer layer, preferably it is the same. The thickness of the shield layer
can be the same or different to that of the buffer layer, preferably it is the same. However, usu-
ally, the shield layer does not require a high degree of texture in contrast to the buffer layer.

The superconductor tape according to the present invention further contains a superconductor
layer. Preferably, the superconductor layer contains a compound of the formula RExBa,Cu3O7.s.
RE stands for one or more than one rare earth metal, preferably yttrium, dysprosium, holmium,
erbium, gadolinium, europium, samarium, neodymium, praseodymium, or lanthanum, in particu-
lar yttrium. An example, in which RE stands for more than one rare earth metals is RE =
Y0.9Gdo.1. The index x assumes a value of 0.9 to 1.8, preferably 1.2 to 1.5. The index y assumes
a value of 1.4 to 2.2, preferably 1.5 to 1.9. The index d assumes a value of 0.1 to 1.0, preferably
0.2 to 0.5. The superconductor layer preferably has a thickness of 200 nm to 5 ym, more pref-
erably 400 nm to 3.5 ym, for example 110 2 um.

Preferably, the superconductor layer contains residual amounts of fluorine arising from the pre-
cursor composition. The fluorine content of the superconductor layer can be 0.001 to 2 at.-%,
preferably 0.01 to 1.8 at.-%, in particular 0.1 to 1.2 at.-%.
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The superconductor layer preferably further contains non-conductive particles which act as pin-
ning centers and can minimize the critical current density loss upon application of magnetic
fields. Typical pinning centers contain ZrO,, stabilized ZrO,, HfO,, Ta0s, SrTiOs, BaZrOs,
LaxZr,07, CeO,, BaCeOs;, Y203 or RE2Os, in which RE stand for one or more rare earth metals.
Usually, the particles have an average diameter of 1 to 100 nm, preferably 2 to 20 nm.

The superconducting layer preferably has a low surface roughness, for example a root-mean-
squared roughness (rms) according to DIN EN ISO 4287 and 4288 of less than 150 nm or even
less than 100 nm, such as less than 50 nm. The superconducting layer typically has a re-
sistance close to zero at low temperatures, preferably up to a temperature of at least 77 K.
Preferably, the superconductor layer has a critical current density at 77 K without externally ap-
plied magnetic field of at least 1.0 MA/cm?, more preferably at least 1.5 MA/cm?. Preferably, the
critical current density decreases by less than 30 % if a magnetic field of 0.1 T is applied per-
pendicular to the surface of the superconductor layer, more preferably it decreases by less than
20 %. Preferably, the critical current density decreases by less than 15 % if a magnetic field of
0.1 T is applied parallel to the surface of the superconductor layer, more preferably it decreases
by less than 10 %.

According to the present invention, the substrate, the buffer layer and the superconductor layer
are at least partially surrounded by a solder layer. Preferably, the solder layer has an electric
conductivity of at least 10? S/m, more preferably at least 10° S/m, in particular at least 10* S/m.
Typical solder materials can be used, preferably tin or indium alloys such as Sn-Pb, Sn-Ag, Sn-
Cu, Sn-Bi, Sn-Ag-Cu, Sn-Ag-Bi, In-Sn, In-Ag, In-Pb, In-Pb-Ag. Examples are 60 wt.-% Sn — 40
wt.-% Pb or 52 wt.-% In — 48 wt.-% Sn. Preferably, the solder layer contains silver, more prefer-
ably the solder layer contains 0.4 to 4 wt.-% Ag. The melting point of the solder is preferably not
more than 300 °C, in particular not more than 250 °C. Usually, the solder layer surrounds the
substrate, the buffer layer and the superconductor layer only partially, preferably, they are sur-
rounded by the solder layer to an extent of at least 90 %, more preferably at least 95 %, in par-
ticular at least 99 % or fully. The extent refers to the percentage of the outer surface of the sub-
strate, the buffer layer and the superconductor layer which is covered by the solder layer.

