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Fig. 1. Temperature-dependent resistivity of Fe;O, sample 1
with FeO:Fey,O3 = 1:1.025 and sample II with FeO:Fe,03 =
1:1.080.
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Fig. 2. Spinel unit cell: (a) Stacking pattern of sub-lattices;

(b) crystal structurel?!.
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Fig. 3. Relationship between the unit cells referred to the structure with space group Fd3m , P2/m, P2/c and Ccl*.
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Table 1. Magnetic exchange interaction across
APBs in the epitaxial Fe;0,(001) films/*l.
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1) ZEGH AL BB ¢ Bl ) kA 90°TiéR%; 2) ¢ iy
] G T28 i AN FR, X R AN 28 i 5 A T
KRN AT S F T 3) 2RAR5E ¢ TliTE ab 1
T IERS 90°PY. de la Figuera 55 U I A4 % 1
BB AEE R & 78 Kl T 2 i Fes04(100) #
i R HTES, 25 R EHTE 78 K, FesO, F 1 ™4
B TURAER, anE 8(a) A 8(b) iz, &R
JAHL R 0.346°, AL 0.5 pm. ik B Fi
RAR RIS, de la Figuera 55 BU F| FHAK AEHL
F WA MEL T 8.6 um x 8.6 pwm X 45 4 il
HIRE AL, WERERE R T Ty IR S
MR, HIREZETE Ty DL LA, KRR
i Eh e ) ISR 25, R, Figuera 45 51 001X
PRS2 B Verwey MRS R, 24 Fe;O, K4
Verwey tHAEJ5, B MAIGINT 0.236°, FesO, JTERL T
FURHEE R (AnTE 8(c)), AR IERFEAEN a, b, ¢, W
Bl 8(c) Fn. IRt mAs 45 G 22 i i, 28t
BRI AL Je 2R 0.34 A, HHEHREE 2
T A5 R — 2, IR R TR AROR R R 20,
Kl 8(d) Fizs.

25 i B A R W sC e M BCAE S S O M
Fe;0, AN[A]. 2018 4, Liu % ] fil Chen 45 P2 JE )5
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B 7 SEITARFIEURAR FeOy s AR I 19

Fig. 7. Symmetrically distinct crystallographic relationships between cubic and monoclinic phases of magnetitel*.

[o11],

[001].
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200 |

—200

Apparent height/pm
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—400

W
W
/ [001]m

Twin boundary

Distance/nm

0 100 200 300 400

K 8 (a) Fe;O, WIE M4 B 18 2 BOBEIRIAR (b) 1Y (a) HELERARICTr 1) b A& BEAZ AL (o) SRR ZE Y FeyOy; (d) Fh3E 1T X FR B R4

%M‘]%ﬁy‘ E"J FB3O4[M]

Fig. 8. (a) STM image of Fe;0,(100) surface at 78 K; (b) profile along the line marked in red of (a); (¢) the monoclinic unit cell of
Fe3O0y; (d) two mirrored monoclinic cells with opposite monoclinic ¢ axis at a twin boundary!>!.

A 3 A R 2 L 3 Bt ol - S AR R R i o )
M ITEDEIE TARTEAR FezO, 25 i AL I RERS & 45
. Chen %5 02 F| A% 51 il B SUBE X FesO,4
2R G LA M AT AT, BN T AR A
¥, i 9 s, S — MR A R R AE 1
25 i P SR GRS, WA 9(a) B T B
TIT 72 G SRR S S e #i A, ant&l 9(b) FIEl 9(c)
e B2 553 A 22 45 538 59 v T 8 S 4 R
fIRIRAH FesO, HiX = Fp2E i AU GRS & X 5
TR 45 R — 3002 Liu % 9 BF5E T & 5 & A 4E
FesO, MR REHLBHAN , I T AR T #E

