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Current effect on the transport property of the k& a 3dMnO; film has been studied as a function

of temperature and magnetic field. The two-lead resistance of the sample shows a strongly
asymmetric behavior with respect to current direction after a treatment under a current of the density
of ~1.6X 10° A/cm?, and the resistance is much lower in forward direction, the direction of the
processing current, than in backward direction. A definite change in current—voltage slope at small
but finite forward voltages is observed when alternating the electric field from backward to forward,
which is indicative of the presence of two different resistive states corresponding to the two current
directions and an energy barrier between these states. The magnetoresistance effect of the two
resistive states is significantly different, and it is much stronger for the backward current than for the
forward one. This has been proved a combined effect of the inclining of the current—voltage slope
and the depression of intermediate energy barrier under magnetic field. The present work suggests
a possibility to get a different magnetoresistance via interfacial engineerir@pG® American
Institute of Physic§ DOI: 10.1063/1.1944894

Effect of electric field on the transport behavior of man-temperature, current and magnetic field for the typical man-
ganites has attracted wide attention in recent years due to itmnite Lg /& 3dMNO; (LCMO) to get a thorough under-
rich physics and great potential in developing electronicstanding of the current effect.
devices.™® It was found that the resistance of manganites A LCMO film of the thickness of~120 nm was grown
could experience a great reduction when electric field exen the (001 SrTiO; substrate by the pulsed laser ablation
ceeded a critical value, and a significantly nonlinear currenttechnique. The temperature of the substrate was kept at
voltage relation is resultetf This effect is especially strong 720 °C and the oxygen pressure~aB0 Pa during the depo-
in phase-separated manganites, for which competitive ansition. X-ray diffraction analysis shows that the film is single
energetically degenerated electronic states coexist and smalhase and epitaxially grown. The film was patterned by the
external stimulus can result in dramatic electroresistanceonventional lithographic method into a thin line of the
(ER).> A generally accepted explanation to the ER effect iswidth of 0.2 mm, and two rectangular silver pads were sub-
based on the assumption of the formation of filamentary consequently deposited on it to get a good electric contact.
ducting paths in manganites due to the melting of chargeThe Ag-LCMO interface is 0.X2 mn? in size for each
ordered phase under electric field? electrode.

A recent research revealed the presence of an interesting Resistance of the sample was measured as a function of
feature of the ER effect in manganite-based devices. It wagemperature, and a typical transport behavior of bulk LCMO
found by Liu et al” that the two-lead resistance of a was observed with the metal-to-insulator transitidiT)
PryCa MnO; layer sandwiched by a Ag top electrode and occurring at~235 K. To perform current processing, the
a YBaCusO; bottom electrode can be modified drastically sample was first cooled down 6 K without current, subse-
by electric pulses, and the resulting ER effect is stronglyquently warmed up to room temperature with a constant cur-
pulse direction dependent: The forward electric pulse derent between 10 and 40 mA being applied. This process pro-
presses while the backward one enhances the resistance. Ejced a strong effect on the resistive property of the sample
planations to these observations are still in dispute. Liu an%articularly when the applied current exceeded 30 mA. In
co-authors postulated the presence of conducting clusters tgjs |etter, we will focus our attention on the sample treated
Pro Cay MOz even at room temperature and the directionalhy 3 current of 40 mAcurrent density~1.6x 10° A/cm?).
arrangement of these clusters under electric fie@h the One of the most striking observations of the present
Contrary, Baikalowet al. believed that these behaviors Cannotwork is the anisotropic resistive behavior produced by cur-
be simply ascribed to manganites alone, and proposed a@nt processing’ The resistance of the sample to the electric
electric pulse-induced oscillation of the contacting resistanceyrrent of different direction is different, and it is much
between a low and a high valués. _ _ lower when the current is applied in the same direction as the

We noted that most of the previous studies were perprocessing currertcalled hereafter as forward currgrfig-
formed at room temperature without magnetic field. Considye 1 exemplifies the temperature dependence of the resis-
ering the fact that a distinctive property of the manganites i§ances recorded under the measuring currert@6 and 0.5
the strong magnetic-resistive interplay, in this letter we will A, respectively. It shows that the resistive discrepancy ap-
present a systematic investigation on the combined effects (Hears at~150 K and develops with the increase of tempera-
ture until T=235 K, where the maximum resistance differ-
¥E|ectronic mail: jrsun@g203.iphy.ac.cn ence occurs. The backward resistance can-Betimes as
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FIG. 1. Temperature-dependent resistance of current-processed LCMO film g
measured under the applied current-00.5 and 0.5 mA. Results without 8 -804
current processing are also presented for compafisiack symbols Inset [
is a plot showing the current dependence of the resistance at a fixed tem- & -160+
perature 232 K. ﬁ 3
£ -2404
g’
large as the forward one. The resistive data collected at a S -320- 1=0.2mA
fixed temperature but different currents clearly demonstrate \"“e\___‘ {1
the current effect. As shown by the inset of Fig. 1, the resis- -400 : -

tance undergoes a sharp drop with the increase of the for- 1 0 ! Magn:ﬁc ﬁeldi’T) 4 5
ward current, whereas a rather slow decay with opposite cur-

rent. The resistance is23 300(2 for 1=0 and~3000() for FIG. 3. Magnetoresistance as a function of temperattop panel and
=5 mA, giving rise to an ER1-p(0)/p(1)] of ~680%.  magnetic field(bottom panel Inset plot in the bottom panel shows the
Despite of the great resistance variance, fascinatingly, theesistance corresponding te—0.2 and 0.2 mA. Solid lines are guides for
MIT takes place at an essentially the same temperature 3P &

different currents.

