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Abstract. We report the growth of single crystals in ambient pressure and tri-axial 
orientation under modulated rotation magnetic fields (MRFs) for (Y1-xCax)Ba2Cu4O8 
[(Y1-xCax)124] with x ≤ 0.1. Rectangular (Y1-xCax)124 crystals with approximately 50 
µm in size have been successfully grown for x ≤ 0.1 in a growth temperature region 
from 650°C to 750°C. Their critical temperatures increased with x and exhibited 
approximately 91 K for x = 0.1. By applying an MRF of 10 T, pulverised powders of 
(Y1-xCax)124 were tri-axially aligned in epoxy resin at room temperature in a whole x 
region below x = 0.1. The magnitude relationship of the magnetic susceptibilities (χ) 
along crystallographic directions for (Y1-xCax)124 was χc > χa > χb at room temperature 
and was unchanged with a change in x. From changes in the degrees of the c-axis and 
the in-plane orientation (∆ω) for the (Y1-xCax)124 powder samples aligned under three 
different MRF conditions, it was found that MRFs above at least 1 T were required to 
achieve almost complete tri-axial alignment with ∆ω < 5°. Irreversibility lines for H//c 
were successfully determined even from the powder samples by the introduction of 
magnetic alignment without using single crystalline samples. The present study 
indicates that magnetic alignment is a useful process for the fabrication of 
quasi-single-crystals from the perspective of solid-state physics and the production of 
cuprate superconducting materials. 

 
1.Introduction 

The rare-earth (RE)-based cuprate superconductor REBa2Cu3Oy (RE123) has a 90 
K-class critical temperature (Tc) [1], and its Tc is higher than the boiling temperature of liquid 
nitrogen (77.3 K). A Tc of ~ 90 K in RE123 is in an optimally carrier-doped condition, which is 
achieved with almost a full oxidation process for RE123 compounds. As compared to another 
practical cuprate superconductor, (Bi,Pb)2Sr2Ca2Cu3Oy [2], RE123 with y ~ 7 exhibits 
intrinsically higher critical current properties under high magnetic fields at 77 K. Therefore, 
RE-based cuprates are candidates for superconducting materials to be used for practical 
applications using superconducting bulk magnets [3] and cables for high-field solenoidal 
magnets [4].  

In addition to the research and development cited above for the practical use of RE123, 
basic experimental studies have also been carried out on the RE-Ba-Cu-O system. It has been 
well established that three superconducting phases exist in the RE-Ba-Cu-O system: RE123 (6 < 
y < 7), RE2Ba4Cu7Oy (RE247, 14 < y < 15) [5], and REBa2Cu4O8 (RE124) [6]. All of them are 
characterised by the layered perovskite structure, which is an anisotropic crystal structure with a 
stacked structure alternating two-dimensional superconducting CuO2 plane and a 
one-dimensional blocking chain along the direction of the c-axis. The structural differences in 
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these three compounds originate from the differences in the stacking sequences of the Cu-O 
chains: the repetition of a single-chain, that of the double-chain, and the alternate repetition of a 
single- and double-chain for RE123, RE124, and RE247, respectively.  

As examples, the crystal structures of YBa2Cu3Oy (Y123, y = 7, Tc ~ 92 K) and 
YBa2Cu4O8 (Y124, Tc ~ 81 K) are shown in Fig. 1. Fully oxidised Y123 consists of bilayered 
CuO2 planes and a single Cu-O chain in a unit cell. This layered crystal structure induces 
anisotropic physical properties, and the critical current density (Jc) parallel to the 
superconducting CuO2 plane (// ab-plane direction) is superior to the Jc parallel to the c-axis [7]. 
As shown in Fig. 1(b), Y124 possesses a double Cu-O chain without oxygen nonstoichiometry 
as the blocking layer in its crystal structure. This is quite different from Y123 containing single 
chains with oxygen nonstoichiometry [8]. The structurally rigid double Cu-O chain in RE124 
and RE247, which runs parallel to the b-axis, preserves an orthorhombic phase for the 
temperature change to room temperature after the synthesis process, resulting in the generation 
of twin-free grains. Incidentally, in the case of practical RE123 materials, structural transition [9, 
10] to an orthorhombic phase from a tetragonal phase due to the increase in y generally induces 
the generation of twin microstructures in the ab-plane direction [11]. 

