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Abstract
Improving the critical transition temperature (TC) of Bi(Pb)SrCaCuO (B(P)SCCO) high-temperature superconductors is impor-
tant; however, considerable challenges exist. In this study, on the basis of the metamaterial structure and the idea that injecting
energy will promote the formation of electron pairs, a smart meta-superconductor B(P)SCCO consisting of B(P)SCCO micro-
particles and Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore was designed. In the applied electric field, the Y2O3:Eu

3++Ag or
Y2O3:Eu

3+ luminophore generates an electroluminescence (EL), thereby, promoting the TC via EL energy injection. A series
of Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminous inhomogeneous phase-doped B(P)SCCO samples was prepared. Meanwhile, the

B(P)SCCO sample doped with 0.2 wt% Y2O3 or Y2O3:Sm
3+ nonluminous inhomogeneous phase was also prepared. Results

indicated that the TC of 0.2 wt% Y2O3 or Y2O3:Sm
3+ doping sample is lower than that of pure samples. However, the TC of the

sample doped with 0.2 wt% Y2O3:Eu
3++Ag or Y2O3:Eu

3+ luminophore is higher than that of pure sample. This outcome further
demonstrated that the smart metastructure method can improve the TC of B(P)SCCO.

Keywords Bi-based superconductors . Smart meta-superconductor B(P)SCCO . Y2O3:Eu
3++Ag topological luminophore .
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1 Introduction

Improving the critical transition temperature (TC) of supercon-
ductors is important; however, considerable challenges exist. In
2011, Cavalleri et al. used a midinfrared femtosecond laser
pulse to induce the transformation of La1.675Eu0.2Sr0.125CuO4

from a nonsuperconducting into a transient three-dimensional
superconductor [1]. The behavior of transient superconducting
transition in La1.84Sr0.16CuO4, YBa2Cu3O6.5, and K3C60 was
observed by using similar experimental methods [2–5]. The
said researchers reported that laser pulse causes lattice distortion
and induces transient superconductivity. Since then, the use of
light to change the superconducting properties of materials has
been gradually recognized. Scientists discovered the high-
temperature superconductor BiSrCaCuO with a TC beyond
100 K in 1988 [6, 7]. BiSrCaCuO superconductors are prom-
ising materials for theory research and industrial applications

due to their several advantages, such as low oxygen sensitivity,
containing no rare earth, and high TC [6–9]. The BiSrCaCuO
system consists of three superconducting phases with similar
crystal structures, and its general formula can be written as
Bi2Sr2Can − 1CunO2n + 4, where n = 1, 2, and 3, with correspond-
ing superconducting phases of Bi-2201 (TC = 20 K), Bi-2212
(TC = 85 K), and Bi-2223 (TC = 110 K), respectively [10–17].
Pure Bi-2223 and Bi-2212 single phase are difficult to obtain
because they are symbiotic with each other, especially when
forming the Bi-2223 phase [18–21]. However, partial replace-
ment of Bi by Pb can increase the volume content of the Bi-
2223 phase, thereby, making it easy to synthesize and increas-
ing its stability [22, 23].

Although Bi-based superconductors are called high-
temperature superconductors, their critical parameters (espe-
cially the superconducting transition temperature TC) are still
far from the large-scale practical application. So Bi-based su-
perconductors should be modified to increase their
superconducting transition temperature TC. At present, a com-
monly used method is chemical doping, for example, doping
with elements, such as Cs [24], Al [25], Ce [26], and Pb [22,
23] in a Bi-Sr-Ca-Cu-O system. However, this method ex-
hibits no significant increase in the superconducting transition
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temperature TC. Subsequently, nanomaterials have been intro-
duced for doping, for example, doping with Al2O3 [27], SnO2

[28], ZrO2 [29], MgO [30], MgCO3 [31], and Ca2B2O5 [32].
However, the results are unsatisfactory because most dopants
are unstable at high temperature and react with the supercon-
ductor. Therefore, a suitable material for doping should be
determined to ensure the stability at a high temperature and
the increase of TC.

