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Abstract
In this paper, we propose a slight change in the architecture of second generation (2G) high
temperature superconductor (HTS) coated conductors (CCs), in order to accelerate their
normal zone propagation velocity (NZPV) and reduce the probability of developing hot spots.
The concept described in this work is to insert a highly resistive layer (called a ‘current flow
diverter’, CFD) at the superconductor–stabilizer interface of the 2G HTS CC. The CFD
partially covers this interface, so when a normal zone appears the current that transfers from
the superconducting layer to the metallic (stabilizer) layers is forced to circumvent the CFD in
order to follow the path of least resistance. This results in a significant increase of the current
transfer length and a better spatial distribution of heat generation, that help in increasing the
NZPV. According to the numerical model developed in this paper, the CFD architecture allows
us to obtain NZPV values of more than 20 m s�1, which is approximately two orders of
magnitude faster than what has been measured so far on commercially available 2G HTS CCs.
Furthermore, our calculations reveal that, for the same value of interfacial resistance, a tape
with the CFD architecture can exhibit an NZPV more than 40 times higher than in the case of
a similar tape with a uniform interfacial resistance.

Keywords: coated conductors, high temperature superconductors, quench, normal zone
propagation velocity, hot spot

(Some figures may appear in colour only in the online journal)

1. Introduction

Second generation (2G) high temperature superconductor
(HTS) coated conductors (CCs) are currently used in the de-
velopment of numerous high power devices, such as supercon-
ducting cables, superconducting transformers, superconduct-
ing magnetic energy storage systems, superconducting fault
current limiters (SFCLs), superconducting electromagnets,
superconducting motors, etc. Among the issues that remain to
be solved, that of hot spots following a quench still draw the
attention of several research groups. The problem is currently
being addressed both from a theoretical/modeling [1–4] and
experimental [5–9] point of view.

When the applied current is close or equal to the critical
current Ic, thermal instabilities (hot spots) can appear in

weaker zones (lower Ic) of a superconducting tape. A zone
with a lower Ic can be present because of inhomogeneities
(defects) along the length of the tape, which originate from the
fabrication process (approximately ±10% of local variations
in Ic), or any other phenomena that may increase momentarily
the superconductor temperature at a specific point [10, 11]. Hot
spots can be very damaging and can even lead to a complete
local destruction of the tape. From an application point of view,
it is critical to avoid the appearance of hot spots in order to
prevent the deterioration of the device.

Hot spot issues exist in all devices based on 2G HTS
CCs, but they are more critical for SFCLs, since their main
functionality is based on the quench of the superconductor [12,
13], and for superconducting magnets, since their operating
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current is generally chosen as close as possible to Ic in order
to maximize the generated field [14]. It has been observed
many times that 2G HTS CCs have a low normal zone
propagation velocity (NZPV), which makes them prone to
hot spots. As a result, the temperature of the initial normal
zone can increase drastically before a sufficient voltage drop
develops and allows either limiting the current (in the case
of SFCLs [12]) or detecting the quench (in the case of
superconducting electromagnets [15]).

The most common strategy adopted so far to mitigate
hot spots has been to increase the thickness of the stabilizer
and/or substrate in order to increase the thermal mass [1].
However, this approach reduces the fault current limitation
capability of the tape, and makes SFCLs more costly since
more stabilizer (e.g. silver) is required, but worst of all it may
easily double the total length of tape for a given limitation
threshold. In the case of superconducting magnets, besides
over-stabilizing the tape with a thick copper shunt, a certain
current (or temperature) margin must be used in order to give
more time to detect the quench and stop the current supply
before the tape is destroyed. This margin obviously reduces
the maximum achievable field [14].

Another approach to mitigate the maximum temperature
rise at hot spots is to increase the NZPV. The drawback of
increasing the NZPV is a decrease of the stability margin of
the tape, which is often quantified by the minimum amount of
thermal energy required to initiate a quench, more commonly
called ‘minimum quench energy’ (MQE) [6, 16]. However,
from an application point of view, there is always a compro-
mise to make between the reduction of the stability margin
(i.e. deliberate increase of the quench probability) versus the
capital investment required to protect the device (i.e. reduction
of the risk of destroying the tape). The optimal compromise is
highly application dependent.

