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Abstract. The resistivity measurements of the Yb,,GdBa,Cu;0;., superconducting samples
prepared by using the solid-state reaction technique for x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 were
performed in QD-PPMS system under different magnetic fields up to 5T in zero field cooling
regime. The upper magnetic field H,(T=0) for each sample was calculated from 50% of the
normalized resistivity (R,) by the extrapolation H,(T) to T=0K and the coherence lengths
E(T=0) of the samples were calculated from the H,,(0) values. The examination of the effects
of x in the composition on H.,(0) showed us that the upper critical magnetic field decreased
from 186.31T for x=0.0 to 37.99T for x=1.0 with the increasing of content x from x=0.0 to 1.0.
Using the content x in the composition, the upper critical magnetic field can be controlled and
this can be used in superconducting application especially as a superconducting relays.

1. Introduction

Superconducting materials, such as YBCO and BSCCO, must operate at high currents and magnetic
fields for many practical applications. Typical large scale applications of them are magnets, power
transmission lines, transformers and generators because superconductors have smaller power losses
compared to the metals. For these applications, one of the important properties of the superconducting
materials is the upper critical magnetic field. The upper critical magnetic field H,(0) that the material
keep its superconductivity is the huge magnetic field at zero temperature for that material. In the
higher magnetic field than H.,(0), the material loses its superconductive properties at zero temperature.
Many of the studies up to now have been on the development of the transition temperature T., H.,(0)
and the critical current density J. of the superconducting structures.

Some researchers studied the effects of the substitution of the rare earth atom with Y in the poly-
crystalline or crystal superconducting structure of YBa,Cu;0; (Y123). In the studies, the substitution
of RE atoms (RE: Nd, Sm, Eu, Gd) in RE123 structure showed that they are effective in achieving
high value of critical current density (J.) in a high magnetic field region accompanied by the secon-
dary peak effect [1]. While the substitution of rare earth atoms (except Ce, Pr, Tb, Pm) for Y in
YBa,Cu;07.y (Y-123) preserves the 90K superconductivity [2], the same substitution changes the criti-
cal current density J. and the upper critical magnetic field H.,. One of the factors affecting J. and H,, is
the fabrication processes such as calcinating and sintering processes [3]. When the sintering tempera-
ture of the superconducting structure is taken very lower than the peritectic decomposition tempera-
ture, the structure has the weak-link interaction or its superconductivity disappear. While the strong
and weak interactions in the same superconducting sample are under control, the upper critical mag-
netic field of the sample can be assigned at the desired value in the specific range of magnetic field
which is possible.

Our previous study was about the effects of content X in Y .4Yby»Gdy,Ba,Cu;0; (Y, Yb, Gd)123
structure on the upper critical magnetic field and coherence length [10]. It was found in our previous
study that Yb123 phase in this composition has stronger interactions and Gd123 has weaker interac-
tions compared to Y123. Owing to three interactions in the structure, the upper critical magnetic field
was changed from 84T to 122T with the content x.
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In this study, we investigated the effect of Gd123 and Yb123 structures without Y123 phase in the
superconducting material of Yb;Gd, Ba,Cu;0; (Yb, Gd)123 for x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0.
Because the peritectic decomposition temperature of Gd123 structure is 975°C [4] and Yb123 is
910°C [5], the sintering temperature of the sample was selected as 890°C to fabricate Yb123 with
strong interaction and Gd123 with weak interaction in the same composition. Using the content x, the
amounts of both interactions were thought to change and to control upper critical magnetic field of the
sample.

Although numerous studies have been undertaken on the pinning properties of melt processed
Yb123 [6] with finely dispersed Y211, the effect of x in Yb; GdBa,Cu;0; polycrystalline structure
on the activation energy and the c-lattice parameter [7, 8], the effect of x of Y,Gd,»Yb,,Ba,Cu;0,
superconducting structures on the activation energy [9] and the upper critical magnetic field [10], the
effect of Gd diffusion into Y123 [11, 12], and Yb diffusion into Y123 [13], no studies on the effect of
x in such Yb;.,GdBa,Cu;0-., polycrystalline superconducting structure on the upper critical magnetic
field and the coherence length have been reported.