Metamaterial, a type of artificially structured composite
material, is composed of the matrix material and its unit ma-
terial. The metamaterial properties are not primarily depen-
dent on the matrix material but on the artificial structure.
Many special functions can be obtained through various arti-
ficial structures [33–35]. With the development of
metamaterial, the use of the metamaterial concept to design
superconductors and affecting their TC has been gradually
recognized by scholars. In 2007, our group introduced inor-
ganic electroluminescence (EL) material in superconductor to
enhance the superconducting transition temperature through
EL. Jiang et al. [36] first introduced uniformly distributed
ZnO nano defects with a doping concentration of 1 wt% in
Bi(Pb)SrCaCuO (B(P)SCCO) superconductors. The effects of
different doping methods on the superconducting transition
temperature and morphology of B(P)SCCO superconductors
were investigated. The results of the standard four-probe
method indicated that samples doped with ZnO EL material
showed an evident performance belonging to high-
temperature superconductor. However, the doping of ZnO
EL materials caused a slight decrease of the B(P)SCCO
superconducting transition temperature. Fundamentally,
Y2O3:Eu

3+ phosphor is an excellent rare earth luminescent
material because of its several advantages, such as high lumi-
nescence intensity, good monochromaticity, and high quan-
tum efficiency. And the preparation process of suchmaterial is
simple, and the morphology is relatively easy to control.
Moreover, the preparation of Y2O3:Eu

3+ into a Y2O3:Eu
3++

Ag topological luminophore can further improve the EL prop-
erties of Y2O3:Eu

3+ and have better stability in the environ-
ment [37–39]. Recently, Smolyaninov et al. [40–42] proposed
that a superconducting metamaterial with an effective dielec-
tric constant εeff ≈ 0 may exhibit high transition temperature,
and they confirmed their theory in experiment.

Our group recently selected traditional MgB2 superconductor
and constructed a smart meta-superconductor MgB2 model
based on the metamaterial structure. Smart meta-superconductor
MgB2 consists of the MgB2 matrix and inhomogeneous phases,
such as the EL material Y2O3:Eu

3+ rods and different sizes of
Y2O3:Eu

3+ or YVO4:Eu
3+ sheets. The research results showed

that the doping of EL materials increases the superconducting
transition temperature of MgB2. This increment is attributed to
the EL materials that dispersed around MgB2 particles. In the
local electric field, the EL materials generate an EL. Therefore,
the TC of MgB2 is improved by EL [43–47].

We select MgB2 superconductor to construct a smart meta-
superconductorMgB2 based on the metamaterial structure and
electron-phonon interaction in traditional MgB2 superconduc-
tor. The electrons are transformed into Cooper pairs via ener-
gy injection by doping the Y2O3:Eu

3+ EL material in MgB2

superconductor, thereby, enhancing TC of MgB2 [45–47].
Many scientists believe that electron pairs are formed on the
basis of the magnetic interaction of electron spin in the high-
temperature superconductor B(P)SCCO [48, 49]. A smart me-
ta-superconductor B(P)SCCO is proposed in this work, which
consists of B(P)SCCO particles and Y2O3:Eu

3++Ag or
Y2O3:Eu

3+ luminophore to form a composite particle struc-
ture. The B(P)SCCO superconducting particles are used as the
matrix material, and the Y2O3:Eu

3++Ag or Y2O3:Eu
3+

luminophore inhomogeneous phase distributed around the
B(P)SCCO particles. In the local electric field, the
B(P)SCCO superconducting particles act as microelectrodes,
which excite the EL of Y2O3:Eu

3++Ag or Y2O3:Eu
3+

luminophore, and EL energy injection will promote the for-
mation of electron pairs, thus, changing the TC of B(P)SCCO.
The Y2O3:Eu

3++Ag or Y2O3Eu
3+ luminophore–doped

B(P)SCCO samples are prepared [50]. Results show that all
samples have evident superconducting transition, and
Y2O3:Eu

3++Ag or Y2O3Eu
3+ luminophore–doped improves

the superconducting transition temperature of B(P)SCCO su-
perconductor. The nonluminous inhomogeneous phases Y2O3

and Y2O3:Sm
3+ doping B(P)SCCO are prepared to further

prove the effect of EL. The result shows that the nonluminous
inhomogeneous phases Y2O3 and Y2O3:Sm

3+ doping de-
creases the superconducting transition temperature.

