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We have studied low-frequency resistance fluctuationsse in a single crystal of the rare-earth perovskite
manganite RyegLa 3Mn0O;, which shows a charge-ordering transition at a temperafiggg~245 K. The
measurements were made across the charge-ordering transition covering the temperature rang& 200 K
<330 K and frequency range 18 Hz<f<10 Hz. The noise measurements were made using an ac bias with
and without a dc bias current imposed on it. We find that the spectral @€y contains two components—
one broad band 1/part that exists for all frequency and temperature ranges and a single-frequency Lorentzian
of frequencyf, which is strongly temperature dependent. The Lorentzig&y (i) that appears due to random
telegraphic noiséRTN) as seen in the time series of the fluctuation is seen in a very narrow temperature
window aroundT -5 where it makes the dominating contribution to the fluctuation. When the applied dc bias
is increased beyond a certain threshold current dedsgjtythe electrical conduction becomes nonlinear and
one sees the appearance of a significant Lorentzian contribution in the spectral power due to RTN. We explain
the appearance of the RTN as due to coexisting charge-ord€@dand reverse orbitally orderedROO)
phases. These phases are in dynamical equilibrium over a mesoscopic length=s8@lan{), the kinetics
being controlled by an activation barrieg~0.45 eV. The destabilization of the CO phase to the ROO phase
causes nonlinear conductivity as well as the appearance of a RTN-type fluctuation when the bias current
exceeds a threshold. Thef Inoise is low forT>T g but increases by nearly two orders in a narrow tempera-
ture range ag o is approached from above and the probability distribution functRIDF) deviates strongly
from a Gaussian dependence. We explain this behavior as due to approach of charge localization with corre-
lated fluctuators which make the PDF non-Gaussian.

I. INTRODUCTION coexisting phases in certain temperature ranges in these ma-
terials. This is generally termgohase separatioiPS. The
Transport and thermodynamic properties of colossal magPS phenomenon seems to be a rather common phenomenon
netoresistive rare-earth manganese oxid&BD; structure 1N Manganites with narrow band W'q{h-T he published re-
have attracted considerable current interest. Depending dPPTtS S€em to point to the fact that it can occur over exten-
the composition (Mf"/Mn3*), averageA-site cationic ra- SIV€ length scales ranging from few nm gon and presum-

: — ly the microscopic and mesoscopic phase separations have
dius, temperature, and magnetic field, the ground state can ﬁ"P : —15 .
general be a ferromagnetic met&MM), charge-ordered in- different mechanism¥*° Although PS has been seen in a

. , o number of systems using both microscopic as well as bulk
sulator (COI), charge-disordered antiferromagnetic insulator . . : R
g 1-3 techniques, it has not yet been established if it is of elec-
(AFI), and even ferromagnetic insulat@fl).”~ In the com-

e ) tronic origin or if it arises from random lattice strains or
3+ ~ _ .
position range where the MA/Mn®" ratio ~0.25-0.5, the jiqorgertd may also be noted that often the samples used
ground state is typically FMM or COI. In systems such as

¢ b ~'' % are of rather poor qualityas shown by the absence of sharp
Ndy sS10.sMNOs there is a transition from a paramagnetic in- yransitiong and for such cases structural disorder-driven PS
sulating phaséPl) to a FMM phase that becomes unstable atcannot be ruled out. In some of these systems showing PS,
low temperatures and undergoes a transition towards the CQ@here is proximity to a first-order transition.

phase. In some narrower band systems such as Noise spectroscopy has been used in the past to study the
Pr,_4CaMnO; (x=0.3-0.5), the transition can be from a dynamics of phase separatitht’ This is a sensitive tech-
charge-disordered Pl phase to a COIl phase. The COI phasggue and can give useful information on low-frequency
so formed can be unstable against a number of perturbatioriiictuations. In this paper we present a detailed investigation
such as magnetic field, current, and charge injectidhe  of low-frequency <10 Hz) noise spectroscopy of the CO
destabilization of the COlI state leads to the FMM phase. Thaystem Py ¢{Ca; 3MnO3, which shows a rather well-defined
COl phase in some narrow band systems such asansition atT-o=245 K. The principal motivations for the
(Ndg od-8909 Cap sMNO;  or  (Lagig—Pr)CagMnO; (X present investigation are the following:

~0.35) can be unstable at low temperatures and on cooling (1) Extend the noise spectroscopy measurements down to
to T=100-150 K gives rise to the FMM phase. The brief lower frequencies in the 1§ Hz range. This is in order to
discussion above shows that in these manganites there agkearly separate out the broadband tbmponent and any
phases with different spin, charge, and orbital orders thaharrow bandLorentzian typg&component in the power spec-
have almost similar energiés? Existence of multitudes of tra. Most earlier experiments were carried out fébr
phases of similar energies has given rise to the possibility of>0.1 Hz.