Several solutions have been proposed in order to increase
the NZPV in coated conductors. For instance, modifying the
substrate thermal and electrical properties by using sapphire
instead of Hastelloy increases the NZPV [17]. A second
solution to increase the NZPV is to modify the tape archi-
tecture itself. As an example, it has been proposed to use a
discontinuous contact along the length of the tape between the
superconductor and the substrate [18].

More recently, it has been suggested to deliberately
increase the interfacial resistance between the superconductor
and the stabilizer in order to increase the NZPV in 2G HTS CCs
(see [19, 20] and references therein). Doing so increases the
current transfer length (CTL) between the superconductor and
the stabilizer. Knowing that the NZPV is roughly proportional
to the longest length between the CTL and the thermal
diffusion length (TDL), it is only necessary to choose a
sufficiently high interfacial resistance so that CTL > TDL,
and therefore adjust the NZPV as desired. This principle
has been experimentally demonstrated in [21] on modified
commercial tapes. In particular, NZPV values up to 10 m s�1

were reported, which is approximately 25–100 times faster
than the 10–40 cm s�1 usually measured on commercial tapes.

The simplicity of this solution makes it very attractive,
since it is easy to implement. However, the major drawback of

an increased interfacial resistance is that the heat generated in
the interface at the current lead connections is likely to be much
too high for practical purposes, resulting in an unacceptable
risk of quench at the contacts.

In this paper, we propose to use a simple tape architecture
that allows a significant increase of the CTL, while keep-
ing a relatively low interfacial resistance. In our proposed
architecture, the interfacial resistance is not uniform along
the tape width, but it is instead constituted of a section of
very high resistance (later on called a ‘current flow diverter’),
and at least one section of very low resistance. The NZPV
and CTL of 2G HTS CCs based on this architecture were
evaluated with the help of 3D finite element simulations.
Comparisons were made for various interfacial resistances,
taking the uniform interfacial resistance case as the reference.
Our results confirmed that, for the same value of interfacial
resistance, the CTL and the NZPV of a tape comprising a
‘current flow diverter’ can be much higher than that of a tape
with uniform interfacial resistance. This is supported by recent
experimental measurements realized on modified commercial
2G HTS CCs [22].

2. Finite element electro-thermal model

The 3D finite element simulations performed in this paper
were realized with the help of the Joule heating module of the
COMSOL Multiphysics 4.3 software package. In this section,
we first describe the tape geometry and materials parameters
used in the calculations. Then, we present the equations used
to model the electrical and thermal behaviors of the simulated
tapes.

2.1. Simulation parameters

The tape geometries used in the simulations are presented in
figure 1 (not to scale). In figure 1(a), the cross-section of a
tape with a uniform interfacial resistance is represented. It
consists of a superconducting layer (white) and buffer layers
(yellow) deposited on a substrate (brown). All those layers are
surrounded by a layer of stabilizer (gray). The interfacial layer
between the superconductor and the stabilizer is also included
in the drawing (green). The black arrow represents a virtual
probe.

An example of the cross-section of a current flow diverter
tape is shown in figure 1(b). The only difference is that a
layer of high electrical resistivity (blue), that we shall call
a ‘current flow diverter’ (or simply ‘CFD’), is inserted at
the superconductor–stabilizer interface. The CFD covers only
partially the interface (middle of the tape). The rest of the
interface (green) remains identical to the interfacial resistance
that is found in commercial tapes. The exact dimensions used
in the simulations are presented in table 1.

The following materials were used in the simulations: Ag
as the stabilizer, MgO as the buffer layers, (RE)BaCuO as the
superconducting layer and Hastelloy as the substrate. Most of
the physical parameters of the materials used in the simulations
can be found in the literature. In this case, the temperature
dependence of the thermal conductivity, the heat capacity
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Figure 1. Tape geometries used in finite element calculations (not to scale): (a) cross-section view of a tape with a uniform interfacial
resistance; (b) cross-section view of a CFD tape and (c) longitudinal view of a CFD tape with a low Jc region at one end. The numbers are
used to distinguish each virtual probe.

