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Local magnetic order in manganite thin films studied by ¥f noise measurements
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The low-frequency ¥/ resistance fluctuations of epitaxial J4a,,sMnO; thin films on different substrates
have been studied as a function of temperature and applied magnetic field. A film with a high Curie tempera-
ture Tc=250 K grown on a substrate with perfect lattice match (Ndgabows a low overall noise ampli-
tude, comparable to that of a conventional metal. In contrast to previous work, no increase bfrdsistdnce
noise in the ferromagnetic regime of the 58 ,;MnO; film could be observed. The magnitude of the
normalized resistance fluctuations decreases with decreasing temperature except for a sharp petiisat
peak is completely suppressed by an applied magnetic field of about 2 T. In contrast, the noise level in a film
with low Curie temperatureT-= 110 K) grown on a substrate (SrTiOwith large lattice mismatckl.5% is
several orders of magnitude larger and shows a qualitatively different temperature dependence, with a huge
noise increase below.. These results are discussed in terms of a strong coupling of electric resistance and
magnetic ordering, as well as within a percolative picture of the ferromagnetic transition.

[. INTRODUCTION manganites there may be percolationlike transitions between

more and less conductive phases. In general, for such inho-

The mixed-valence manganites; _,D,MnOs (with Lna ~ Mogeneous transitions one expects large resistance fluctua-
rare earth and a divalent alkaline earjirecently have at- tions in the transition regime.

tracted renewed interest because of their colossal magneto- IN addition to standard transport measurements the de-

resistancdCMR) (Refs. 1 and 2and the interplay between tailed investigation of the 1/noise is a well established,
charge, spin, orbital, and structural degrees of freedom ie{aluable tool for clarifying the charge transport mechanism

these materials resulting in interesting ordering phenomenly @ variety of physical systents Low-frequency resistance

and very rich phase diagras Both the fundamental uctuations have been investigated in manganite thin

; 22-30 H 31
mechanism of the CMR effect and its potential for devicefIImS and single crystalé:*" In these samples, the fL/

anplications have been addressed in a larae number nfoise was found to be orders of magnitude larger than in
S&%iesﬁ_g 9 Yonventional metals or semiconductors and to display a

broad spectrum of different temperature dependencies. The
By changing the dopants at a fixed value>of 3 the ' speciu ! peTatr b es

. . -~ X . resistance fluctuations are intimately related to the conduc-
perovskite structure is modified by what usually is describeqig, mechanism in different temperature regimes. Thus the

bg the introduction of the toIergmce factoand the mismatch  getajled investigation of the flioise is expected to further

o of thg ionic radii. For larger ) ort dewatmg significantly clarify the interplay of polaronic charge transport with
from unity, the Mn-O-Mn bonding angle deviates from 180° mainly localized charge carriers in the PM phase and charge
leading to a reduction of the double exchange transfer intetransport mediated by double exchange in the FM phase.
gral. This, in turn, may result in large changes of the Curie In this article we present a detailed study of the tempera-
temperaturt* giving the transition temperature between ature and magnetic-field dependence of the low-frequency re-
paramagneti¢PM) semiconducting state aboVg and a fer-  sistance fluctuations in LaCa;;sMnO; thin films of high
romagnetic(FM) metallic state belowl . Additionally, the  epitaxial quality. Film preparation on different substrates re-
appearance of an insulating spin-glass state may be trigger&dilting in different amounts of lattice mismatch between film
by either a small tolerance facto0.907 (Ref. 12 or a  and substrate is found to have a tremendous effect on both
larger tolerance factot=0.934 together with a large size the overall temperature dependence and the magnitude of the
mismatcha?=2.2013 This is explained by the competition Tesistivity and the normalized resistance noise. The strikingly
of the ferromagnetic double exchange and the antiferromagfifférent magnitude and temperature dependence of the 1/
netic super-exchange interactior by the random distribu- N0iSe most likely originates from the different amount of

tion of static Jahn-Teller distorted MnQdctahedrd? Fur- local strain in the epitaxial films deposited on different sub-

thermore, large relaxation effects may occur close to thtrates.
Curie temperature related to the percolative conduction be-
tween coexisting metallic and insulating pha¥eslthough

in the past most attention was focused on models of homo-
geneous phase transitions, recent experimentattdathave The Lay;Ca;sMnO; (LCMO) films were prepared by la-
shown that in some parts of the phase diagram of the dopeser molecular-beam epitadd*> on SrTiO; (STO) and