(2) Doing the experiment nedr.g offers certain interest-

ing possibilities. In some CO systems the transition is known 10001 %zzz
to be first order and there is a clear possibility of coexisting gm :
phases afl ~ T, particularly in the presence of disorder 1004 ;élou /‘L
and/or random spins. ) & 0 2

(3) Most of the past investigations of PS using noise spec- é 104 S0 100 150 200 2 300
troscopy were done in colossal magnetoresisti@MR) = T®
compoundsi.e., compounds which show a colossal decrease 11
in the resistivity upon application of a magnetic fieldhere %
the coexisting phases are @r COIl) and FMM or AFI and 0.1] \

FMM. 1819 |n this experiment the measurements are made o0 s T80 T 2t 35 2% 55 300
near the CO transition where the coexisting phases are Pl and T (K)
COlI or ROO phases that occur beldwg.

(4) Application of a dc bias current beyond a certain  FIG. 1. The charge-ordering transition in oRiCa 3 MnO;
threshold leads to nonlinear conductiit§f This arises due showing the temperature dependence of the resistivity and specific
to the destabilization of the CO state. This is yet another wayeat.
of creating coexisting phases. Destabilization of the CO state
can also be created by a magnetic field. However, in thisneasures the noise in order to obtain the relative fluctuation
experiment we limited ourselves to current-induced destabiS, /V2. If the bias for nonlinear conductivity and noise mea-
lization. There has been a preliminary report of enhancedurements are the sanf,/V? becomes a rather ill-defined
conductivity noise in the regime of nonlinear conduction byquantity. In our setugdescribed beloyone can obtain non-
our group in films of the CO system NgCa, sMnO;.2" The  linear conductivity and yet retain a well-defined meaning for
present studies are more detailed and are done on a mogg/V2.
well-defined system with a distinct signature of charge order- Our investigations show the important result that while
ing in the resistivity p) versusT curve. there is broad X/component of noise that exists at all tem-

We are using a single crystal of J2eCa 3MNnO;3 system  peratures, there is an additional low-frequency component
for our investigations. Rt ,CaMnO; shows a charge order- that becomes very large close 1¢. This low-frequency
ing transition for 0.5<x<0.3. However, the stability of the component contributes a Lorentzian of corner frequeficy
CO state decreases asmoves away from half filling X  to the power spectra. This is associated with appearance of
=0.5). We have the following reasons for choosing theRTN in the time domainf is a nontrivial function of the
Pry sCa 3MNO; system: temperature and shows a sharp change mggr Such low-

(1) The Ppea 3 MNO; system has been extensively frequency noise components riding on thé §pectrum also
studied by u¥as well as by other investigators and most ofappear when a dc bias is applied above a threshold current
the characteristics of the CO state are known. This is a padensityJ;,. At J~J,, there is onset of nonlinear conductivity
ticularly interesting system because both the trivalent Pr anéh the system.
divalent Ca ions that occupy thfesite have almost the same  We also find that a§ — Tq from above, in the COI state
ionic radii thus reducing effects of disorder. there is a rapid rise in the magnitude of thé éémponent of

(2) The single crystal used in this experiment has a parthe noise whose magnitude beldw, remains more or less
ticularly sharp transition alco and has been used for spe- T independent at least down ®/Tco~0.8. In the region
cific heat experiments by us, and the transition has beeblose to but above the transition where thé Adise steeply
shown to be first order where a substantial part of the entropyises asT is lowered, we find that the probability distribution

of transition appears as latent héat. function (PDP changes from a Gaussian to non-Gaussian
(3) Previous transport studies carried out on this systengependence.
have shown that at the onset of nonlinear conductivity ferro-

magnetic filaments appear in the bulk of the séfidhus Il EXPERIMENTAL TECHNIQUES
there is a clear indication of PS setting in on biasing with a o _
moderate current. In the case of,RCa 3 MnO; there have The single crystal used in this experiment has been grown

also been reports of the coexistence of ferromagnetic anby a floating zone technique. Thevs T curve is shown in

antiferromagnetic fluctuations beloVio. Such fluctuations Fig. 1. The charge-ordering temperatufgo=245 K. As

can also lead to PS. stated before the crystal has a first-order-like phase transition
As stated before, in our experiment we studied the conas seen in the plot of the specific heéfig. 1 insel.

ductivity fluctuations in the presence of an applied dc bias The setup used for noise measurements is shown in Fig. 2.

current. Experimentally, we implemented a different featureWe have used a five-probe ac arrangement for the measure-

in order to study noise spectroscopy with an applied dc biagnent of noise using either a transformer preamplifier or a

We have used a setup in which noise can be measured withlew-noise transformer depending on the value of the sample

fixed amplitude ac sign#l but one can independently apply resistance. For sample resistanees00 () we used a trans-

a dc biasing current that does not interfere with the nois¢ormer preamplifier(SR 554 and for sample resistances

measurements. This is a particularly desirable feature. The=100() we used a low-noise preamplifi¢BR 560. The

observed voltage fluctuations need be scaled by the bias tha#rrier frequency was chosen in each case to lie in the eye of
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FIG. 3. fSy(f) as function of the ac bias.

