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Fig. 1. Morphology and structure characterization of CaFeAsF single crystals [41], (a) An SEM picture of a CaFeAsF crystal

with the lateral size larger than 1 mm; (b) the enlarged view of the SEM picture; (c) the schematic of the crystal structure

of CaFeAsF; (d) X-ray diffraction pattern measured on the CaFeAsF single crystal.
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Fig. 2. Electrical and magnetic properties of CaFeAsF single crystals (411 (a) Temperature dependence of resistivity;

(b) temperature dependence of magnetic moment; (c) temperature dependence of magnetoresistivity; (d) tempera-

ture dependence of Hall coefficient.
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Fig. 3. Quantum oscillation data of CaFeAsF single crystals (431, (a) Resistivity and its magnetic-field derivative as
a function of B; (b) fourier transforms of dp/dB vs 1/B for various field directions 6; (c) temperature dependence
of the a and S oscillation amplitudes, from which the effective masses can be deduced; (d) Landau-index plot for
the B frequency, integer and half integer indices are assigned to resistivity maxima (solid circles) and minima (open
circles), respectively; (e), (f) oscillatory part of the resistivity as a function of 1/(B cos ) for various field directions

for the B and « oscillations, respectively.
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Fig. 4. Results of the band-structure calculations with spin-orbit coupling (431 (a) Band structure near the Fermi level,

the vertical arrow indicates the Dirac point; (b) Fermi surface in the antiferromagnetic Brillouin zone.
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Fig. 5. Infrared optical spectra data for CaFeAsF (441, (a) Far-infrared optical conductivity of CaFeAsF at different

temperatures; (b) optical conductivity after subtraction of the Drude and phonon terms; (c) line shape of the

infrared-active phonon modes at temperatures from 300 to 10 K; (d) temperature dependence of parameter 1/¢2 of

the two phonons.
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Fig. 6. Magnetoresistivity data for CaFeAsF: (a) MR data in the low field range (0-9 T); (b) MR data under the pulse field

up to 65 T, the inset shows the enlarged view of data [54]; (c) temperature dependence of resistivity under different fields [54];

(d) normalized resistivity as a function of the scaling variable in the temperature range 1.5 K < 7 < 6 K (4],

(a) B~30T (b) B~46 T
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Fig. 7. The close relationship between metal-insulator transition and the quantum limit [54]; Schematic presentation of Landau
levels in the high magnetic fields around 30 T (a) and 46 T (b) for CaFeAsF; (c), (d) distribution of values of v and ¢.
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Fig. 8. Temperature dependence of resistivity under different pressure up to 48.2 GPa
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Fig. 9. Phase diagram with pressure as the adjusting parameter [°8]: (a) Pressure dependence of the structure transition

temperature Tytr and superconducting transition temperature
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Table 3. Comparison of the lattice constants for the
CaFe; _;Coy AsF single crystals with © = 0 and 0.118.

x a/A c/A Ref.
0 3.8774(4) 8.5855(10) [41]
0.118 3.8783(8) 8.5448(2) [42]
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Fig. 10.

Characterizations of structure and basic physical properties for CaFeg ggaCop.118AsF (427, (a) X-ray diffraction

patterns; (b) temperature dependent resistivity data; (c) temperature dependent magnetic moment, the applied magnetic field

is 10 Oe; (d) field dependent magnetic moment; (e) magnetic susceptibility data under different pressures.
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Fig. 11. [46]

Resistive transition under magnetic fields along different directions and anisotropy of upper critical field
(a), (b) The electronic resistivity as a function of temperature under the magnetic field up to 9 T with B//c and B//ab,
respectively; (c) the upper critical fields Be2 as a function of temperature for two different orientations; (d) magnetic field
angular-dependence of electronic resistivity at 19 K under magnetic fields up to 9 T, the inset illustrates schematically

the definition of angle ¢; (e) scaled resistivity at 18 K, 19 K, 20 K and 21 K as a function of B(sinZ ¢ + 72 cos? ¢)-5;