Il. SAMPLE PREPARATION AND EXPERIMENTAL
TECHNIQUES
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NdGaQ, (NGO) single-crystal substrates with th@O01) fluctuations™ If the resistivity is a unique function of the net
plane parallel to the substrate surface. The film thickness wa®agnetization, then the spectral density of the resistance
200 nm for the films on STO and 40 nm for the films on Noise can be expressed as

NGO. The as-prepared films have a surface roughness below

1 nm as was confirmed by atomic force microscopy. The Sn(f)=Sy(f )(d_R
structure of the films was analyzed by x-ray diffraction. dMm

Rocking curve analysis of th@02) peak yields a small full wh . - ;

. : o ere the spectral density of the magnetization fluctuations
width at haIf_ m_axmum(FWHM) of <0.05°. The measured Su(f) is related to the out-of-phase magnetic susceptibility
values are similar to the typical FWHM of the substrate peak "(f) via the fluctuation-dissipation relation as

which ranges between 0.03° and 0.05° for commercial sub¥
strates. This shows the high degreecedxis orientation of 21 kgT
our films. At present, the mosaic spread of the films seems to Su(f)= p ?X"(f )?. (4
be limited by the substrate quality. The microstructure of the
films was also studied by high-resolution transmission elecHere, kg is Boltzmann’s constant antithe sample tempera-
tron microscopy(HRTEM).2**®* The TEM analysis showed ture.
that the films are of a high epitaxial quality and that the Our noise measurements have been performed in a five-
lattice mismatch between the film and the substrate is incorprobe configuratiod? The films have been patterned into
porated into the filn¥®3” That is, the LasCasMnOs films ~ microbridges using optical lithography and Ar ion beam
grown on STO are highly strained due to the considerabl@tching. Typically, the width and length of the microbridges
lattice mismatch of 1.5%, whereas there is very little strain inwere 20 and 20Qum, respectively. The sample dimensions
the films grown on NGO due to the perfect lattice matchhave been chosen to optimize the signal to noise ratio of the
between LCMO and NGO. preamplifier. In order to reduce the contact resistance for the
The oxygen content of the films could not be directly current and voltage leads the J4&£&,MnO; films were
determined. An additionadx-situannealing process of a 80- coveredex situwith a thin silver or gold layer immediately
nm-thick L&,sCa;;sMNnO; film grown on a STO substrate in after film deposition followed by the patterning of the silver/
pure oxygen atmosphere was found to result in an increase gbld layer into contact pads. The resistance fluctuations were
the Curie temperature froniTc=120K to about T¢ investigated by measuring the voltage fluctuations at a con-
=250K. This increase o was accompanied by an in- stant current bias. Special care was taken for the choice of
crease of the surface roughness of the film to about 8 nm rimigie load resistors to assure that the current source did not
and an increase of the FWHM of the rocking curve of thecontribute noticeably to the measured voltage noise. The
(002 peak by a factor of about 3. This strongly suggests thavoltage difference between the two branches in the five-
the observed change . induced by the annealing proce- probe arrangement was carefully adjusted to zero to maxi-
dure is not predominantly related to an oxygen deficit in themize the sensitivity for the noise measurements. The voltage
as prepared film, but is partly caused by the relaxation of théluctuations were amplified by a low-noise amplifi€8R
internal strain. Further details of the film preparation are de560 and processed by a digital spectrum analygddP
scribed elsewher& 35665A). Magnetic fields up to 5 T were applied perpendicu-
Low-frequency 1f noise is found in almost all physical lar to the film surface. Large efforts have been taken for
systems. Usually it is attributed to material specific mechagelectromagnetic shielding of the sample. Current-voltage
nisms, therefore to date no universal description has beegharacteristics(IVC's) and the resistance vs temperature
established™***Intrinsic 1f noise arising from resistance curves of the samples were measured in the standard four-

