Colossal electroresistance in Smg 55Srg.45Mn0O3

Rajneesh Mohan®P*, Naresh Kumar?, Bharat Singh?, N.K. Gaur?,
Shovit Bhattacharya®¢, S. Rayaprold, A. Dogra¢, S.K. Gupta¢, S.J. KimP, RK. Singhf

2 Department of Physics, Barkatullah University, Bhopal 462026, India

b Department of Mechatronics Engineering, Jeju National University, Jeju 690756, South Korea

¢ TPPED, Bhabha Atomic Research Centre(BARC), Mumbai 400085, India

4 UGC-DAE Consortium for Scientific Research, BARC Campus, Mumbai 400085, India
¢ National Physical Laboratory, New Delhi 110012, India

f School of Physics, ITM University, Gurgaon 122017, India

ABSTRACT

We report a colossal resistance drop around insulator-metal transition temperature (Tyy) in
Smy55Sr0.45Mn0O3 induced by direct current. Polycrystalline samples of Smgs5Srg45Mn0O3 were synthe-
sized through solid state reaction method. They have been investigated by X-ray diffraction for phase
evaluation, scanning electron microscopy for grain morphology and dc resistivity measurement tech-
niques for resistivity-temperature behavior. The resistivity-temperature behavior has been measured
with different biasing currents (1 mA, 2.5 mA, 5mA, 10 mA and 50 mA). With increasing biasing current,
the resistivity of the samples decreased drastically. The change in the resistivity of the samples for bias
currents 1mA and 50 mA at Ty was found to be ~2560%. This phenomenon of electroresistance is dis-
cussed in view of strong interaction between carrier spins and localized spins in Mn ions and percolative
mechanism of phase-separation.

1. Introduction

The hole doped rare-earth perovskite manganites,
RE{_xAExMnOs3 (RE denotes rare-earth element and AE denotes
alkaline-earth element), have fascinated materials scientists all
over the world for one and half decades due to their interesting
properties like colossal magnetoresistance (CMR), charge ordering
and electronic phase separation [1-3]. The electronic and magnetic
states of these manganites can be tuned by chemical composition,
strength of magnetic field, strength of electric field, temperature
and pressure. They offer great opportunities for new electronic
devices, e.g., in magneto-electronics and nonvolatile electronic
data storage [4]. Besides the hole doping level x, the disorder due
to the ionic size mismatch of RE and AE is also an important factor
to control the electronic phase of the doped manganites [5].

Physical and electronic properties of manganites depend upon
the delicate balance of various electronic and magnetic interac-
tions and can be tuned by external disturbance (like magnetic field,

electric field, optical radiation, etc.) due to the breaking of the sub-
tle balance between these interactions in these materials. It has
been shown that electric current and/or electric field has a strong
influence on electrical properties of manganites. The electric cur-
rent can drastically change the resistance of the manganites. This
change in electrical resistance induced by electric current/electric
field is known as electroresistance (ER). In most of the previous
work ER was observed in thin films and single crystal mangan-
ites with a charge ordered insulating (COI) state [6-11]. Only a few
studies were reported on the electroresistance in polycrystalline
manganites [ 12-15]. The application of the electric current leads to
a collapse of the charge-ordering and there is an insulator-metal
transition (melting) of the COl state to a ferromagnetic metal (FMM)
state. A recent work [14] indicates that CER is not only related to
the chemical constituent and oxygen-deficiency, but also strongly
dependent on the microstructure of materials.

Among the manganite compounds Smy_,SrxMnOs reveals fasci-
nating properties especially in the region 0.4 < x < 0.5. Owing to the
large mismatch in the ionic radii of Sm3* (1.13 A) and Sr2* (1.31A),
it shows distinct the electronic, phonon and magnetic properties
as compared to other manganites, with similar hole doping con-
centration [16-23]. This large mismatch in the ionic radii of Sm3*
and Sr2* gives rise to A-site disorder in the Sm;_,SryMnOj3 system.
This disorder can be evaluated using the variance o in ionic radii of
RE/AE mixed A-sites as 02 = > x;r? — r2, where x;, rj, and r4 are the



fractional occupancies, ionic radii of respective A-site cation, and
the averaged ionic radius, respectively [5]. It is found to be
7.8 x 10-3 A & for coposition Smg 5551y 45Mn0Os. The significant role
of disorder has been pointed out in conjunction with the nature
of the Charge Ordered/Orbital Ordered structure and magnetic
structure [24]. A large disorder decreases the electronic correla-
tion length and induces the spatial phase fluctuation and hence
the short-range CO/00 and phase separation. Such a short-range
structure or phase separation would play an important role in the
physical properties [25,26]. This disorder is responsible for the
variety of exotic properties observed in Sm;_,SryMnQO3 system.
The composition with x=0.45 shows a sharp change in electrical
resistivity, coefficient of volume expansion and volume magne-
tostriction near Curie temperature [16-22].

