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89 LaFeO3/YMnO3 A I A8 aly #& 64 25
M) 5 s R AT
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£1 AANHA LaFeOs/YMnOg # ik il 1 2 A4S B
Table 1. The general information of five typical

LaFeO3/YMnOs3 superlattice samples.

FEims JA B % /nm JEE R Fr A
I 8.0 10 (001) STO
II 4.0 20 (001) STO
111 1.6 30 (001) STO
v 5.1 5 (111) STO
% 7.8 5 (111) STO
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1 (a) ZEKAE (001) SrTiOz HJE_EHIFES I—II1 ) XRD 0—26 &5 % (b) 4 KA (111) SrTiO3

R B BIRES TV MV 5 XRD 6—20 45 3

Fig. 1. (a) The XRD 6-20 results of samples I-III grown on (001) STO substrates; (b) The
XRD 6—26 results of samples IV and V grown on (111) STO substrates.

2 (a), (b) FE S ILAEE i IV FRAEIE ST BT BRI R (c)—(e) ARk IT—IV AR5

T HREST BT BRI Sy

Fig. 2. (a), (b) are TEM images of sample II and IV; (c)—(e) are the HRTEM images of

samples II, III, and IV, respectively.
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3
of J8E ST 5% v MR AR 5 (4 EELS i%); () LaFeO3/YMnOg3 #t kb La, Fe, Mn 76 & ISR A0 (B
SLARH S A E)
Fig. 3. (a) Annual dark field micrograph of sample IV. (b) The line-scan profile of EELS results.
Two black arrows highlight the two EELS

spectra taken at top and bottom interface. (c) Intensity profiles of La, Fe, and Mn elements across

The scanned line is indicated by dark blue line in (a).
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a LaFeO3/YMnOs3 interface. Two black arrows indicate the position of interface.
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Fig. 4. (a) Temperature-dependent magnetization under ZFC and FC conditions of samples I to III. (b) Magnetic
hysteresis loops of samples IT and III measured at 10 K. Inset is the enlarged hysteresis loops showing the finite remnant
magnetization. (c¢) Temperature-dependent magnetization under ZFC and FC conditions of samples IV and V. (d)
Magnetic hysteresis loops of samples IV and V measured at 10 K. (e) Temperature-dependent magnetic susceptibility

of sample IV. (f) The extracted remnant magnetization of five typical samples characterized in this work.
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LFO\;Q- = i b o "¢~

©) & 0= 0 o
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| |
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5  G-B Rk LaFeO3(LFO) F E-7Y J 2k w1
YMnO3(YMO) R 45 44 5 2 K

Fig. 5. The schematic of magnetic structure of G-type
antiferromagnetic LaFeO3(LFO) and E-type antifer-
romagnetic YMnO3z(YMO).
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FES T ¢ 7 AR A0 R R FRIRAE.

B 6 (a) BigTizgO12 MJEFHERE; (b) 7E Bis TisO12
FB N BUE RS R R L S 8 () T
BisTizO12 5 NELUZ SRS ERD R AL 254 1

Fig. 6. (a) Atomic schematic of BiyTizO12; (b) Atomic
schematic of BigTizO12 doped with fraction number

of antiferromagnetic perovskite; (c) Atomic schematic
of BiyTizO12 doped with integer number of antiferro-

magnetic perovskite.

STO(002)

(0022)

SRPE /arb. units

K7 n-LaFeO3-BigTizO12 (n = 0.5, 1.0, 1.5) K fiE
K XRD 60—20 455

Fig. 7. XRD 6—20 patterns of n-LaFeO3-BisTizO12
(n = 0.5, 1.0, 1.5) films.
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Fig. 8. (a)—(d) are Low-magnification TEM images of n-LaFeO3-BiyTigO12 films (n = 0.5, 1.0, 1.5, 2.0), respectively.

2 nm
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Fig. 9. The HRTEM images of 0.5, 1.0, and 1.5 LaFeO3-BisTi3O12 films.
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Fig. 10. (a) Shows the dependence of magnetization on
temperature of 0.5, 1.0, and 1.5LaFeO3-BigTi3O12 films,
respectively. (b) is the magnetic hysteresis loops of these
films measured at 10 K. (c) is the hysteresis loops of 0.5
and 1.5LaFeO3-BisTizO12 films measured at room tem-

perature.
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Fig. 11. The ferroelectric loop of 0.5LaFeOgz-
BisTi3O12 film along the ¢ axis measured under dif-

ferent maximum voltages at room temperature.
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Fig. 12. (a)—(c) are the crystal structures of 0.5, 1.0,
and 1.5LaFeO3-BigTi3O12 projected to a-c plane, re-

spectively.
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Fig. 13. (a)—(c) are Low-magnification TEM images
of 3.0 SrTiO3-BigTizgO12, 2.5LaFe03-BisTizO12, and
3.0-BiFeO3-Bis TizO12films, respectively.
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Fig. 14. The inserted perovskite layer number depen-
dence of theoretical enthalpy in n-SrTiOs, BiFeOgs,
and LaFeO3-BisTizOq2 systems.
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Abstract

Combining ferroelectric with antiferromagentic materials in nanometer scale is an effective method for exploring
multiferroic materials. We present two kinds of systems to show the possibility of multiferroic properties in such nanome-
ter composites. One is the artificial superlattice LaFeO3-YMnOs, and the other is the natural layered Aurivillius material
BisTi3012 doped with different layers of LaFeOs, BiFeOs. Both materials were synthesized by pulsed laser deposition
method on SrTiOs substrates. Microstructural charterizations with XRD, TEM, and EELS in scanning transmission
electron microscopy mode substantiate that the samples have atomically sharp interfaces between neighboring layers;
this is important for producing possible magneto-electric coupling in multiferroic materials. Magnetic characterization
proves that these materials have ferrimagnetic properties, in spite of their anti-ferromagnetic nature before coupling.
Magnetic characterization also proves that there is 0.55—0.9 up remanant magnetization generated at LaFeOs-YMnOs
interface. And the 0.5 and 1.5LaFeO3-BiyTisO12 samples show ferrimagnetism which can remain even up to room
temperature. Ferroelectric tests prove that there is a large leakage current in LaFeO3-YMnOs3 superlattice and BiFeOs-
inserted BisTizO12, but 0.5LaFe03-BisTizO12 shows ferroelectric hysteresis loops. It can be therefore concluded that
0.5LaFe03-BisTizO12 is a multiferroic material. If more perovskite layers (3-layer SrTiOs or 2.5-layer LaFeOgs) are
inserted, the Aurivillius structure of Bi4TizO12 may appear structural instability that can be observed in our HRTEM
measurement. Our first principles calculations show that the degeneracy of formation enthalpies is the reason why the
intergrowth in these materials forms and their structures are not stable. Our work may provide some examples for

exploring new multiferroics by means of nano-meter composite.

Keywords: multiferroic materials, nanometer engineering multiferroics, epitaxial thin films,

microstructure-property relationship
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