FIG. 2. The experimental setup that allows measurement of the

noise by an ac bias with a superimposed dc. by taking data on the sample at room temperature by biasing
the circuit using only an ac signal{.=0) and taking data

the noise figuréNF) of the transformer or the preamplifier to with the decoupling capacitors and inductors both present
minimize the contribution of the transformer noise to theand absent. Data were also taken using ac and dc applied
background noise. The output of the preamplifier is fed to aogether with the dc bias chosen to stay in the linear region
lock-in amplifier (SR830. The output low-pass filter of the of the E-J curve of the sample. In all these cases power
lock-in amplifier has been set at 3 msec with a rolloff of 24 spectra obtained were seen to be identical. In most of the
dB/octave. Foa 3 msec time constant the output filter of the data taken the ac voltage bias for noise measurement was
lock-in amplifier with 24 dB/octave is flat tb<10 Hz. This  kept at~1 mV rms. The linear dependence of the observed
determines the upper limit of our spectral range. The outpugpectral noise with ac bias at a typical temperature is shown
of the lock-in amplifier is sampled by a 16 bit analog toin Fig. 3, wherefS, (measured atf=1 Hz) is plotted
digital card and stored in the computer. At each temperaturggainst the rms bias.
the data are taken by stabilizing the temperature Wit T The sample used had dimensions 2 mthmm
=4x103%%. A single set of data is acquired typically for a x1 mm. Five gold contact pads were evaporated on the
time period of about 50 min or more at a sampling rate ofsample and the contacts to the sample were subsequently
1024 points/sec. The complete data set of a time series atade by soldering 4gm copper wires using Ag-In solder.
each temperature consisting of nearly 830° points was It may be noted that making low noise and low resistance
decimated to about 0:410° points before the spectral power contacts is always a problem in noise experiments. The best
Sy(f) is determined numerically. The frequency rangeway to check that an appreciable part of the noise is coming
probed by us ranges from 1 mHz to 10 Hz, which allows usfrom the bulk and not from contact is to establish that the
to probe time scales of the order of 15 msec to nearly 16@pectral powes,(f)/V? scales as 1}, whereQ is the vol-
sec. The frequency range is determined mostly by practicaime over which noise is measured. However, with limited
considerations. In addition to the limitation from the outputsample size, as in the crystal we have, extensive variation of
filter of the lock-in amplifier, the upper-frequency limit is () is not possible. A good check can, however, be done
also determined by the magnitude of the noise signal cominghrough monitoring of the background noise. The back-
from the sample with respect to the backgroutgbical  ground noise, when the experiment is carried out in a well-
background spectral power4kg TR, whereR is the sample  shielded enclosure, should have a spectral power close to
resistance The lower-frequency limit is determined by the S,=4kgTR. We find that when the contact resistance is low
quality of the temperature control. In particular in the regionthe background noise is close #e4ksTR. However, at low
of our investigationdR/d T being appreciable, the tempera- temperatures where the sample resistance as well as the con-
ture fluctuation, if not low, can lead to an appreciable contri-tact resistance increases, the background noise can become
bution in the observed voltage fluctuations. The sample revery large. In this condition there is also an appreciable
sistance and the bridge output may show a long time drift. Iquadrature component of the signal. We avoided taking data
general, such a long time drift is subtracted out by a leastin this region because of the uncertainty that might arise.
square fit to the data. Taking these factors into consideratio®hmic contactsl(=V) or a quadratic dependence of spectral
the lower spectral limit in our experiment has been kept apowerS,(f) onV does not necessarily guarantee the absence
10 2 Hz. of contact noise contribution to the observed noise, espe-

The dc biasing currenly has been applied using a circuit cially when the contact resistance is high, as it happens at
shown in Fig. 2. The decoupling capacitors and inductorsow temperatures in this case.
shown in the figure decouple the ac and dc source and pre-
vent dc being applied to the preamplifier circuit. It is impor- IIl. RESULTS
tant to check that the capacitors and inductor do not affect
the gain and the phase of the amplifier and also do not intro- We present the results in three subsections. In the first
duce additional features in the power spectra. This was testeslibsection the results for zero applied dc bias are presented
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3 ../ *» of a distinct Lorentzian riding on the flbackground is seen. The
~ 107 . *\o\:g lines are fitted to Eq(1).
; P * S A
A - \s\ It is interesting to see that in this region from 266<K
2 *0-0- Vg ug NN <330 K there is a rapid rise in the magnitude of the noise by
5;10'11— e 47 mHi\\\ \<§8\ more than 2 orders while the spectral power retains its 1/
v ] I, \\\\. character.
—*— 125 mHZ e Tk In Fig. 5 we plot the spectral power as a function of
10_13: —¢1Hz e frequency at few representative tempezratures OB o
230 240 260 280 300 330 =<1.06). The data are plotted &S,/(f)/V to accentuate the

deviation of the spectral power from thef Jdependence. It
(b) T (K) e .
can be seen that in this narrow range of temperature, there is
FIG. 4. (a) The spectral poweB,(f)/V2 measured at a few @ strong deviation from 1/ dependence of the spectral
representative frequencies as a functiol @flong with the sample  power. The deviation is most visible & Tco~1. The spec-
resistivity p(T) close to the CO transitionb) The same over a tral power regains its predominantf I¢haracter both below
wider temperature range. and abovel . We find that the spectral power in the region
of the CO transition temperature can be fitted by a relation