Table 1. Geometrical parameters of the simulated tapes.

Parameter Numerical value
Length 5 cm
Width 1 cm
Substrate thickness 50 µm
Buffer layer thickness 150 nm
Superconductor layer thickness 1 µm
Interfacial layer between superconductor and stabilizer thickness 100 nm
CFD thickness 100 nm
Stabilizer thickness—top 2 µm
Stabilizer thickness—sides and bottom 1 µm

and the electrical conductivity of Ag, MgO, (RE)BaCuO (for
T > Tc) and Hastelloy were taken from [23–28].

In the case of (RE)BaCuO (T < Tc), the electrical behav-
ior is highly non-linear, and reliable data for (RE)BaCuO in
2G HTS CCs over a wide range of temperature and electric
field are not available in the literature. However, the electrical
conductivity of (RE)BaCuO (�REBCO) can be reasonably well
approximated by using a power-law model in the flux creep
and flux flow regimes (�sc), while the transition from the
superconducting state to the normal state (�n) can be modeled
assuming two resistances in parallel.

In our simulations, the following equations were used:

�REBCO(T ) = �sc(T ) + �n(T ) (1)

�sc(T ) = Jc(T )

E0

✓kEk
E0

◆ 1�n(T )
n(T )

(2)

Jc(T ) =

8
<

:
Jc0

⇣
Tc�T
Tc�T0

⌘
for T < Tc

0 for Tc  T
(3)

n(T ) =

8
<

:
(n0 � 1)

⇣
Tc�T
Tc�T0

⌘1/4
+ 1 for T < Tc

1 for Tc  T
(4)

where T0 is the liquid nitrogen temperature, Jc0 is the critical
current density at T0, Tc is the critical temperature, kEk is the
norm of the electric field, E0 is the critical electric field and
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Table 2. (RE)BaCuO parameters.

Parameter Numerical value

Critical current density at T = T0 (Jc0) 3.125 MA cm�2

Critical temperature (Tc) 90 K
Liquid nitrogen temperature (T0) 77 K
Critical electric field (E0) 1 µV cm�1

n-parameter at T = T0 (n0) 13
Defect amplitude (A) 0.75
Defect size (d) 1 mm

n0 is a fitting parameter. All (RE)BaCuO parameters used in
this work are presented in table 2.

In figure 1(c), the longitudinal section of a CFD tape is
shown. A low Jc region (red) is included at a specific location
in the tape in order to initiate a normal zone propagation. The
reduction in critical current was included in (3) by making the
following substitution:

Jc0 ! Jc0


1 � Ae

�(x�l)2

2d2

�
(5)

where A, d and l correspond to the amplitude, width and
position of the low Jc region. When a current density higher
than Jc0(1 � A) is flowing in the superconducting layer, heat
is generated in this low Jc region, which creates a normal zone
that expands with time.

To minimize computational time of this 3D numerical
model, the number of elements was reduced by taking advan-
tage of the symmetries of the problem. First, only half of the
width of the tape was modeled. Second, the low Jc region was
placed at one end of the tape, while the current was injected at
the other end.

For each simulation, a ramp of current followed by a
plateau of constant current (I = 0.8Ic0 = 250 A, where Ic0 is
the critical current at T = T0) was imposed as transport current
in the tape (see figure 2).

2.2. Electro-thermal model

The variables used in the electro-thermal model are the
electrical potential V and the temperature T. To describe the
electrical part, the following equations were used:

r · (�� (T )rV ) = 0, in the tape, (6)Z

�
�n · (�� (T )rV ) dS = I (t),

at one end of the tape, (7)
V = 0, at the other end of the tape, (8)
n · rV = 0,

at the remaining boundaries of the tape, (9)

where � (T ) is the electrical conductivity, � is the surface at
one end of the tape, I (t) is the applied transport current and n
is a local unit vector perpendicular to the external surfaces of
the tape.