2

: ©)

fluctuations can be quantified by probe configuration.
The noise spectra usually were taken in a frequency range
S«(f)  ag between 0.1 and 200 Hz. Only for a high sample resistance
R T afe (1)  (upto 8 MQ) it was necessary to reduce the upper frequency

limit to about 20 HZ* For all measurements the background
) . . noise of the measurement setup was determined for zero bias
whereSg is the spectral density of the resistance ndidéhe ¢ rrent and subsequently subtracted from the spectra mea-
sample volume, and the exponentlose to unity. The tem- g req at finite bias current. The noise spectra obtained in this
perature _and magnetlc-flelc_i-dependent ~ quantigg way showed a IF frequency dependence with 8@
=ag(T,H) is used to characterize the magnitude of the 1/ 1 3 The spectral density of the voltage fluctuatiSpsvas
resistance fluctuations as a function of temperature and ags;,nd to be proportional to the square of the applied bias
plied magnetic fieId_ and is related o the Hooge pararfieter currentlﬁ for at least two orders of magnitude. Therefore we
v through the density of charge carriers as are confident that the observed noise originates froinmre-/
sistance fluctuations.
Y

ap=—. 2
R™n @ I1l. EXPERIMENTAL RESULTS AND DISCUSSION

In magnetic materials the flLfesistance noise may be caused A. Noise data of a strain free LCMO film
by magnetization fluctuations coupled to the resistivity. For In order to clarify the influence of strain and structural
example, in metallic magnetoresistive multilayers it has beewlisorder on the noise properties of epitaxiabk@a;;sMnO3

shown that the %/ noise can occur from magnetic domain thin films we have fabricated films on STO and NGO sub-
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FIG. 1. Temperature dependence of the resistivity of a 40-nm- FIG. 2. Temperature dependence of the normalized resistance
thick Lay3Ca,sMn0O; film grown on a NGO substrate showing a noise amplitudeg of a 40-nm-thick La;sCa;,sMnO; film grown on
familiar transition from a semiconducting to a metallic behavior ata NdGaQ substrate for different applied magnetic fields. The inset
Tc=250K in zero applied magnetic field. shows ag/R as a function of temperature in the ferromagnetic

phase.
strates under identical conditions. We first discuss the noise

properties of a 40-nm-thick LaCaysMnO; film grown on a  this temperature range. This clearly suggests ()

perfectly lattice matched NGO substrate. «R(T). At present, there is not theoretical explanation for
The temperature dependence of the resistivity of thdhiS observation. o

LCMO film grown on the NGO substrate is shown in Fig. 1 The zero-field measurements in Fig. 2 show a peak of the

for different values of the applied magnetic field. The Curvegow-frgquelncydnoise jLI’Stt IaTCZZSO K. J?}is peak i? ;[jhe
show the familiar transition from a semiconducting to a me-N0IS€ IS alréady completely Suppréssed by an applied mag-

tallic behavior which qualitatively can be explained by anetIC field of 2'T. We note that we could not observe any

transition from a paramagnetic to ferromagnetic state innOise peak at an elevated temperature closd g2 T)
st P 9 9 =284 K. Figure 2 also shows that for zero applied magnetic

terms of the double gxchange mpdel. I'n the foIIowmg thefield there is an increase of the normalized noise amplitude
temperature of the resistance maximum inR{&) curves is ag by a factor of about 5 going from the ferromagnetic (
denoted a jax vyhich in zero applied magnetic field is Very <T.) to the paramagnetic phas&*T). This increase is
close to the Curie temperatulie;. We note that the Curie completely suppressed by an applied magnetic field as can be
temperaturelc=250K of the film is only slightly reduced mgst clearly seen by comparing the noise amplitude obtained

compared to the highest values obtained for bulk materialsgr zero applied magnetic field dn5 T at temperatures
(e.g., Tc=270K in Ref. 5. The resistivity values of the apove 260 K.

