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Fig. 1. (a) AFM image of LMO/LNO superlattice on STO

(110) substrate; (b) line-scan of superlattice.
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Fig. 2. Reciprocal space maps of (110)-oriented superlattice around the (a) symmetric (110) and (b) asymmetric (321) reflexes.

ARIE AL, AL X %T%%E’J Koy jp BFZLE L STO

FHE BP0 &) 2(b) 2 AR X PR
FR 8 2y 23 [ 14 AR RIS RS (321) it T A 37 S e

HBLTE ] — B8 2R T DL SRS S5 4 S A 4L
VI HLA& & A2 B Sy ¥ it AFM A1 XRD 18] 5 23 1]
PR 3 WA T A A RS T S B T s S A T 4%
Hk.

] 3(a) 2 8 A ) 225 L FE BH 38 il 4, iR
JESE R 70300 K. fy 0] UL, B8 AR S 14 L R
Wi 2 ek R AT T T v, X R B A 2 R A % A
PERT. A T #E— D S N TE R, 2R5E T
AR T SR SRR, J ST T
PG, G5 3(b) Fias. LPERA 4R EMN, &
s ST T AT & 4 Mott AR FRERAT AR 24;

a:ao-exp[ (To)T)™ 1/3] (1)
H o N TR, o HTEFER R, T, NmiEiit
i, B T bR B8 OK T BT (Y RS 56 FE N(Ey)
TR o, IF0T LG IR R RBR AT
R T IR R RS B R LJ—F/AEUJ\*}?

T A T Ry, MBI RE R By,
1/3
Rhop = ;a(?g> > (2)
FEhop = ékBTQ/STOl/ 5, (3)

Horp kg MBURZGE R A T =300 K, fRA (2) X
1/3
(3 )JC_I/E' RhOP _ oy = 1@(TO> ~ 2.95.

T (kgT) 3 \T
X R TR /l\uﬂlﬁﬁ/ BE XA, —4E Mott A5 f&
BRAT AR ER A BRAY , HE AR BEAR SR —FP Mott 4t

GOk, LT R R B T S B A R R BROE T AL

BT 1Y 5 B4k 5 Ni A Mn J5 8] 1 i ff 5 7 A
5 61 SAT L A Mn JEF RS2 Ni 7R i
B Ni JEF M NP+ g Niz+, X — I &2 fh &7
O F R R P A SR I SR B Mott 482k, 26
L) P B G A A T ] v S VAR I ) /6% 1 B 5 v
W ML 27290, oAb, XA ST oRiHE

ARG A PE AT G, T ARAR Iy Ni2 B 7~ Z H) £ B
SRR A, T NI 251 Mn 222 [A] 5 gk
107 F
_ @
;
€ 100}
.
104 X L L
100 200 300
Temperature/K
—10 -""-_ (b)
.l.-
—~ l-
B o-l2f .
2 *
= L
b "
T —14f aAN
\‘\
.
—16} .
0.15 0.18 0.21 0.24
T-1/3/K~1/3

K3 (a) (110) HRITHE S AS 0928 00 e LR H 85 (b) 7Bk
%%iﬁﬂfﬂﬁ%é&?&?f,ﬁ*@éﬁ LA PRI

Fig. 3. (a) Temperature dependence of the sheet resistance
of (110)-oriented superlattice; (b) logarithm of sheet con-
ductance In (o) as a function of T3, where the red line is
linear fitting.
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Abstract

Perovskite superlattices have received enormous attention in recent years, for they possess several new
phases of quantum matter. In particular, an unexpected exchange bias effect in (111)-oriented superlattices
composed of ferromagnetic LaMnQO4 and paramagnetic LaNiO; is observed, which has aroused broad interest. In
this work, three kinds of LaMnO3/LaNiO; superlattices with (001), (110), and (111) out-of-plane orientation are
fabricated by pulsed laser deposition, and also studied systemically. It is found that the superlattices are
epitaxially grown on the SrTiO; substrates without strain relaxation. The superlattices have a monolayer
terraced structure with a surface roughness below 0.1 nm. Electrical transport measurements reveal a Mott
conducting behavior with strong localization of electrons in the superlattices. All the superlattices with different
orientations exhibit exchange bias phenomenon. The field cooling and zero field cooling curves indicate that
there are two different magnetic components in the superlattice in a low temperature range. Further analysis of
the values of exchange field reveals that the exchange bias field is related to the orientation and polarity of the
superlattices. Different superlattices form different charged planes stacked along out-of-plane orientation,
leading to a polarity match/mismatch at the interface between the superlattices and substrates. The surface
reconstructions that act as compensating for the polar mismatch influence the exchange bias field of the
superlattices. It is observed that the intensities of the exchange field of the polar-matched superlattices are
higher than those of the polar-mismatched superlattices at different temperatures. These results are helpful in

further understanding the magnetoelectric transport properties in the perovskite superlattices.
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