Preferably, the solder layer has an average thickness of 0.1 to 20 um, more preferably 0.5 to 10
pMm, in particular 1 to 5 ym. The average thickness refers to the number average of the dimen-
sion of the solder layer at any point it touches any underlying layer to the galvanized metal lay-
er. If the solder layer does not fully surround the underlying layers, only those parts are taken
into account where the solder layer actually covers an underlying layer, so the remaining area is
not counted as O um.

According to the present invention, the solder layer is at least partially surrounded by a galva-
nized metal layer, preferably, the solder layer is surrounded by the galvanized metal layer to an
extent of at least 90 %, more preferably at least 95 %, in particular at least 99 % or fully. Prefer-
ably, the galvanized metal layer stands in direct contact to the solder layer. The galvanized
metal layer typically has a low electrical resistance, preferably lower than 1 uQm at room tem-
perature, more preferably lower than 0.2 uQm at room temperature, in particular lower than 0.05
HQm at room temperature. The galvanized metal layer comprises at least one metal, preferably
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copper, silver, tin, zinc, in particular copper. The galvanized metal layer can also contain more
than one metal, for example two, typically as an alloy such as bronze. Preferably, the galva-
nized metal contains at least 50 at-% copper, tin or zinc, more preferably at least 65 at-%, in
particular at least 85 at-%. Preferably, the galvanized metal has an average thickness of 0.5 to
100 pm, more preferably 1 to 70 um, in particular 3 to 50 pum.

In contrast to a soldered metal tape as stabilizer layer, a galvanized metal layer has a several
advantages: There are no seems through which during operation of the superconductor tape
nitrogen can enter the tape. Further, the parts around the edges or any irregular shapes which
are caused by the slitting process get rounded, which is well-known as dog-bone effect. This
decreases the electric field strength even if the galvanized layer is relatively thin.

Preferably, the superconductor tape contains a noble metal layer. A noble metal layer in the
context of the present invention is a layer containing at least 50 wt.-% of Ag, Pd, Rh, Ru, Os, Ir,
Pt, Au, or a mixture of these, preferably at least 70 wt.-%, in particular at least 90 wt.-%. A noble
metal layer avoids the degradation of the superconductor layer when any subsequent layer is
deposited. The noble metal layer can be between the superconductor layer and the solder layer.
Preferably, the superconductor tape contains a second noble metal layer between the substrate
and the solder layer on the side of the substrate opposite to the superconductor layer. Prefera-
bly, the noble metal comprising layer contains silver. Silver has the additional advantage that it
can act as catalyst for increasing the oxygen content of the superconductor layer. Preferably,
the noble metal layer has a thickness of 0.1 to 10 um, more preferably 0.2 to 5 um, in particular
0.5 to 2 ym. Sometimes, substantial parts of the noble metal layer, in particular if it contains
silver, dissolve in the solder layer, making it difficult to distinguish between noble metal layer
and solder layer. Preferably, the noble metal layer and the solder layer have a combined aver-
age thickness of 2 to 15 um, more preferably 4 to 10 um, in particular 6 to 8 um. Preferably, the
noble metal layer and the solder layer together have an average silver content of not more than
25 at.-%, more preferably not more than 20 at.-%, in particular not more than 15 at.-%.
Preferably, the superconductor tape has a length of at least 10 m, preferably at least 50 m,
more preferably at least 100 m, in particular at least 200 m. Usually, the superconductor tape
has a length of not more than 1 km. The superconductor tape can have various widths, for ex-
ample 4 mm, 10 mm, or 12 mm.

