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Abstract: The current-induced resigtive switching behavior in the micron-scae pillars of low-doped LaggSr1MnOs thin films using laser
molecular-beam epitaxy was reported. It was demonstrated that the current-voltage curves a 120 K showed hysteresis with severa threshold
currents corresponding to the switching in resistance to metastable | ow resistance states, and finaly, four dosed |oops were formed. A mode

was proposed, which was based on the [ow-temperature canted antiferromagnetism ordering for alightly doped insulating regime.
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Phase separation is a character of the strongly correlated
electronic systems. The effect of dectric fidd on the trans-
port behavior of the doped manganite has attracted much at-
tention owing to its rich physics and great potentid in de-
veloping electronic devices™ . The majority of studies were
carried out in charge-ordered perovskite manganites involv-
ing current injection into highly conducting filamentary
paths™ and characterized by a precipitous drop in resistance
when the applied bias exceeded a critical value. In generd,
the accepted explanation to this effect is based on the as-
sumption of creation of the percolation conduction in a
mixed-phase gate with intringic inhomogeneity.

In the doped L&, ,Sr«MnO; oxides, the various properties
rely on the competing balance between the dectron-phonon
coupling, the ferromagnetic double-exchange coupling, and
the Coulomb interaction™. A cascade of magnetic and
structural phase transformations is observed by changing
both Sr-doped content x and temperature T%. Previous
studies have shown that LaygSr1:MNnO; (LSMO) has a grest
advantage for practical applications™. Kawano et a. con-
cluded that the magnetic ordering is a canted antiferromag-
netism (CAF) rather than a spira order for a lightly doped
insulating regime (x<0.17)™*3. To enrich the intrinsic fea-
ture of mixed-valent manganites, it isimportant to study the
effect of dectrical-current on low-doping manganite oxides,

which has been much less studied™”.

Inthisarticle, the effect of dectric current on resistance of
low-doped LSMO thin films was focused on. Inspired by the
point contact to single ferromagnetic layer™, a structure
with a micron-scale pillar was fabricated. In the voltage-
current (V-1) curves at low temperatures bdow the Curie
temperature, severa threshold currents have been observed
with abrupt bresks of output voltage corresponding to
switching in res sance to metastabl e states, and finally, four
closed | oops have been formed.

1 Experimental

LSMO (1000 nm) thin films were prepared on STiO;
(001) subdtrates using a computer-controlled laser molecu-
lar-beam epitaxy (laser MBE)*!. To study the resisive
switching effect of LSMO, dlipse-like pillars with the active
area of 3’ 6m mm’ were created by a mirco-fabrication pat-
terning process. A top dectrode layer of Ta (300 nm) was
deposited to connect with LSMO for transport measure-
ments. Fig.1 (a) and (b) present the cross-sectional and pla-
nar schematic illustrations of the sample, respectively. The
structure isnamed as single layer pillar (SLP). The dectrical
trangport properties of the SLPs were measured using the
Physical Properties Measurement System (Modd PPMS-
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2 Reaultsand discusson

Asshown in Fig.2, theresgivity of the sampleis metallic
for Tea (125 K)<T<Tc (145 K), and it is in agreement with
that reported by Urushibard™®. The V- characteristics of the
SLPs were measured at 120 K under zero magnetic fidd.
Figs3 (a) and (b) present the V-I curve and the resstance
(R=V/I) as a function of applied current for a 60 nm-thick
SLP, respectively, and the dosed loops are obtained sym-
metrically. At the forward threshold currents, 14,;=0.0036 pA
and 11,=0.092 pA, the voltages drop abruptly, and the SLP
shows switching in resgtance to metastable low-resigtive
states. The SLP remains at the low-resistance statestill Vin-
creases sharply at currents Iy ¢and ly¢ In the reverse scan,
the resistance shows hysteretic behavior and then returns to
the original value before switching. In addition, the ress-
tance drop occurs only when the current is increased, which
was al so observed in our previous work!*,

Similar results are obtained if a current was applied to the
SLPs with different thickness. It is noted that four closed
switching loops appear in the V-1 curves, and two threshold
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Fig.1l Cross sectiond () and planar (b) views of the measuring
circuit configuration. d denotes the thickness of SLP
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Fig.2 Temperature dependence of the resistance of an SLP
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Fig.3 V-I characterigtic (8) and the corresponding R-I curves (b) of
a60 nmthick SLP at 120 K. Theinsetsin (&) and (b) show
the dose view at low current. Iy,s and Iy, ’s denote the thresh-
old currents at the switchings, Rys and Rys the resistances
before and after the switching IS

currents Iy and Iy Set in when the forward bias current
sweep across the SLP, which is very different from the re-
sitance drop a only a threshold bias reported by other
groups™. Such switching behavior cannot be smply as-
cribed to the percolation conduction alone.