HL BE i R B G 3 B2 AL R . X T Fez0,4(100) FI
(11) FEfh, H APBE E IR E A S BN
305 K [ 8.30 1 14.15 3% K #| 80 K ) 146.02 Al
91.66. i TTEARIEINE T APB A&~ AR ok IE
BUBT APB, R AT HEMIR IR AH FesO4 Y28 5 St H
ARG RA A R 9, > TR R AT 2 5 A2 il B LA
T, FegO, 18 5 4 161 1R £k 5 BE N W7 B A%, IE B
Fe;O, Wil AEZEA ELHRIE IR, R IIZR G AL
B RS 1), X R o G v L A3 [ 422 4R
IR A A O U O vk HOE F T IR A Y
L, PR TG G I B Bk R B ) 22 i
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o | JI e L 1 L L i L n
—8 —4 0 4 -8 —4 0 4
E—FEgp/eV E—FEp/eV

B 9  FesO, 28 i B A0 1) A TE B 1L 25 % B B (density of
states, DOS) (a) 1 54; (b) I A; (c) IIL B4, ZRoKBES i 41
AR TR, B TR E AR L. AN R R T T AR
A AL R R £, T TR TIT 780 S ik A A 152

Fig. 9. Spin-polarized DOS of Fe;0, twin boundaries (TBs):
(a) Type I TB; (b) Type II TB; (¢) Type III TB. Ey is rep-
resented by the red dashed lines. The relaxed atomistic
models are also given for reference. The DOS suggest that
the magnetic coupling across the type I TB is ferromagnet-
ic and those across the type II and III TBs are antiferro-

magneticl®2.

3 FesO, v F 4 A ok &

3.1 Verwey tHEZREE L k Fe;0, HIEBF
g abitz

Fe;O4 b4 LU ) Fel [Fe* Fe*t]50,,

Hrp Fey3t, Fep?t Ml Feg i 72 B8 HEAR 535
Jy 3d5, 3dS 1 3d°, Fey Ml Fep ¥ 0 H HEA. 0
10 fii7R, Fey Fl Feg R E & IF Y 3d PLBETEA
O T AR A A TR R AR A D B SR = i R T
M) to, L IE H1  FE ] JF Y e, BLIE . FeO4 1Y
Fey,—O —Feg # f1 25 & 125°, Fey i i O*Y5
Fep JE BB AH EAE, I Fey, Feg Z[E] N
R REFEE . Feg—O—Fep BN 90°, Fep B 1
Z @ O I MBS AH EAEH], Fep B 1 Z [H]
RS . I, FesO4 #I8 FEA 4 pp/fu. ¥
WERE D). XFT Feg 851, ®MA™ Feg B T1F H HEAH
TRYBEH I to, LT, to, HLTTE Fep fi[H]
ERIT 2 FesO, FHIGHEALE], M Fey AZ5
FHLL SRR R A SRR, FesOy 1 9OKTE
PIHE A BEm R RETTAEELY 1.7—1.9 eV BYAFRR,
F e 1] B Y REAY 28 ok 2 oK T, P ERIE | FesOy
I EA R, BA-100% B9 B ek 1k 2 B4l
PR LIRS KR NFE R IR T FesO, BAT S 45
] Sk, S (111), Jr i, 451 SRR K, =
~1.15 x 10° erg/cm?® (1 erg/cm® = 107 J/ cm?)P7.

B-sites 44¢4%m4—¢444 teig

2+ 3+
Fe Fe

Strong antiferromagnetic \ /

superexchange
+ ‘# ‘# to
A-sites
~+ + e

Fe3+

Kl 10  FegO4 1 Fe B F 11 3d HLF %L 38 HE A FREHE & /R
25 & 53]

Fig. 10. Sketch map of the electronic ground state of Fe 3d
electrons and magnetic couplings in Fe;O .