To describe the thermal part, the heat equation was used,
which reads

⇢mCp(T )
@T
@t

+ r · (�k(T )rT ) = Qj, in the tape,

(10)

Figure 2. Applied current as a function of time used for all
simulations presented in this paper.

where ⇢m is the mass density, Cp(T ) is the heat capacity, k(T )
is the thermal conductivity and Qj represent the Joule losses,
which ensure the coupling between (6) and (10) through the
following expression:

Qj = � (T )(�rV )2, in the tape. (11)

At both ends of the tape, we consider that the temperature
gradient is zero, which is expressed as

n · rT = 0, at both ends of the tape. (12)

For the remaining boundaries, we used the following term,
which represents the cooling power of liquid nitrogen:

n · (krT ) = h(T � T0), at the remaining boundaries,
(13)

where h is a heat transfer coefficient representing the thermal
exchange from the tape boundaries with the liquid nitro-
gen [29]. It is worth noting that the effect of this thermal
exchange on the results presented below is small and does not
affect the main conclusions of this work. It has been considered
for the sake of completeness.

2.3. Numerical approximations

To further reduce the computational time, the buffer layers
and the interfacial resistance layer were approximated as 2D
domains, i.e. as if they were infinitely thin. This approximation
implies that the in-plane components of current density (Jx
and Jy) are negligible in these layers, and only the normal
component remains (Jz). Therefore, (6) becomes a one-
dimensional equation, which gives

Jz = � (T )
@V
@z

= � (T )

✓
V2 � V1

t

◆
(14)

where V2 and V1 are the electric potentials on each side of
the infinitely thin layer, and � (T ) and t are the electrical
conductivity and thickness of the thin layer, respectively.
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Similarly, one can calculate the heat flux (Qz) flowing
through the infinitely thin layers using the following approxi-
mation:

Qz = k(T )
@T1

@z
= k(T )

✓
T2 � T1

t

◆
(15)

where T2 and T1 are the temperatures on each side of the
infinitely thin layer and k(T ) is the layer thermal conductivity.

We note that, in these approximations, both the electric
potential and the temperature are discontinuous in the infinitely
thin layer. In other words, the values of the potential and
temperature are not the same on both sides of the layer. The
jump in their values is handled through the interface boundary
conditions (14) and (15), which represents a lumped approx-
imation of the continuous case. This lumped approximation
depends on the material properties of the thin layer, i.e. t,
� (T ) and k(T ).

3. Results and discussion

The quench dynamics in 2G HTS CCs with and without a
CFD was simulated using the equations described above. We
first present and compare results obtained for a tape with a
uniform interfacial resistance, that we shall call a ‘uniform
tape’, and for a CFD tape. Then, we compare the dependences
of the NZPV and CTL on the interfacial resistance for both
architectures. Finally, we discuss of the effect of the CFD
interfacial resistance on the NZPV.

3.1. Uniform tape versus CFD tape

Calculations were realized on tapes with an interfacial resis-
tance Ri ranging from 0.01 to 100 µ� cm2. In the case of a
uniform tape, we considered that the interfacial layer (green
line in figure 1(a)) had a thickness of 100 nm. To vary the
interfacial resistance, the resistivity of the interfacial layer was
varied from 0.001 to 10 � cm.

In a CFD tape, the low resistance part of the interfacial
layer (green line in figure 1(b)) was set to a constant value
of R⇤

i = 100 n� cm2. For the high resistance part of the
interfacial layer (blue line in figure 1(b)), which corresponds
to the CFD itself, calculations were realized for CFDs with
different widths w f and interfacial resistances R f . Note
that the thickness of the CFD was fixed to 100 nm for all
calculations.

In the case where R f � R⇤
i , i.e. the interfacial resistance

of the CFD (R f ) is much higher than the intrinsically low
interfacial resistance existing between the superconducting
and stabilizer layer (R⇤

i ), the resulting interfacial resistance
is given by

Ri ⇡
R⇤

i
(1 � f )

, (16)

where R⇤
i = 100 n� cm2, f = w f /wt is the coverage fraction

of the CFD and wt is the total width of the tape. For example,
if the CFD covers 90% of the interface ( f = 0.9), we obtain
Ri ⇡ 1 µ� cm2.