2 Model

Figure 1 shows the microstructure model of the smart meta-
superconductor B(P)SCCO based on the metamaterial struc-
ture. The black hexagons in this figure represent the
B(P)SCCO superconducting particles, and the Y2O3:Eu

3++

Fig. 1 The model of the smart metasuperconductor B(P)SCCO
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Ag or Y2O3:Eu
3+ luminophore inhomogeneous phase is dis-

persed around the B(P)SCCO particles, just like the discontin-
uous white ones in this figure. This model consists of
B(P)SCCO superconducting particles and Y2O3:Eu

3++Ag or
Y2O3:Eu

3+ luminophore to form a composite particle struc-
ture. The B(P)SCCO superconducting particles are used as the
matrix material, and the Y2O3:Eu

3++Ag or Y2O3:Eu
3+

luminophore distributed around the B(P)SCCO particles
are used as inhomogeneous phase dopants. When using
a four-probe method in a liquid helium cryogenic system
to measure the curve of the temperature dependence of
resistivity (R–T) of the samples, the B(P)SCCO particles
act as microelectrodes, which excite the EL of inhomoge-
neous phase EL materials, and EL energy injection will
promote the formation of electron pairs. Thus the TC of
B(P)SCCO will be improved by EL energy injection.
Adjusting the applied electric field to control the EL of
Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore may alter the

TC of this smart meta-superconductor, thereby, achieving
a smart meta-superconductor.

3 Experiment

3.1 Preparation of Inhomogeneous Phase Dopants

The preparation process of the topological luminophore
Y2O3:Eu

3++Ag (marked as N1) was described in detail in
Ref. [37]. Y2O3 (marked as N2), Y2O3:Sm

3+ (marked as
N3) nonluminous inhomogeneous phases and Y2O3:Eu

3+

(marked as N4) luminous inhomogeneous phase were obtain-
ed by changing the raw material.

3.2 Preparation of Pure B(P)SCCO Superconductor

A certain amount of raw material (all raw materials purity
are 99% or 99.99%) was weighed according to the molar
r a t i o o f B i 2 O 3 : P b O : S r C O 3 : C a C O 3 : C u O =
0.92:0.34:2.00:2.00:3.00. The powders were mixed and
ground, followed by ball milling for 20 h at a speed of
500 r/min in an appropriate amount of anhydrous ethanol.
The slurry was then dried at 60 °C to obtain gray powder.
The dried gray powder was placed in a tube furnace, kept
at 830 °C for 10 h, cooled to room temperature and then
ground in an agate mortar. The process was repeated once
to obtain B(P)SCCO calcined powder. The calcined pow-
der was sufficiently ground and then kept at 10 MPa for
10 min to form a pellet of 12-mm diameter and 2-mm
thickness. Finally, the pellet was placed in a tube furnace
at 830 °C for 10 h to obtain a pure B(P)SCCO sample
[50].

3.3 Preparation of Inhomogeneous Phase Doping B(P)
SCCO Superconductors

Inhomogeneous phase dopants and B(P)SCCO calcined pow-
der were mixed in 20 mL of ethanol and stirred 20 min with a
magnetic stirrer to form a suspension. The suspension was
transferred into a culture dish after 20 min of sonication and
dried in a vacuum drying oven at 60 °C for 4 h to obtain black
powder. The black powder was then fully ground and kept at
10 MPa for 10 min to form a pellet of 12-mm diameter and 2-
mm thickness. Afterward, the pellet was placed in a tube fur-
nace at 830 °C for 10 h to obtain the corresponding inhomo-
geneous phase doping B(P)SCCO sample [50]. We used two
different purity raw materials to prepare nine types of doped
samples, the contents, and types of dopants in all samples are
shown in Table 1.