In addition to the layered crystal structures, the symmetry of superconducting Cooper 
pairs based on the d-wave [12] and short coherence length along the CuO2 plane direction 
should also be taken into account for the practical use of cuprate superconductors. The increase 
in the misorientation angle between two Y123 grains leads to serious reduction of the intergrain 
Jc parallel to the ab-plane direction, even for the c-axis-oriented Y123 grains [13, 14]. This 
strongly suggests that the simultaneous achievements of the formation of a c-axis grain-oriented 
microstructure and the alignment of grains along the a- and b-axis directions parallel to the 
CuO2 planes are required to improve the critical current properties of cuprate superconductor 
materials for practical applications. Therefore, the formation of a bi- or a tri-axial grain-oriented 
microstructure is a key issue for the development of RE-based superconducting materials with 
high Jcs. At the current stage, the standard process for achieving bi-axially oriented 
microstructures has been thin film growth [15] on highly oriented substrates and melt 
solidification [16] using seed crystals, on the basis of an epitaxial growth technique.  

Magnetic alignment is a candidate for being a useful grain orientation technique. 
Recent developments in superconducting solenoidal magnets brought us a 10 T class of static 
magnetic fields at a room temperature bore without the operation using liquid helium [17, 18]. 
High magnetic fields of ~10 T can provide kinetic and orientation energy comparable to gravity 
and thermal energy at room temperature, even for feeble magnetic (paramagnetic or 
diamagnetic) substances [19]. Furthermore, magnetic alignment is a tri-axial grain orientation 
technique [20–23]; simultaneous alignment of both the easy and hard axes of magnetisation is 
achieved by the introduction of a modulated rotation magnetic field (MRF).  

This magneto-scientific crystal orientation process is a novel candidate for the 
formation of tri-axially oriented microstructures in cuprate superconductors. In practice, our 
group has reported the tri-axial orientation with the in-plane and c-axis orientations of less than 
5° for RE247 [22, 23] and RE124 [24] powders aligned in epoxy resin under the 10 T class of 
MRFs at room temperature. However, in the case of RE123 as a practical superconducting 
material, the existence of twin microstructures, which are generated parallel to the CuO2 plane 
direction, probably leads to a serious reduction of in-plane magnetic anisotropy in a grain level 
of RE123. Therefore, a synthesis technique of the Y124 phase at ambient pressure, which has 
been reported by Song et al. [25, 26], is fascinating as a practical use of the Y124 compound 
from the perspective of fabricating high-Jc Y-Ba-Cu-O materials by magnetic alignment. 
Although a high-oxygen-pressure synthesis method at oxygen pressures of more than 100 atm 
was thought to be indispensable for the easy synthesis of Y124 polycrystals [5, 27, 28], the 
appropriate choice of flux medium and a lower growth temperature in a flux method enabled the 
growth of small Y124 single crystals at ambient pressure [25]. However, the Tc (~ 81 K) for 
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Y124 is approximately 10 K lower than that for Y123 (y ~ 7) and has only ~ 4 K of a 
temperature margin as compared to the boiling point of liquid nitrogen. That is, the 
enhancement of Tc for Y124 is recognised as a practical issue, and the doping of calcium (Ca) 
into Y124 [29] is a strategy for increasing the Tc of the 124 system. Furthermore, also from the 
viewpoint of solid-state physics for the carrier-doped one-dimensional Cu-O chain without 
oxygen nonstoichiometry, the tri-axial grain orientation of the Ca-doped Y124 with different 
carrier-doping levels is useful as a sample preparation technique for measuring nuclear magnetic 
resonance.  