(J4e=0). We then present results of the time domain datathat consists of a t/term and a Lorentzian with a corner
This is followed by the results with an applied dc bidg,( reauencyfc
#0) that induces nonlinear conductivity.

SW(f) A Bfc
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A. Noise as a function of temperature and frequency

for J4c=0 ConstantsA and B measure the relative strengths of the two

With no applied bias the conductivity is Ohmic and alsoterms and are derived from fits to the experimental data. The
the spectral poweB,(f)xV? as shown in Fig. 3. In Fig. second term, a Lorentzian, arises from a single-frequency
4(a), we show the spectral pow&,(f)/V? measured at a fluctuator with a frequency . The lines through the data in
few representative frequencies as a functio @flong with ~ Fig. 5 are fits to Eq(1). (The lower limit of ¢ is ~2 mHz
the sample resistivity(T). The data are close to the region as set by our experimental systerin order to compare the
220 K<T=260 K, which is 0.9<T/Tco=<1.06. Note that relative strength of the two terms we have obtained the rela-
both p and S(f)/V2 are plotted in a logarithmic scale. We tive resistance fluctuatiofbR?/R?) by integratingSy(f)/V?
note that the spectral power at low frequencies ( Within the experimental bandwidtfi,,~1 mHz andf .
<0.125 Hz) passes through a pair of distinct maxima at the~10 Hz:
transition temperature (0.88T/T;0<1.02), while the
higher-frequency spectral power does not have any such dis- < 5R2> - ffmaxéder ffmax Bfc

f f

tinct features close to the transition. This observation implies ? f o 24 f2
that close toT o, Sy(f) deviates severely from theflfre- c
quency dependence. We will elaborate on this aspect later on. < 5R2> < 5R2>
+
1 2

min

(Note that there has been a previous report of electrical noise =\ — - 2

in PryCagMn0;.1° The experiment carried out af R R

>0.2 Hz found the spectra predominantlyf 1ype with not The temperature dependence of the total fluctuation
much of distinct feature nedlco. This is in agreement with (SR?/R?) and the contribution of the f./ component
our data forf=0.2 Hz) In Fig. 4b) we show the spectral (SR?*R?), and that of the LorentziatéR?/R?), are shown

power as a function of over an extended temperature scale.in Fig. 6. The figure clearly shows again that the predomi-
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FIG. 8. Conductance fluctuations at various frequencies as a
ction of the sample resistivity. The resistivjiy.q corresponding
to Tco is marked on the resistivity axis.

3

nant temperature dependence of the nois&é-all - arises B —E4(T)
from the Lorentzian term while the broadband iérm is fe=foex keT |
mainly featureless.

In Fig. 7 we plotf¢ as function ofT as has been obtained \when the activation enerdy, is constant will increase as
by fitting Eq.(1) to the data at each temperature. We observer increases. This happens ok 240 K. (Above this tem-
that the corner frequencc has a nontrivial temperature peraturef shows a departure from a simple activated kinet-
dependence. FOF<240 K, f¢ increases on heating. How- jcs with a constanE,.) However, even a small temperature
ever, very close to the transition region (0:98/Tco  dependence d, can change the temperature dependence of
<1.02) the temperature dependencéoblows down witha  f since it appears in the exponential. Alternatively, it may
shallow split peak at the transitionT&Tco). For T giso arise from a temperature-dependent attempt frequency
>1.02Tco, fc drops rapidly andfc—0 for T=260 Kt although it is less likely a possibility. The temperature-
(T/Tco=1.06). fc=2 mHz is the limit of our detection on  dependen€,(T) needed to give the observed temperature
the low-frequency side of the spectrum. In the next SUbseCdependence of., obtained from Eq(3), is also shown in
tion we present the time series data and we show that thejg 7 (The attempt ratery = 27f,=6.9x 10’ sec ! was
single-frequency component is indeed due to RTN. RTN canpyyiained from the data foF< 235 K, whereE, is tempera-