films are comparable to those of the best bulk materials. The We now discuss possible reasons for the increasagof
IVC's of the microbridges patterned into the films were lin- going from the ferromagnetic to the paramagnetic phase.
ear in the whole temperature ran@e-300 K) we have in-  Evidently, an increase aig can be caused by an additional
vestigated. noise source in the paramagnetic regime which is not directly

The temperature dependence of the normalized noisknked to the magnitude of the resistance, e.g., extended dis-
magnitudeag is shown in Fig. 2 for different values of the ordered regions adjacent to some small ferromagnetically or-
applied magnetic field. We note that the valuesagfob-  dered regions. There is some evidence that the complex mag-
tained for our high quality thin films are by several orders ofnetic structure in the paramagnetic state can be viewed as
magnitude smaller than all data published so far for mangaeonsisting of small ferromagnetically ordered clusters em-
nites, both for bulk samplésand thin films?*~*°In particu-  bedded into a paramagnetic environment. In this scenario, in
lar, we do not observe an increase of the noise level in thaddition to defect scattering one may have fluctuations of the
ferromagnetic regime. On the other hand, theridise level domain magnetization or large fluctuations in disordered re-
is comparable to that of a conventional métals discussed gions at domain boundaries. The significant reductiorn;of
in more detail below. This result suggests that the low resisin the paramagnetic regime by an applied magnetic field,
tance noise level is related to the high epitaxial quality andvhich is discussed below, suggests that the increased noise
very low internal strain in the LaCa;,sMnOs film grown on  level in the paramagnetic as compared to the ferromagnetic
the NdGaQ substrate. This is further supported by the highregime is due to the existence of small ferromagnetically
value of T¢ and the low resistivity of the film. Moreover, a ordered clusters embedded into a paramagnetic environment.
recent study of the effect of structural disorder, oxygen de- Since we could not observe a peak in tgT) depen-
ficiency, and local strafii®*?’showed that both the magni- dence obtained at an applied magnetic field of 2 T, we di-
tude of the normalized noisaz and the resistivity increase rectly measured the magnetic-field dependencegoin the
dramatically as a function of disorder. paramagnetic regime at a fixed temperatureTef280 K.

The inset of Fig. 2 shows that in the ferromagnetic regimeThe data are shown in Fig. 3. Interestingly, a large decrease
(T<T¢) the ratioag(T)/R(T) is almost constant although of the normalized noise amplitude is observed already at
bothag andR vary by more than two orders of magnitude in small applied magnetic fields of about 0.2 T. The observation
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_FIG. 3. Magnetic-field dt_apendence of the norma_lizgd resistance F|G. 4. Temperature dependence of the resistivity of a 200-nm-
noiseag at T=280K. The inset shows the magnetic-field depen-thick La, Ca,,MNO; film on a SrTiQ substrate measured with a
dence of the resistance at the same temperature normaliR{0}o  pjas current ofi =0.1xA. In the inset the differential resistance