In figure 3(a), the variation in time of the electric fields,
obtained from virtual probes located on the top of the stabilizer
and separated by a distance of 1 mm (see figure 1), is presented
in the case of a uniform tape with Ri = 1 µ� cm2, in which
a constant current of 250 A is applied. Also, the variation in
time of the temperatures obtained at the same virtual probe
locations is presented in figure 3(c).

The variation in time of the electric field is similar to what
was observed from experiments (for instance, see [21]). When
time increases, the first measurable electric field appears at the
probe where the low Jc region is located, then at the closest
probe to the low Jc region, then the second closest, and so
on. For each curve, we observe that the electrical field first
increases non-linearly, then when it reaches a value between 35
and 45 V m�1 the rising rate suddenly decreases and remains
almost constant for the rest of the simulation. The change in
the slope corresponds approximately to the instant at which the
current has completely transferred from the superconductor to
the stabilizer, which is confirmed on the temperature plot by
noticing that the temperature reaches Tc at approximately the
same time instant (see figure 3(c)).

Given that all curves are parallel to each other (except
curves 0 and 1), the NZPV can be calculated by dividing
the distance between two virtual probes by the time elapsed
to reach the same electric field or temperature. According to
figures 3(a) and (c), the NZPV is 18.8 cm s�1.

Figure 3(b) shows the time evolution of the electric field
in a CFD tape. In that case, R f = 1 � cm2 and f = 0.9,
which gives a global interfacial resistance of Ri = 1 µ� cm2.
The time evolution of the temperature measured at the same
probes is shown in figure 3(d). It is worth emphasizing that
the time evolution of the electric field and temperature is quite
different in comparison with the uniform case. As seen in
the insets, for the CFD tape, the curves are much closer to
each other, indicating that the propagation of the normal zone
occurs much faster. In the particular case of this simulation, a
NZPV of 736 cm s�1 was found, which is approximately 40
times faster than for a uniform tape with the same interfacial
resistance.

Figure 4(a) shows the temperature distribution on top
of the silver stabilizer at time t = 10 ms for a uniform tape
(Ri = 1 µ� cm2). We observe that the temperature gradient is
almost zero along the width of the tape except at the edge of
the tape (lower boundary), where the current is slightly more
concentrated due to the presence of the lateral silver coating
(see figure 1), which introduces a small 3D effect.

Figure 4(b) presents the temperature distribution on top
of the silver stabilizer at time t = 10 ms for a CFD tape
(R f = 1 � cm2 and f = 0.9) with the same global interfacial
resistivity (Ri = 1 µ� cm2). We observe that the temperature
gradient is almost zero along the width of the tape, except at the
edge of the CFD, where it increases drastically. This suggests
that, when the current transfers from the superconductor to
the stabilizer, it concentrates at the edges of the CFD, which
generates a local excess of heat that increases the temperature
at this location, and which in turn accelerates the NZPV.

The transfer of the current from the superconductor to the
stabilizer at the frontier between the superconducting and the

5



Supercond. Sci. Technol. 27 (2014) 035003 C Lacroix and F Sirois

Figure 3. Time evolution of the electric field for (a) a uniform tape and (b) a CFD tape, and of the temperature for (c) a uniform tape and (d)
a CFD tape, measured at the virtual probes located on top of the stabilizer (superconductor side), along the center line of the tape, as shown
in figure 1(c). Each line represents the electric field or temperature measured by a virtual probe (see figure 1). Probe ‘0’ is located on top of
the low Jc region. The distance between the virtual probes is 1 mm. The interfacial resistance Ri for both tapes is 1 µ� cm2. For the CFD
tape, R f = 1 � cm2 and f = 0.9 (the CFD covers 90% of the interface). Insets: zoom of the electric field and temperature curves close to
the superconducting to normal transition for the CFD tape.

normal zones is presented in figure 5, where both the current
in the superconductor (red arrows) and in the stabilizer (blue
arrows) are shown for a uniform and a CFD tape. Both tapes
(uniform and CFD) are identical to the ones from figure 4.
The color plot represents the current density in the stabilizer.
In the case of a uniform tape, the current flows mostly in the
x direction except at the edge of the tape. We observe that
the transition is quite sharp in comparison with the CFD tape,
where a certain amount of current can exist simultaneously
in both layers over a considerable length. We also clearly see
that the CFD tape forces the current to transfer via the edges
of the tape (the only path to circumvent the highly resistive
interface), which is not the case for a uniform tape.