In this paper, we report a large resistance drop induced by direct
current in a polycrystalline sample of Smg 55Srg 45MnQO3 around the
temperature of the metal-insulator transition, Ty.

2. Experimental details

The stoichiometric Smgs5Srg45MnO3 was prepared from
Sm;,03, SrCO3 and MnO, using solid state reaction method. The
expected chemical reaction is as:

0.275(Smy03) + 0.45(SrCO3) + MnO; — Sm04555r0,45Mn03+5
+ 0.45(CO,)

Calcinations were done at 950°C for 24 h. Calcinated powders
were thoroughly grinded and compacted into circular pellets. The
pellets were sintered at 1200 C and 1300°C for 24 h each with
intermediate grindings to ensure that chemical reaction goes to
completion and that the material product contains only the desired
homogeneous single phase. The sample was characterized by pow-
der X-ray diffraction (using Cu Ka radiation) technique (Table Top
Mini Flex Rigaku diffractometer) for phase formation and sample
purity. The microstructural analysis was carried out on a scan-
ning electron microscope (SEM) VEGA MV2300T/40 (TS 5130 MM,
TESCAN). Resistivity measurements were performed on a rectan-
gular piece (length xbreadth xthickness =7 mm x 3 mm x 1.5 mm)
of a pellet using a four-probe resistivity measurement setup. For
this purpose, a closed cycled helium cryostat (CTI cryogenics) along
with Tempeature controller (Lakeshore model-330),a constant cur-
rent source (Keithley model-220), a digital nanovoltmeter (Keithley
model-181) were used. A silicon diode sensor with sensitivity 1K
was used for temperature measurement. In order to reduce the
Joule heating, the resistivity measurement was done in pulse mode,
where the direct current was applied only for a few milliseconds
and voltage was measured at that instant.

3. Results

The XRD pattern of Smg 55Srg.45Mn0O3 sample was refined with
the Rietveld refinement method using the FullProf program [27]
within the orthorhombic Pnma space group. The refinement is
started with scale and background parameters followed by the unit
cell parameters. Then, the peak asymmetry and preferred orien-
tation corrections are applied. Finally, the positional parameters
and cation occupancy are refined, while keeping the Oxygen con-
tent fixed. Within the accuracy of the XRD, the composition was
found to be stoichiometric. All the reflection lines were success-
fully indexed according to an orthorhombic perovskite structure
with Pnma space group. The rietveld plot depicted in Fig. 1, shows
the good quality of the fit. Detailed results of the rietveld refine-
ment are summarized in Table 1. The disorder parameter, o2,
for Smgs5Srg45MnO3 is 7.8 x 10~3 A2 which is larger than that
of La-, Pr- and Nd-based manganites of similar composition. This
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Fig. 1. Refined XRD pattern of Smgs5Sro45sMnO3. The measured data (red circles)
is shown together with the calculated pattern (black curve) and their difference
pattern (blue line below). The green tick marks show the 26 positions for the Bragg
peaks. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of the article.)

disordering in the cation size strongly influences the degree of
electron-lattice coupling. Larger values of o2 lead to an increase
in the scatter in the electron hopping integral for neighboring Mn
sites. This favors the electron localization and the tendency toward
antiferromagnetism in the phase separated state. At fixed values
of the Mn valence and (r,), an increase in ¢ causes a weakening
of the FM and AFM interactions and destabilization of the charge
ordering.

A fractured surface was used to see the grain microstructure
within the pellets, which provides a better view of the grain devel-
opment and grain sizes than that of the morphologies of the top or
the bottom surface of the pellet. SEM fractography surface of the as-
prepared sample is shown in Fig. 2. From the image it is clear that
grains have a well defined spherical morphology and have sizes
of the order of 1 wm. These grains are homegeneously distributed
through out the bulk of the sample.

The temperature dependence of resistivity (o-T) of
Smg 55519 45 MnO3 under different dc bias is shown in Fig. 3. A sharp
peak in the p(T) data was observed, which corresponds to metal to
insulator (MI) transition and we denote this MI transition temper-
ature as Tyy. Fig. 3 clearly shows that the resistivity in the vicinity
of Ty decreases with increasing applied currents (I=1-50 mA).
For 50 mA current, the resistivity dropped drastically at Tyy. This
resistivity drop is over two orders of magnitude in comparison to
resistivity for 1 mA current. In literature the electroresistance (ER)
has been defined in two ways: absolute ER and relative ER. Absolute
ER can be calculated from current-voltage characteristic, while
the relative ER (%), is defined as 100 x [p11 — o121/ 12 [28], where
pnnand ppp are the resistivities of sample at different currents I1

Table 1
Lattice and structural parameters obtained from the Rietveld refinements at room
temperature. Standard deviations are shown in parentheses.