Based on the above background, in the present study, we attempted to synthesise 
(Y1-xCax)Ba2Cu4O8 [(Y1-xCax)124] with various Ca-doping levels, x, by optimising the growth 
temperature in the flux method to enhance the Tc of the 124 system. Using pulverised 
(Y1-xCax)124 powders, alignment of the magnetic tri-axial in epoxy resin at room temperature 
under the MRF of 10 T was performed to clarify the change in the magnetisation axes as a 
function of x. From the magnetic alignment under three different MRF conditions, a rough 
determination of the magnitude relationship of tri-axial magnetic anisotropies in (Y1-xCax)124 
was attempted by evaluating the degrees of the in-plane and c-axis orientation using an X-ray 
rocking curve measurement.  

 
 
2. Experimental details 

Single crystals of (Y1-xCax)124 (x = 0. 0.025, 0.05, 0.075, and 0.1) were grown by the 
flux method [24, 25, 30] in air using KOH as a flux medium. Precursor powders consisting of 
(Y,Ca)123 and CuO were prepared by a solid-state reaction at 850°C in air using Y2O3, CaCO3, 
BaCO3, and CuO as the starting materials with an intermediate grinding. A precursor powder of 
(Y,Ca)123 + CuO was mixed with KOH at a weight ratio of powder : KOH = 5 : 6 and 
heat-treated in an Al2O3 crucible. The temperature for crystal growth, Tk, was maintained for 4 h 
prior to a slow cooling process with a cooling rate of 1°C/h. Then, furnace cooling to room 
temperature was performed after the slow cooling process for 100 h. The resultants were 
washed with distilled water several times to remove the flux, and the grown crystals were 
separated using filter paper. The phases of thusly grown crystals with rectangular plates with 
50~100 µm in a side were identified by X-ray diffraction (XRD) analysis. To prepare fine 
powders of (Y1-xCax)124, a ball-milling process was performed for 3 h in ethanol using zirconia 
balls as a pulverisation media by a planetary mill. A secondary electron image of the pulverised 
powders of (Y1-xCax)124 (x = 0.1) is shown in Fig. 2(a) as an example. Platelet grains with 
shapes distorted and crushed by the ball-milling process can be clearly seen. Consequently, the 
mean diameters of the pulverised powders, which were determined from secondary electron 
images, were roughly 3 ~ 5 µm for (Y1-xCax)124. 

The ball-milled (Y1-xCax)124 powder was mixed with epoxy resin at a weight ratio of 
powder : resin = 1 : 10. The epoxy resin containing the powder was cured for more than 12 h at 
room temperature under three different MRF conditions. As schematically shown in Fig. 2(b), 
the powder samples were horizontally rotated at two different steps in a static field (Ha) applied 
along the transverse direction. At angles of 0 and 180°, the (Y1-xCax)124 powder sample was 
rested for 2 s, whilst the rotation process with Ω = 60 rpm was applied to other angle regions. 
The original angle of the sample, 0°, was defined with regard to the direction normal to the α 
plane [see Fig. 2(b)] of the sample, which was parallel to the transverse Ha direction. The 
applied static magnetic fields were µ0Ha = 1, 5, and 10 T.  

XRD measurements using a CuKα incident beam were performed at the α, β, and γ 
planes [see Fig. 2(b)] for the cured resins containing magnetically aligned (Y1-xCax)124 powders. 
The first easy, second easy, and hard axes for magnetisation were determined from XRD 
patterns at the α, β, and γ planes, respectively, of the (Y1-xCax)124 powder samples oriented in 
the MRF of 10 T. To determine the degrees of the c-axis and in-plane orientation for the 
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magnetically aligned powder samples of (Y1-xCax)124, X-ray rocking curves were examined 
using diffraction peaks of (0014) and (200) for the tilt of the samples to the a- and b-axis 
directions, respectively. The full width at half maximum for each X-ray rocking curve, ∆ω, was 
obtained as the degree of orientation for a magnetically aligned powder sample.  

