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Fig. 1. Crystal structure of LFA film.
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17, RHRFHLANEZMV- T e IFE (full-potential
linearized augmented plane wave) f#fi it &5 F FlH1
FZ WA B AR . R 1T Perdew-Burke-
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Fig. 2. Four possible kinds of magnetic structures of Fe ion
in LFA thin films: (a) Striped-type ferromagnetic order;
(b) striped-type antiferromagnetic order; (c) checkerboard-

type  ferromagnetic  order; (d)  checkerboard-type

antiferromagnetic order. The arrows represent the

directions of electronic spins.

3 #XR5i%®

TSR LFA SRS T TR gk it 15
FIHSARFEOIIN o = b=5.363 A, ¢ =12.266 A,
SSIGAE AL, A R ¢ 29/ 1.53%, T itk
W o A 0.52% iR 22T, NI IR 22 0IE T A
SCESRIMIERTE. SR, TR SRS %
JEAN [R) B R 1 25 R T AR AR BT JC I AR 1R
LiFeAs MfifE 4 Fhag g5 # N R &, 3 1 r
G, b kB, 5 HAh 3 FhRETEZE P AL, LiFeAs
iR AT SOER REPESS 8 (AFM-2a) RERE MK, 2%
TR REMESS H (FM-1a) YR 22, 250266 10 B i g

& TE i Y 6.23 meV. A UL LiFeAs
W0 SR SRl (AFM-2a) S5 dcka e, X S5
N SEBG P TRI LA SESREVESSHIARAF A1,
[l E R T AR SO SR A T S

R T BT e R A X LEA S8R0 A
FEL 25 A8 PR A2 3 Ao A S TR P 1) it 5 ke S
PN b A DU ARG PR 25 A TN 1% —6% A 7K R A% A
JE AR (PR A ol e ST TR P Az i R s 4 1 A8
R P 3 o O R S R 5 A RS T ) R 2R T R
SEER). ZNUER AR, X T AME R, RS LR
WA, RS IS C ot TR T SR B R e Yy
S RS, X, R R, AR
WP RN AR A) ) IR EETEOE, 4N AR i T
An A% BN K/ NRGE . [R5 1 LEA A E A=
KT VUJ7 S A& AT, T A A% a = b, T AbA%
B 10 IBULE D)2 AR i T PN A 72 Ak B R i
AR . PRh 208 Rl i B e I, X
VEBCHAE NS, ARRIREESSH T AT BE & B i
& H AL o FYARACANTE 3 PR,

A 3 ATLLAE H, 24 LFA S A A%
BOR AR, AFM-2a fEPEZS BIAI X RE i B AR
B A1, 156 B 9K R AR AN R N A FR N RE A LEA A RE A&
A REEARAS , HEEAS BUR S0 RER L 254 1 FM-
la SHAXTEEE R Z, 5 AFM-2a FH2Z WA A 5,
LI B FM-1b Fl AFM-2b A5 %} G 8 i & T
FM-1a #1 AFM-2a. [a]Fh2EA b (1) S kg 5 et i
RE AT, VLA LFA WP Fe 251 19 2 ] 52k
WERR G55, AR RE A5 A I RE S s I TR S
ZER R Z N Fe B 10] 09 R b HEAS & AR 5, 1710
LRSS ) A A B SR R AV A LR /R i
B, WIS E LS Y, 3 A 38 2ok AR A L
FREAT G5 A AR R ZEA R AL T A4,

F3A0, I 3 i m] A B, it i R g AR B A4
FR AR IR AFO AR Ak L sk A B TEER 38 B Ry AR
XA R PVE BT S T AW Nk n A2
JE AR R AR FE5 M ER, R R A4
WS REREET , AR RARZRAE (a =
5.363 A) F1525) 3% JkIAE (a = 5.524 A) fil—3%
FIFEIAS (a = 5.202 A) I FYREHS R 72544

Bl 4(a) 45 RS SZ 0 AR VE R AR RE S 4514,

F 1 ORI R LFA ARIREM:Z5H T ) B e i

Table 1.  Energy of unit cell of the iron-based superconductor thin film LFA in different magnetic structures.

T L5 VSN FIV SR ML R BRI 2 gkt
HflfE R /eV —131.2446 —131.2508 —130.8171 —130.8156
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Fig. 3. Relative energies of different magnetic states
varying with lattice constant of LFA thin film.
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Fig. 4. The band structure of LFA superconductor thin
film (AFM-2a magnetic states) under different strains:
(a) Nostrained effect; (b) compressive strain (—3%);
(c) tensile strain (3%).
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Table 2.  Magnetic moments of Fe ions of LFA thin films

under different strains.
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Fig. 5. The density of electronic states of different ions in
LFA superconductor thin film under different strains:
(a) Nostrained effect; (b) compressive strain (—3%);
(c) tensile strain (3%).
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Fig. 6. The tetrahedral structure distortion of As centered
on Fe ions and 3d orbital energy splitting of Fe ions:
(a) Tabular tetrahedron without strain effect; (b) the
distorted regular tetrahedron under compressive strain
effect.
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Abstract

The magnetism, band properties and electronic density of states of LiFeAs superconducting thin film with
two-dimensional strain are investigated by using the first principles calculations based on density functional
theory, and the influences of different strains on the characteristics of superconducting films are analyzed in
detail. The results show that the magnetic ground configuration is the striped antiferromagnetic state of
nostrained LiFeAs thin film, and the ground structure of this system is unchanged in the range of applied
1%—6% compressive and tensile strain. The density of states near the Fermi level is mainly from the
contribution of Fe-3d orbital and a few As-4p electrons. The electron spin exchange coupling between Fe ions is
realized by As ions. Furthermore, unlike the case of the nostrain and the tensile strain, with increasing the
compressive strain, the localized antiparallel electron spin magnetic moments of Fe ion decrease, the density of
states at the Fermi surface improves, and the itinerant electron magnetism of Fe ions increases, which all
greatly suppress the antiferromagnetic properties of thin film and enhance the superconducting phase transition
temperature. The superconductivity of LiFeAs thin film originates from the Cooper pairs of electrons between
the hole-type and electronic-type bands near the Fermi surface through the antiferromagnetic superexchange
coupling effect. Instead, the LiFeAs thin film with the tensile strain presents completely opposite properties,
that is to say, the decrease of the electronic density of states in the Fermi level brings about the weakening of
the metal properties and the increasing of the antiferromagnetic exchange coupling. Particularly, the band
structure of hole-type near the Fermi surface disappears, and the occurrence of Cooper pairs of electrons
becomes significantly reduced, resulting in the suppressed superconducting phase transition when the LiFeAs
thin film is subjected to tensile strain. In addition, the change of antiferromagnetic exchange coupling and
magnetic moments of Fe ions are also explained according to the variation of electronic density of states of the
Fe-3d energy levels during the distortion of FeAs tetrahedrons due to compressive strain. In brief, our
researches provide an effective way to improve the superconducting properties of LiFeAs thin film and may

promote the relevant practical applications of iron-based superconductors in the future.
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