Space group Pnma
Average Mn-0 (A) 1.9516
Average (Mn-O-Mn) 156.98¢
a(A) 5.4181 (3)
b(A) 7.6493 (3)
c(A) 5.4431 (3)
ba 3.7
Bragg-R factor 114
Rf-factor 14.7
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Fig. 2. The SEM image of fractured surface of Smg55Srp45MnO3 sample.

and I2, respectively. Fig. 4 describes the temperature dependence
of relative electroresistance, ER (%) for 12 =2.5mA, 5 mA, 10 mA and
50 mA; and I1 =1 mA. ER is maximum at the Ty;. For 2.5 mA, 5 mA,
10mA and 50 mA, the ER is about 78%, 164%, 415% and 2560%,
respectively at Tyy. Although heating can have some influence on
the value of p at the highest bias current, the measurement is done
in pulse mode of few milliseconds, the sample could not be heated
much to affect its resistivity. Therefore, the simple Joule heating
cannot account for the observed giant ER, considering such a large
change in resistivity.

4. Discussion

Fig. 3 clearly shows that Ty remains unchanged with increasing
the electric current and the peakresistivity drops remarkably. Thus,
Joule heating is not responsible for such reduction. The reduction of
the peak resistivity caused by electric current may be understood
on the basis of the strong interaction between the carrier spins and
localized spins in Mn ions. The magnetic coupling between Mn ions
is produced by the eg electrons which prefer to hold their spin ori-
entation while hopping among Mn ions. Therefore, the strength of
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Fig. 3. Resistivity-temperature plot of Smgs5Srg45Mn0O3; sample with different
measurement applied current.
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Fig. 4. Temperature dependence of relative electroresistance (ER %) with different
measurement currents.

the magnetic coupling is proportional to the hopping rate of the
electrons in doped manganites [29]; based on such a picture, the
strong Hund’s rule coupling forces the spins of conduction elec-
trons to be parallel to a localized spin on the same site. If the
two localized spins on the nearest-neighbor sites are parallel, the
conduction electron could easily move to the neighboring site. Oth-
erwise, a higher energy is needed due to the Hund’s rule coupling.
When a current is applied, the conduction electrons are forced to
move forward whether or not their spin is parallel to neighbor-
ing localized spin. However, the spin exchange coupling conserves
the total spins, and the movement of the conduction electron will
produce a tendency to force the localized spins to be parallel. Order-
ing of localized spins may reduce the spin scattering of conduction
electrons. Thus, a direct consequence of the increase of applied cur-
rent is the ordering of localized spins, which may reduce the spin
scattering of conduction electrons [30].

The other possible explanation is based on percolative mech-
anism of the phase separation as composition Smg 55Srg45Mn0O3
is on the boundary between the Charge Ordered/Orbital Ordered
state and ferromagnetic metallic state [17,31]. In phase separated
Smyg 55519 45sMn0O3, the metallic ferromagnetic clusters are embed-
ded in aninsulating matrix. An applied electric current perturbs the
coexistence of different phases and sets up filamentary currents
across the insulating region, inducing the further polarization of
ferromagnetic regions and the reduction in resistivity.

Thus, the observation of giant ER in Smg 55Srg45Mn0O3 may be
ascribed to the aforementioned two aspects; one is the strong inter-
action between carrier spins and localized spins in Mn ions; other
is the percolative mechanism of phase separation.

Much of the previous work on ER has been reported for
thin films and single crystals of manganites, e.g., Lag7Cag3MnOs,
Lag7Cep3MnOs3 [32], Lage7S1033Mn03 [33,34], Ndge5Cag35Mn03
[35], LaggBag.1MnO3 [36], Ros7Cap33Mn03 [37], CaggCep.1MnO3
[10], as well as the bi-layered manganite La; 5Sr; gMn,07 [38]. ER
in manganites is generally attributed to a percolative phase separa-
tion (PS) [39]. ER% in these compounds is very less as compared to
the present work on polycrystalline Smq 55Srg 45MnO3 compound.
Further study is needed to study the exact mechanism of ER and its
practical application.

5. Conclusions

A large resistance drop induced by dc electrical currents in a
polycrystalline sample of Smg 55Srg45Mn0O3 was observed, around



the temperature of the insulator-metal transition, Ty;. For dc cur-
rent of 50 mA, there is a drop of about 2560% of resistance as
compared to one observed at 1mA direct current. The origin of
these phenomena is due to the strong interaction between carrier
spins and localized spins in Mn ions and the percolative mechanism
of phase separation. This work can be useful for the potential appli-
cations of the electroresistance (ER) such as nonvolatile memory
elements.
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