The magnetic susceptibility (χ) was measured in zero-field-cooling (ZFC) and 
field-cooling (FC) conditions using a SQUID magnetometer at temperatures below 95 K under 
applied magnetic fields (H) of µ0H = 0.5, 1, 3, and 5 T. The Meissner effect was checked in the 
ZFC condition under µ0H = 0.1 mT, and the Tc was defined as the onset of the diamagnetisation.   

 
 

3. Results and discussion 
XRD measurements of powders were performed for the resultants that were obtained 

in the crystal growth of (Y1-xCax)124 (x = 0. 0.025, 0.05, 0.075, and 0.1) at various Tks, and 
XRD patterns for the resultants grown at Tk= 750°C are shown in Fig. 3 as an example. Almost 
all of the diffraction peaks for the five XRD patterns in Fig. 3 were identified as reflections of 
the Y124 structure, indicating that the flux method using KOH enables crystal growth at the 
Y124 phase even in air.  

To clarify the relationship between Tk and the obtained phases, a phase diagram for 
the change in Tk as a function of the nominal Ca-doping level (x) in (Y1-xCax)124 is shown in 
Fig. 4. In the case of x = 0, the Tk range in which the 124 phase could be grown was found to be 
from 660°C to 800°C. However, Y123 and a mixture of non-layered-perovskite phases were 
obtained at higher and lower Tks, respectively, as compared to the Tk range required for the 
synthesis of Y124. In the case of the Ca-doped Y124, the 124 phase was obtained for 650°C ≤ 
Tk ≤750°C; this result roughly suggests that the Tk range for the synthesis of the 124 phase was 
almost constant for the change in x.  

For a rough determination of the Ca-doping levels for thusly obtained (Y1-xCax)124 
crystals, the temperature dependence of the magnetic susceptibility (χ) under µ0H= 0.1 mT was 
obtained for the five samples of (Y1-xCax)124 (Tk= 750°C) in the ZFC condition. The χ - T 
curves for (Y1-xCax)124 are shown in Fig. 5(a). Clearly, all five samples exhibited strong 
diamagnetisation; therefore, the grown (Y1-xCax)124 samples were bulk superconductors. 
Furthermore, it was found that the Tc increased with an increase in nominal x. Figure 5(b) 
shows the x dependence of the Tc for the (Y1-xCax)124 crystals, together with data for the 
polycrystalline (Y1-xCax)124 samples synthesised by solid-state reaction under ambient [31] and 
high-oxygen pressures [29], for reference. The Tc values in the present study systematically 
increased with the increase in nominal x for x ≤ 0.075, and Tc reached ~ 91 K for x = 0.075. For 
x ≥ 0.075, the Tc was almost saturated. However, as shown in Fig. 5(a), the diamagnetic χ - T 
curve below Tc for x = 0.075 was relatively broadened as compared to that for x = 0.1. This 
strongly suggests that the Ca-doping levels for the obtained 124 crystals are inhomogeneous in 
the case of x = 0.075. When the values of the Tc were compared with those reported by Zheng et 
al. [31] and Miyatake et al. [29], the Tcs for x = 0, 0.025, 0.05, and 0.1 in the present study were 
found to coincide well with those in the two studies. One can recognise that the Ca-doping 
levels are controlled by the nominal composition and are almost coincident with nominal x, 
even for the (Y1-xCax)124 crystals grown by the flux method.    

