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Abstract

The development of Pb-free solder joints for ReBCO-coated conductors is essential for superconducting magnet
manufacturers, who often rely on the Pb-Sn solders that will soon be restricted. This work investigates four low-melting
Pb-free eutectic alloys, Ins,Snyg, InggBisy, Sny,Bisg, and the ternary Ins,Sn,sBiss, for fabricating lap joints between
YBa,Cu,0,_, (YBCO) tapes. The electrical and mechanical properties, along with the microstructure of the joints, were
characterized to identify the optimal Pb-free solder for enhanced electrical and mechanical performance. The choice of
solder composition was found to control the microstructure of the solder area and the interface between the tape and the
solder, having a substantial impact on the joint’s final performance. Binary eutectic solder joints produced two-phase
solder microstructures and thin interfacial intermetallic layers, yielding lower electrical resistance than the ternary eutectic
InSnBi alloy, whose three-phase eutectic matrix (y+p+Biln2) increases electron scattering and raises joint resistance.
Among the evaluated candidates, the eutectic InBi solder exhibited the best overall performance, combining a uniform
microstructure, the lowest joint resistance, and good mechanical strength, positioning it as a promising Pb-free alternative
to conventional Pb-Sn solders for superconducting applications. All joints failed outside the solder region during tensile
testing at room temperature, indicating that the fabricated solder joints exceeded the mechanical robustness of the original
tape. These findings demonstrate that carefully selected Pb-free eutectic solders can produce reliable, low-resistance, and
mechanically strong joints suitable for high-field superconducting magnet applications.

Keywords ReBCO-coated conductors - Pb-free eutectic alloys - Lap joints - Electrical and mechanical performance

1 Introduction

ReBCO-coated conductors are playing an increasingly
vital role in the development of next-generation high-field
magnets, power devices, and superconducting cables, due
to their high critical current density and mechanical robust-
ness under strong magnetic fields [1, 2]. However, for
constructing practical devices, individual ReBCO tapes
must be interconnected via joints. In fusion magnets, for
instance, joints between ReBCO tapes are an essential part
of superconducting magnet development. The electrical and
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mechanical performance of these joints strongly influences
overall device efficiency and reliability [1, 3]. Soldering is
the main non-superconducting joint technique widely used
for ReBCO tapes due to the simple, reliable, and quick
fabrication method, the relatively low joint resistance (R))
obtained, the lack of extra structures required to maintain
mechanical integrity under pressure, and its reasonable cost,
satisfying the requirements of many applications [1, 3—6].
Moreover, this technique is adaptable for on-site fabrication
[7] and is already well-established in the industry for large-
scale applications [3].

The resistance and mechanical/electromechanical behav-
ior of the soldered joints are affected by different factors,
including the tape structure, joint geometry, type of solder
material, solder layer thickness, and joining parameters,
including soldering temperature and applied pressure dur-
ing the soldering process [8, 9]. Hence, the choice of solder
material is one of the main contributors affecting the over-
all performance of soldered joints [3, 10-12]. The solder
type for joining YBCO tapes has been widely investigated
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in the literature [3, 4, 13—15]. Pb;gSny,, as the eutectic
composition of the Pb-Sn system with a melting point of
183 °C, has been commonly used to join ReBCO tapes and
has the lowest resistivity amongst the solders at 77 K [3],
demonstrating acceptable joint resistances in superconduct-
ing applications [13, 14]. However, the use of Pb will soon
become restricted [3, 4, 15, 16], necessitating the develop-
ment of alternative Pb-free solders for magnet applications
that must fulfil the requirements for reliable operations [17,
18]. These requirements include low melting temperature,
satisfactory wettability, and suitable thermal, electrical, and
mechanical properties [10, 16]. The solder liquidus temper-
ature should be sufficiently high to prevent melting of the
joint during a quenching, but low enough to avoid overheat-
ing and delamination of the ReBCO layer, and degradation
of its superconducting properties due to oxygen loss during
joint fabrication [3, 4, 10]. Thus, low-temperature solders
are advantageous, as they reduce the risk of damage to the
delicate ReBCO structure while enabling the formation of
joints exhibiting strong and reproducible critical currents
[8]. A solder alloy must also have low resistivity to mini-
mize the total resistance of the soldered joint [3, 10, 11].
The mechanical behaviour of the solder also plays a criti-
cal role in joint strength, with the alloy composition being
the most important factor governing mechanical proper-
ties [19]. The solder microstructure and the quality of the
interface between the solder and the tape strongly influence
the final joint performance [16, 20-22]. No holes, gaps, or
cracks must be present at the interface of the solder and tape
substrates in a salient solder joint [16]. The solder micro-
structure that develops during solidification relies on several
dependent factors, including cooling rate, solder volume,
and solder composition. The solder composition plays an
important role in controlling the solder solidification behav-
ior, including the formation and growth of primary interme-
tallic compounds (IMCs) [23, 24].

