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Abstract; Since the discovery in 2008 of superconductivity at 26 K in fluorine-doped LaFeAsO, the research has been
tuned to a new direction on high temperature superconductivity. So far, several types of iron-based superconductors with
different structures have been discovered, with the highest transition temperature to date being 56 K. By the end of 2010,
the iron-chalcogenide superconductor K, Fe, ,Se, with T, ~ 32 K was discovered. This system shows a set of distinctive
properties as compared with other iron-pnictide compounds. Both angle resolved photoemission spectroscopy experiments
and band structure calculations indicate that the hole pockets are missing at the Fermi energy. This greatly challenges the
widely perceived picture that the superconducting pairing is established by exchanging antiferromagnetic ( AF) spin fluctu-
ations and the electrons are scattered between the electron and hole pockets. Later, it was found that this material sepa-
rates into two phases-a dominant AF insulating phase with a K, Fe,Se; structure, and a minority superconducting phase. A
recent paper of Hai-Hu Wen’ s group identifies a three-dimensional network of superconducting filaments within this mate-
rial and present evidence for the existence of K, Fe,Se; which may be the possible parent phase for superconductivity. This
278 phase has a Fe structure of a single Fe vacancy out of every eight Fe-sites arranged in a /8 x/10 parallelogram struc-
ture. The status of research in this rapidly growing field is reviewed which includes crystal growth and quenching tech-
nique, Fe-vacancy orders and the block-AF state, phase separation and the hunt for the superconducting phase, pairing
symmetry and the gap structure. In the end, important issues are listed as perspective for future research.
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Fig. 1  Resistive and magnetic properties of the samples after three

typical thermal treatments, namely SFC, S250 and S350 :
(a) temperature dependence of resistivity, (b) the resis-
tive data shown in an enlarged view in low temperature re-
gion, and (c) temperature dependence of DC magnetiza-

tion of the three samples!??]
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Fig. 3 Back-scattered electron images of SEM measurements on the cleaved surface of the three typical samples: (a, b) the topography of

the cleaved surface of the sample SFC, (¢, d) the topography of the cleaved surface of the sample S250, and (e, f) the SEM im-

age of the sample $3501%%]
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Fig. 4 Correlations between the microstructure and the analysis on the compositions; (a) The topography of one cleaved surface of a sample
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SFC. The arrowed line highlights the trace along which the spatial distribution of compositions of K and Fe are measured and presented in
(b). The large circles here mark the positions where the rectangular domains go through several layers along c-axis. (c¢) The SEM image
of another piece of the SFC cleaved from the same single crystal. The black spots and gray spots symbolically mark the positions where the
local compositions are analyzed, but not correspond to the real measuring spots. The real measurements were done in three pieces of sam-
ples. (d) The compositions of K and Fe measured on the rectangular domains ( diamond) and the background ( circles) on three SFC
samples, here the 50 points were taken from the total 79 points measured with the rule that the data have strong overlapping among the

three samples!??]
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