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ρ(H,T) Phase Diagram and Bc2(T) Determination for Epitaxial Fe(SexTe1-x)
Salamon, M.B.; Cornell, N. (Univ. Texas at Dallas); Wang, H. (TAMU); Jaime, M. and Balakirev, F. (NHMFL)
Introduction

The simplest of the iron-based superconductors is Fe(SexTe1-x) with transition temperatures in the range of 10 K.  The bulk compound with x ( 0 is not superconducting.  However we have recently found that epitaxy extends the superconducting range to x = 0.1 .  The apparent Bc2(0) of these films, from a WHH analysis, exceeds 150 T.  Further, there is an interesting, Kondo-like upturn preceding the superconducting transition.  The purpose of this experiment is to determine the actual value of Bc2(0) for x = 0.1 (grown on SrTiO3) and to follow the Kondo-like behavior for fields above Hc2(0).
Experimental
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The experiments described here follow up similar experiments performed in 2014 which, because of cryogenic problems in the pulsed-field cryostat, were not reliable above liquid He temperatures.  Increased care to improve the vacuum of the insert and to provide a higher exchange-gas pressure has resulted in more reliable data.  Further, we changed the sample orientation to determine the upper critical field with the field in the plane of the sample, i.e. mainly normal to the c-axis.
Results and Discussion
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The upper critical field, despite the very large value predicted from the initial slope of Hc(T) near Tc was found to be very similar to that of bulk samples with x = 0.4 and independent of the orientation of the field.  A very significant negative magnetoresistance (MR) was found above Bc2(T) at all temperatures below Tc.  This MR was analyzed in terms of the field dependence of a Kondo state with a Kondo temperature TK = 60 K, consistent with the resistivity minimum observed in the normal state.  Figure 1 shows selected pulsed  field data, taken on the 60 T, capacitor-bank magnet, with the temperature of each curve rescaled to T/(1+T/TK)  The curve is the predicted behavior for this value of Tk.  The field at the midpoint of the resistive transition is taken as Bc2(T) and is show in Fig. 2.  The two curves show the predicted behavior using the WHH formalism for a Maki parameter ( = 3, for which the WHH curve is not single-values, and assuming a pair-breaking parameter or order 1.  We argue that the existence of a pair-breaking effect is also a manifestation of Kondo effects which prevent electrons with energies less that kBTK from pairing.
Conclusions

We have demonstrated that interstitial Fe atoms, always present in these epitaxial films, lead to Kondo behavior, manifest as a strong negative magnetoresistance above the critical field and an Bc2(T) curve which implies impurity pair-breaking effects in addition Pauli paramagnetic limiting.  A paper reporting this work is currently under review.
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Fig. 1.Selected data scaled by the Kondo temperature.





Fig. 2 Upper critical field for pulsed data parallel and normal to the film along with dc field data with H normal





Figure 1. Select data scaled by Kondo temperature.