6.0
4.0
7. 201
O
o= 0 - - ——
(O]
= g -2.0r === Synthetic crystals!
E:J : —4.01 +-- Natural crystals |
L i !
2 2 -6.0 |
=
Ko —8.0F !
—10.0 \.D___.__._..—l_—_-;
_12.0_l-| r 1 PRI I
—160 —120 —80 —40 0
Temperature/C

Bl 11 FegO, MRESS ] 57 P 7 450 K, B TRLEE A9 28 4006 2 )
Fig. 11. Temperature dependent Anisotropy constant K; of
Fe;0,P7.
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mE 1R, BERZERFEMKZE BOKLT,
FesO, B 45 n] S P 2 0 0855 27, MIRERRIKEY
130 K I, @45 1) S vh % 40 Ky = 0 erg/cm3, L
Fes0, 2 IURESS 1] [R) Pk 27,

3.2 Verwey tHZBE LT Fes0, I F
LY FnEL

321 wHAFSYEAR

MR BT R R R 120 K BT, Verweyl k&
ST E Y FesOy £ (Fe:O = 3:4.075)
() L BHL 2R 2 R, FEAR ALY FesOy FF i
(Fe:O = 3:4.24) R HX — G XFxHb
THE E RS OC R R WITE MR T R RS
A PAT ARG, S AR [F] Fe-O THE LAY
i, Verwey20 & 31l Feg £ | Fe2 Ml Fe3tiY L
BIRSFEAAT R, TN FegOy FLBHAR A SR IR
T Feg 7 FRUHEMFETT. Verwey 2513 Fl Attfield /s
K H B {8 B 1) Fep PO R A8 8 LAE Fep?t Al
Feg i i LAY HL AT A P LG, Gl 12(a) BT, 5
K (B 5T & BRAR IR AT FegO, 1 25 #4 5 Jin &2 2% .

(b) ()

[l 12 Fe3O4 1) Fep fi iYL F R A (a) Verwey $& i
B fR] B DY I A Fet /FetHa fif A T AT (b) 2 & WA
Fe F WA Fed+ 1) 2 15 2% DY T AR A 5 (c) Fepy MU AP Y
AL, T R S AR TE P BB AHGE 1Y Fep-Fep N, 1
HL1Z R 9

Fig. 12. Models for electron localization on Fep sites of
Fe;0,: (a) Verwey’s tetragonal model of Fe?t/Fe3* charge
order; (b) an Anderson tetrahedron of two Fe** and two
Fe’t ions; (c) bond-dimerization in the Fep, tetrahedron,
where the electrons are localized in two shortened Fep-Fep

distances, shown as bold lines.

Anderson®! $2 ) | £ Verwey $& H (145 54 o 55 A4~
Fep, PR AP EHBER TR to, T, JK
FREEHIS /D T PECHERAE I, G549 i B2 JF, x4t
Fep PUTHINA B A T3 5345 2 TG 7 70 A0 B 6 4 ] g &
Verwey #78 ) N ZEMLS . L5 L+ 4, X F
Fe;O, T LA A )7 I WF SR 2 T Anderson 5514,
B REA> Fepgy VO THNA HH P 1> Fep® AP~ Fep 5
TR, A5 P BTER T Y tyy HL T Cullen F
Callen BT gl ASFeE M A FH 2l v AL
BT Verwey tHAS. FEEALY T, JRi g i T
38 S8 B Nl ] R i e AR R M, 3K S e
AR 5 RS RS 521 Anderson PUTHIAR H A A4~
FA O a8 T AT, Q& 12(b) s 0859,
Seo F5 90Ny Fep® H A ER] T 1Yty ML T IEJR)
BAE Fep® &1, M2 R BAESEL 4> Feg?®*
TR —RAKH55 Fe-Fe 8N, WK 12(c) FiR.
van der Brink 55 011\ FesO, H 09 HLfof A 7 /&
—FH Fep®0t—TFeg@rO+4H jlAYHR I L fr 4 P, i
B TRIEAH Fe O, kLM AACTE.

