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Measurements of the dc transport properties and the low-frequency conductivity noise in films of
charge-ordered NdCa, sMnO3 grown on Si substrate reveal the existence of a threshold field in the
charge-ordered regime beyond which strong nonlinear conduction sets in along with a large broad
band conductivity noise. Threshold-dependent conduction disappearsT-a3¢q, the
charge-ordering temperature. This observation suggests that the charge-ordered state gets depinned
at the onset of the nonlinear conduction. 1®99 American Institute of Physics.
[S0003-695(99)05247-X

Rare-earth manganites with a general chemical formul&/e investigated this in films of the CO system
Re,_,Ae,MnO; (where Re is a trivalent rare earth and Ae is Ndy Ca& sMnO; by careful measurement of field dependent
a divalent alkaline earth catipshow a number of interesting dc transport at various temperatures and also followed it up
phenomena like colossal magnetoresistai@MR) and  with a measurement of electrical noiésltage fluctuation
charge ordering(CO).! These compounds belong to the as a function of applied dc bias. We made the following
ABO; type perovskite oxides where Re and Ae ions occupyimportant observationg1) There indeed exists a threshold
the A site and Mn occupies thi site. It has been known for field (Ey,) below the CO temperaturéco and forE>Ey, a
some time that these manganiteepending on the size of Strong nonlinear conduction sets {i2) E;, strongly depends
the averagé\-site cationic radiugr »)) can charge order, for onT andEx—0 asT—Tco; (3) For T<Tco, a large volt-
certain values ok. The nature of the CO state depends onage fluctuation (§V2)/V?) appears at the threshold field.
the value of(r,) and it is stabilized if the value ofr ) is ~ Both Ey, and (8V?)/V? reaches a maximum &af~90K
smaller. The CO transition is associated with a lattice distor{~0.4Tcq). (4) The spectral power distribution of the volt-
tion as well as orbital and spin ordering. age fluctuation is broad band and has nearfychiaracter.

Recent experiments have established that the CO state is N NdosCa sMnO;3, a system with relatively smaf »),
strongly destabilized by a number of different types of per-the CO transition takes place from a high temperature
turbations. An applied magnetic field of sufficient magnitudecharge-disordered insulating phase to a charge-ordered insu-
can lead to a collapse of the CO gapso, and melting of Iating phase(CQI). Charge or.dering in this system .has been
the CO staté= The CO phenomenon is stabilized by lattice studied by us in details preylous19/.PoncrystaII|ne films of
distortion. A perturbation to the distortion can also destabi/NtosCa.sMnO; (average thickness 1000 nm were depos-
lize the CO staté.Recently, it has been reported that appli- ited 0n S{100 single crystal substrates by nebulized spray
cation of an electric fiel@® optical radiatior, or x-ray ~ PYrolysis of organometallic compounds. The details of
radiatio melts the CO state in R§Ca, MnO,. It is not sample preparation and characterizatigmcluding x ray

same for all perturbations. teristics were measured by dc current biasing and the voltage
Electric field induced melting of the CO state leads to ab y 9 9
etween the voltage leads was measured by a nanovoltmeter.

strong nonlinear conduction as seen in the batkwell as in ; . . .
. . . . For measuring the electrical noise, the fluctuating component
films.” This raises a very important question whether there is

. ) . . : of the voltagesV was amplified by 5 10° times by a low
a threshold field a§somated with _the_ nonllnee_lr conductpn. I oise preamplifier. The output of the preamplifier was
a driven system pinned by a periodic potential there exists a

. . . ampled by an ADC card and the data were directly trans-
threshold force beyond which the system is depirihidhe ferred to the computer. The temperature was controlled to

system is charged and the driving force comes from an eIeQ/'vithin 10 MK for both measurements
tric field then this shows as a threshold field or bias for the 1.4 fiims have T co~250K as seén from the resistivity

onset of a nonlinear conduction. Existence of a thresholdyi, The resistivity was measured at a measuring current of
field would imply that the melting of the CO state by an 3 na \which is much lower than the current where nonlinear
applied electric field can actually be a depinning phenomeng,,nqyctivity sets in. The experiment was conducted down to
80 K where the sample resistance becomes more than 100
¥Electronic mail: aguha@physics.iisc.ernet.in MQ, the limit of our detection electronics.
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FIG. 1. -V curves at different temperatures, solid line shows the total
dashed and dashed—dotted lines show the compohgatsll, as obtained
from fit to data using Eq(1).