arise from two-level fluctuatorTLF's) with two different e independent and was used as constant for other tempera-
conductivities in the two levels. In our sample the relativeyreg) |t is interesting to note that the temperature depen-
fluctuations in the resistance 100 ppm. This indicates gence of E,(T) is rather shallow forT<Tco. It passes
t_hz?lt_ the two states of the TLF should have comparable resﬁhrough a plateau in the regidi~T.o and eventually starts
tivities. _ , , . rising for T>T¢o. The slowing down of the fluctuations
We associaté c with the average relaxation ratg.™ of  (jose toT, can also arise from slowing down expected near
the TLF's, so thatrc '=2fc. In this temperature range the 4 phase transition. The analysis of the experimental data in
relaxation of the TLF's is expected to arise from thermalthe time domain shows that at or near the CO transition the
activation through a barrier of enerdy,. In that case we spectral power is indeed dominated by a single-frequency

can write two-level-type fluctuator. In the discussion section we will
0.54 address the issue whether the existence of the TLF-type fluc-
20 tuator can be associated with PS n&ap and whether any
0.51 physical significance can be attributedEg.
A plot of the spectral powe®,(f)/V? at various frequen-
N 151 048 |m cies as a function of the sample resistivity is shown in Fig. 8.
E e~ In the figure the resistivitypco corresponding toTcq is
:U 10+ 0.45 % marked on the resistivity axis. It is seen that the dependence
~ of the spectral power on the resistivity is very different in the
5. 0.42 two regionsp>pco (T<T¢p) andp<pco (T>Tcp). In the
lower-resistance regiois, (f)/V? is seen to rise sharply with
0 0.39 an increase in the sample resistivity. It increases by about
220 230 240 250 260 four orders of magnitude at low frequencies for one-order
T (K) change in resistivity. In this region the spectral power is pre-

dominantly 1f type andSy(f)/V2xp®. At T¢o, the noise
FIG. 7. fc as function of T. The E,(T) needed to give the essentially reaches its maximum value and #ofpco (be-
observed temperature dependencd of obtained from Eq(3), is  low T¢g) there is a very weak dependence of the spectral
also shown. power on the sample resistivit{Note that the dependence of
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FIG. 9. The time series at four representative
temperatures in the range 097/T-o<1.04.
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the spectral power on the resistivityis much stronger than The RTN observed in our sample close to the CO transi-
that observed in the usual percolation-type transition as hatsoon and that observed in LgCa;sMnO; (Ref. 18 near the
been seen in some of the systems near the COI-FMM trar-M-COlI transition have both similarities as well as notable
sition where the coexisting phases have very differentifferences. Both samples show RTN and have nontrivial
conductance®’ There is no reason that such ideas will betemperature dependence for the relaxation rates for the
valid for the CO transition, where the coexisting phases, ifTLF's. However, the relative fluctuation observed for the La
any, have similar conductances and which is not a percolasystem is much larger than that seen in the Pr system. This is

tion type of transition. explainable because the coexisting phases in the La system,
being FM and COI phases, have different conductivities,
B. Time domain data while in the Pr system the two states of the TLF’s have

similar conductivities, both being insulating phagés be
discussed latgr In the Pr system the RTN peaks near the
%rco, while in the La system it peaks at<T.. This is
a}Bresumably due to the fact that the transition in the La sys-
tem may have a percolation aspect.

The voltage fluctuationAV(t), in the time domain had
been recorded as a time series from which the spectral pow
Sy(f) was obtained. The time series are shown in figure 9
four representative temperatures in the range 9B
<1.04. These are at the same temperatures wigie)/V?
vs f has been shown in Fig. 5. It can be clearly seen that at
T~TcoWhen the single-frequency Lorentzian predominates,
we have the presence of RTN-type jumps in the time series Preliminary investigation of nonlinear conduction and its
where the voltage fluctuation oscillates between a “high”relation to electrical noise in manganites has been reported
fluctuation and a “low” fluctuation level. There is the pres- by our group previously in NgkCa, sMNnOj films.t”?? Onset
ence of a substantial fLtcomponent in the power spectra. As of nonlinear electrical transport beloW.g including a re-

a result the RTN(which has a lower frequengynodulates  gime showing negative differential resistance have been re-
the time series of the broadbandf Iioise. Within each ported by us before in RgCa sMnO5.2 In this report we
“high” and “low” state the voltage jump follows the ¥/  specifically discuss the question of noise as the electronic
spectra. The averagx%lzr,;gthr ﬂgml,, where ,igp and 7, transport enters the regime of nonlinear conduction. Our
are the average times spent in the high and low states, r@resent experimental setup where the dc lfthat controls
spectively. Though they,q, and 7,4, are not the same they the nonlinear conductivifyand ac biagthat measures the
are very similar in the temperature window studied. It isnoise are separated allows us to do the experiment cleanly.
clear that the appearance of the single-frequency Lorentziafio our knowledge the noise in these systems has not been
in the spectral power is due to the RTN-type behavior seen iinvestigated by this technique.

the time domain data in the temperature range CloSE:t9 As the bias is increased beyond a threshold vdlyehe
(0.96=T/To=1.04). Outside this temperature window it E-J curve begins to deviate from linearity. This is shown
either does not exist or is not observable due to finite obseiin Fig. 10 as an example at=226 K. In this graph we
vation time consideration or has very small magnitude beplot the dynamic resistivitylE/dJ as function of the scaled
yond the detection limit. current Jy./Jy,. (For details of nonlinear conduction in