In figure 6, the spatial variation (x-direction) of the current
in the metallic layers divided by the total current obtained at
time t = 8.3 ms is presented for three architectures having a
global interfacial resistance of 1 µ� cm2: a uniform tape, a
low resistance CFD tape (R f = 100 µ� cm2 and f = 0.9) and
a high resistance CFD tape (R f = 1 � cm2 and f = 0.9). We
observe that, in the case of the uniform tape and low resistance
CFD tape, the current transfer along the tape length follows
an exponential path (I / e�x/�), where � is a characteristic

length that is defined as the current transfer length (CTL) in the
literature [30]. In other words, the CTL classically corresponds
to the distance required for a given injected current to drop by
a factor of e1.

In the case of the high resistance CFD tape, the current
transfer does not follow an exponential function but rather
looks like the logistic function (I / 1

1+ex/� ). Because of
this fundamental difference, we used the following criterion
instead of the exponential one in order to determine the CTL
for all cases: the CTL is defined as the distance required for
the current to pass from 10% to 90% of its total value in
the metallic layers. In the cases illustrated in figure 6, this
represents values of 0.8, 5.5 and 12.0 mm for the uniform
tape, the low resistance CFD tape and the high resistance CFD
tape, respectively. This suggests that the high NZPV observed
in the CFD tape is correlated to its high CTL.

It is interesting to note that this high CTL results from
a purely geometrical effect. Indeed, as can be seen in the
simplified schematic of figure 7, the CFD forces the current
to pass through a specific path upon its transfer from the
superconducting layer to the stabilizer layer. Since this transfer
occurs over a longer distance than in a uniform tape, the CTL
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Figure 4. Two-dimensional contour maps of the spatial variation of the temperature on top of the tape (HTS side) obtained at t = 10 ms for
(a) a uniform tape and (b) a CFD tape (R f = 1 � cm2 and f = 0.9). Both tapes have an interfacial resistance Ri = 1µ� cm2. Only the
half-width of the tape is represented.

Figure 5. Two-dimensional current distribution of the current density in the stabilizer (top view of the tape) at the frontier between the
superconducting and normal zones for (a) a uniform tape and (b) a CFD tape (R f = 1 � cm2 and f = 0.9). Both tapes have an interfacial
resistance Ri = 1 µ� cm2. The red and blue arrows represent the current density in the superconductor and in the stabilizer respectively.
Only the half-width of the tape is represented.

is artificially increased. Therefore, the length over which the
heat is generated in front of the moving quench boundary is
longer, which accelerates the NZPV.

3.2. Dependence of NZPV and CTL on parameters

The dependence of the NZPV on the global interfacial resis-
tance of the tape Ri was investigated. For the uniform case,
the resistivity of the interfacial resistance layer was varied.
For the CFD case, the coverage fraction f was used to vary
Ri. The results are presented in figure 8. We observe that,

in the case of a uniform tape, the NZPV is constant for
Ri < 0.1 µ� cm2. In that regime, the NZPV is dominated
by the thermal diffusion in the substrate, as described in [19].
If Ri is between 0.1 and 1 µ� cm2, the thermal diffusion length
and the CTL are of the same order of magnitude. When Ri >

1 µ� cm2, the dominating length is the CTL and the NZPV
increases rapidly with Ri. The uniform interfacial resistance
architecture thus allows an increase of the NZPV only when the
interfacial resistance is sufficiently high. However, such a high
interfacial resistance is unsuitable for making good current
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Figure 6. Spatial variation of the normalized current in the metallic
layers at t = 8.3 ms for three architectures having the same
interfacial resistance (Ri = 1 µ� cm2): a uniform tape, a low
resistance CFD tape (R f = 100 µ� cm2 and f = 0.9) and a high
resistance CFD tape (R f = 1 � cm2 and f = 0.9). At x = 40 mm,
all current flows in the metallic layers. The dashed lines correspond
to the situations where 90% of the total current is in the metallic
layers or in the superconductor.

lead connections, since significant heat will be generated at
the contacts, which is likely to lead to contact failures.