3.4 Characterization

X-ray diffraction patterns were obtained using an Hitachi
XRD-7000 diffratometer with Cu Kα radiation in the range
3° ≤ 2θ ≤ 60°, at a scanning rate of 0.1°/s. A FEI Verios G4
scanning electron microscope (SEM) with an energy disper-
sion analysis X-ray (EDX) system was used to analyze the
microstructural and phase formation, samples for the SEM
studies were prepared by grinding sintered samples on SiC
abrasive paper and performing gold spraying. The chemical
composition of luminophore and doped samples were exam-
ined using photoelectron spectroscopy (XPS). The Axis Supra
X-ray photoelectron spectroscopy was used to obtain the XPS
signal intensity for individual elements. The determined bind-
ing energies were corrected to the energy of C 1 s peak at
284.5 eV, as reference BE position. CasaXPS software was
used for XPS data processing.

Resistivity vs temperature measurements were performed
on each of the sintered samples, approximately 12 mm in
diameter and 2 mm in thickness, using the standard four-
probe technique, in a liquid helium cryogenic system. 100,
10, 1, and 0.1 mA currents was applied. Keithley digital
nanovoltmeter was used to measure the high resolution volt-
age across the sample. The voltage was determined by taking
average value when the current was in the normal and reverse
directions.

4 Results and Discussion

In order to prepare a metastructure superconductor consisting
of B(P)SCCO superconductor and Y2O3:Eu

3++Ag topologi-
cal luminophore, we initially synthesized the Y2O3:Eu

3++Ag
topological luminophore. Figure 2a shows the EL spectrum of
the Y2O3:Eu

3++Ag topological luminophore. We also synthe-
sized Y2O3:Sm

3+ and Y2O3 dopants to further demonstrate the
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effect of EL on metamaterial superconductor B(P)SCCO.
Figure 2a also shows the EL spectrum of Y2O3:Eu

3+,
Y2O3:Sm

3+, and Y2O3. The spectrum shows that a strong peak
centered at 613 nm, which corresponds to Eu3+ ions typical of
the transition from 5D0 to

7F2. The Y2O3:Eu
3+ system formed

by the nonluminous Y2O3 and luminous center Eu3+ ions is a
strong luminophore. The EL intensity of Y2O3:Eu

3+ can be
further enhanced by Ag doping, and the EL intensity of the
Y2O3:Eu

3++Ag topological luminophore is considerably

stronger than those of Y2O3:Sm
3+ and Y2O3. Figure 2b shows

the X-ray diffraction (XRD) pattern of the Y2O3:Eu
3++Ag

topological luminophore. The image indicates that the pre-
pared Y2O3:Eu

3++Ag topological luminophore is pure Y2O3,
and no other impurity phases are detected. The Eu and Ag are
added in small amounts; thus, no evident diffraction peak is
found in the XRD pattern. Figure 2c–e show the scanning
electron microscopy (SEM) and atomic force microscopy
(AFM) images of the Y2O3:Eu

3++Ag topological

Fig. 2 a EL spectrum of Y2O3,
Y2O3:Sm

3+, Y2O3:Eu
3+, and

Y2O3:Eu
3++Ag; b XRD, c SEM,

and d AFM images of
Y2O3:Eu

3++Ag topological
luminophore; e Height profile
corresponding to the line draw in
d

Table 1 Purity, dopant and
doping concentration of all the
samples

Sample A1 A2 A3 A4 A5 A6 B1 B2 B3 B4 B5

Purity (%) 99 99 99 99 99 99 99.99 99.99 99.99 99.99 99.99

Dopant None N1 N1 N1 N2 N3 None N1 N4 N2 N3

Concentration (wt%) 0 0.1 0.2 0.5 0.2 0.2 0 0.2 0.2 0.2 0.2

3018 J Supercond Nov Magn (2020) 33:3015–3025



luminophore. The prepared Y2O3:Eu
3++Ag topological

luminophore dopant is a flake structure with a size of
300 × 400 nm, and a thickness of approximately 35 nm.

Figure 3 shows the XRD patterns of the pure B(P)SCCO
sample (A1) and different inhomogeneous phase doping
samples (A2, A3, A4, A5, and A6) prepared by solid-state
sintering. The characteristic peaks of high-temperature phase
Bi-2223 and low-temperature phase Bi-2212 are labeled by a
rhombus and triangle, respectively. The peak positions and
intensities of diffraction indicate that all samples comprise a
mixture of high-temperature phase Bi-2223 and low-
temperature phase Bi-2212, and no other impurity phases
are detected. Besides, the addition of dopants has not intro-
duced other impurity phases.