C. Nonlinear conductivity and noise
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10° 10° 10* 10° 102 100 10° 10
Pry 6LCa 3MNO; as a function ofl we refer to our previous J(A/cmd)

work8) We find that forJye~J;, a large low-frequency com-
ponent arises in the spectral density similar to that seen close FIG. 12. E vs J curves along with the rms fluctuation as a
to Teo. A typical example of the appearance of excess |0W_fun9t|on of J. Thg fluctuation .peak.s near .tﬂ@, aqd becomes large
frequency noise in the form of a Lorentzian at the onset ofigain at the region of negative differential resistance. In the same
nonlinear conduction is shown in Fig. 11. In this figure Weflgure we show the same_data taken on a charge-ordered film of
have plottedfS,(f)/V? as a function of for four values of Ndo sC2.gMNO; for comparison.

Jac at T=226 K. We have fitted the power spectra using Eq.
(1). The appearance of a substantial low-frequency Lorentz
ian atJy.~Ji Is apparent. The variation &¢ with Jg./Jy, is
shown in Fig. 10. Thef¢ within the experimental error is

tiall h d untily./J4y~1. ForJ4./Jy>1, f T :
essentially unchanged untlc/Jry O Sdel Jtn € fluctuation if it would have been from heating would need a

increases with the applied dc bias. X o
In the same figure we have also plotted the relative reSiShS?etQ%eO;ﬁr?—gw 10 K, which is much larger than any mea-

tance fluctuations and its two components by integrating thé . .

spectral power as in Eq2) at T=226 K. As shown in Fig. d 'I:[he cfurr_ern<t—_:_ndu.ced_ RTN tat igetonigthof nonlme?(;_con-

10, the value of the $/component of noise shows no change Nu_? ion for C(I)' 'Z ;’_'m' a;' 0 tha V\;] Ic Iappe?lrs »

with applied bias while the excess low-frequency component co IN Z€ro applied bias. However, the relative uctyanon
of resistance is much less in the case of the current-induced

gTN. The current-induced RTN is interesting because it
would imply appearance of the TLF's from the coexisting
hases whose conversion from one to the other has been
inetically frozen out by the relative large barrier to activa-
on (E;~0.4-0.5 eV). The current presumably destabilizes
one of the phases and thus creates a nonequilibrium situa-
tion. In this context the increase &t for J>J;, and the
onset of nonequilibrium conditions may be interpreted as a
suppression of the activation barriey by the applied cur-
rent. Even a small suppression Bf is enough to produce
the observed shift inf.. However, we have n@ priori
reason to justify why such a reduction &f should happen

In the temperature range of the present investigation (
>220 K), the detectable heating=0.5 K) occurs only for
Jq=1 Alcn?, which is much larger than the dc bias used by
us. (The observed increase i as well as in the relative

(S8R?IR?), shows a jump by nearly an order of magnitude at
Jy4c= Jin- We do not take the data at a very high bias becaus
the noise spectra show signs of drifts at highigy. At the
bias used, there is no heating of the sample. This wa
checked by attaching a thermometer directly on the sampl |'

by the applied current.

A
. —e—5X10" Afem’
—0—2.5X10” Alem’
—A—1.5X10" Alem’
* 5X10" A/om’

*
Q///%O 5 The current-induced RTN can be seen only in a narrow
3 ..

~ temperature window af<Tq. For T>235 K thef of the
* unbiased sample itself is large. The current causes an upward
04+ ; ; - shift of the fc but asT—Tco the changes irf¢ due to
10 0.01 f (Hz) 0.1 1 current bias could not be detected unambiguously. At much
lower T (T<<200 K) f is below our spectral detection limit.
FIG. 11. A typical example of the appearance of excess lowHowever, in this temperature range one can measure the rms
frequency Lorentzian noise at the onset of nonlinear conduction aioise. In Pg¢4Ca 3MNO; for T<150 K at current densities
T=226 K. The lines are fitted to Eq1). Jq I, there is an onset of a region of negative differential
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resistance. I_n Fig. 12 we plot tievs J curve along with the  |a, ,,dPr, ,Ca, 374MN0O;, which shows a transition from CO
rms fluctuation as a function df The fluctuation peaks near to FM phase.
Jin and becomes large again at the region of negative differ- The neutron study on Py sCa, MnO; found that below
ential resistance. In the same f!gure we show the same daﬁe(l:o two phases that coexist are the charge-ordered phase
taken on a charge-ordered film of pgCaMnO; for i ey orbitals oriented in tha-c plane and the ROO phase
comparisort’ The onset of large fluctuations at the threshold ith the e, orbitals oriented perpendicular to thec plane

» .

current density for nonlinear conduction is thus a genera he two phases have opposite orthorhombicity and can co-
phenomena(The film of Nc, £C& MNOs, like other films of exist due to strain consideration where the strain created by