2. Experimental

The polycrystalline Yb;.,GdBa,Cu;07., ((Yb, Gd)123) superconducting samples were produced by
solid state reaction method for the six different x values. After stoichiometric mixtures of Yb,O;,
Gd,05 BaCO; and CuO for each composition of x were thoroughly ground and calcined at 900°C in air
for 10 h, each mixture was ground again, and pressed into a pellet form with 13mm diameter under
250 MPa pressure, and then each of the samples for x=0, 0.2, 0.4, 0.6, 0.8 and 1 was sintered at 890°C
for 24h in air. Finally, all the samples together were subjected to oxygenation process at 400°C for 2h,
followed to 300 °C at the rate of -1 °C /min under the oxygen flowing and then they were cooled to the
room temperatures in air. Samples were cut into bar-shape with identical dimensions with the size of
1.5x2.0x6.0 mm’. The sintering and oxygenation temperatures of the samples were obtained from the
Differential Thermal Analysis (DTA) model NETZSCHI.

The standard four-probe resistivity of samples were measured by using a physical properties meas-
urement system (Quantum Design PPMS system) under various magnetic fields such as 0, 1, 2, 3, 4
and 5T in the zero field cooling regime (ZFC). In order to remove the trapped magnetic field inside the
samples, 0.1T magnetic field was applied for a short time at 100K and then decreased to zero field
before ZFC regime.

3 Results and Discussions

The measurements of Hp(T) for the HTSCs have been limited to temperatures near T, be-
cause Hc, in these materials rapidly exceeds accessible laboratory magnetic fields when the
temperature is reduced to only nine-tenths of T, [14]. Thus the values of Hc(0) and (0) can
be calculated from such data require either a large extrapolation to T=0K using a presumed
functional form for H, or calculation of H¢, from the slope (dHq2/dT)1. [15] using the Wer-
thamer-Helfand-Hohenberg (WHH) expression Hc»(0)=0.7Tc(dHo/dT)1. [14]. In this paper,
the extrapolation method was used to calculate H¢»(0).
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Figure 1. Shows the normalized resistivity versus temperature plots under different mag-
netic fields up to ST for the sample a) x=0.0, b) x=0.2, c¢) x=0.4, d) x=0.6, e) x=0.8 and f)
x=1.0

Using the R-T plots in Figure 1, of which the detailed explanations were given in our previous pa-
per in ref [7], the upper critical magnetic field can be calculated from the expression below [16, 17]:

__ %
H,(T)= 2R (T) (D

Where ¢ is the flux quantum (¢0=2,067833636X10'15Tm2), and §(T) is the coherence
length at the temperature T [16, 17]. The dependency of & on temperature is given by:

T\
&(T)=¢§, (1 —?J ()

Where & is the coherence length (§(0)) at the temperature of T=0K. When the Equation (2)
is replaced with & in the Equation (1), the upper critical magnetic field at temperature close to
T, can be rewritten as below:

T
H,,(T)=H_(0) (1 - T—]

C

3)

In the expressions, Heo(T) and He(0) is the upper critical magnetic field at T and T=0K, re-
spectively. The Equation (3) can be rewritten as follow:

Ho (1) =HL(0)-HL(0)—

C

“4)
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There are some ideas in previous researchers to define the transition temperature T in the
Equation (4). In the study of Miiller and his friends [19], they used the magnetic field and the
temperature values (as Hjo, Hsp and Hoo) were defined when the resistance of the sample is 10,
50 and 90% of the normal-state resistance R,, respectively. After the comparison of the upper
critical magnetic fields of 10, 50 and 90% of R, with the fields obtained from dc magnetiza-
tion and ac susceptibility measurements, they showed us that Hoy agrees with the result ob-
tained from magnetization, whereas H¢, which determined from susceptibility coincides with
the Hjo for MgB,. On the other hand, in the study of Ando and his friends [18], they associ-
ated Hso with the mean-field upper critical magnetic field H,.