FIG. 2. Temperature variation ¢8) resistivity; (b) magnitude of threshold
voltage;(c) relative contributions of; andl,; and(d) noise magnitude at
the threshold voltage. The valueslgfandl, are obtained from Eql).

In Fig. 1, we show the typicdl-V curves at few char-
acteristic temperatures. At all the temperatyesept at 220
K) there is a clear signature of a threshold voltagg be-
yond which the current rises significantly signaling the onse ) , ;
of strong nonlinear conductiofiThe separation of electrodes N Fig- 2b). At T<Tco, the nonlinear component is orders
in our experiment is 2 mm, so th&,=5V,,V/icm.) |-V of magnitude larger than the normal conduction component

curves show two components of conduction: a normal com@nd they are comparable ds-Tco. The exponenn, is
ponent which exists at aV and a strongly nonlinear com- Strongly temperature dependent and from a vaxZeat 160
ponent starting av>V,,. We fit our |-V data using the K it reaches a value more than 5100 K. The exponent _
following empirical expression which allows us to separatez d0es not have much of a temperature dependence and is

out the two components, and|,: ~1.1-1.4 forT<180K.
In a pinned driven system one often sees the onset of

broad band noise as the system is depinned at the threshold
(1) voltage® We find that such is indeed the case in this system.
In Fig. 3 we show the magnitude of the voltage fluctuation

whereg,, a function of ¥—V,), is the component of cur- (AV?)/V2 as a function of the applied biag at T=100K

rent (I,) that has a threshold associated with it abg=0  @long with thel-V curve. The arrow indicate¥y,. It is
for V<Vy,. The componeny, is the normal conduction clear that the voltage fluctuation has a nonmonotonous de-

component of currentl§). C,, C,, n,, andn, are constants

The relative contributions df; andl, to the total current
(expressed as the ratig/1, evaluated at=1 uA) has been
pbtained from Eq(1) and has been plotted as a functionlof

I=11+1,=01(V=Vi) +92(V)=C1(V—Vyp) "1+ Co V"2,

for a given temperature. The data at all temperatures can be 6 s J10°
well fitted to Eq.(1) for T>90K as shown by the solid lines - T=100K /‘\ . 7

in Fig. 1. The dashed and dashed—dotted lines give the con- [ *' “. J ]
tributions of each of the terms. FAGr<90K certain addi- ~ Sr : ' ./ |
tional features show ugsee data at 81 Xin the |-V data s F . /] —

which give the impression that there may be multiple thresh- x4 - ! ". :' E 10°
olds. In Fig. Za) we have plotted the threshold voltagg as R ( ' ] %‘
a function of T as obtained from Eq.l). It can be seen that =~ 3L :' \ Io/ {4 £
Vi—0 asT—Tcg. Within the limitations of our detectabil- Z I K :BO 1 -
ity, we could see a finite nonzer®dy, up to T~170K 5 23_ ! J d1o
~0.7Tco. Beyond this temperature it is difficult to distin- 51 - i,’ .,." $
guish between the two conduction components. At voltages ~— [ S * ’
much below the threshold voltage theV can be fitted to a 1 ,g/' \. ]
linear equation. However, for<Vy, (but comparable t&,) [ o2 l (N .
the best fit obtained needs a nonlinear dependenc¥.on ()i SRS L DY |
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Equation (1) therefore is valid for a rang®&>0.1Vy,. It
Volt (mV)

must be pointed out that the normal componienalso has a
small nonlinearity sinc@,~1.1-1.4. This is much less NoNn- £ 3. The noise magnitude aneV characteristics at 100 K. The arrow