An example of a superconductor tape is shown in figure 1. A substrate 11, a buffer layer 12, a
superconductor layer 13 and a noble metal layer 14 are surrounded by a solder layer 15 which
is surrounded by a galvanized metal layer 16. Often, the solder layer 15 also fills gaps at the
edges between substrate 11 and buffer layer 12 and/or between buffer layer 12 and supercon-
ductor layer 13 and/or superconductor layer 13 and noble metal layer 14. These gaps can occur
if the substrate with the buffer layer and the superconductor layer are slit. The advantage of
solder layer 15 is that the superconductor layer 13 is hermetically sealed against the electrolyte
bath during galvanization which often contains sulfuric acid. Also, the galvanized layer 16 is
more homogeneous and thus seals the superconductor layer against ingression of cryogenic
agent which can destroy the whole tape if its evaporation temperature is exceeded. In this way,
the superconducting tape preferably retains at least 95 % of its critical current at 77 K after ten
times cooling to liquid nitrogen and thawing back to room temperature.
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The present invention further relates to a superconducting article comprising two superconduct-
ing tapes each comprising a substrate, a buffer layer, a superconductor layer, wherein the sub-
strate, the buffer layer and the superconductor layer are at least partially surrounded by a solder
layer, and wherein the superconducting article is at least surrounded by a galvanized metal lay-
er. The substrate, the buffer layer, the superconductor layer, the solder layer and the galvanized
layer are as described above including preferred embodiments unless explicitly described dif-
ferently below.

The two tapes can be arranged in different ways: they can be arranged head-to-head with the
same orientation of substrate, buffer layer and superconductor layer or they can be arranged by
overlapping for a small fraction of their length, wherein the superconductor layers are in close
proximity, or they can be overlapped along their complete length wherein either the two super-
conductor layers are in close proximity or the substrates are in close proximity. Preferably, the
two superconducting tapes further comprise one or two noble metal layers as described above.

Preferably, the superconducting article further comprises a third superconducting tape which is
arranged to bridge the gap between the two superconducting tapes. The third superconducting
tape is often a short piece of a superconductor tape comprising a substrate, a buffer layer and a
superconductor layer. These layers can be of the same composition as those in the first and the
second superconducting tapes or of different, preferably the same. The third superconducting
tape is usually attached to the first and the second superconducting tape by a solder layer.
Preferably, the third superconducting tape is arranged such that the superconductor layer faces
the superconductor layers of the first and the second superconductor tape.

Preferably, a metal tape is in between the superconducting splice and the two superconducting
tapes. Preferably, the metal tape has an electric resistance of 10 to 200 % of the galvanized
metal layer, more preferably 20 to 150 % in particular 30 to 100 %. Preferably, the metal tape
contains copper, for example the metal in the metal tape is copper, brass or bronze, in particular
soft-annealed copper. Preferably, the metal tape has an average thickness of 10 to 200 um,
more preferably 30 to 100 um, in particular 45 to 60 um, such as 50 um. Preferably, the thick-
ness at the ends with regard to the length of the superconducting splice is lower than in the cen-
tral part, preferably the thickness at the end is 10 to 50 % of the thickness in the center. Prefer-
ably, the width of the metal tape is 50 to 100 % of the width of the two superconducting tapes, in
particular 80 to 100 %. Preferably, the length of the metal tape is 80 to 200 % of the length of
the superconducting splice, more preferably 90 to 150 %, in particular 100 to 120 %.

It is possible that the two superconducting tapes are attached to each other by the same solder
as the solder layer surrounding the substrate, a buffer layer, a superconductor layer of the su-
perconducting tapes or by different ones. If they are attached to each other by a different solder,
it is possible that the two superconducting tapes are attached to each other by a solder having a
lower or higher melting point than the solder layer surrounding the substrate, a buffer layer, a
superconductor layer of the superconducting tapes. Preferably the two superconducting tapes
are attached to each other by a solder having a lower melting point than the solder layer sur-
rounding the substrate, a buffer layer, a superconductor layer of the superconducting tapes.
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The smallest sides of the two superconducting tapes in the superconducting article form an an-
gle a with the length of the tape as for example shown in figure 3, where a top view on the two
superconducting tapes 10 and 20 is depicted. Usually, the angle a is 90° or approximately 90°.
However, if the smallest side surfaces of the two superconducting tapes are in contact to each
other, the angle a is preferably lower than 90°, for example 20° to 80°, more preferably 30° to
70°, for example 45°. In this way, the superconducting article is mechanically more stable and
the resistance over the joint between the two superconducting tapes is lower.