Using the pulverised powders of thusly obtained (Y1-xCax)124 crystals, the 
magnetically oriented powder samples of (Y1-xCax)124 were fabricated under MRFs of 1, 5, and 
10 T in epoxy resin at room temperature. The XRD patterns at the α, β, and γ planes for the 
(Y1-xCax)124 (x = 0, 0.05, and 0.1) powder samples oriented in the MRF of 10 T are shown in 
Figs. 6(a), 6(b), and 6(c), respectively. As shown in Fig. 6(a), in the case of x = 0, the (00l), 
(h00), and (0k0) peaks are clearly enhanced at the α, β, and γ planes, respectively. This result 
means that the powders of Y124 were tri-axially oriented under the MRF of 10 T, and the 
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relationship of the magnetisation axes was χc > χa > χb for (Y1-xCax)124 (x = 0), which is 
consistent with the results our group previously reported [32]. As can be clearly seen from Figs. 
6(b) and 6(c), the XRD patterns for the magnetically aligned powder samples with x = 0.05 and 
0.1 were almost identical to the XRD patterns in Fig. 6(a). Note that these results were obtained 
also for x = 0.025 and 0.075. Consequently, it was found from the XRD measurements of the 
magnetically oriented powder samples of (Y1-xCax)124 (x = 0, 0.05, and 0.1) that an almost 
complete tri-axial orientation was accomplished for all of the pulverised (Y1-xCax)124 powders 
under the MRF of 10 T, and the relationship of the magnetisation axes (χc > χa > χb) was 
unchanged with a change in x.  

For the purpose of evaluating the degrees of in-plane and c-axis orientation, X-ray 
rocking curves were measured for all (Y1-xCax)124 powder samples oriented in MRFs under 
µ0Ha = 1, 5, and 10 T. As an example of the Ha-dependent degrees of the c-axis and in-plane 
orientations, X-ray rocking curves at the (0012) and (200) peaks in the (Y1-xCax)124 (x = 0.1) 
powder samples oriented under the MRFs of 1, 5, and 10 T are shown in Figs. 7(a) and 7(b), 
respectively. It should be noted that the tilt of the samples to the a-axis and b-axis directions was 
performed in the rocking curve measurement to determine the degrees of the c-axis and in-plane 
orientations, respectively. In the case of the c-axis orientation in Fig. 7(a), the ∆ω values in the 
rocking curves for x = 0.1 were slightly broadened with a decrease in µ0Ha. However, these 
three rocking curves exhibited ∆ω  < 3°. This strongly indicates that high degrees of the c-axis 
orientation for (Y1-xCax)124 (x = 0.1) powders were accomplished even in magnetic alignment 
under the MRF of 1 T. On the other hand, in the case of the in-plane orientation in Fig. 7(b), the 
∆ω values were found to be sensitive to the strength of the applied magnetic field in MRF. In 
detail, the values of ∆ω and the peak intensity for the rocking curves were drastically broadened 
and weakened, respectively, with a decrease in µ0Ha. The determined ∆ω values were ~9°, ~3.5°, 
and ~2° for µ0Ha = 1, 5, and 10 T, respectively. Consequently, tri-axial magnetic alignment with 
the high c-axis and in-plane orientation degrees with ∆ω < 2° in the MRF of 10 T for the 
powders of Ca-doped Y124 with Tc = 91 K could be achieved as a proof-of-principle of the 
tri-axial magnetic alignment technique.     

The changes in ∆ω as a function of x are plotted in Figs. 8(a) and 8(b) to clarify the 
x-dependent c-axis and in-plane orientation degrees, respectively. A striking feature in Fig. 8(a) 
is that high degrees of the c-axis orientation with ∆ω < 1.5° were accomplished for all aligned 
(Y1-xCax)124 powder samples in the case of MRFs under µ0Ha = 10 T. Furthermore, the ∆ω 
values reached ∆ω < 2° for the MRF of 5 T and maintained ∆ω < 5° even for the MRF of 1 T. 
That is, the changes in ∆ω as a function of the applied transverse magnetic field in the MRF 
were roughly constant. Within the results in the present study, the result in Fig. 8(a) probably 
indicates that a remarkable change in the c-axis magnetic anisotropy (χc-χa) does not appear for 
a change in x, and the c-axis magnetic anisotropies were sufficient for grain orientation under 
the MRF of 1 T. Namely, even the c-axis magnetic anisotropy generated by the Cu ions at the 
CuO2 planes and Cu-O double chains was sufficient to achieve an almost complete c-axis 
orientation in the MRF of 1 T.  

