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Abstract. The weak links effects are one of the main challenges for effective power applications 
of high temperature superconducting materials. Studies of these effects help for their better 
understanding and subsequent improvement. An overview analysis of the intergranular 
properties of cuprate (Y0.8Ca0.2Ba2Cu3O7-δ) and iron-based chalcogenide (FeSe0.5Te0.5) 
polycrystalline samples was carried out, by means of series of electro-transport experiments at 
different magnetic fields. The temperature evolution of the Josephson coupling and intrinsic 
superconductivity effects for the both systems was constructed. The FeSe0.5Te0.5 compound 
shows very stable and superior behavior compared to Y0.8Ca0.2BCO up to the highest magnetic 
fields (14T) used. We have explored FeSe0.5Te0.5 Josephson weak links influence (as a non-linear 
process) over the resistive transition using different AC current amplitudes and applying the 
sensitive AC transport third harmonics technique.       

1.  Introduction 
One of the major obstacles before the high power applications of HTSCs (for both cuprates and iron 
based superconductors (IBS)) is the prominent weak link effects of the grain boundaries which limits 
the effective critical current density [1]. The layered crystal structure (especially the cuprates) leads to 
a highly asymmetrical order parameter (p-d wave) and strong anisotropy of the superconducting 
properties. Consequently, the electro-transport capabilities are highly dependent on the grain boundaries 
misorientation angle [2] and the specific materials morphology (size, shape and packing of the grains). 
In addition, the grain boundaries regions have a specific defect structure and altered local chemical 
composition and electronic properties [3]. The grain boundaries as natural defects and their variable 
composition as well changes the electronic mean free path and affects the Ginzburg-Landau parameter 
and subsequently the pinning strength at boundaries region [4]. Usually, the grain periphery is also 
oxygen depleted (for the cuprates) and thus may form a SIS type inter-grain junctions (superconductor-
insulator-superconductor) [5].  

For the IBS there are more advantageous options for the weak link problem, due to reasons such as 
the semi-metallic nature of the normal state (compared to the antiferromagnetic Mott insulator state for 
the cuprates) and the s-wave highly symmetric order parameter resulting in a lower anisotropy of the 
properties [6]. Expectedly, the values of the critical grain misorientation angle and its influence over the 
current density are effectively superior [7]. In addition the grain boundary junctions for IBS show a 
metallic behavior resulting in the preferable SNS type connections (superconductor–normal metal–
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superconductor) [8]. The overcoming of the high critical current limitation of the weak link in granular 
type superconductors is one of the most investigated topics. There is a number of developing processing 
methods: on a first place approaches for morphology texturing control, annealing under hot isostatic 
pressure (proven effective for IBS and MgB2) [9,10], chemical modification (substitutions and/or 
additions) of the grain boundary regions [11,12].  

In this study we present a qualitative overview of the weak link behaviour in two HTSC systems in 
form of polycrystalline samples: the cuprate system – Y0.8Ca0.2Ba2Cu3O7-δ and the IBS – FeSe0.5Te0.5. 
By means of electro-transport experiments we have analysed the resistive transitions to superconducting 
state in various set of applied high magnetic fields (HDC) and also amplitudes (IAC) of applied AC 
transport current particularly for FeSe0.5Te0.5. 

2.  Experimental details 
The main objects of the present study are two polycrystalline samples: cuprate Y(Ca)BCO and IBS 
FeSe0.5Te0.5. The preparation details, structural and morphological characterization are presented 
elsewhere: Y(Ca)BCO  [13,14] and IBS [15]. The resistive experiments are performed using the AC 
transport modules of two (9 and 14T) PPMS systems. The samples dimensions: for    Y0.8Ca0.2Ba2Cu3O7-

δ cross section A = 0.18 cm2 and voltage leads distance l = 0.34 cm, for Y0.975Ca0.025Ba2Cu3O7-δ A = 0.24 
cm2, l = 0.44 cm and for FeSe0.5Te0.5, A = 0.24 cm2, l = 0.3 cm 

One of the samples - FeSe0.5Te0.5 was additionally characterized by third harmonics resistive 
measurements which were challenging from experimental point of view. In order to achieve optimal 
balance of signal sensitivity and accuracy for the effective third harmonic detection, specific amplitudes 
and frequencies were selected as well with certain adjustments of the system signal gain settings. For 
the PPMS the higher harmonics data are acquired in dB referenced to the fundamental component 
voltage signal. The harmonic contribution is usually less than -50 dB for 
a clean measurement.  For the studied superconducting transition the harmonic signal intensity is within 
range.  While for larger dB range when analysing very small signals, the experimental data could be 
deformed by false experimental artefacts. 