T Pmea, Pmc2,, P2/cfl CeZS[A#f, Jeng
8BS B T IR IR A FesO4 U HL F 45849 . 7E
P2/ MBET, FIH GGA F LA Fey,04 %
B TR YEUECHE U= 45eVZIT,
Fe;0, HAT 0.2 eV AYAF B, 3 538 1 Ot 1 52 56 3
R BRE 0.14 eV 2L BOS B U = 0, 4.0, 4.5,
5.0 F1 5.5 eV, X P2/c %5 [ 1) SRR ST )y 4544
1) FesO, #FATIHE, 73047 T FesO4 HUAFBR . LA
Fe FBUEA Y, 45 R 03 2. B Fe,O, HYXF i
PERR 6 o 37 7 bR &Rl R UAE ] DL
Fe;O, FTHATBR, X T HBHH Fes04, B/MY UfE
JEARREM FesOy EIMALA, (HFEE UEHMIE K,
7 B AE B H ey 22 B R BRI R FegO4 O HL
fr HUEA YRR FAEEHWRS, BT
4s Fl dp HL T4 BR300, XA RO 7R3 25 1 S e
EP*%&ZV:I% Tf P2/C ?3 I\Eﬂﬁ?, FeB1 a Fe]31b %n
Fep, 1 A BEM T /Y to, L2001 i 98 dyz, daz
doy B8, BAPUEAFRAE, 1E 13 s, YT
1E P2/c, Pmca, Pmc2, 1 Cc 75 [AIHE T FeyO4 1
W BT 25 FUBE AT LR R A, K
Ce ZE[HET FeyOy & fefe B 1. Fefllih, 7 Ce 23
[ FP AT 3/8c¢ F 7/8¢ JZ Feg FH A~ A i 7]
THY to, TR 2/8¢ il 6/8¢ )21 Fep 1, JE
WM RPGEA PR, X5 P2/c T Ey 45 R AR,
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*

Table 2.

9 1E P2/ M FdBm ZSRET , ac/v/3 X ae/v/Z x 20 5l Fe,O, UM (CS) LA FFIE (00) B b fght 550

ac/V2 X ac/V/2 X 2a. unit cell in monoclinic P2/¢ and cubic phaself.

Calculated charge separations (CS), orbital ordering (OO) and the total energy (E;) of FesO, with

P2/c Fd3m
U/eV ] :
lgap/eV  CS/e 00(P) E/eV-(fu.) L gap/eV  CS/e 00(P) E,/eV-(f.u.)
0.0 No 0.00 No(0.55) -0.15 No 0.00 No(0.34) 0.00
4.0 No 0.11  Yes(0.98) -0.15 No 0.10  Yes(0.96) —0.22
4.5 0.2 0.15  Yes(0.98) -0.53 No 0.12  Yes(0.96) -0.27
5.0 0.42 017  Yes(0.97) —0.75 0.11 0.16  Yes(0.96) -0.35
5.5 0.63 0.19  Yes(0.96) 0.85 0.28 0.19  Yes(0.91) 0.47
1 -
. Fe(Bla) Spin-up
Spin-up n
0

Spin-down

Fe(B2b)

Density of states/state-eV~l.atom~!

Energy/eV

& 13

Energy/eV

FeyO, 1 Fep B T RIS T, PORREHAL T Ep = 0 eV 4b Y

Fig. 13. DOS of Fe;0, with the monoclinic structure projected onto the Fep d orbitals. Fermi level Ep is set at 0 eV,

TE CezZ [IE T 1Y FesOy B &Y 1 75% 19 3:1
(Fet:Fe*t = 3:1 3 Fe*t:Fe*t = 1:3) Fl 25% 1)
2:2 (Fe*t:Fe*t = 2:2) IR A A PR, 5
UEHTA R O TRT B 301 FELAT | BB A T R RUAS [F].
[A] B, 3% F Anderson 455 I i 5 15 2| 1) 4 A5 b
2RIn2/mol (R A7 % %) B8, S8 it He
PRI 5 BYAE R RIn2/mol, J& T 3K PR & A Ao
A PP BT RAS A2 (R/4)In12/mol, 55
UK 31