As shown in Fig. 8(b), the degree of in-plane orientation showed an insensitive 
behaviour to the Ca-doping level as well; however, the ∆ω values were relatively more sensitive 
to the applied transverse magnetic field in the MRF as compared with the results in Fig. 8(a). 
Particularly, although high degrees of the c-axis orientation with ∆ω ~ 2° were accomplished for 
all of the aligned (Y1-xCax)124 powder samples in the case of the MRF of 10 T, the MRF of 1 T 
was clearly insufficient for achieving high degrees of in-plane orientation in the whole x region. 
To improve the in-plane orientation degree under lower magnetic fields, introduction of higher 
Ω and/or doping of heavy RE ions, such as Dy and Ho, with higher tri-axial magnetic 
anisotropies [33, 34] are required.  

Finally, irreversibility lines of (Y1-xCax)124 (x = 0, 0.05, and 0.1) for H//c are shown 
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in Fig. 9 as an example of the clarification of anisotropic functionality using tri-axially aligned 
powder samples. It should be noted that the reduced temperature, which is normalised by Tc, 
T/Tc, is expressed as an abscissa of Fig. 9; and the irreversibility temperatures were determined 
from the temperature dependences of magnetic susceptibilities in ZFC and FC conditions. 
Incidentally, the ILs for a twin-free Y123 single crystal [35] and (Y1-xCax)124 films [30] were 
also shown for reference, and these ILs as a function of T/Tc in Fig. 9 were replotted from both 
the Tc values and the µ0Hirr-T plots in these reports [30, 35]. From the data in the present study, 
it was found that the ILs were shifted toward the higher T and H regions with an increase in x. 
This tendency was qualitatively consistent with the result for epitaxially grown (Y1-xCax)124 
films, indicating that Ca-doping into Y124 is obviously effective for increasing not only the Tc 
but also the vortex pinning potential under H//c. In the case of a Y123 superconductor with 
oxygen nonstoichiometry, Hirr was reported to be clearly improved with the increase in the 
oxygen content of Y123 [36]. Furthermore, the ILs of Y123 were sensitive to slight changes in y, 
even at the optimal carrier-doping level, and, specifically, the µ0Hirr values were drastically 
reduced from ~ 8 T to 4 T with the slight decrease of ∆y ~ 0.1 from the optimal carrier-doped 
condition [35]. The behaviour of the ILs in the present study is qualitatively consistent with the 
relationship between the optimal carrier-doping level and µ0Hirr in Y123.  

On the other hand, despite the optimal carrier-doped samples with almost the same Tcs 
of 91 ~ 92 K, the IL for x = 0.1 was located remarkably lower in the T and H regions as 
compared to the IL of the twin-free Y123 crystal. At the current stage, the origin of the 
relatively lower Hirr in (Y1-xCax)124 (x = 0.1) has been unclear. As suggested from the χ-T 
curves in Fig. 5(a), the crystals for x = 0.1 show a broad diamagnetic signal with ∆Tc ~ 5 K. It is 
likely that one of the reasons is that the inhomogeneous Tc distribution induced by the 
fluctuating Ca-doping levels is dependent on crystals in the resultants. In these cases, the 
optimisation of growth conditions, such as the Tk, cooling rate, and nominal x, for the 
fabrication of (Y1-xCax)124 crystals with a homogeneous Tc distribution with Tc = 91 K is 
required. However, in the present study, the tri-axial magnetic alignment for the Y124 
compound with a 90-K class of Tc has been successfully achieved, and the intrinsic 
improvement of vortex-pinning properties by Ca-doping could be clarified even from the 
tri-axially oriented powder samples. Furthermore, also from the perspective of solid-state 
physics for the carrier-doped one-dimensional Cu-O chain without oxygen nonstoichiometry, it 
is expected that the tri-axial grain orientation of the Ca-doped Y124 with different 
carrier-doping levels is useful as a sample preparation technique for measuring nuclear magnetic 
resonance. 

