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a b s t r a c t

Since the discovery of high Tc iron-based superconductors in early 2008, more than 15,000 papers have
been published as a result of intensive research. This paper describes the current status of iron-based
superconductors (IBSC) covering most up-to-date research progress along with the some background
research, focusing on materials (bulk and thin film) and pairing mechanism.
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1. Introduction

The dynamic formation of electron pair is prerequisite for emer-
gence of superconductivity, while (anti)ferromagnetism emerges
by long range static spin ordering. This is the reason why it is
widely believed both compete with each other. Iron is a typical
magnetic element with a large magnetic spin moment, and had
been believed to the most harmful for emergence of superconduc-
tivity. However, the situation was totally changed since the discov-
ery of an iron oxypnictide superconductors LaFeAsO1�xFx with
Tc = 26 K [1] in early 2008. This discovery sparked intense research
activity on superconductivity in this system. As a consequence,
more than 15,000 papers have been published to date along with
several comprehensive review articles [2] and monographs [3].

What is the impact of iron-based superconductors? There will
be two answers, i.e., the first is the breaking of a widely accepted
belief that ‘‘iron is antagonistic against superconductivity’’, which
led to the opening of a versatile frontier in superconducting
materials. It has become clear through intense research in the last
7.5 years that iron can be a good friend for high Tc-superconduc-
tors under certain conditions. The second is a rich variety in can-
didate materials and in pairing interaction. It has turned out that
there are many material varieties in iron-based superconductors
such as 10 parent materials, 1111, 122, 111, 112, 245, 11,
thick-blocking layer bearing materials, and so on (where the
number denotes the atomic ratio in constituting the compound,
see Fig. 2 for crystal structure of each compound). Each type
has rather different electrical and magnetic properties including
anti-ferromagnetic semimetal, Pauli para metal and antiferromag-
netic Mott insulator.

Iron-based superconductors (IBSCs) have several unique prop-
erties such as robustness to impurity, high upper critical field
and excellent grain boundary nature. These properties are advanta-
geous for wire application. Recent progress in the performance of
superconducting wires of IBSC is wide eyed, i.e., the maximal criti-
cal current has reached the level of commercial metal-based super-
conducting wires and exceeded under high magnetic field.

In this article we review the current status of IBSC focusing on
materials and pairing mechanism along with a brief research back-
ground in order to give a comprehensive view of this rapidly grow-
ing superconductor to relevant researchers.

2. Materials: bulk

2.1. 3d transition metal oxypnictides

IBSC was first discovered in LaFePO [4] with Tc = �4 K in 2006.
Subsequently superconductivity was found in LaNiAsO [5] with
Tc = 2.4 K in 2007 and then Tc jumped to 26 K in early 2008 for
LaFeAsO1�xFx [1]. The electromagnetic properties of 3d transition
metal (TM) oxypnictides vary drastically with TM [6]. Fig. 1 sum-
marizes the properties of LaTMPnO, where TM = 3d transition
metal, Pn = P or As. One may see that electric and magnetic proper-
ties of layered TM oxynictides strongly depend on TM. The synthe-
sis of early TMs and Cu oxypnictides was tried but unsuccessful
even using high pressure up to �9 GPa and no distinct correlation
was found between the stability of the 1111-type compound and
the kind of TM. Bulk superconductivity appears in TM = Fe2+ and
Ni2+, both of which have even number of 3d electrons but no super-
conductivity has found in TM = Cr2+ [7] with 3d4 electronic config-
uration. Undoped LaFeAsO is an antiferromagnetic metal but does
not exhibit superconductivity. For TM = Mn, an exceptionally high
electron doping is possible by applying H� [8] in place of F� as a
substituent for the oxygen site and transition of antiferromagnetic
insulator to ferromagnetic metal was observed but no Tc appeared.
LaCoAsO is an itinerant ferromagnetic metal [9]. No Tc exceeding
10 K has been reported in the 1111 system for except the iron oxy-
arsenides up to date.

2.2. Parent materials

Since the paper reporting Tc = 26 K in LaFeAsO1�xFx, several ten
superconducting materials have been reported in layered iron
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number)

Cr(4) Mn(5) Fe (6) Co(7) Ni(8) Cu
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Fig. 1. Summary of properties of layered LaTMOPn compounds. (TM: 3d transition metal, Pn = P or As).
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