] ) ) ] ~ Ryg=9V/dl normalized toRy=Ry(l,=0) is shown for tempera-
of the noise peak just 8t and its suppression by an applied iyres close tar

magnetic field most likely is related to an order/disorder tran-
sition at the magnetic-phase transition. As the transition tem- o ) o ,
peratureT. is approached large fluctuating ferromagnetic 't IS instructive to do a quantitative comparison of the
clusters are formed, which freeze out below the transitiorf"@gnitude of the resistance noise measured in the ferromag-
temperature giving rise to the formation of ferromagnetichetic phase of the doped manganites to that found in conven-
domains. By applying magnetic fields aleog T the sample tional metals. In order to do so, a charge-carrier density of
enters a homogeneous ferromagnetic metallic phase, whidh=5% 107*cm™ (5 hole per unit cellis assumed??***Us-
is accompanied by a further reduction ag(H). By the ing this value forn we obtain a Hooge parameter g8
strong coupling of resistance to magnetization in the dopedk 10~2 for the investigated LgCaysMnO; film at room
manganites, these fluctuating spin clusters directly give riséemperature. This value is close to what is observed in con-
to low-frequency resistance fluctuations. The effect of an apventional metal$! From this and from the negligible
plied magnetic field on magnetization fluctuations is to alignmagnetic-field dependence at temperatures below the transi-
the spin clusters and suppress spontaneous fluctuations of then we can conclude that for the ferromagnetic/metallic
relative alignment of neighboring clusters. That is, fluctua-phase of the investigated j3Ca;,;MnO; film there is no
tions close tolc are suppressed significantly by an appliedsignificant contribution to the low-frequency resistance noise
magnetic field as observed in our experiment. due to fluctuations in the magnetic order. We also emphasize
Discgssing_ the normalized resistan(_:e noise in the ferrogat the derived Hooge parameter pE8x 1072 is, to our
magnetic regime we note that the”; is only a very weakowledge, the lowest value published so far for doped man-
magnetic-field dependence afSg/R". The data in Fig. 2 ganites. This demonstrates that high quality thin films with
suggest that there is a slight decrease of ttienbise with very little strain and disorder can have low resistance noise

: TR 28
Increasing field. In contrast to our data, Raqeleal._ found comparable to those of conventional metals with no increase
a significant decrease of the resistance fluctuations by mor.

than 60% increasing the applied field to 5 T. These author's(r=1 the ferromagnetic regime.
suggest that by applying a magnetic field domains are
aligned and spontaneous fluctuations of neighboring domains
are suppressed. From the very weak magnetic-field depen-
dence of our noise data we can conclude that such a mecha- We now turn to the noise data obtained for a
nism plays a negligible role in our samples and the meaka,;;Ca;,sMNnO; film grown under identical conditions on a
sured, almost field-independent noise is caused by anoth&rTiO; substrate. Due to the considerable lattice mismatch
mechanism. We also note that the negligible magnetic-fieldetween the film and the substrde5% this film has sig-
dependence of the normalized resistance najgeSg/R? in  nificantly different transport and noise properties. As shown
the ferromagnetic regim@espite the significant field depen- in Fig. 4, due to the significant strain effeét® the film is
dence of the resistancetrongly suggests that the measuredcharacterized by a much lower value Bf,=115K and a
noise is arising from the same component of the resistanceesistivity that is about 1 order of magnitude larger than that
which accounts for the magnetoresistance. If the resistanag the film grown on the NdGagsubstrate in the paramag-
noise would, e.g., be caused by fluctuations in the interdonetic regime at room temperature and 3 orders of magnitude
main hopping rates but the resistance would arise primarilyarger in the ferromagnetic regime at 50 K. Furthermore, in
from other processes, it would be very surprising that  contrast to the film on NdGaQhe IVC's of the microbridge
«Sz/R? would stay constant whil®(H) changes by more patterned into the LaCaMnO; film grown on SrTiQ
than an order of magnitude upon increasing the applied fielvere found to be nonlinear in a temperature range close to
from zero to 5 T22 Tmax- As shown in the inset of Fig. 4, the differential resis-

max-

B. Noise data of a highly strained LCMO film
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L of domains are known to give rise to an anomalous high

< ] normalized low-frequency noise level. We note that a
2| o ] LaysCa,sMn0O; film w!th an intermedigge transition tempera-