2001 4, Garcfa 55 62 F|F X 54 R ot
FTARTEAR FesOy M HLF454 . 45 KR X HH4L
TSP iR T RE HE N5 5 A O RIEF S IR B LA |
FILAT NS KA, TEBMIRIR T fA% o i s

22 R B ARIRAH FesO, B0 K AW B 1Y Fedt
I Fe AT AT . 76 TR LT Ce 25 M BE R A
o FUR TSR L X BRI 25 R, H
A7, BEBT L fr 5 0 25 B 2 0.5€92. 2006 4
Nazarenko 45 (03] 3 it e4iR X SFLATHHENISE T
4 FesOy HLEMFE . ILHT, XT FeO, 1A
5T FBAZ 2 AR, 285 ROk B 2 U
SR BRI, ASBEAS ZRS 45 5L, X e R AT L
I AR X LAT I . AR AR Wright 45 B
3, Fep NIZAFAE AL LA T, 1ESUA 815 F1 65,
B4 Fep x4 WA, 4308 Bl(Fet(2:5-012)),
B2(Fet(25+92)) FIB3(Fet(2:5-0)) Ba(Fe(25+0u),
T Pmca 25 AIBE, PG SCEEE AT LIS 6,5 A1
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by FOAE, 43514 0.12 + 0.025 1 0.10 + 0.06, 4N
&l 14 FrR 631 B1— B4 XTI Y 5 48 4505 518 5.38,
5.62, 5.40 f1 5.60, WEAH Fe;O4 H Fe2tfll Fedt Ay
H A 2N 0.2¢, 5 Jeng 55 B9 F1 Leonov 45 (64
A 5 — P R T A B A HL AT A T (0.15e A
0.23¢) — 5. 2012 4F, Weng 45 39 F1| B 4t 4% 22 il
X SFEATHAIGE T AREAH FeyO, 1)L A7 P ILEE,
AT LA H = BB (002) 77 59 58 BE 1 L (8 B gk
150 AP 5 B, XS g REIT LA K
Fe;0, MHLMAFZIR 0.5€.

0.24
0.20
0.12
0.08
0.04

0

0 0.04 0.08 0.12 0.16 0.20 0.24

412 (electron)

13.00
13.30
13.60
13.90
14.20
14.50
14.80
15.10
15.40
15.70
16.00

=}
=
[=2]

834 (electron)

Bl 14 8y Bl 6y AR I F B SEAH 1B ALy 6,9 = 0.12
+ 0.025, 834 = 0.10 & 0.06. Fe; B 7 (5 38 5 5.38 il 5.62,
Fe, L7 54640k 5.40 F1 5.600)

Fig. 14. Isovalue of the confidence factor. The best agree-
ment is obtained for §;5 = 0.12 4+ 0.025 electrons and 834 =
0.10 + 0.06 electrons, where the charge occupancies of Fe,
and Fe, are 5.38, 5.62 and 5.40, 5.60, respectively!63],

Liu 45 159) 38 o 55— 5 R 5 17 XU
JIXHRIRAR FeyO, 1 AT BB AT A =1 Ab 72>
i R 2 5kR S 4% B, Fepy, BT YMISH
751} A BRET] T B9 o, HL 9L 2 2 Sy THT 1A 16 Y
dyr e U . 1E-5%—+3% [ SJIE I, FeOy
A5 BB N 7 SR G AR I ) e +-3% it
BRI, SR 2 T3 R I, Fe2+Oq /\
T K5 Fet+Ogq /\ TR A 1A FR 28 A5 T 0 /1N 3 i
Fe2 oy F e ) T A P IROE S A AR 9. e mT L
HEMLESRRLIT T FegO, ARSI L 23 LU g B0,
TETRRL AT, B0 = WAL T FEIRRL AT, 2
7R = AT 1,

322 EAE®FM

BRI IR AR R KIEAN FeyO ML 1] 57
PEEA VYT R FRE s A AR PR, 2 AL Bl

D7 A e — IR AH (001) . Jr1a], ] ZEREIR 2 AH AR iR
FELLR B9 ot 72 b ok A g 3 ik AT 4 ] 127000,
Palmerl07 SR @ % 5 5 W58 T 4.2—110 K
FesO, HLAR 0 8 5 45 0] 51, EARIRAH FesOy
[100],,, J5 ] Jy X R ALl [001],, 77 18] A 2 i Ak B
[010],, F7 4~ TP Z [a].

