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Fig. 2. (Color online) (8) The proximity effect describes penetration of the pair amplitude of the pair wavefunction as a function of distance from
the superconductor-metal and ferromagnet interface. (b) The single state (green) and triplet state (red). () Josephson junction [15].
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Table |. The four classes of superconducting correlations following
from the Pauli principle. All four symmetry components are induced
in the superconducting regions next to the interface, but only the TT-
triplet ones in the haf-metallic region. The dominating orbital
contributions to the supercurrents in the half metal are shown in the
lower two rows (triplet): even-frequency p-wave and f-wave, and
odd-frequency swave and d-wave. Wavy lines symbolize the
dynamical nature of the odd-frequency amplitudes [17].
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Fig. 3. (&) Ferromagnetic and superconducting transition temperatures of solid solutions of gadolinium in lanthanum [18]. (b) AC susceptibility
and resistance of ErRh,B, [19]. (¢) Temperature dependence of the zero-field-cooled dc volume magnetization of RuSr,GdCu,Og. The field-cooled

molar magnetization for applied fields [20].
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Table Il. Uranium compounds [21]. Crysta structure, Super-
conducting transition temperature Ty, Curie temperature T, and
ordered moment.

Materia Structure Te (K) T. (K)  ug/Uatoms
UGe, Orthorhombic 0.8 (p = 12 kbar) 53 15a
Ulr Monoclinic 0.1 (p =27 kbar) 46 05|[1,0,-1]
URhGe Orthorhombic  0.275 95 04
UCoGe Orthorhombic 0.8 3 0.07||c
i) (a) (b)
PM PM
FM FM
sc\'sc SC
CP CP

Fig. 4. Schematic phase diagram showing the paramagnetic (PM),
ferromagnetic (FM), and superconducting (SC) phases in a
temperature (T)-control parameter (CP) plane. (@) URhGe and
UCoGe. (b) UGe; and Ulr [22].
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The findings of ferromagnetic superconductor have attracted much attention not only for fundamental research to investigate how
the antagonigtic properties of ferromagnetism and superconductivity coexist peacefully but also for potentiad technologica
applications. Firgtly, in order to help for understanding the ferromagnetic superconductor, | have explained the orbita and
paramagnetic pair-breaking effects of magnetic field, which breaks the superconducting Cooper pairs. In addition to such effects of
magnetic field, the singlet Cooper pairs become unstable upon going through the ferromagnetic materias by the proximity effect. The
proximity effect occurs at the interface of thin films composing of superconductor and ferromagnet and leads to have very short
penetration depth of Cooper pairs. However, a type of odd-frequency triplet in comparison with the singlet could be very stable and
has a longer effective depth. It needs to be explored for the innovative spintronic devices. Finaly, various ferromagnetic
superconductors coexist and the lower-dimensional materias under the Quantum confinement effect have been introduced.

Keywords : ferromagnetic superconductor, orbital pair-breaking effect, paramagnetic pair-bresking effect, proximity effect, odd-

frequency triplet, quantum confinement effect
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