A number of Pb-free solders, including eutectic InSn
[3, 15], SnBi [25-28], InBi [15, 29, 30] and Sn-Ag-Cu [4,
17, 31, 32] solders have been reported in the literature for
joining ReBCO tapes. However, Sn-Ag-Cu, specifically
SAC305, has a relatively high melting temperature and may
damage the delicate YBCO layer. In contrast, the Ins,Sn,g
alloy offers low melting point (118 °C), low resistivity, and
relatively well-characterized thermal properties compared
to other Pb-free options [3]. Nonetheless, research on InSn
solder alloys remains limited, and some basic properties,
such as mechanical strength of the joints and interfacial
microstructure, have not been well reported. Despite ongo-
ing attempts to develop the ReBCO joint quality, there is a
limited systematic comparison of binary versus ternary low-
melting-point Pb-free alloys for joining commercial ReBCO
tapes. Moreover, present studies rarely integrate electrical,
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microstructural, and mechanical evaluation under identical
processing conditions. Addressing this gap is the primary
aim of this work. In this paper, we investigate the potential
of low-temperature Pb-free solders, including binary In-Sn,
In-Bi, Sn-Bi, and ternary Sn-In-Bi alloys, regarded as poten-
tial candidates for cryogenic applications [16, 33, 34], to
develop low-resistance, mechanically robust joints between
ReBCO tapes. We report comprehensive microstructural
analysis along with electrical and mechanical properties
of the joints to identify the optimal Pb-free solders among
these candidates for ReBCO magnet developments.

2 Methodology

Table 1 shows the Pb-free solder compositions fabricated in
this study for joining ReBCO tapes. All alloy compositions
reported in this work are expressed in weight%. The eutec-
tics Ins,Sn,g, InggBisy, and Sny,Bisg as binary solder candi-
dates and Ins,Sn;sBi;5 as a ternary eutectic composition of
In-Sn-Bi solder were selected for joining ReBCO tapes with
melting points below 200 °C. These low-temperature alloys
were fabricated from pure Sn, In, and Bi pellets (with high
purity above 99.9%) by weighing the pellets and melting
the mixture at temperatures up to 300 °C in a cylindrical
alumina crucible on a hot plate.

The ReBCO tapes used in this work are commercial
12 mm-width YBCO tapes (FFJ-7053), with a nominal
critical current (/) of 498 A at 77 K and under self-field
conditions, manufactured by Faraday Factory Japan. This
YBCO tape has been fabricated by surrounding silver and
copper stabilizers, which are added via magnetron sput-
tering and electroplating to provide thermal and electrical
stability. To fabricate the joint, the YBCO tapes were first
prepared by gently polishing and subsequently cleaning
using ethanol and acetone. Then, they were wetted by a
thin film of rosin soldering flux. The prepared tapes were
subsequently inserted into a molten solder bath for a few
moments at a temperature determined by the melting points
listed in Table 1. In the next step, a 1.5 cm overlap configu-
ration was placed on a hot plate under a one kg load, and
the joint was then fabricated at a cooling rate of approxi-
mately 12 °C/min. The joining conditions were kept identi-
cal for all samples to ensure a reliable comparison of the
solder compositions and their resulting joint performance.
The morphology of the joints was characterized using a

Table 1 Solder type compositions fabricated in this study, along with
their melting temperature

Solder composition  Ins,Snye  IngBiy, Sng,Bisg  IngSn sBis
Melting point (°C) 118 (15, 72 (15, 138 (37) 55(16)
35) 36)
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Zeiss scanning electron microscope (SEM) operating at an
accelerating voltage of 20 kV, and equipped with an Oxford
Instruments energy-dispersive X-ray spectroscopy (EDS)
system, and the data were analyzed using Aztec software.
The joint resistance was measured using the standard four-
probe technique at 77 K in a liquid nitrogen bath, under
self-field conditions, with a DC power supply. An Instron
universal testing machine, equipped with a 50 kN load cell,
2 kN pneumatic grips, and serrated-faced jaws operated at
2 bar pressure, at a crosshead displacement speed of 1 mm/
min, was also employed to evaluate the sample’s mechani-
cal strength at room temperature. All samples were tested
under identical experimental conditions, including the same
gauge length.