To get a further knowledge about current effect, we meay, jsjple kink in thel-V curve, which is a sign of two resis-

sured the current-voltage-V) relation of the sample in the e stateqinset in Fig. 2. It is interesting that the magnetic

presence of a magnetic field between 0 and 4.5 T, and the,y effect is different for these two states. As shown in
typical results are presented in Fig. 2. As expected, the |- ig. 3, the MR, defined as the relative variation of 1h¥

curve shows a strong anisotropy with respect to the directioq L E Al ; :
) SR pe under magnetic fieldl—p(0)/p(H)], is considerably
of current. Thei-V dependence deviates significantly from a,, oo for hackward current than for forward current. Further-

linear relation in the forward direction due to the rapid in- more, the MR maximum occurs at two very different tem-
crease of current with voltage, while keeps practically linear,

in opposite direction. This feature is visible in all of the/ peratures of-210 and~232 K in the two directions. The

: . : former is obviously lower than whereas the latter coincides
curves obtained at different temperatures, either below or y

i o pretty well with the MIT temperature of LCMO. This is a
abqve _the MIT of th? L?'V'O film, and magnetic fleld_s. Mag feature in sharp contrast to that of the ordinary manganites,
netic field affects significantly the 1-V slope, leading to a X :

i ) . for which the MR maximum locates near the MIT tempera-
colossal magnetoresistan¢®IR). A close view of Fig. 2

) ture, and indicates a completely different mechanism for the
reveals the presence of two differdaV/ slopes separated by backward MR. The maximum MR difference appears at

~200 K and a simple calculation shows that the MR is
~=280% and~-100% under a field of 4.5 T when alternat-

ing current direction. The MR difference reduces and, finally,
vanishes as the temperature approaches 320 K, though the
giant gap remains in the resistance of different direction
(inset in Fig. 3.

There are two apparent possible consequences for cur-
rent processing. The first one is the variation of the resistance
of LCMO and the second one is the depravation of the Ag-
LCMO contacting that contributes an ohmic resistance. It has
been argued that filamentary conducting paths could be
formed in the film under the impulsion of strong electric
" 24 16 -8 8 16 pulses. In that case, a resistance drop and a transport behav-

Voltage (V) ior independent of current-direction were resuftédrhis is
obviously not the only process in our sample. The contacting

FIG. 2. Selected current—voltage characteristics of LCMO measured at 23¢asistance may not be a determinative reason either for the
K under the magnetic fields of 0 and 4.5 T. Data for 0 are plotted as a

thick line for clarity. Inset plot demonstrates the presence of critical voltageénCrease of the backward resistance noting that the r_eS|st|ve
for the current-driven resistive transition and the magnetically tenable fea€Nhancement was also observed even when four-point tech-

ture of thel-V curves. nique was used for the study of the transport propefthe
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strongly asymmetric resistive behavior of LCMO reminds us 0.9
of p-n or Schottky junctions. A careful analysis shows that
the change of thé-V slope takes place only above a critical
voltage(V,) (inset in Fig. 2. This suggests the presence of
an energy barrier between the high and low resistive states.
The great increase of the resistance of the Ag-LCMO system
also proposes the occurrence of interfacial energy barriers. A
simple calculation shows that the resistance peak285 K,
measured under the applied_ current @i, increases by-2 50 100 150 200 250 300
times after current processir(g-23 300() vs ~8400() as Temperature (K)
shown in Fig. 1. The resistance enhancement could not be

0.84

0.7+

Critical voltage (V)

ascribed to LCMO alone. The unchanged MIT temperature 1o
implies that the effect of current processing on LCMO may S 0. |
not be as strong as believed. In fact, it is possible for the o
Schottky barrier to be formed at the Ag-LCMO interface due g 232K
to, for example, the electrochemical reaction resulted by cur- ‘_9“ 0.8
o
5

rent processing. The Schottky barriers could be different at :
the two Ag-LCMO interfaces because of the different direc- 0.7 1}\0\&\0
tions of the electric field, which explains the asymmetry of , -

the -V relations. These analyses mean that the backward 0 1 2 3 4 5

resistance could be jointly determined by the interfacial en- Magnetic field (T)

ergy b_amers and the ITCMO film, and the former may beFIG. 4. Variation of the critical voltage for the current-driven resistive tran-

more important regarding the much large resistance COMiion as functions of temperatufeop panel and magnetic fieldbottom

pared with the original LCMO filmFig. 1). The VT rela-  pane). Solid lines are guides for the eye.

tion is further studied, and it indeed reproduces the main
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