3.3 Fe;0, HIHLEBPERIAL

1950 4, Domenicalil®® 15 56 % Bl Fe;O, i
Y # HL B0 (magnetoresistance, MR), I AH
FesO, 1 MR FbAHAS 517 50 BH 2., SR A 45
MR %4 . 1970 4E, Balbergl® il & 7 77 K T &
& FesO4 ) MR, ML E] 7111 MR, &M MR K
Y3 K34 K 76K F 9000 G F Bt fn,
MR N-6%——9%. [FlHt, MR, 56 in i) B 3 K/
FHOC, IEMI T MR 5 A BETCFBURA G, FiE M
WG R, FesO, MRLA TP REEEIG N, Fe B 11024
T T 7E iz 2 AR R 3 OE B REAIL, H E fR
MR B 37 /) 18 K i 38 K. Kostopoulos™ fiff 58 T
FIRYUAK FesO 4 B TR i FLBH, & BRAEAH AR IR
FE LA oA IE MR, MR BB 7 - i B AR, Rt
YRR R, 78 5000 G BT IE MR H EU KA.
Wit — LR IE MR FRA%, SRR E A
ARIE VLT, FesO B 1 MR, 7 AHAS 1R ik
AW RAE. 5 R B 5% AR TR AR 5l i) i PR AR £k
BN, RIR FesO,4 BYIE MR AT RER I THE 5 Y
%E\% [70]_

1997 4, Gong 55 [ FI] F ik v i 6 DT FRIA AE
MgO(001) JEJiK I il £ A 6] J2 B2 () AP E FesO, T
JE, WF5E T RGPE RN R FLBEASOR . 7E 60—350 K i [l
P B TR BE 43S R 660 A1 150 nm B fY A ZE
FesO, WY p-T HHZE, 7F 300 Oe #i37 NI & T
JEEEA 660 nm 1) FesO4 FEMIK M-T Hh£E, ani& 15
Fr s U AN FE 5 BY Verwey 5528 1R 120 K,
{HIX P S AEAR AR b ER AT 58, LT, Rozenberg
L5 72 5% FegO, it N FE 3 O AF 53 45 SR R 01, BEH &
SR B EE N FesO, B Verwey #5748 1R BEREAK. [HUIL,
Gong %5 [T A kg AHAR 14 J& TE A I8 T4 SIS 2 5
FLICTH 5352 2 S R B sE i = AR B AR | 1 TR
AR RS AT UFSCBEHEN, Gong 45 MIFE MgO &
S FAERT 67 nm JERIEES, AT Verwey #5251
FE R 116.5 K, WEB Verwey 675 15 13 i 25 T 5 58
JFE VRN T REEALR.
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M /emu-cm
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6600 A
X N

L 160
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T/K

15 150 Fl 660 nm J& [ Fe,0, M E 8 Y p- T it £
300 Oe 3% F 660 nm JE 1Y FeyO, 14 I A 1 1k 53 52 B
LB R AZ AL G FR

Fig. 15. Temperature dependent resistivity of 150 and 660-
nm thick Fe;O, films in the temperature range of 60-350 K.
The temperature dependent magnetization of 660-nm thick
film at a magnetic field of 300 Oel™.

Verwey ¥ AF IR E LI T, Fe;0, M4 iz Frrh
T A R DL B RS PRI, P B AU
T AR AN S, AR T R A )
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Fig. 16. Magnetoresistance of 660 nm thick Fe;O, films at
(a) 70 K and (b) 115 K; (c) Temperature dependent mag-
netoresistance of 660-nm thick Fe;O, film at the magnetic
fields of 0.5, 1, 2, 4 T. The dotted lines are simulations us-

ing Mott’s formulal™.