(f) temperature dependence of the anisotropy parameters v obtained from the GL theory and Hg’/HCC2
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Fig. 12. The comparison of the anisotropy between CaFeg gg2Cop.118AsF and other unconventional superconductors (46],

(a) Comparing the results of anisotropy with other iron-based and cuprates superconductors, here 72 is extracted at the

temperature 0.857¢ and d is the distance of the neighboring conducting layers; (b), (c¢) charge density distribution (p) of
the (110) and (010) planes for CaFeAsF and LaFeAsO, respectively.
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Fig. 13. The magnetic torque data for CaFep.ggaCop.118AsF [45] (a) Sketch of the single crystal with the orientation of
the magnetic field; (b) temperature dependent magnetization data measured with MPMS; (c) angle dependent torque at
temperatures T = 24, 18 and 14 K with a magnetic field 9 T; (d) temperature dependent 79/B? for B = 3, 5, 7, 9 T;
(e) —7sc/B versus T'//Te — 1 curves for B = 3,5, 7and 9 T.
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Fig. 14.

The structural characterization and transport data of CaFeAsF;_, single crystals

B39: (a) X-ray diffraction

pattern of a single crystal with z = 0.2; (b) the EDS (main panel) and the SEM image (inset) of the crystal with z = 0.2;
(c) temperature dependence of resistivity for the single crystal with = 0.2 under different magnetic fields, the red line shows
the temperature dependence of the resistivity under a high pressure of 2.4 GPa; (d) comparison between the temperature

dependence of the normalized resistance R/R (300 K) of the single crystals with x = 0.2 and = = 0.5.
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Abstract

Since Fe-based high temperature superconductor was discovered in 2008, its material exploration and physical
properties have been widely and in depth studied. However, the 1111 system, which was discovered first to have the
highest 7. in the bulk material, has long been lacking in large-size and high-quality single-crystalline sample. This
seriously restricts the in-depth study of the physical problems relating to this material system. In recent years, the great
progress of single crystal growth of the fluorine-based 1111 system CaFeAsF has been made. One has successfully grown
the high-quality CaFeAsF parent phase and Co doped superconducting single crystal with millimeter size at ambient
pressure by using CaAs as the flux. On this basis, several research groups have studied the physical properties of this
system by different experimental means and obtained some important results. For example, Dirac Fermions have been
detected in CaFeAsF single crystal by measuring the quantum oscillation and optical conductivity. A high-field-induced
metal-insulator transition was reported in CaFeAsF, which is closely related to the quantum limit. This review is intended
to make a preliminary summary of the progress of this area, including crystal growth, quantum oscillation, infrared

spectrum, magnetoresistance under strong field, high pressure regulation, anisotropy, superconducting fluctuations, etc.

Keywords: Fe-based superconductors, 1111 system, CaFeAsF, single crystal growth
PACS: 74.70.Xa, 81.10.-h, 74.25.—q DOI: 10.7498/aps.67.20181371

* Project supported by the Youth Innovation Promotion Association of Chinese Academy of Sciences (Grant No. 2015187)
and the National Natural Science Foundation of China (Grant No. 11204338).

orresponding author. E-mail: mugang@mail.sim.ac.cn
C pond th E 1 gang@ 1

177401-18


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181371

	1引    言
	2CaFeAsF母体
	2.1 单晶生长和表征
	Fig 1
	Table 1
	Table 2
	Fig 2

	2.2 电子结构
	2.2.1 量子振荡实验
	Fig 3
	Fig 4
	2.2.2 红外光谱研究
	Fig 5

	2.3 磁致电阻
	Fig 6
	Fig 7

	2.4 高压调控
	Fig 8
	Fig 9


	3掺杂的CaFeAsF超导体
	3.1 CaFe1-xCoxAsF超导体
	3.1.1 单晶生长和表征
	Fig 10
	3.1.2 上临界磁场各向异性
	Fig 11
	3.1.3 超导涨落
	Fig 12
	Fig 13

	3.2 CaFeAsF1-x及其超导迹象
	Fig 14

	3.3 Ca1-xNaxFeAsF超导体
	Fig 15


	4结    论
	References
	Abstract