3.  Results and discussion 
The choice of Y0.8Ca0.2Ba2Cu3O7-δ system for the present study is based on a number of effects resulting 
from the substitution, with specifically strong influence over the inter-granular properties (depending 
on the percentage of substitution) [16–18]. In particular, the Ca segregates mainly at the grains periphery 
which changes locally the electronic structure, charge balance, carrier mean free path, pinning and 
reduces the anisotropy effects [18]. In addition the Ca substitution alters the morphology (resulting in 
smaller and spherical shaped grains [14]) and leads to improved eutectics by lowering the melting 
temperature of the compound and more easy possibility for texturing [19]. The weak link type is 
transformed from SIS (typical for YBCO) to SNS type, the negative effects of the critical mis- 
orientation angle are reduced and the overall inter-granular transport capabilities are significantly 
improved [14,20].  

Due to the overdoping the normal state resistance is also reduced so the stability of the 
superconductor in case of quench is also improved. Unfortunately, there are also several important 
adverse effects of the substitution (which tend to increase with the level of overdoping/substitution), 
specifically the critical temperature of Y0.8Ca0.2Ba2Cu3O7-δ is lower compared to YBCO and the inter-
grain transition is shifted to much lower temperatures [14]. 

From practical view the FeSe0.50Te0.50 is the most perspective compound of chalcogenide IBS. It is 
structurally simple (low anisotropy) and chemically stable (in comparison to FeSe and particularly 
Re(A)Fe2Se2 systems: Re – rare earth element or A organic radical [21]) and possesses appropriate 
morphology consisting of compact and partially melted grains (prerequisite for large area of the 
Josephson contacts). In addition, the structural disorder is in favorable margins as a result of nano-scale 
phase separation, thus the pinning landscape is very effective  due to different types of pinning centers 
[22]. The critical parameters and particularly the critical current persists up to very high magnetic fields 
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[23]. This is also as a result from a superior inter-grain current capabilities especially due to the metallic 
type SNS junctions [8]. 

The inter-granular properties of polycrystalline Y0.8Ca0.2Ba2Cu3O7-δ sample have been analyzed by 
series of resistive R vs T experiments at various fixed DC magnetic fields. The results are presented on 
figure 1 (A) and normally a semi logarithmic scale is used in order to individuate the resistive responses 
of the intra-grain and weak link contributions (in the margins of experiment noise                       level ~ 
10-6 Ω).  

 

 
Figure 1. A. Semi logarithmic plot of resistivity vs. temperature for 

Y0.80Ca0.20BaCuO sample at different magnetic fields. B. Derivative of 
resistivity vs. temperature for 6.9 T. Inset. Semi logarithmic plot of resistivity 
vs. temperature for Y0.975Ca0.025Ba2Cu3O7-δ sample at 1.7 T. 

 
For all applied fields the resistive curves have a typical for the intra/inter-grain transitions double 

step shape. The overall resistive response is dominated by the weak link influence resulting in 
broadening and shifting of the transitions to lower temperatures with increasing of the applied DC field. 
The physical phenomenology behind the observed behaviour is well investigated in the literature. It is 
related with the specific temperature and field evolution of processes in the intrinsic superconductor 
volume (intra-grain) and the Josephson inter-grain medium [20,24,25]. In order to present the domains 
of activity of the different transitions, the data are also represented using the R(T) first derivative and 
marked by the corresponding inflection points (figure 1 B). 

At the lowest temperatures (light grey) a stable current percolation path is established through the 
effectively coupled Josephson links. The rapid increase of the resistance with the temperature is related 
to penetration of the magnetic flux inside the inter-grain regions (which is controlled by Josephson type 
vortices). As a consequence the number of non-dissipating (coupled) Josephson contacts (dark grey) 
decreases till reaching certain limit because the normal state junctions (decoupled) are expected to be 
independent from the DC field. This is manifested as saturation in the magneto-resistance behaviour. 
The DC field penetrates also inside the superconducting grains and at the higher temperatures close to 
Tc, the resistive response is controlled only by the intrinsic vortex dynamics processes (blue area). 