3 Results and Discussion
3.1 Joint Electrical Resistance

The joint resistance can be determined from the slope of the
V-I curve in the linear region. Fig. 1 shows the V-1 measure-
ment data for the joints fabricated in this study. As shown in
this graph, the joints exhibit an ohmic behavior at currents
below /., and the voltage increases linearly with current. In
this regard, the joint resistance was determined by fitting
a straight line to the data obtained from four-probe mea-
surements on the samples at 77 K under self-field condi-
tions. Based on the slope of each line, the resistance value
for the joint was determined as 25.98 nQ for Ing(Bis,,, 65.32
nQ for Sn,,Bisg, 67.02 nQ for Ins,Snyg, and 101.32 nQ for
Ins,Sn,sBis5, and these values are presented beside the fit-
ted lines in Fig. 1. The results show that the joints fabricated
with the binary solders had lower resistance compared to

Fig. 1 V-I data of the joints

the joint made using the ternary Ins,Sn,sBi;5 solder. Among
binary solders, the joint made by IngBi,, alloy exhibits
the lowest electrical resistance, and the Ins,Sn,g shows the
highest joint resistance. To understand the resistance varia-
tions between these joints, microstructural analysis was car-
ried out (presented in the next section) to investigate the
microstructure of the solder and the tape/solder interface.

3.2 Joint Microstructural Characterization
3.2.1 IngBis,

Figure 2(a) exhibits the backscattered electron (BSE) image
of the eutectic IngBis, joint cross-section, illustrating the
formation of a uniform 30-um solder layer and well-defined
interfaces between the solder and the copper stabilizers. Fig.
2(b-g) presents a higher-magnification BSE/SEM image of
the solder/tape interface, together with the corresponding
EDS elemental maps and line-scan analysis. The EDS data
reveal the presence of a thin, continuous interfacial layer
containing Cu and In, shown in Fig. 2(b) and (c). The line-
scan analysis across the interface layer, presented in Fig.
2(g), confirms a composition corresponding to Culn, inter-
metallic compound at this interface, and shows that Bi did
not participate in the interfacial reaction. This IMC has also
been observed in other reports [38].

To characterize the solder microstructure in the joint
region, higher-magnification analyses were conducted
within the solder area. As shown in Fig. 2(h) and the elemen-
tal maps in Fig. 2(i-k), the solder solidifies into a two-phase
microstructure expected for the InBi eutectic composition.
The compositions of these phases have been obtained by
EDS analyses, including point analysis, to be a light Biln,
intermetallic compound and a dark In-rich phase. In fact,
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Fig. 2 a BSE/SEM micrograph of the IngBi,, joint cross section, b
BSE/SEM image of the joint with higher magnification to show the
solder/tape interface, ¢ merged elemental map of the solder/tape inter-

upon cooling, the eutectic reaction occurring at 72 °C forms
the two equilibrium eutectic phases of a and Biln, through
the reaction of Liquid — a + Biln,, and with further cool-
ing, a eutectoid reaction of o — In-rich + Biln, happens at
46.6 °C, and the solder microstructure includes Biln, and
In-rich phases at room temperature [36]. Hence, the result-
ing microstructure comprises an In-rich phase, and the Biln.
intermetallic compound with a relatively higher volume
fraction.

3.2.2 Ing,Sn,

Figure 3(a) presents the BSE/SEM micrograph of the
Ins,Snyg joint cross-section, revealing a homogeneous
30-um-thick solder layer and a continuous solder/interface
structure. Fig. 3 (b) depicts that a few-micron-thick inter-
facial layer forms at the solder/Cu interface in the eutectic
InSn joint. To more closely evaluate this region, showing
the interface between the solder and Cu layer of the tape,
a high-magnification EDS line scan was performed across
the interface. The EDS results confirm the formation of

@ Springer

face, d-f In, Bi and Cu elemental maps, g line-scan analysis of solder/
Cu layer interface, h BSE/SEM image of the solder area, i merged
elemental map of the solder area, j and k In and Bi elemental maps

Cuz(In,Sn) as the intermetallic compound at the solder/Cu
interface boundary. Among the possible interfacial phases,
Cuz(In,Sn) is commonly reported as the primary intermetal-
lic compound that forms at soldering temperatures below
200 °C at the solder/Cu layer interface [39, 40], in agree-
ment with the observations in this study.