An example for a superconducting article is shown in Figure 2. A first superconductor tape 10
comprising a substrate 11, a buffer layer 12, a superconductor layer 13 and a noble metal layer
14 is arranged head-to-head with the same orientation of substrate as a second superconductor
tape 20 comprising a substrate 21, a buffer layer 22, a superconductor layer 23 and a noble
metal layer 24. The gap between the two superconducting tapes is bridged by a superconduct-
ing splice 30 comprising a substrate 31, a buffer layer 32, a superconductor layer 33 and a no-
ble metal layer 34. The superconductor layer 33 of splice 30 is oriented such that is faces the
superconductor layers 13, 23 of the superconductor tapes 10, 20. A metal tape 17 is in between
the splice 30 and the two superconductor tapes 10, 20. The two superconductor tapes 10, 20,
the splice 30 and the metal tape 17 are surrounded by a solder layer 15 which is surrounded by
a galvanized metal layer 16.

The present invention further relates to a process for producing a superconducting tape. The
details about the substrate, the buffer layer, the superconductor layer, the solder layer and the
galvanized metal layer including the preferred embodiments described for the superconductor
tape above equally apply for the process.

The deposition of the buffer layer in step (a) can be achieved in various ways for example by
ion-beam assisted deposition (IBAD), inclined substrate deposition (ISD), or chemical solution
deposition (CSD). CSD is preferred, in particular by inkjet printing, roller coating or slot die coat-

ing.

The deposition of the superconductor layer in step (b) can be achieved in various ways for ex-
ample by chemical vapor deposition (CVD), pulsed-laser deposition (PLD), or CSD. Preferably,
the superconductor layer is deposited by CSD. Preferably, an ink containing a rare earth-
containing compound, a barium-containing compound, a copper-containing compound and an
alcohol are deposited and heated as for example describe in WO 2016 / 150 781 A1. Prefera-
bly, the superconductor layer is deposited on the buffer layer, i.e. there is no other layer in be-
tween the buffer layer and the superconductor layer. Preferably, both the buffer layer and the
superconductor layer are deposited by CSD.

Preferably, after step (b) a noble metal layer is deposited onto the superconductor layer. This
can be achieved in various ways, such as CVD, PLD, or CSD. CSD is preferred, for example as
disclosed in WO 2008 / 000 485 A1.
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Preferably, in between step (a) and (b) or between step (b) and (c) the substrate with the depos-
ited layers is slit along the longest dimension. This can, for example, be done by a slit roller ap-
paratus as disclosed by US 3 831 502.

The substrate with the buffer layer and the superconductor layer are immersed into a liquid sol-
der bath thereby forming a solder layer in step (c). The liquid solder bath is preferably at a tem-
perature of 10 to 50 °C above the melting point of the solder. Preferably, the substrate with the
buffer layer and the superconductor layer are immersed into a liquid solder bath for 1 to 20 s,
more preferably, for 2 to 10 s, in particular for 3 to 5 s. Preferably, the substrate with the buffer
layer and the superconductor layer are immersed into a liquid solder bath by continuously draw-
ing at a speed of 500 to 2000 m/s, more preferably at 800 to 1000 m/s. The length of the solder
bath is adjusted accordingly. Preferably, a solder-forming flux is used which fits the solder as
known to the skilled person of soldering. Excess solder is removed after immersion to obtain the
desired thickness. It is possible that the substrate with the buffer layer and the superconductor
layer are immersed into a liquid solder bath once or more than once, for example twice. It is
possible that the substrate with the buffer layer and the superconductor layer are immersed fully
into a liquid solder bath or only partially, for example the edge.

In some cases, in particular if the solder layer is thin, some residual holes or cracks can be pre-
sent which still allow deterioration of the superconductor layer upon galvanization. Therefore,
the solder layer can be treated mechanically after cooling to about room temperature, for exam-
ple by rolling to close any residual holes or cracks. Alternatively, a thin layer of a resin which
can be hardened below the melting point of the solder can be applied to the solder layer, for
example a UV resin.