HeaB g R —2, XFF 15 nm B9, AR EEAIC
T 70 K. WA R RIS TR i, MREAL R T
TR R L 25 0 305 RS O 2R v A Ay e A ik B 34 R
Fr—F (EB TR S A AR T B I T 2 T SRR
4R T BN Fes o (1-0.0017) 04 TEFEM
T PRt P4 7 T L E G T Il R A, T
B G L RER N, & B Fe,O, HAA AMR B0, 6%
AT ECHE T L Tl B HLBEL R 3 oy R
Fon. R T R EAES, HAERG S AT (B
e H) W5 B (806 R), MR T
A IR RPN 6 T ERSEAE i, R BH AR W i 3 [ 3
KB R, BRGNS L, AR
FEL ARG REA T R P RE S W Y APB ARG 70,

Eerenstein 55 77 J& F— 4 § iege i Al il e 1
Fe;O, Wil REHLBEAT Jy. Xt FezO, v It i 1w iy
D7 1Y, SO0 SR E R 43 A i & 18 . itk
i —4E B e Y Re R RL Ik g . SO AL I
BRWEFR G R M APB PR SR REHRE Z [A] I Bk R &

040505-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 4 (2020) 040505

O=n
~0-,
DDDDDDD
~o.
~o4

\ Fey0,
10° .- a X Crystal

b o 200 nm
c ® 50 nm

d A 15 nm

Resistivity p/mQ-cm
—
S)
=
T

50 100 150 200 250 300
Temperature T/K

17 HfK Fes0,4 Fl 200, 50 Al 15 nm J& ) FesO, 7 I )
(a) WEALIRBEFN (b) 275 v FHL R Bl IR BE A9 22 Ak 5 R 179

Fig. 17. Temperature dependent (a) magnetization and
(b) zero-field resistivity of FesO, single crystal and films
with the thickness of 200, 50 and 15 nm(™.
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Fig. 19. AMR of the (a) 67 nm thick Fe;0, film and (b) Fe;O, single crystal at a magnetic field of 5 TI$!.
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Fig. 20. AMR of the epitaxial Fe;04(100) film: (a) Temperature-dependent AMR at a 50 kOe magnetic field; AMR at (b) 110 K

and (c) 80 KI*.
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Fig. 21. (a) Schematic of the measurements; (b) relation between AMR and distribution of in-plane trimeron of Fe;O,(100) film at
80 K and 50 kOe; (c) relation between AMR and distribution of in-plane trimeron of Fe;0,(111) film at 110 K and 10 kOe. The tri-

meron is shown in the upper right cornerl.
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Fig. 22. (a) Dielectric hysteresis loop of Pd/Fe;0,/Nd:SrTiO; heterostructurel®”; (b) ionic structure of Fe octahedral sites with P2/c

(left) and Cc (right) space groups. Orange and blue balls represent the Fe?" and Fe' ions. Electric dipole moments caused by
charge shifts are indicated by red arrows!%l.
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Fig. 23. (a) Ferroelectric polarization along the z and z axes; (b) strain dependent total energy®!.
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Abstract

As the first known metal-insulator transition, Verwey transition of Fe;O, attracts much attention due to its

fascinating physics. With the decreasing temperature across Verwey temperature, Fe;O, undergoes the

transition of lattice distortion, charge ordering, electricity, magnetic anisotropy, etc, but the magnetic ground

state keeps the ferrimagnetism. The comprehension of the underlying physics in Verwey transition facilitates the

understanding of metal-insulator transition in other strongly-correlated systems. Nevertheless, the mechanism of

Verwey transition is still debated after the first glimpse of Verwey transition. In this paper, we summarize the

research history and current status of Verwey transition in Fe30,. The investigations of lattice structure, charge

ordering, electronic transport, magnetic and ferroelectric properties of FesO, across Verwey transition are

reviewed. Finally, the summary and outlook are given.
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