Ekoe rg?teggals, Hﬁg) nq;hr;a;v:]zliong);rallgfcr]]etﬁg?rlgoivo\r/gleljlen%fuqhe CO phase is balanced by the opposite strain of the ROO
0633 3 y exp phase. This can build up a strain-mediated self-organized

Jin-) 4 - :
Before we end this section we summarize the importan tructuré’® The nucleation of the ROO _pha}se oceurs Just
results: elow T¢o and these two phases coexist in almost equal

(1) There is the appearance of large low-frequency ﬂucproportion._ The coexistence of these two phases occur in a
tuations neafl co. The low-frequency noise has characteris-Mesoscopic scale 50—200 nm. Both phases are charge local-
tics of Lorentzian at a single frequenéy. fc have a non- ized although the ROO phase has a lesser degree of charge
trivial T dependence. The time domain data can relate thi{calization and is expected to have a larger conductivity.
Lorentzian in power spectra as arising from RTN. TEM studie$® of the Lay 41 4Cays7MnO; system

(2) There is coexistence of the RTN and-1ype fluctua- showed that in addition to the FM and COI phases there are
tions and they have distinctly differerft dependences. It coexisting charge-disordered insulating phageBl). The
appears that they may arise from different origin and differ-large RTN(in the time scale of few secondeear the FM-
ent length scales. COl transition was found to arise from the coexisting COI-

(3) Application of J4 leads to onset of nonlinear conduc- CDI phases. The CDI phase occurs in a length scale of
tivity. The onset of nonlinear conductivity also leads to a10—20 nm.
low-frequency RTN-type noise as seen closéltg, in zero In view of the above we propose that the RTN observed
bias. by us in Pg & 3MNO; close toT g arises from the coex-

(4) The noise abovd - that has a 1/ spectral depen- istence of CO and ROO phases. Both these phases are charge
dence increases rapidly as the CO transition is approachddcalized and are both insulating. However, the degree of
from above. However, the flhoise has a shallow tempera- charge localization is less in the ROO phase, which has a
ture dependence beloWg. greater degree of disordet.One would expect the ROO
phase to have higher conductivity although the two phases
will have similar order of conductivity. The relatively low
magnitude of the RTN €100 ppm) can thus be explained

We note that the spectral power has two distinctfrom the similar conductivities of the two states of the TLF.
components—the 1/component(present at alll) and the The RTN needs cooperative switching between the two
Lorentzian component arising from RTN-type fluctuation oc-states and this would need a transition between coexisting
curring within a narrow temperature window aroufigy. states over mesoscopic length scales. Such a coexistence can
From the observed data it is a reasonable assumption th&@me from strain accommodation between the two phases
these two arise from two different sets of fluctuators makingvith opposite volume strain, which can self-organize to a
independent contributions. In the discussion below we wouldnesoscopic scafé. The RTN would arise form transforma-
like to probe the origin of these two sets of fluctuators thattion between the two phases that are kinetically stabilized by
presumably may occur at different length scales. an energy barrier. The observed activation enétgyassoci-

The appearance of RTN-type fluctuation can be associatedfed with thef can thus be interpreted as the energy barrier
with coexisting phases of different conductivity. If the two between the two phases. We can obtain an estimate of the
coexisting phases contribute to the conductivity fluctuatiorlength scale () over which the transformation occurs from
in the time scale of our experiment, there should be dynamthe value ofE,(~0.45 eV). From the neutron studies of the
ics associated with these phases in this time scale. This sloiwo coexisting phaseS, we find that the transformation
dynamics can come from a transformation from one phase te/ould involve a strain accommodation of the order ef
the other. This transformation will take place through an en=~10"2. The bulk modulus of these oxides are in the range of
ergy barrier by thermal activation. This is the general picture~100-200 GPa. This gives an energy density
that is used to justify existence of low-frequency noise in the=~50-100 kJ/m associated with the transformation. Assum-
region with phase separation. The important question ising a spherical transformation volume of diamdtgrand an
What are the coexisting phases at the CO transition? In CMRctivation energy oE,~0.45 eV we obtain an estimate,
systems in which the noise has been investigated the-30 nm. (A somewhat larger estimate @f.~40—50 nm
coexisting phases can be FM and CO pha3ésit the FM  will be obtained if the strain is accommodated through a
phase does not appear here. We seek the answer to ttekear process, the shear modulus being much smaller
question from two structural studies using neutfdrdone  ~30 GPa) This value agrees very nicely with the scale of
on the CO system RrCaMnO; and transmission mesoscopic phase separation seen in these solids. The small
electron microscofy (TEM) done on a related system variation inE, that would be needed to explain thielepen-

IV. DISCUSSION



dence offc can arise even if there is a small increase in thewhile the noise increases much faster tpaasT— T from
accommodation strain between the two phase$-a co. above and it is essentially temperature independent below