H_(T)

Figure 2. Shows the H.(T) versus T.(H) calculated from R-T plots for the samples
under different magnetic fields.

In this paper, we calculated the upper critical magnetic field such as H.»(T) and T values at
which the normalized resistivity equal to 50% of R, using the R-T plots in Figure 1, and
Ho(T) versus T plots were shown in Figure 2. In this figure, each dot corresponds to the up-
per critical magnetic field for the samples at the different critical transition temperature T
under different applied magnetic fields. After the linear fittings of the plots in Figure 2, H.(0)
values for the samples were calculated using the extrapolation of He(T) to T=0K. H»(0) ver-
sus content x was shown in Figure 3.
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Figure 3. Shows H,,(0) values versus content x. Solid line in the plot is the linear fitting.

When the Figure 3 was generally examined, it was resulted that the value of the Hc»(0) is
roughly decreasing with the increasing of the content x. While content x is increasing, not
only is the amount of content Yb decreasing, but also that of content Gd is increasing. So, it is
resulted in decreasing of H.(0) value with increasing of content x. This says us that Yb123
structure is more resistive than Gd123 structure against to the higher magnetic fields in this
study. In fact, this is not unusual result of Gd123 structure due to the sintering temperature.
Because Yb123 liquidation temperature which is 910°C [5], the sintering temperature of the
composition was estimated as 890°C and also this is very low sintering temperature for
Gd123 structure. While this temperature is very suitable for Yb123, it is also near enough
below sintering temperature of Gd123 structure. The decreasing of H.,(0) with the increasing
of the content x shows us that this sintering temperature resulted the weak interaction between
grains in Gd123 and also strong interaction in Yb123 structures.

The separation from the linearity in the plot in Figure 3 is thought to originate from the ex-
trapolations which are used to calculate H»(0). In the extrapolation of plots in Figure 3 to
calculate Hc»(0), only five different magnetic fields up to 5T were used. Higher magnetic
fields than 5T is not possible in our laboratory. On the other hand, when the Figure 3 is exam-
ined, it is clear to be seen that the strongest structure against to the magnetic field is x=0.0,
corresponding to Yb123, and the weakest one is x=1.0, corresponding to Gd123 structure.
While the Hc»(0) value of Y123 thin single superconducting crystal sample with Bllc and B_Lc
are 250 T and 120 T respectively [20], that value for our polycrystalline superconducting
samples in this study is decreasing from 186 T to 38 T with the increasing of content x. In-
deed, the upper critical magnetic field of Gd123 is not around 38 T and more much than 38 T.
But, we had to estimate the sintering temperature as 890 °C to apply the same sintering tem-
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perature for all the samples in this study. We aimed to produce the sample which has Yb123
superconducting structure with the strong interaction and Gd123 with the weak interaction
between grains. This temperature produced Gd123 with very weak-link interaction in the
composition as low as it can keep its superconductivity, on the other side, produced Yb123
with very strong interaction. The effects of both structures in the same composition in this
study resulted in the variation of the upper critical magnetic field from 186T to 38 T. While
the strong interaction tries to make H, of the sample to be higher, the weak interaction does it
to be lower. The greatnesses of two interactions are originated from the quantities of Yb123
and Gd123 structures in the composition. Because these quantities are related to x, the content
x can be used to control the upper critical magnetic field. This idea can be understood from
the Figure 3. In the figure, there is nearly linear decreasing with the increasing of the content

X.

40 - i
35+ §

50 ;o

£(0) (A)

0 T T T T T T T T T T T

0,0 0,2 0,4 0,6 0,8 1,0

Content x

Figure 4. Shows the coherence length £(0) versus content x. Solid line in the plot
is the linear fitting.