For the CFD architecture, and remembering that for these
calculations Ri in the CFD architecture is solely a function
of the coverage fraction f as per equation (16), the NZPV
increases much more rapidly for the same increase of Ri. In
the case of a low resistance CFD tape (R f = 100 µ� cm2), the
NZPV saturates at 125 cm s�1 when Ri reaches 0.4 µ� cm2.
This is an expected behavior since this case corresponds to
the NPZV of a tape whose CFD covers 100% of the interface,
which is degenerate to the case of a uniform tape architecture
with Ri = 100 µ� cm2. In the case of a high resistance CFD
tape (R f = 1 � cm2), the NZPV increases non-linearly but

Figure 8. Dependence of the NZPV on the interfacial resistance for
a uniform tape, a low resistance CFD tape (R f = 100 µ� cm2 and
f = 0.9) and a high resistance CFD tape (R f = 1 � cm2 and
f = 0.9).

steadily (no saturation observed) and can reach values higher
than 20 m s�1 when Ri > 10 µ� cm2 or more.

Figure 9 presents the dependence of the CTL on Ri for
the same architectures as in figure 8. In comparison with
the uniform case, and as observed earlier, the values of CTL
obtained with the CFD architectures are much higher for the
same Ri. The trends for each architecture are similar to those
observed in figure 8, which supports again the idea of a strong
correlation between the NZPV and the CTL.

Finally, figure 10 shows the dependence of the NZPV on
the CFD interfacial resistance when the CFD covers 90% of
the interface ( f = 0.9). We observe that the NZPV increases
non-linearly when R f increases and reaches a constant value of
736 cm s�1 for R f = 1 � cm2 or higher. This can be interpreted
as follows: as R f increases, the fraction of current passing
through the CFD decreases to almost zero when R f > 1 � cm2.
Therefore, for very high values of R f , all current transfers
from the superconductor to the metallic layers by the edges

Figure 7. Schematic drawing of the current path flows when the current transfers from the superconductor to the stabilizer to circumvent a
normal zone in the case of (i) a uniform tape (left) and (ii) a CFD tape (right). For the sake of simplicity, only the superconducting layer, the
CFD and the top part of the stabilizer are represented.
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Figure 9. Dependence of the CTL on the interfacial resistance (Ri)
for a uniform tape, a low resistance CFD tape (R f = 100 µ� cm2

and f = 0.9) and a high resistance CFD tape (R f = 1 � cm2 and
f = 0.9).

of the tape, accentuating the effect of current concentration
and local heat generation. This suggests that the optimal CFD
architecture is the one where R f is very high.

4. Summary

In this paper, we have introduced a concept of 2G HTS CC tape
architecture called a ‘current flow diverter’ (or simply ‘CFD’)
that allows a significant increase of the NZPV of these tapes,
with only a slight increase of the global interfacial resistance
(Ri). In the CFD concept, the current is forced to pass at the
edges of the tape when it transfers from the superconductor to
the metallic layers, which increases the current transfer length
(CTL), and at the same time the NZPV, since the two are
directly correlated. Our finite element calculations revealed
that, for the same value of interfacial resistance, the NZPV of
a CFD tape can be increased by a factor of more than 40 in
comparison with a uniform tape. To obtain comparable values
of NZPV in a uniform tape, a much higher Ri is required,
with the consequence of generating an important amount of
heat at the current lead connections, which is unacceptable
in practice. We expect that the concept described in this
work will not present any major issue of implementation by
tape manufacturers. Any material that has a sufficiently high
resistivity and which is compatible with the fabrication process
of 2G HTS CCs could in principle be used as the CFD.
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FRQNT (Québec), as well as the RQMP infrastructure (Réseau
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