linear than thd ; component seen abowg,,. indicates the threshold voltage.
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101 ¢ that the CO is associated with formation of stable pairs of
E T =100K Vi =76.5mV Mn®* Qg stripes. The MA"Og octahedra in the stripes are
el Ve, strongly distorted by the Jahn—TellgIT) distortion!? It is
é . possible that the stability of the CO system depends on the
af ,9'54— I, *e 770mV stability of the stripes which can be pinned. The strong JT
10 E A 404mV i, \‘ distorted pairs of the Mt Og octahedra can act as periodic
°'> i . N ?\ pinning sites due to local strain field. From our data Tor
\> 10 3 “‘n N <90K, it seems there are changes occurring below 90 K.
E -"'an---.“\. S, We are not céjlgar abc;ut tf&e r::hanges. We onlybrjlpte that'in
-15 [ g = magnetic studies we found that strong irreversibility sets in
Y P 1363 mv "u “* below 80 K°
1016 - "I.q. To conclude, the present study demonstrates that there is
3 a threshold field associated with the onset of nonlinear con-
i duction in the CO system along with the existence of a broad

—— il band noise. The observation is taken as evidence of depin-
10 10 f (Hz) 10 10 ning of the CO state as the origin of nonlinear conduction in

these solids.
FIG. 4. Frequency spectrum of the noise at 100 K for different bias values.
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tion has been seen at all<0.7To where we can detect tfic. Singr?POfe, 1998 ) _ _ . )
measurablé/y,. The peak values of the fluctuation measured g.CigrL]:Zve;gre;ﬁ\l(.(ngoggo 3, A. Asamitsu, Y. Moritomo, and Y. Tokura,
at differentT are shown in Fig. @). The fluctuation-0 as  3a Biswas, A. Arulraj, A. K. Raychaudhuri, and C. N. R. Ré&anpub-
T—Tcoand has a peak at 90 K wheFg, also shows a peak. 4Iisheo). . _ _

Frequency dependencies of the spectral poﬁqﬁ(rf) A. Arulraj, A. Biswas, A. K. Raychaudhuri, C. N. R. Rao, P. M. Wood-
measured at 100 K with biase\$<vth V=V, and V ward, T. Vogt, D. E. Cox, and A. K. Cheetham, Phys. Re\6 BR8115

L ' ' (1998.

>Vy, are shown in Fig. 4. We have plotted the datafas 5a. Asamitsu, Y. Tomioka, H. Kuwahara, and Y. Tokura, Nat(irendon
Sy/V? vsft. For a pure 1/ noise S, 1/f ), this should be a 6388& 50(1997). '
straight line parallel to thd axis. It can be seen that the \L’ét';"°7”4”a2'82?'1%rgés- Parashar, A. R. Raju, and C. N. R. Rao, Appl. Phys.
prgdommant contribution tq noise had bharacter and the 7, Ogawa, W. Wei, K. Miyano, Y. Tomiyoka, and Y. Tokura, Phys. Rev.
noise becomes moreflat higher voltages. B 57, R15033(1999; M. Fiebig, K. Miyano, Y. Tomiyoka, and Y.

The onset of strong nonlinear conduction at a threshold, Tokura, Scienc@8Q 1925(1998. . o .
voltage and the accompanied broad band noise has been see\i;]g'{(yﬁg;’;’rf'N‘;‘jf‘él_*gnzés"3'3’82' 8';2’(713%7?- Vigliante, Y. Tomioka,
in so!ids like NbSe, TaS which show dgpinning of charge s Gruner, Rev. Mod. Phy$0, 1129(1988.
density waves(CDW) by a threshold field. Though the  1°R. Mahendiran, R. Mahesh, R. Gundakaram, A. K. Raychaudhuri, and C.
physics of CDW and CO states are entirely different, the N. R. Rao, J. Phys.: Condens. Mat&@rL455 (1996; T. Vogt, A. K.
underlying phenomenological description of depinning can gggeg‘ﬁ)’/‘l iéyagj”‘jgggéﬁgggayma”dh“”' R. Mahesh, and C. N. R.
be similar. Electron diffractionED) and electron micros- ug, Mori, C. H. Chen, and S. W. Cheong, Natuieondon) 392, 473
copy studies on a CO system (J4£& sMnO;) have shown (1998.

Downloaded 12 Apr 2011 to 203.90.91.225. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