As for the coherence length &, it is one of the characteristic parameters of the superconduc-
tors. It is a difficult quantity to measure directly, however, it was thus calculated from the
expression He(0)= ®o/2nE* and & - content x plot is shown in Figure 4. The coherence length
is about 16 A for YBa,Cuz0:. v [21,22], 13.6 A for T1-2223 [23,24], 9.7 A for Bi-2223 and
9+1 A for Bi-2212 [25], and this value in this study is varying roughly linear from ~13 A to
~29 A with i increasing of the content x from x=0.0 to x=1.0. The coherence length can be con-
trolled by the content x. The separation from the linearity is originated from the separation in
Hc»(0) versus content x plot in Figure 3.

From the linear fittings of the plots in Figure 3 and Figure 4, the relationships between
He»(0) and &(0) with content x and the inverse relations are defined below:

He(0)=A+B.x (inT) x is defined in the range of 0-1.0 (5a)

E(0)=A"+B".x (in A) x is defined in the range of 0-1.0 (5b)
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x=A""+B""H,.(0) Hc»(0) is defined in the range of 38T-186T  (6a)
x=A""+B""".£(0) &(0) is defined in the range of 13A-29A (6b)

Table 1. The constants used in the Eq(5a, 5b, 6a and 6b) with their errors.
Constant  Value Error Constant  Value Error
A 147.8606  +5.3237 B -10.0602  +0.7329
A’ 13.6241 +0.3387 B’ 7.7089 +0.7729
A” 11.3526 +2.2226 B -0.0591 +0.0189
A7 -0.5496 +0.3591 B 0.0547 +0.0181

The constants in Equation (5) and Equation (6) are listed in Table 1. Using the content X in
Yb;..GdBa,Cu307.y structure, and the constants in Table 1, He»(0) or £(0) of the sample with
any content x in the range of x=0.0 — 1.0 can be calculated from Equation (5a) and Equation
(5b) respectively. On the other hand, it can be calculated that which sample with the desired
H2(0) or £(0) values in the specific range should have the content x using Equation (6a) and
Equation (6b) respectively.

4. Conclusion
Using the standard solid-state-reaction technique, the nominal composition of Yb;.
xGdBayCu305.y superconductor samples for x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 were prepared.
The upper critical magnetic field H(T) at the temperature T=T for the samples were calcu-
lated by the midpoint of the normalized resistivity values obtained from the resistivity meas-
urements in the different magnetic fields up to 5T under zero field cooling regime and the
upper critical magnetic field Hc»(0) at the temperature T=0K was found by the extrapolation
Ho(T) to T=0K. The coherence length values were calculated by using the upper critical
magnetic field values at the temperature T=0K. ) )
The calculations presented us that while the coherence length is 16 A for Y123, 13.6 A for
T12223, 9.7 A for Bi2223and ~9 A for Bi2212, this value in this study varies from ~13 A to
~29 A and H»(0) is varying from 186 T to 38 T with increasing content x from x=0.0 to 1.0.
In our study it was found that there are two interactions in the composition and they are the
strong interaction in Yb123 and the weak interaction in Gd123 structure. The quantities of
both interactions were changed with the content x because the amount of Yb123 is decreased
and that of Gd123 is increased with the increasing of the content x. The quantities of Yb123
and Gd123 structures in the composition supplied us to control the upper critical magnetic
field in the identical range of 37T-186T. Consequently, using the content x in Yb,.
xGdxBa,Cu307.y structure, Hoo(0) or &(0) of the sample with any content x between 0.0 — 1.0
can be calculated from the Equation (5a) and Equation (5b) respectively. On the other hand, it
can be calculated that which sample with the desired Hp(0) or §(0) values in the specific
range should have the content x using Equation (6a) and Equation (6b) respectively. By this
way, we don’t need to produce and measure the sample with any other content x in the range
of 0.0-1.0 to find H.»(0) and §(0). In addition, this study showed us that the upper critical
magnetic field can be controlled using the content x in our compositions and this controlling
of the upper critical magnetic field can be used in the application of superconductivity as an
electronic superconducting switches.
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