Electrodeposition in step (d) is usually done in an electrolyte bath containing a soluble salt of
the metal to be deposited, for example copper (Il) sulfate if copper is used as metal, and an ac-
id, for example sulfuric acid. Depending on the desired thickness of the galvanized layer, the
electric current and the time of the galvanization is adjusted. Typical values for the electric cur-
rent density are 1 to 20 A/dm? with regard to the surface of the superconductor tape which is in
contact with the electrolyte bath at a certain time, preferably 2 to 15 A/dm?, in particular 2.5 to
10 A/dm?, for example 3 to 5 A/dm?2. If the current is pulsed, the preferred values relate to the
time average current value, i.e. the currents during the pulse can higher than the given values. It
can be advantageous to use multiple electrolyte baths in which different electric current is ap-
plied. Preferably, in the first bath the lowest electric current density is applied. Preferably, typical
additives for electrodeposition are used such as surfactants. Preferably before step (d) the sub-
strate with the deposited layers is cleaned and/or activated.

The process according to the present invention is preferably performed on several subsequent
reel-to-reel apparatuses. As the process of the present invention is very robust, the supercon-
ducting tape can be made at high speeds, such as 30 to 200 m/s.
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Claims

10.

11.

12.

A superconducting tape comprising a substrate, a buffer layer, a superconductor layer,
wherein the substrate, the buffer layer and the superconductor layer are at least partially
surrounded by a solder layer and wherein the solder layer is at least partially surrounded
by a galvanized metal layer.

The superconducting tape according to claim 1, wherein the solder layer has an average
thickness of 1to 5 um.

The superconducting tape according to claim 1 or 2, wherein the substrate, the buffer lay-
er and the superconductor layer are surrounded by the solder layer to an extent of at least
90 %.

The superconducting tape according to any of the claims 1 to 3, wherein a noble metal
containing layer is in between the superconductor layer and the solder layer.

The superconducting tape according to claim 4, wherein a second noble metal layer is
between the substrate and the solder layer on the side of the substrate opposite to the
superconductor layer.

The superconducting tape according to any of the claims 1 to 5, wherein a second buffer
layer is on the substrate on the side opposite to the superconductor layer.

The superconducting tape according to any of the claims 1 to 6, wherein the galvanized
metal layer has an average thickness of 3 to 50 um.

The superconducting tape according to any of the claims 1 to 7, wherein the supercon-
ducting tape retains at least 95 % of its critical current at 77 K after ten times cooling to
liquid nitrogen and thawing back to room temperature.

A superconducting article comprising two superconducting tapes each comprising a sub-
strate, a buffer layer, a superconductor layer, wherein the substrate, the buffer layer and
the superconductor layer are at least partially surrounded by a solder layer, and wherein
the superconducting article is at least partially surrounded by a galvanized metal layer.

The superconducting article according to claim 8, wherein the superconducting article
comprises a third superconducting tape which is arranged to bridge the gap between the
two superconducting tapes.

The superconducting article according to claim 9, wherein a metal tape is in between the
bridging superconducting tape and the two superconducting tapes.

The superconducting article according to any of the claims 8 to 10, wherein the two su-
perconducting tapes are attached to each other by a solder having a lower melting point
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than the solder layer surrounding the substrate, a buffer layer, a superconductor layer of
the superconducting tapes.

13. A process for producing a superconducting tape comprising in the following order
5 (a) depositing a buffer layer on a substrate,
(b) depositing a superconductor layer,
(c) immersing the substrate with the buffer layer and the superconductor layer into a liquid
solder bath and thereby forming a solder layer, and
(d) electrodepositing a metal.
10

14. The process according to claim 12, wherein step (a) and (b) or between step (b) and (¢)

the substrate with the deposited layers is slit along the longest dimension.

15. The process according to claim 12 or 13, wherein the buffer layer and/or the superconduc-
15 tor layer is deposited by chemical solution deposition.
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