8 ture 2= 180 K studied by Alergt al=> showed a less pro-
] nounced increase of the noise at the phase transition by only
& two orders of magnitude. Furthermore, the peak was found to
e~ 107°F 8 be restricted to a narrower temperature range of less than 40
E ] K around the phase transition.
© S 1 Beyond the explanation of the noise data in terms of a
107 F disordered magnetic material, there is another possible sce-
nario. Podzoroet al3! interpret the noise properties of their
G a0 8 & 1 polycrystalline samples and single crystals with low transi-
10%°F L tion temperature as evidence for a percolative nature of the
60 80 100 120 140 160 180 200 charge transport in the ferromagnetic regifaee also Refs.
temperature (K) 29 and 30. In the noise data of their bulk samples an in-
crease of the absolute value of noise level of up to 10 orders

FIG. 5. Temperature dependence of the normalized noise ampliof magnitude over a broad temperature range has been ob-
tudeag of a 200-nm-thick Lg:CasMnO; film grown on a SITIQ  served. Their scaling analysis of thef Hoise is claimed to
substrate showing a huge increase of the noise level in the vicinitye consistent with a percolation model of conducting do-
of the transition from the paramagnetic/semiconducting to thémains randomly distributed in an insulating matrix. In these
ferromagnetic/metallic phase. experiments an increase of the normalized noise magnitude

by more than 4 orders of magnitude was observed. Further
tanceRy=dV/4l slightly decreases with increasing bias cur-€vidence for a percolation nature of the phase transition
rentl, . For temperatures below 100 K and above 200 K thecomes from the large width of the noise peak.
IVC's were linear.

There is a strong difference both in the magnitude and the
temperature dependence of the normalized low-frequency re-
sistance noise between the &€& ,;MnO; film grown on In order to further clarify the origin of the observed noise
SrTiO; and NdGa@. Whereas for the film on NdGa@here  properties we compare the noise data obtained for the
is a reduction of the resistance noise going from thela,Ca;sMNnO; films grown on NdGa@ and SrTiQ sub-
paramagnetic/semiconducting to the ferromagnetic/metallistrates. Evidently, both films have completely different noise
regime, the opposite is observed for the film grown onproperties both regarding the absolute magnitude of the noise
SrTiO;. As shown in Fig. 5, on decreasing temperature, aand its temperature dependence. Since both films have been
huge increase of the magnitude of the normalized resistang&repared under identical conditions, there is strong evidence
noiseag is observed just in the vicinity of the paramagnetic that the different amount of strain in the films causes the
to ferromagnetic transition. We emphasize that this stron@bserved differences.
increase of the normalized noise by about 3 orders of mag- The noise data of the unstrained 5}s&a,;MnO; film
nitude takes place in a relatively wide temperature regimgyrown on NdGa@ can be interpreted in a straightforward
extending over about 40 K. The maximum valueagf is  way. In the ferromagnetic/metallic regime the noise proper-
measured at about 80 K, that is, at a temperature where thies are comparable to those of a conventional metal demon-
ferromagnetic/metallic phase is expected to be already welitrating that in the high quality film magnetization fluctua-
established withR(80 K)/R,(115K)=4%. We also note tions are negligible. In the paramagnetic/semiconducting
that the noise amplitude measured at a specific temperaturegime the noise is increased and shows a pedk atvhich
could not be well reproduced. Repeated measurements atisisuppressed completely by an applied magnetic field of 2 T.
fixed temperature of =80 K showed variations of the noise This most likely is caused by the suppression of magnetiza-
amplitude of about 20%. Therefore we suspect that a nonton fluctuations by an applied magnetic field in the paramag-
Gaussian component of the noise may be present, as reportadtic regime.
recently by Hardneret al?? for a Lay4CayMnO; film Obviously, the strain introduced in the 44CaMnO;
(Tmax=110K) displaying similar properties such as a broadfilm grown on SrTiQ due to the large lattice mismatch of
peak in the temperature dependence of the resistance noi&e€% results in a strongly increased noise level both in the
with a maximum at about =80 K. paramagnetic and ferromagnetic regime with a huge en-