Fig.4 shows the DR/R value and the threshold current Iy, as
a function of the thickness (d) of the SLP. Here, DRIR=(R
—Ra)/Ry+, Ry, and Ry denote the resistances before and after
the switching at Iy, (see Fig.3(b)). We naote that both DR'R and
It Srongly depend on the SLP thickness. With the increase of
d from 15 to 180 nm, the Iy, decreases from 0.02to 0.002 A,
aswel asthe Iy, from 0.3 to 0.016 pA. Asfor thefirst switch
at the lyq, DR/R increases from 30% to 2300% and from 10%
to 2000% for the second one & the lyp.

On the bass of the experimental observation mentioned
above, there are several possible consequences for the
switching effect. The first one is the contacting effect be-
tween common meta Ta and LSMO. An experiment just
without the LSMO pillar (d=0) was carried out, and no
switching effect was found in the V-l characteridtics, sug-
gedting that the additional contact resistances existing be-
tween the Ta and the LSMO layer make a negligible contri-
bution to the switching behavior. In addition, this experi-
ment aso remove the possible contribution of the bottom
electrode LSMO to the switching effect because the current
dendity of bottom dectrode is sufficiently low and the mag-
netization reversal driven by spin-polarized current is diffi-
cult™. However, when a SLP mentioned above is intro-
duced, the spin-momentum transfer could be observed. In
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particular, when we choose other metals as the top dectrode
layerd™®"l the same switching effect occurs. These facts
suggest that the present behavior isasareault of theintrinsgc
factor of LSMO.

To provide ingght into the nature of this phenomenon, we
aso measured the V- characteristics of Lag7SrsMnO; SLP,
and no switching was observed. Thus, asmplified modd is
proposed according to the CAF ordering of LSMO at low
temperaturd®*¥, Fig.5 illustrates schematically the origin of
this switching behavior. As shown in Fig.5 (a), the magnetic
order is homogeneous before switching. A denotes the CAF
states in the bottom dectrode below the dashed line, which
can be as a static region'™®. B denotes the free CAF states,
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Fig.4 DR/R value (@) and the threshold current Iy, (b) as a function
of the SLP thicknessd
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Fig.5 Cross sectional schematic illustration of the model related to
the switching behavior for () I<lyg; (B) lpi<I<l’y1; (C)
I'mi<l<lgo. Aisthe “static” CAF gtate of the bottom el ectrode.
B, C and D denote the “free” magnetic states a I<ly,,
li<I<l 'y and |'pi<I<lyp, respectively. The arcate dashed
line marks the boundary between the free and static regions

which are mainly in the SLP and some in the bottom dec-
trode above the dashed line due to the exchange coupling. It
is reasonable that the dtate A remains fixed on the sin-
momentum transfer process, whereas the ate B is sendtive
to the spin-polarized current™. A ferromagnetic state C
may be eadly obtained by the current injection due to the
spin-momentum transfer from spin-polarized carriers to a
ferromagnetic SLP between the dectrodes (Fig.5(b)) @
and then enhances the transfer of spin-polarized dectrons
resulting in a low resgive state when the applied current
exceeds |y (seetheinset of Fig.3(b)). It may be easy for an-
other spin-canted date D different from A in the SLP to ar-
rive a |y, after the firg metastable state (Fig.5(c)) because
the canted feature is intrinsic in LSMO*2* corresponding
to the higher resdive gate. With the increase of the bias
current, the second switching at Iy, appears again owing to
the emergence of the gate C. This rough sketch suggests a
process of B~C—D—C—B under forward bias currentsin
the SLP.

From the analysis mentioned above, it is the spin-mo-
mentum transfer that is responsible for the switching effect,
athough the current densities in the SLPs are about one or-
der of magnitude lower than those in Ref.[18]. Currently, it
is not clear why no switching to low resgtive states is ob-
served above | ’y,. The reason may be that a local magnetic
fidd induced by very large currents strengthened the ex-
change coupling between the free and satic regions™,
leading to the difficult transfer of the Sates.

3 Concluson

In summary, the V-l characterigtics was sudied in pillars
of singlelayer LSMO thin films on STO substrates. It is
demongtrated that the V-1 curves at 120 K showed hysteresis
with several threshold currents corresponding to the switch-
ing in resgance to meastable low-resgance dates. A
mechanism, based on the low-temperature CAF Sate, was
proposed. The suggested modd is fairly smplified, and fur-
ther studies on the real origin of multithreshold bias currents
are highly expected.
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