The accompanying SEM/EDS analysis of the solder area,
presented in Fig. 3(d-g), indicates that a two-phase micro-
structure composed of In-rich (B) and Sn-rich (y) phases
formed during the solidification of the eutectic InSn alloy.
The presence of these phases is consistent with the In-Sn
phase diagram and previous reports on eutectic solidifica-
tion in this binary system [21, 35, 41].

3.2.3 Sn,,Big,

Figure 4 (a) shows the BSE/SEM image of the solder joint
fabricated using Sn,,Bisg solder, representing a uniform
40-um-thick solder structure bounded on both sides by thin
and continuous interfacial layers. To evaluate the solder/
Cu interface, a higher-magnification BSE/SEM image and
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Interface layer
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Fig.3 a BSE/SEM micrograph of the Ins,Sn g joint, b BSE/SEM image of the joint with higher magnification to show the solder/tape interface, ¢
line-scan analysis of solder/Cu layer interface, d BSE/SEM image of the solder area, e and f In and Sn elemental maps, g merged elemental map

(c)

—Cu At% —Sn At%

0 0.2 04 06 0.8 1
Distance (um)

Light phase: Bi-rich  Ffj)
Grey phase: B-Sn

Fig. 4 a BSE/SEM micrograph of the Sn,,Bisg joint, b BSE/SEM image of the joint with higher magnification to show the solder/tape interface,
¢ line-scan analysis of solder/Cu layer interface, d BSE/SEM image of the solder area, e and f Sn and Bi elemental maps, g merged phase map

corresponding EDS line-scan analysis were acquired, shown  in the literature [37]. EDS elemental and phase maps of the
in Fig. 4(b) and (c), respectively. The results of line-scanand ~ solder region (Fig. 4 (d-g)) show a typical lamellar/striped
point analyses depict the formation of a thin interfacial IMC  two-phase eutectic microstructure, consisting of alternating
layer composed of Cu and Sn, with a composition identified ~ grey B-Sn and light Bi-rich phases. This morphology results
as CusSns, which is consistent with earlier findings reported ~ from the instantaneous phase separation during eutectic
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solidification, consistent with previous reports [37]. In fact,
upon cooling, a eutectic reaction directly occurs to form the
two equilibrium phases once the temperature reaches 138
°C. According to the Sn-Bi binary phase diagram [37, 42],
the B-Sn phase is a solid solution rich in Bi with the solubil-
ity limit of 21 wt%, occurring at eutectic temperature, while
there is almost no solubility for Sn in Bi.

3.2.4 Ing,Sny5Bis,

Figure 5(a) presents the BSE/SEM image of the Iny;Sn, sBis;
joint cross-section, with a 35-pum-thick solder layer. Fig. 5(b)
and (c) show the BSE/SEM image and EDS line-scan data
obtained across the interface between the solder and the Cu
stabilizer of the tape for this ternary joint. The EDS analy-
sis indicates the formation of a thin and uniform interfacial
layer composed of Cu, Sn, and In, with a composition iden-
tified as CusSnln. The elemental maps of the solder region,
shown in Fig. 5 (d-h), confirm the ternary eutectic composi-
tion of Iny,Sn,sBiy5 in the Sn-In-Bi system, showing clear
elemental segregation of In, Sn, and Bi. The microstructure
consists of three distinct phases formed through the eutectic
reaction of Liquid — v + B + Biln.. The Biln2 phase appears
as the dominant, light matrix phase, within which darker
v (Sn-rich) and B (In-rich) phases are distributed in about
similar proportions. The same microstructural features have
been reported previously for this ternary eutectic composi-
tion in the In-Sn-Bi system [16, 42].