For comparison and to emphasize the effect of Ca-substitution on the weak-link behaviour, the R(T) 
data for sample with a small percentage of substitution (2.5%) are also presented in the inset section of 
figure 1 for a fixed DC field equal to 1.7T. In this case the transition width (ΔT) is of order of 10K, 
which is smaller than ΔT for 20% Ca substituted sample, where ΔT~30K. The higher Ca concentration 
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increases the number of grain connections (ρ is reduced more than one order of magnitude), but the 
length scale of boundary imperfection probably exceeds the coherence length and electron mean free 
path, which is detrimental for some of the pinning centers and broadens the transition. 

On figure 2 A the temperature dependence of the resistivity R(T) for polycrystalline FeSe0.5Te0.5 
sample (up to μ0HDC = 14T and few are shown for clarity) is presented (semi-logarithmic scale). The 
resistive curves display slight (about 4K) transition broadening of the (for 14T). The double step 
transition is observed for all curves but in contrast to the behaviour of Y0.8Ca0.2Ba2Cu3O7-δ in moderate 
DC fields, the inter- and intra-grain responses are far less distinguishable.  

  

 
Figure 2. Semi logarithmic plot of resistivity vs. temperature for FeSe0.5 Te0.5 

sample at different magnetic fields. B. Derivative of resistivity vs. temperature for 14 
T. 

 
The R(T) derivative main peak splitting is detectable only above 10T and the inter- and intra-grain 

components separation is most prominent for 14T (presented on figure 2(B). Obviously, for         
FeSe0.5Te0.5 the temperature evolution of the current transport through dominating regimes of coupled, 
decoupled Josephson links and bulk (grain) volume is in very narrow interval. The lower Tc and smaller 
thermal fluctuations in comparison with Y(Ca)BCO contribute for this result.   

We have investigated the electro-transport behaviour of FeSe0.5 Te0.5 also from the perspective of 
AC current amplitude variation (no DC field applied). The results for tree different amplitudes                   
(10, 50 and 100mA) are presented on figure 3A using a semi-logarithmic scale. In this case the double 
step transition is indistinct and hardly visible. It was impossible to directly individuate the inter-grain 
domain signal via the differentiation routine. The AC transport response of superconductor is very 
complex due to the combined effects of various linear and non-linear processes [26,27]. The Josephson 
Effect is a typical example of a non-linear phenomenon and therefore is expected to cause a higher 
harmonics generation in the AC signal. Usually, the third harmonics modulus U3ω is studied because of 
the highest signal allowing sensitive detection of different non-linear processes. The results are 
presented on figure 3 B. A stable harmonic signal was achieved only for the highest AC current 
amplitudes (50 and 100mA).  

Particularly a double peak of U3ω (IAC = 100mA) was detected as a possible fingerprint of the 
Josephson links activity as the dominating process in the inter-grain domain. The other non-linear 
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processes with influence are the flux pinning and creep relaxation but naturally they control the response 
in the intrinsic (intra-grain) superconductor volume.   

In conclusion we have presented a general overview of the electro-transport properties in the context 
of weak link influence for two compounds in polycrystalline form: Y0.8Ca0.2Ba2Cu3O7-δ (cuprate) and 
FeSe0.5Te0.5 (IBS).  The Y0.8Ca0.2Ba2Cu3O7-δ inter-grain response is strongly affected by the magnetic 
field with even moderate intensity. The resistive behaviour evolves through the different temperature 
intervals of the domination of coupled, decoupled Josephson links and bulk (grain) volume. However 
this system operates in much higher temperatures compared to IBS. 

 

 
Figure 3. A. Semi logarithmic plot of resistivity vs. temperature for FeSe0.5 Te0.5 sample at 
different currents. B. AC transport third harmonic signal vs. temperature for FeSe0.5 Te0.5 
sample at the different AC current amplitudes. 

 
The FeSe0.5Te0.5 shows a great stability (in particular for inter-grain) of the resistive transition in 

very high magnetic fields or current amplitudes (in some extent the intra and inter-grain grain 
contributions are almost indistinguishable). The Josephson effects influence (as a non-linear 
phenomenon) over the AC response of FeSe0.5Te0.5 was effectively detected by the sensitive third 
harmonic technique. 
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