In this study, all peaks of the Bi-2223 and Bi-2212 phase
have been used for the calculation of the volume content of the
phases. The volume contents of the high-temperature phase
Bi-2223 and low-temperature phase Bi-2212 calculated using
the following equations [51, 52] are listed in Table 2:

Bi2223 %ð Þ≈ ∑I Bi2223ð Þ
∑I Bi2223ð Þ þ ∑I Bi2212ð Þ � 100%;

Bi2212 %ð Þ≈ ∑I Bi2212ð Þ
∑I Bi2223ð Þ þ ∑I Bi2212ð Þ � 100%;

where I is the intensity of the Bi-2223 and Bi-2212 phase in
the XRD pattern (Fig. 3). Table 2 illustrates that the low-
temperature phase Bi-2212 has a relatively large volume con-
tent in all prepared samples, and the volume contents of the
high-temperature phase Bi-2223 in the doped samples are
slightly decreased.

Figure 4a–d show the SEM images of the pure B(P)SCCO
sample (A1), 0.2 wt%Y2O3:Eu

3++Ag doped B(P)SCCO sam-
ple (A3), 0.2 wt% Y2O3 doped sample (A5), and 0.2 wt%
Y2O3:Sm

3+ doped sample (A6), respectively. The images

manifest that all the prepared samples are irregular block
structure with a particle size of less than 2 μm. The addition
of the dopants does not affect the microstructure of
B(P)SCCO. Since the content of the Y2O3:Eu

3++Ag topolog-
ical luminophore in the doped sample is small, no flake inho-
mogeneous phase dopants are found in the doped samples,
and no Y2O3 peaks are detected in the XRD pattern of the
doped samples, so an elemental analysis and X-ray photoelec-
tron spectrometric were performed. Figure 5 illustrates the
distribution of certain chemical elements. The top left corner
of each figure shows the corresponding element. Y was ob-
served in the distribution of chemical elements, indicating the
presence of the compound Y2O3 in the 0.5 wt% Y2O3:Eu

3++
Ag doped sample, and Y2O3 distributed around the
B(P)SCCO particles. There were no obvious distribution of
Eu and Ag due to their low content. In order to further confirm
the presence of Eu and Ag, the XPS was performed.
Figure 6a, b show the XPS spectra of Y2O3:Eu

3++Ag topo-
logical luminophore and the 0.5 wt% Y2O3:Eu

3++Ag doped
B(P)SCCO sample (A4), respectively. The peaks of Eu 3d and
Ag 3d were observed in the XPS spectra of Y2O3:Eu

3++Ag
topological luminophore (Fig. 6a), indicating that Eu and Ag
were present in the topological luminophore. And Y was ob-
served in SEM/EDS (Fig. 5) and the XPS (Fig. 6b) spectra of
topological luminophore doped sample. Therefore,
Y2O3:Eu

3++Ag topological luminophore existed in the doped
sample, and Y2O3:Eu

3++Ag topological luminophore distrib-
uted around the B(P)SCCO particles.

Figure 7a presents temperature dependence of normalized
resistivity (R–T) of the pure B(P)SCCO (A1), and B(P)SCCO
doped with 0.1 wt% Y2O3:Eu

3++Ag (A2), 0.2 wt%
Y2O3:Eu

3++Ag (A3), 0.5 wt% Y2O3:Eu
3++Ag (A4),

0.2 wt% Y2O3 (A5), and 0.2 wt% Y2O3:Sm
3+ (A6) with a test

current of 100 mA. Figure 7b shows the TC,0 and TC,on with
error bars for A1, A2, A3, A4, A5, and A6. The electrical
resistance is measured using the standard four-probe method.
All prepared samples show a superconducting transition be-
tween 50 and 120 K. The two characteristic temperatures,
namely, onset transition temperature TC,on and zero–

Table 2 Summary of the volume content and critical temperature of A1,
A2, A3, A4, A5, and A6