Discussing the origin of the noise properties of thehancement in the ferromagnetic regif@most 10 orders of
Lay;sCa,sMn0Og film grown on SrTiQ we have to consider magnitude as compared to the strain free filihis known
different scenarios. The observed huge increase of the nothat strain due to a large lattice mismatch between film and
malized resistance noisg, suggests that the resistance in thesubstrate in the way as a large tolerance fdttoauses sig-
temperature range near the transition from the paramagnetigficant local structural disorder in the doped manganites.
to the ferromagnetic phase is mostly determined by charg&eeping in mind this strain effect in the hgCa;,sMnO; film
hopping between domains in an inhomogeneous, disorderezh SrTiO;, the huge increase dadg in the ferromagnetic
magnetic materidl? Such a transport mechanism is a likely regime within a broad temperature range most likely is asso-
source for both the noise peak and the nonlinearity of theiated to domain fluctuations well known for disordered
current-voltage characteristics. Low-frequency fluctuationsnagnetic materials. An abrupt increase of the normalized

C. Comparison of the noise data
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magnitude of the I/ noise by 1-2 orders of magnitude at with different amounts of strain. In a strain free film grown
magnetic transitions has been observed for many macre@n NdGaQ with a high Curie temperature a very low nor-
scopically homogeneous magnetic mateffal3** and re- malized resistance noisa; was found comparable to that
cently has been found also for thin films and bulk samples ofound for conventional metals. The noise peak measured
the doped manganité$?>3! That is, strain in the film is close toT in zero field could be completely suppressed by
responsible for defect fluctuations which couple to the locabn applied magnetic field. This can be understood in the
magnetization and thus cause resistance fluctuations as prisamework of a conventional ferromagnetic metal by taking
posed recently by Alerst al?® into account the coupling of magnetic and resistance fluctua-
Using n=5x10?*cm™3 as for the LgsCaMnO; film  tions. For a highly strained film grown on SrTj@ith a low
on NdGaQ we derive a Hooge parameter=10° at T  Curie temperature the normalized resistance noise was found
=200K andy=10° at T=90K for the LgCa,;MNnO; film to be enhanced by several orders of magnitude. In addition, a
grown on SrTiQ. The fact that the Hooge parameter is by broad peak in the temperature dependence of the resistance
more than 5 orders of magnitude larger in the strained lownoise in the vicinity ofT: was found. This behavior can be
Tc than in the strain free higfiz sample further illustrates explained in terms of charge hopping between domains in an
the amount of disorder introduced by the lattice mismatchinhomogeneous, disordered magnetic material. Our compara-
between film and substrate. So far, we have no direct prodive study shows that there is a strong coupling between local
that the observed magnetic disorder bears similarities with anagnetic disorder and structural disorder introduced by
spin glass. However, the interplay between the strongly disstrain effects due to a large lattice mismatch between film
ordered magnetic domains can be interpreted as an ensemlaled substrate. We note that the strain due to lattice mismatch
of ferromagnetic clusters in a paramagnetic matrix, a modebetween film and substrate may have a similar effect as the
that has been discussed recently by several aufféfs. internal local strain in bulk samples of the doped manganites
Within this model the low-frequency dynamics show manycaused by the mismatch of the ionic radii of different dop-
features which are similar to a spin glass. Interestingly, therants. Judging from our noise analysis, the [dw{ilm shows
seems to be a correlation between the transition temperatustrong magnetic disorder, whereas the highfilm behaves
Tmax, the increase of the noise level, and the temperaturenore like a conventional ferromagnetic metal.
range over which this increase takes place: the loygg is
the stronger is the increase of the noise level and the wider is
the temperature range over which the increase takes place. ACKNOWLEDGMENTS
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