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Discovery of the Fe-based superconducting family has attracted much attention. It is a high-critical
temperature (7;) superconducting family (with the highest 7, of 56 K) as the famous cuprate one is.
Many researchers believe that its superconductivity is of unconventional type and detailed studies on it
compared with the cuprates will open new doors for the mechanism of the high-T, superconductivity
which has been one of the most mysterious enigmas for the condensed-matter physicists throughout the
last three decades.

Many questions, however, remain to be answered for the Fe-based family. In particular, the
order-parameter (or gap) symmetry of the superconductivity is the most controversial issue, for which
various models have been proposed since the discovery of the family. Among them, the multi-gaped
sign-reversal s-wave (s+) model is considered a promising model which is derived from the pairing
mechanism based on the magnetic fluctuations. Meanwhile, the non-sign-reversal s-wave (s++) model
and even d-wave model survive as rival candidates without the decisive experimental verification.

The major aim of this thesis is to present experimental data to elucidate the symmetry of the order
parameter of the Fe-based superconductors, for which I carried out two kinds of studies: (i) impurity
effects on the superconductivity of the 122-type Fe-based superconductors and (ii) grain boundary
effects in the Fe-based superconducting whiskers.

(i) Impurity effects on the superconductivity of the 122-type Fe-based superconductors

To comprehensively investigate the T, suppression effects by magnetic and nonmagnetic impurities,
I studied p-type (Ba,K)Fe,As; and n-type Ba(Fe,Co),As, doped with impurities. Magnetic and
nonmagnetic elements around Fe in the periodic table were selected as the dopants, i.e., 3d metals of
Mn, Co, Ni, Cu and Zn, and Ru from 4d. Since previous investigations often confronted the technical
difficulties in the Zn doping caused by the low melting point and the high volatility of Zn, I utilized the
high-pressure (HP) and high-temperature technique, with the conventional ambient-pressure (AP)
method at the same time for comparison. My samples were in poly-crystalline and single-crystalline
forms, where the single crystals were mainly utilized for the physical property measurements after the
composition analyses. Therefore, the data obtained can be considered to reflect the intrinsic nature of
the sample. .

The impurities of Zn and Mn were successfully doped into the lattices forming the n-type
Ba(Fe;..,M,Co,)2As; (M=Zn and Mn) and Sr(Fepo..Zn,Cop)2As; superconductors under the HP
condition. Compared with the samples prepared under AP, Zn was found to have substantial effects on
superconductivity in the HP samples, suggesting that the Zn-doping is hard to be carried out under AP.
The superconductivity was suppressed by the Zn (and Mn) atoms not only in the optimally doped region
but also in the under- and over-doped regions. The rate for the 7, decrease by Zn in
BaFe;.,..5,Zn,,Co,,As, was much smaller than what was expected for the s.-wave model (25 K/%); the
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rates observed were 2.31, 3.63 and 2.45 K/% for under- (y = 0.045), optimal- (y = 0.055) and
over-doped (y = 0.11) states, respectively. The Mn doping study showed the rate of 6.32 K/%, which
was still far below the theoretical value.

Similar impurity-doping experiments were performed for the p-type BagsKosFey .M As,
superconductors since the p-type compound is simple from the viewpoint that its Fe,As, layer is free
from the Co-doping. The Bay sKq sFe;.0MaAsy (M = Mn, Ru, Co, Ni, Cu, and Zn) single crystals were
prepared under HP and investigated. The superconductivity was robust against the impurity of Ru, while
weakly suppressed by the impurities of Mn, Co, Ni, Cu, and Zn, whose T, suppression rates were 6.98,
1.73, 2.21, 2.68, and 2.22 K/%, respectively. These rates were much lower than what was expected for
the s.-wave model, as in the case of the n-type 122-system.

(ii) Grain boundary effect in the Fe-based superconducting whisker

I fabricated Ca;o(PtsAss)(Fe;sPto2Asy)s superconducting whiskers by a flux method under an
applied stress. Magnetic and electrical properties measurements demonstrated that the whiskers had
excellent crystallinity with critical temperature up to 33 K, upper critical field up to 52.8 T, and critical
current density up to 6.0 x 10° A/em’ (at 26 K). Since cuprate high-7, superconducting whiskers are
ceramics and quite fragile, the present pnictide whiskers may have better opportunities for device
applications.

The relatively large whisker with the width of ~2 pum consisted of several grains, which were
connected with each other forming grain boundaries with misorientation angles less than 5°. The
current vs. voltage characteristics of the large whisker showed the Josephson tunnel junction effect
with the obvious hysteresis. The temperature dependence of the critical current observed for the large
whisker with the junctions was clearly different from that calculated assuming the s-wave or the
s.~-wave model.

In conclusion, my experimental results cast serious doubt for the s.-wave model, suggesting other
type of order-parameter symmetry for the Fe-based superconducting family, such as d-state, mixed s+id
state with a dominant d-wave component and a very small s-wave one, or multi-gap s.. wave, efc.
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Impurity and Grain Boundary Effects on
Superconductivity of the Fe-Based Family
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