Sample Bi-2223 (%) Bi-2212 (%) I = 100 mA

TC,0 (K) TC,on (K)

A1 46.8 53.2 57 101

A2 46.2 53.8 70 105

A3 45.1 54.9 65 105

A4 43.4 56.6 64 103

A5 44.8 55.2 58 98

A6 44.5 55.5 58 97

Fig. 3 X-ray diffraction patterns of pure B(P)SCCO (A1) and B(P)SCCO
doped with 0.1 wt%Y2O3:Eu

3++Ag (A2), 0.2 wt%Y2O3:Eu
3++Ag (A3),

0.5 wt% Y2O3:Eu
3++Ag (A4), 0.2 wt% Y2O3 (A5), and 0.2 wt%

Y2O3:Sm
3+ (A6)

3019J Supercond Nov Magn (2020) 33:3015–3025



resistivity transition temperature TC,0, on each R–T curve are
discussed. TC,on and TC,0 are defined by generally accepted
standards in literatures [22, 53]. The resistivity temperature
(R–T) curve exhibits metallic-like behavior between TC,on
and room temperature. TC,on is the temperature at which the
R–T curve deviates from linear behavior during cooling pro-
cess, and the slope of the R–T curve changes significantly
before and after this point. TC,0 is the temperature at which
the resistance just completely drops to zero. The black curve
shows the R–T curve of pure B(P)SCCO. The TC,0 and TC,on
of pure B(P)SCCO are 57 K and 101 K, respectively. The low
transition temperature may be due to the high testing current,
low raw material purity, low sintering temperature, extremely
short sintering time, and insufficient grinding of each
sintering. The transition temperatures TC,0 and TC,on of the
Y2O3:Eu

3++Ag topological luminophore doping samples

exhibit an increase compared with the pure B(P)SCCO sam-
ple, which may be due to the Y2O3:Eu

3++Ag topological
luminophore distributed around B(P)SCCO particles to form
a metamaterial structure with a special response, when testing
the R–T curve of the sample, the B(P)SCCO particles act as
microelectrodes, and the inhomogeneous phase EL materials
would generate an EL; thereby, the TC of B(P)SCCO can be
improved by EL energy injection. The transition temperatures
are listed in Table 2.

In order to further confirm whether the increase in transi-
tion temperature is the effect of EL or rare earth, the samples
doped with 0.2 wt% Y2O3 and Y2O3:Sm

3+ were prepared. It
can be seen that the TC,0 and TC,on of the 0.2 wt%Y2O3:Eu

3++
Ag topological luminophore doped sample show an obvious
increase compared with the pure B(P)SCCO sample, and
those of B(P)SCCO doped with 0.2 wt% Y2O3:Eu

3++Ag

Fig. 4 SEM images of pure
B(P)SCCO (A1) (a), and
B(P)SCCO doped with 0.2 wt%
Y2O3:Eu

3++Ag (A3) (b), 0.2 wt%
Y2O3 (A5) (c), and 0.2 wt%
Y2O3:Sm

3+ (A6) (d)

Fig. 5 SEM image and chemical
element distribution map of
B(P)SCCO doped with 0.5 wt%
Y2O3:Eu

3++Ag (A4)

3020 J Supercond Nov Magn (2020) 33:3015–3025



topological luminophore are increased by 8 K and 4 K, re-
spectively. However, the TC of B(P)SCCO doped with
0.2 wt% Y2O3 and 0.2 wt% Y2O3:Sm

3+ nonluminous inho-
mogeneous phases show a decrease. This finding confirms
that the increase of transition temperature is the effect of EL
rather than the influence of rare earth elements.

