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Abstract
YBa2Cu3O7−x (YBCO) coated conductors are realized by the deposition of a
YBCO film atop thin (10−6 m) ceramic buffer layers, previously deposited
upon a high resistance nickel alloy. On the other side of the tape a copper
layer is often added to create an alternative current path during quenches.
Several investigations have shown a different qualitative behaviour of the
voltages measured on the nickel and copper sides of the tape. In this work we
give a theoretical explanation for this phenomenon and point out the
technical consequences it might have for the design of devices constructed
using YBCO coated conductors.

The understanding and assessment of quenching phenomena is
an important step in the design of superconducting magnets.
This field is fairly well understood for magnets using metallic
low temperature superconductors. For magnets to be built
with high temperature superconducting (HTS) tapes, however,
there is little understanding of critical behaviours. This lack
of results is especially marked for YBa2Cu3O7−x (YBCO)
coated conductors (CC) [1]. Different experimental procedures
have been adopted using lengths of YBCO CC tape to initiate
quenches under controlled environments that simulate those
occurring during magnet operation. Several researchers have
induced quenches using a current pulse greater than the tape’s
critical value [2]. With this technique, the quench is initiated in
a ‘weak’ region where the critical current is lower than in the
rest of the tape. A different approach to quench initiation has
been followed in [3] and [4]. The quench is in this case initiated
by a heat pulse through a heater mounted on the tape. In both
cases experimental investigations have shown that the voltage
traces measured on the nickel substrate and on the silver (or
copper) layer have different qualitative behaviours, indicating
a contact relationship between nickel and silver (or copper)
that cannot be treated as a simple parallel contact [4, 5]. In
both cases the voltage traces recorded on the nickel side rise
simultaneously along the tape length as soon as the current

redistributes from the YBCO layer to the nickel layer at
initiation of the quench. On the other hand, the voltage traces
along the silver or copper side do not appear simultaneously.
The first voltage traces appear across the ‘weak’ regions in
overcurrent experiments and across the heated region in pulsed
heater experiments. The voltage signals recorded at distances
from the heater arise after a delay and reach much lower values
than in the nickel side at the same positions or are too low to
be measured.

A dedicated experiment was realized to analyse this
phenomenon [5]. A difference in the voltage traces was found
even if continuous direct contact was realized between the
silver and nickel layers along the whole sample. The driving
mechanism for this discrepancy remained unclear.

To explain this phenomenon we have developed an
electrical model that takes into account that the tape cross
section is not equipotential. The conductor is divided into
Nsec sectors along the length (in this case Nsec is set to 140
in order to reach numerical convergence). Each layer sector
is represented by means of its longitudinal resistance and self-
inductance, as shown in figure 1. The different layers interact
through electrical contact resistances between adjacent layers
and mutual inductances. The YBCO layer is described through
the power law model, EYBCO = Ec(J/Jc)

n , where Jc is
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Figure 1. Schematics of the tape elemental sector of the electrical
model of the tape.

Figure 2. Currents at the end of the heat pulse with k = 104 (a) and
k = 105 (b).

the critical current density, Ec the reference electric field and
EYBCO the electric field corresponding to the current density J .

The contact resistances between the layers are affected by
a large uncertainty. A parametric study has therefore been

Figure 3. Voltages calculated with k = 105 after the heat pulse
across the heater and at 1 cm from the heater.

carried out to understand their relevance. We performed a
series of simulations in which we parametrically varied the
ratio k = RYBCO−Ni/RCu−Ag, setting RCu−Ag as a constant.
The transverse resistance RCu−Ag is mainly due to the solder
between the Cu and the Ag layers. The transverse resistance
RYBCO−Ni is mainly due to the buffer layer between the YBCO
and the Ni layers. As the buffer layer is highly resistive, the
contact resistance RYBCO−Ni is much higher than the contact
resistance RCu−Ag. In all simulations, a 14 cm long tape carries
a 250 A transport current. The thicknesses of the main tape
layers are as follows: δ Cu = 50 μm, δ Ni = 75 μm,
δ Ag = 3 μm, δ YBCO = 1 μm. Starting from t = 0.1 s,
the tape is subjected to a 300 ms heat pulse along a 4 mm long
central region. During the heat pulse the current redistributes
from the YBCO to the adjacent layers, as shown in figure 2
for k = 104 and k = 105. Note that with increasing k,
the YBCO/Ni current transfer length increases, while the peak
current in the Ni decreases. Figure 3 shows the voltages arising
across region 2, located around the heater, and across region
1, placed at 1 cm from the heater. Apart from the voltage
directly across the heater, the Cu voltages are negligible. The
Ni voltages, however, assume measurable values even a few
centimetres from the heater. This is in agreement with the
observations reported in [4] and [5] and is a direct result of
the difference in the current transfer lengths from YBCO to
Cu and Ni. In the heater region the Cu carries significantly
more current, but the Ni and Cu voltages are comparable,
due to the large resistance of the Ni layer relative to the Cu
layer. Elsewhere, the difference in the current transfer lengths
determines the presence of current in the Ni where there is no
current in the Cu. It is therefore possible to measure voltages
in the Ni, while the Cu voltages are either negligible or only
measurable after the temperature has propagated sufficiently.
This faster propagation of the Ni voltages could be used
for quench detection. The general definition of a single
quench propagation velocity, which is correct in symmetric
low temperature superconducting conductors, does not seem
to be well suited for YBCO coated conductors. A detailed
analysis indicates that the voltage propagation velocity in the
Cu is distinct from that in the Ni. A question for further study is
the size of the actual normal region, as compared to the lengths
of detectable voltage in the Ni and Cu.
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In conclusion these results could influence ongoing
research on conductive buffer layers. An alternative is to use
the contact resistances as a tool that can be tuned to obtain
useful voltage signals for quench detection. If this can be
attained without significantly reducing the minimum quench
energy, a viable solution to quench detection in YBCO coated
conductors may emerge.
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