 
4. Summary 

We demonstrated the crystal growth of Ca-doped Y124 in ambient pressure and the 
tri-axial orientation of their ball-milled powders at room temperature under three different MRF 
conditions. (Y1-xCax)124 crystals with x ≤ 0.1 were successfully grown in the Tk region of 
650°C ≤ Tk ≤ 750°C and showed a positive x-dependence of the Tc for crystals grown at Tk = 
750°C. Consequently, the Tc reached ~91 K for x = 0.1, and the Ca-doping levels in 
(Y1-xCax)124 crystals could be controlled by a nominal composition of x.  

All pulverised (Y1-xCax)124 powders obtained in the present study were tri-axially 
aligned under an MRF of 10 T in epoxy resin at room temperature, and their c-axis and in-plane 
orientation degrees showed ∆ω < 2°. The relationship of their magnetisation axes was χc  > χa > 
χb and was unchanged by a change in x for x ≤ 0.1.  From the degrees of the c-axis and 
in-plane orientations for (Y1-xCax)124 powder samples oriented in the MRFs of 1 and 5 T, it 
was found in the whole x region that the degrees of c-axis orientation were insensitive to µ0Ha, 
whilst the in-plane orientation degrees were drastically reduced with a decrease in µ0Ha. This 
roughly means that remarkable changes in the tri-axial magnetic anisotropies were not observed 
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in (Y1-xCax)124, and the MRFs with µ0Ha > 1 T at least are required for the achievement of the 
almost complete tri-axial alignment of (Y1-xCax)124 grains with 3~5 µm in size. 

Using the tri-axially aligned (Y1-xCax)124 powder samples (µ0Ha =10 T), the ILs for 
H//c were determined from the magnetisation measurement. An intrinsic increase in the critical 
current properties of Y124 for H//c by Ca-doping could be clarified from (Y1-xCax)124 powders 
without single crystalline bulks. The present study revealed that the tri-axial grain alignment of 
the 124 phase with Tc ~91 K was achieved by introducing the MRF, and the magnetic alignment 
is a strong tool for fabricating quasi-single-crystals from the perspective of solid-state physics 
and the production of cuprate superconducting materials.    
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Figure Captions 
 
Figure 1 
Crystal structures of (a) Y123 and (b) Y124  
 
Figure 2 
(a) A secondary electron image of pulverised (Y1-xCax)124 (x = 0.1) powder; (b) schematic of 
the relationship among Ha, measured surfaces of XRD (α, β, γ), and rotation of a sample 
 
Figure 3 
Powder XRD patterns for (Y1-xCax)124 (Tk = 750°C)  
 
Figure 4 
Relationship between growth temperature and the grown phase for a nominal Ca-doping level of 
(Y1-xCax)124  
 
Figure 5 
(a) The χ-T curves for powders of (Y1-xCax)124 (Tk = 750°C); (b) the change in the Tc as a 
function of x for (Y1-xCax)124. The Tc values reported by Miyatake et al. [29] and Zheng et al. 
[31] are also shown for reference. 
 
Figure 6 
XRD patterns at the α, β, and γ planes for (Y1-xCax)124 powder samples oriented in the MRF of 
10 T with (a) x = 0, (b) x = 0.05, and (c) x = 0.1 
 
Figure 7 
X-ray rocking curves at the (a) (0012) and (b) (200) peaks for (Y1-xCax)124 (x = 0.1) powder 
samples oriented in the MRFs of 1, 5, and 10 T  
 
Figure 8 
Relationship between the degree of orientation and x for (Y1-xCax)124 powder samples oriented 
in the MRFs of 1, 5, and 10 T; (a) and (b) are results for the degrees of the c-axis and in-plane 
orientations. 
 
Figure 9 
Irreversibility lines (H//c) for (Y1-xCax)124 (x = 0, 0.05, and 0.1); ILs reported by Funaki et al. 
[30] and Kupfer et al. [35] are also shown for reference.  
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Figure 1  Horii et al. 
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Figure 2   Horii et al. 
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Figure 3   Horii et al. 
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Figure 4   Horii et al. 
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Figure 5   Horii et al. 
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Figure 6   Horii et al. 
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Figure 7   Horii et al. 
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Figure 8   Horii et al. 
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Figure 9   Horii et al. 
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