We found that the purity of raw materials and test status are
the root causes of the poor quality of the samples and transi-
tion curves. So we changed the purity of raw materials from
99 to 99.99%, the quality of the sample improved, the volume
fraction of Bi-2223 increased from 46.8 to 74.3%, and the
volume fraction of Bi-2212 decreased from 53.2 to 25.7%.
TC,0 increased from 57 to 67 K, and TC,on increased from
101 to 109.2 K. Figure 8a–d depict the normalized R–T curve
of the pure B(P)SCCO with a raw materials purity of 99.99%
(B1), and B(P)SCCO doped with 0.2 wt% Y2O3:Eu

3++Ag
(B2), Y2O3:Eu

3+ (B3), Y2O3 (B4), and Y2O3:Sm
3+ (B5) at

different test currents. TC,0 and TC,on can be obtained by the
temperature dependence of dρ/dT (as shown in Fig. 8 e and f,

test current I = 0.1 mA). In Fig. 8 e and f, the determination
standards of TC,0 and TC,on are defined, the zero resistance
temperature TC,0 is the temperature at which the resistance just
completely drops to zero during the cooling process, and the
onset transition temperature TC,on is the intersection of the
extrapolated line and the temperature, TC,0 and TC,on are de-
termined using this standard in this experiment. Figure 9
shows the TC,0 and TC,on with error bars for B1, B2, B3, B4,
and B5 at I = 100, 10, 1, and 0.1 mA. It can be seen that
although TC,0 and TC,on have a certain change, the change is
small, indicating that prepared samples have better stability,
and the experimental results are more reliable. The average
value of transition temperatures are listed in Table 3. With the
test current I decreases from 100 to 0.1 mA, TC,0 of pure
B(P)SCCO increases from 67 to 89 K, and TC,on remains
unchanged (TC,on = 109.2 K). When I = 1 mA and 0.1 mA,
the transition temperature of pure B(P)SCCO is 80.5–109.2
and 89–109.2 K, respectively, and the transition width is
small. At the same time, we found that doping of Y2O3 and

Fig. 6 a XPS spectra of Y2O3:Eu
3++Ag, the insets show the magnified Ag 3d and Eu 3d spectra; b XPS spectra of B(P)SCCO doped with 0.5 wt%

Y2O3:Eu
3++Ag (A4), the inset shows the magnified Bi 4f and Y 3d spectra

Fig. 7 a Temperature-dependent
normalized resistivity curves of
pure B(P)SCCO (A1) and
B(P)SCCO doped with 0.1 wt%
Y2O3:Eu

3++Ag (A2), 0.2 wt%
Y2O3:Eu

3++Ag (A3), 0.5 wt%
Y2O3:Eu

3++Ag (A4), 0.2 wt%
Y2O3 (A5), and 0.2 wt%
Y2O3:Sm

3+ (A6); b TC,0 and TC,on
of A1, A2, A3, A4, A5, and A6
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Y2O3:Sm
3+ nonluminous dopants reduces the transition tem-

perature of B(P)SCCO: however, Y2O3:Eu
3+ and Y2O3:Eu

3++
Ag luminous inhomogeneous phases doping increases the
transition temperature of B(P)SCCO by 2~3 K.

This experiment indicates that the TC of B(P)SCCO in-
creased by doping with Y2O3:Eu

3++Ag or Y2O3:Eu
3+

luminophore. However, Jiang et al. [36] found that the TC of
B(P)SCCO doped with 1 wt% ZnO EL material decreased
compared with pure B(P)SCCO in 2007. Two experiments
present different results, which may be explained by the fol-
lowing reasons: the microstructure of ZnO dopants are spher-
ical or ellipsoid, whereas, the Y2O3:Eu

3++Ag or Y2O3:Eu
3+

luminophore used in this experiment exhibits a flake structure,
this structure can further improve the dispersion and

connectivity, thereby, making the dispersion more uniform,
better connectivity, and more consistent with the proposed
model. And ZnO EL intensity is extremely weak, the EL in-
tensity of Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore in this

experiment is considerably stronger than that of ZnO.
Meanwhile, the doping concentration of ZnO is extremely
high.