The observed attempt frequencf, is rather low T, wherep continues to rise following an activated behav-
(=10’ sec Y). This is much less than the typical magnitude ior.

of the jump frequency (78— 10'* sec ') seen in relaxation We made another very interesting observation in the PDF
processes that involve one or few atoms. The low valulg of of the voltage fluctuation. We find that while at high tem-
or the relaxation rate, ! suggests that the process involves perature the PDF can be described by a Gaussian depen-
mesoscopic length scales. The rearrangement process woul@nce, ad'co is approached the PDF shows a non-Gaussian
involve propagation of the strain field created by the transiail eventually taking the form of a Poissonian dependence
formation process over a length scalg. This would deter-  Just aboveTco (T/Tco~1.04). In the region close tBco
mine the scale of jump frequendy. (Alternatively this may (T/Tco=1.04) the PDF is dominated by the RTN. However,
also mean that there may be an entropy term that must alf£!ow 230 K when the RTN contribution is less again the
be considered in addition to the activation energy term. ~ PDF of the 1f noise can be studied, and we find that it has
The coexistence of the CO and ROO phases can also jufggdained its Gaussian form. The decoupling of theridise
tify the observation of current-induced RTN. At any given from the resistivity and appearance of non-Gaussian fluctua-
temperature there is an equilibrium volume fraction of thelion points to building up of a correlation in the charge-
two phases. Below <o the transformation between them is disordered liquid as the carrier is getting frozen in the CO
kinetically frozen. The current-induced RTN accompanyingState' We propose the following scenario for the unusual tem-

nonlinear transport will imply that on application of tdg, ~ Perature dependence of thef Ioise although we do not
one of the states becomes unstable and this changes the e%ﬂf’f‘—ve_ independent supporting evidence for this scenario. The
librium concentration of the two phases. In this context welocalization of the charges or groups of charges around spe-
recall that in Lg 4Pl 4Caps:MnOs it has been observed cific lattice sites can Igad to a local Qoulomb potential that
thaf® on exposure to electron current in an electron micro-c@n relax over long time scales. This can lead to a low-
scope the CO phase breaks down to CDI phase of lengtfiéquency charge dynamics that can enhance the low-
scales~20 nm once the current exceeds a threshold of’€duency noise. As the sample is getting cooled and the
~0.5 Alcn?. This is what is expected also in the coexisting charge is get_tlr?g localized, th_e relaxation time of the charge
phases under a bias current. It is likely that the CO phasguctuatlon will increase, I_e-admg to enhance_d Iow-frequency
breaks down to a more conducting ROO phase with currengP€ctral power. The freezing of the charges in the CO state in
bias, thus reducing its resistivity and enhancing the RTNNIS case will be a glasslike freezing of the charge liquid.
Interestingly the threshold current level seen by s Belo_vv Tco the frozen-in de_fect_s in thg charge Iat_t|ce W|II_
~0.1-0.5 A/lcrd for nonlinear conduction matches very provide the path to relaxation just as it happens in atomic

well with the results of electron-induced CO instabifity. relaxation in a structural glass, and this will magg(f)
The strain-induced self-organization is a feature seen if€Mperature independent. This behavior is under detailed in-

alloys showing shape memory. We have recently studied thggstigation and we refrain from making further comments on
resistance noise in the shape memory alloy NiTi as it is takef!'S: . . .
through the austenite-martensite transformatomterest- To conclude, we have carried .out.comprehenswe studies
ingly we find that at the transition the noise becomes very?n low-frequency conductance noise in a CO system near the

large and the spectral power shows a large deviation from th€© transition temperature. We find that there are two types
simple 1f power dependence at low frequencie$ ( of noise(RTN and 1f) with distinct characteristics that ac-

<0.1 Hz). The large deviation of the obsen@g f) in NiTi company the CO transition. The RTN occurring close to the

near the austenite-martensite transformation thus has a sinfrC transition or occurring due to current-induced destabili-
larity with the spectral power seen nedigo in our sam- zation of the CO state is due to coexisting CO and ROO

ple.This issue is currently under investigation. pha;es. This is a mesoscopic phenomena_t occurring over an
The existence of f/noise does not need existence of €stimated length scale ef30 nm. The 1f noise most likely

coexisting phases at mesoscopic scale and it can appear frdffiCUrs at @ microscopic length scale and it is strongly af-
processes that occur at the atomic level. In our samle 1/fected by charge localization at the onset of CO transition.
noise occurs over the whole temperature range; however, the
most notable feature is the rapid increase dfridise as the
Tco is approached from above. An increase ifi dbise in One of us(A.K.R.) wants to acknowledge DST, Govern-
insulators on cooling is generally seen as a reflection of thenent of India for a sponsored project. We would like to
reduction in the carrier density on cooling. In that case oneacknowledge stimulating discussions with Professor C.N.R.
would expect a direct correspondence of 8&f) andp. In Rao on phase separation and also for kindly providing us
our sample however, we find a virtual decoupling of the twowith the sample.
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