Fig.5 a BSE/SEM image of the Ins,Sn,sBi;s solder joint, b BSE/SEM
image of the joint with higher magnification to show the solder/tape
interface, ¢ line-scan analysis of solder/Cu layer interface, d BSE/

@ Springer

3.3 Joint Mechanical Properties at Room
Temperature

The mechanical behavior of the soldered joint samples was
evaluated using axial tensile testing to assess the influence of
solder type on their strength. In this regard, stress-strain curves,
shown in Fig. 6 (a), were obtained by calculating the stress as
the applied force divided by the tape’s cross-sectional area (tape
width x tape thickness), and the strain from the crosshead dis-
placement of the testing machine divided by the initial gauge
length. Under axial loading, the applied tensile force along the
tape length is transferred as shear stress across the overlap region
of the joint. Accordingly, the joint tensile strength at failure can
be estimated by dividing the fracture load by the joint cross-
sectional area (overlap length x joint width), and the results are
presented in Fig. 6 (b). Notably, all samples failed in the tape
region rather than within the joint area under the applied load-
ing conditions at room temperature. This indicates that the joints
possess higher mechanical stability than the original tape and
were capable of sustaining at least 7,y o the join- Because fail-
ure did not initiate within the solder or at the solder/tape inter-
face, it can be concluded that the joints produced in this study
are mechanically robust, and the joint itself was not the limit-
ing factor in tensile performance. It should be mentioned that
the measured tensile values of engineering stress-strain curves
correspond to the overall tensile capacity of the assembly rather
than the joint strength and were used for comparative evalua-
tion of the samples' mechanical performance under identical

C
—Bi At%( )
—In At%

—Cu At%
—Sn At%

SEM image of the solder area, e merged elemental map, f-h In, Bi and
Sn elemental maps
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Fig. 6 a Engineering stress-strain curves of all the specimens, along with b bar chart of the joints' tension values and samples' strain percentages

at failure

testing conditions. Differences in failure stress reflect overall
sample tensile strength, and it should not be interpreted as direct
differences in intrinsic joint strength. A comparison of the mea-
sured tensile response with previously reported data for soldered
YBCO joints in the literature shows that the obtained fracture
loads and overall mechanical behavior are consistent with pub-
lished results, when differences in testing conditions, including
strain measurement methodology, are taken into account. In par-
ticular, studies employing extensometers directly attached to the
specimen typically report lower strain values compared to those
based on crosshead displacement measurements [6, 43, 44].

3.4 Discussion

This study focuses on low-melting, Pb-free eutectic alloys
specifically selected to minimize the thermal impact on the
tape during joining. The SEM/EDS analyses of the joints’
cross-sections showed no damage to the susceptible YBCO
layers of the tapes, confirming the suitability of the joining
process. During soldering with a Cu substrate, interfacial
reactions occurring at the solder/Cu interface and within
the solder matrix form an IMC layer, which is essential for
metallurgical bonding [37]. The nucleation and growth of
this IMC layer between the solder and the tape play a criti-
cal role in determining the overall reliability of the joint.
Proper IMC formation indicates good metallurgical bonding
between the solder and tape [45]. Moreover, the presence
of a thin, continuous, and uniform IMC layer between the
solder and the copper stabilizer of the tape can enhance the
joint’s mechanical properties [3, 12, 26, 46—48]. However,
IMC:s are inherently hard and brittle, which can compromise
the integrity of the solder joint [45, 49]. Excessive growth of
brittle IMCs at the Cu/solder interface weakens interfacial
bonding, reduces the solder joint’s mechanical strength and
reliability, and shortens the joint’s lifetime due to their fra-
gility and tendency to form structural defects, particularly
under impact loading [12, 31, 50]. Microstructural analysis

of the fabricated joints in this study showed that all IMC
layers formed at the solder/tape interfaces were thin.