The superconducting mechanism of the traditional MgB2

superconductor is the interaction of electron and phonon, and
the transformation of electrons into cooper pairs can be en-
hanced via EL energy injection by doping with Y2O3:Eu

3+ EL
materials in MgB2 superconductor, thereby, enhancing TC of
MgB2 [45–47]. In this experiment, the TC,0 and TC,on of high-
temperature superconductor B(P)SCCO increased by doping

Fig. 8 Temperature-dependent
normalized resistivity curves of
pure B(P)SCCO (B1) and
B(P)SCCO doped with 0.2 wt%
Y2O3:Eu

3++Ag (B2), 0.2 wt%
Y2O3:Eu

3+ (B3), 0.2 wt% Y2O3

(B4), and 0.2 wt% Y2O3:Sm
3+

(B5) at a 100 mA, b 10 mA, c
1 mA, and d 0.1 mA;
Temperature dependence of
normalized dρ/dT of e B1, f B1,
B2, B3, B4, and B5 at I = 0.1 mA
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with Y2O3:Eu
3++Ag or Y2O3:Eu

3+ luminophore, which may
be due to electron pairs are formed on the basis of the mag-
netic interaction of electron spin in the high-temperature
B(P)SCCO superconductor, and the EL energy injection of
Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore promotes the for-

mation of electron pairs, thus the TC of B(P)SCCO increased.
Of course, this increase may also be related to the creation of
charge carriers by doping the conduction bands [54–57]. The
mechanism for enhancing the TC is unclear and requires fur-
ther exploration.

In this experiment, the relative variation of TC of luminous
inhomogeneous phase doping is different when the sample
quality is different. Whether further improvement of

composition will reduce the effect of the luminophore doping
on TC also requires further exploration in subsequent
experiments.

5 Conclusion

Based on the idea that injecting energy will promote the for-
mation of electron pairs, a smart meta-superconductor
B(P)SCCO is constructed according to the method of
metastructure, which consists of B(P)SCCO particles and
Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore to form a compos-

ite particle structure. In the local electric field, the B(P)SCCO

Fig. 9 TC,0 and TC,on of B1, B2,
B3, B4, and B5 at a 100 mA, b
10 mA, c 1 mA, and d 0.1 mA

Table 3 Summary of the volume
content and critical temperature of
B1, B2, B3, B4 and B5

Sample Bi-2223 (%) Bi-2212 (%) TC,0 (K); TC,on (K)

100 mA 10 mA 1 mA 0.1 mA

B1 74.3 25.7 67; 109.2 78; 109.2 80.5; 109.2 89; 109.2

B2 74.2 25.8 73; 112 80; 112 83; 112 91; 112

B3 74.5 25.5 68; 110.8 77.5; 110.8 81.5; 110.8 88.5; 110.8

B4 74.4 25.6 62.5; 106.8 74; 106.8 77; 106.8 82.5; 106.8

B5 74.7 25.3 63; 105.2 75.5; 105.2 80; 105.2 84.5; 105.2
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superconducting particles act as microelectrodes, which stim-
ulate the EL of Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore,

thereby improving the TC by EL energy injection.
A series of low-purity and high-purity B(P)SCCO samples

doped with different dopants were experimentally prepared.
The prepared samples are randomly oriented and exhibit an
irregular blocky structure, and the addition of dopants does
not affect the formation and microstructure of B(P)SCCO.We
performed R-T tests on all prepared samples at the test current
I = 100 mA, and find that Y2O3 or Y2O3:Sm

3+ nonluminous
inhomogeneous phase doping makes TC lower than pure sam-
ple, while Y2O3:Eu

3+ or Y2O3:Eu
3++Ag luminous inhomoge-

neous phase doping makes TC higher than pure sample.
When the test current I decreases from 100 to 0.1 mA, TC,0

of high-purity samples increases, and TC,on remains un-
changed. And when the test currents I = 10, 1, and 0.1 mA,
we still find that the TC of Y2O3 or Y2O3:Sm

3+ nonluminous
inhomogeneous phase–doped sample is lower than that of the
pure sample, and the TC of Y2O3:Eu

3+ or Y2O3:Eu
3++Ag lu-

minous inhomogeneous phase doped sample is higher than
that of the pure sample. This outcome may be that the
Y2O3:Eu

3++Ag or Y2O3:Eu
3+ luminophore generates an EL

under the action of an applied electric field, thereby improving
the TC of B(P)SCCO via energy injection.

It is significant to improve the TC of high-temperature su-
perconductor B(P)SCCO; in this study, we construct a smart
meta-superconductor B(P)SCCO to promote the formation of
electron pairs via EL energy injection; this provides a new
idea for improving the TC and practical application of high-
temperature superconductors.
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