The solder microstructure after solidification is influ-
enced by multiple factors, including solder volume, com-
position, joining duration and the cooling rate during joint
fabrication. Hence, the solder type is one of the key ele-
ments that determines the composition of phases formed
in the solder and at the solder/tape interface. As the join-
ing condition was the same for all the fabricated joints, the
solder composition plays the main role in determining the
solder solidification behaviour and the resultant phases.
While the resistance of the joint is affected by the resistance
of each phase presented in the joint region, the presence of
three distinct phases, compared to two in the binary joints,
may explain the higher total resistance of the Iny;Sn,;Bis;
joint. This means that increasing the number of phases in the
solder layer introduces additional scattering sites for current
due to the extra phases and interphase boundaries in the joint
region. Moreover, in the ternary Ins,Sn,;Bi;s solder, the pri-
mary matrix phase is Biln, (as shown in Fig. 5), an interme-
tallic compound with inherently higher electrical resistivity.
Together, the increased number of scattering centers and the
dominance of a resistive IMC matrix seem to be the reasons
for the higher joint resistance observed in this ternary solder
compared to the binary solder joints in this study. Further-
more, a higher density of interphase boundaries in the joint
region can further increase the overall electrical resistance
[51]. Examining the microstructure of the solder in the joint
area shows that all solders investigated in this study exhibit
a similar microstructural scale (approximately 5 um). This
similarity results from the consistent joining conditions
used for all joints, including a similar cooling rate. Con-
sequently, the interphase boundary density does not appear
to be a major factor governing the differences in electrical
resistance among the solders examined in this work.

Table 2 summarizes the microstructural, electrical and
mechanical characteristics of the joints fabricated with
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Table 2 Summary of the features and properties obtained for the fabri-
cated joints in this study

Solder IngBiy, Ins,Snyg Sny,Bisg Iny,Sn,sBi;;

composition

Solder phases In-rich B(In-rich) + PB(Sn- v (Sn-rich)
+Biln, y(Sn-rich)  rich)+Bi-rich + (In-rich)

+Biln,

Solder/tape Culn,  Cu2InSn Cu4Sny Cu;Snin

Interface

phases

Joint resis- 2598  67.02 65.32 101.32

tance (nQ2)

Joint tension ~ 3.80 3.65 3.77 3.66

at failure

(MPa)

different Pb-free solders in this work. All the joints pro-
duced in this study demonstrated high mechanical strength,
and fracture did not initiate in the solder region or at the sol-
der/tape interfaces. Possible reasons for the good mechani-
cal strength of the fabricated joints are the formation of a
thin IMC layer between the Cu stabilizer (from the YBCO
tape) and the solder, as well as effective wetting, as revealed
by the microstructural analysis. The IMC layers formed in
each joint are listed in Table 2. Their presence indicates that
diffusion occurs at the interface, and the tape and solder are
chemically bonded, creating a high mechanical strength.
Moreover, interfacial chemical diffusion and IMC forma-
tion at the interface prevent the development of holes and
cracks, which is critical for both mechanical robustness and
electrical performance. Although the presence of an IMC
layer at the interface provides several benefits, one down-
side would be the additional resistance it introduces to
supercurrent flow through the joint region, as the current
must pass through an additional layer. Thus, variations in
the IMCs formed at the solder/tape interfaces may also con-
tribute to differences in the total joint resistance values mea-
sured using the 4-probe technique.

4 Conclusion

This work has studied four low-temperature Pb-free eutectic
solders, the binary IngBis,, Ins,Snyg, Sny,Bisg, and the ternary
Ins,Sn,sBi;s, for fabricating lap joints between FFJ YBCO
tapes, evaluating the joint microstructure, electrical resistance
at 77 K, and room-temperature tensile strength. The microstruc-
ture of soldered lap joints after solidification, within the solder
and at the solder/tape interface, plays a vital role in determin-
ing the final properties of YBCO joints. Solder composition
was found to be the primary factor controlling both the solder
microstructure and the interfacial phases, which, in turn, gov-
ern the joint’s electrical and mechanical performance. Overall,
the binary eutectic solders produced simpler two-phase solder

@ Springer

microstructures and exhibited lower joint resistance compared
to the ternary Ins,Sn, sBi;5 solder. Among the alloys examined,
the eutectic IngBis, joint exhibited the best overall perfor-
mance, combining a uniform solder microstructure, relatively
low electrical resistance at 77 K, and good mechanical integrity,
making it a promising Pb-free alternative to conventional Pb-Sn
solders for superconducting applications. Notably, all joints
failed within the tape rather than the soldered region under axial
tension at room temperature, indicating that the soldered joints
were mechanically robust under the tested conditions. Electri-
cal and microstructural evidence also indicates that reducing
the number and volume fraction of high-resistivity IMC phases
in the solder matrix, as well as limiting excessive interfacial
IMC growth, is key to minimizing joint resistance. All in all,
the results demonstrate that Pb-free binary eutectic alloys, par-
ticularly IngBis,, are viable replacements for Pb-Sn solders,
meeting the electrical and mechanical requirements for ReBCO
joints in high-field magnet applications.
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