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Low-frequency J/f noise in doped manganite grain-boundary junctions
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We have performed a systematic analysis of the low-frequerfcpdise in single grain-boundary junctions
in the colossal magnetoresistance materigl{Ca,;sMnO;_ ;. The grain-boundary junctions were formed in
epitaxial LgsCa,sMn0O4_s films deposited on SrTipbicrystal substrates, and show a large tunneling magne-
toresistance of up to 300% at 4.2 K as well as ideal, rectangular shaped resistance versus applied magnetic field
curves. Below the Curie temperatufe the measured 1/noise is dominated by the grain boundary. The
dependence of the noise on bias current, temperature, and applied magnetic field gives clear evidence that the
large amount of low-frequency noise is caused by localized sites with fluctuating magnetic moments in a
heavily disordered grain boundary region. At 4.2 K additional temporally unstable Lorentzian components
show up in the noise spectra that are most likely caused by fluctuating clusters of interacting magnetic
moments. Noise due to fluctuating domains in the junction electrodes is found to play no significant role.
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[. INTRODUCTION rier, Evettset al1* proposed the polarization of the GB re-

Doped manganites have attained large interest in recemfion by adjacent magnetically soft grains. Later on, Guifiea
years because of the interesting interplay of charge, spirpointed out that tunneling via paramagnetic impurity states
orbital, and structural degrees of freedom in these matérialsin the GB barrier probably plays an important role, and
and their potential use in magnetoresistive devices. It wagiesé® suggested a description of the transport characteris-
found early that the introduction of artificial grain boundariestics of GB’s based on tunneling via magnetically ordered
(GB's) into epitaxial manganite thin films leads to localized states in the barrier. Our recent systematic study of the mag-
structural distortions at the GB’s entailing significant modi- netotransport properties of well-defined individual bicrystal
fications of the magnetotransport properties of the GB!8.  GB junctions suggested a multistep inelastic tunneling pro-
In particular, a significant increase of the low-field magne-cess via magnetic impurity states within a disordered GB
toresistance was found. Recently, in well-defined, individuabarrier’~>*" Within this model both the nonlinear current-
GB junctions fabricated by depositing epitaxial manganitevoltage characteristics and the strong temperature and volt-
films on SrTiQ bicrystal substrates, a large two-level mag-age dependence of the tunneling magnetoresistance could be
netoresistance effect with a maximum tunneling magnetorenaturally explained. In our model, strain and structural dis-
sistance(TMR) of up to 300% at 4.2 K has been demon- tortions at the GB interface result in a localization of charge
strated at low applied fields of about 200 &&.These carriers, and thereby a suppression of the ferromagnetic
artificial GB junctions showed an almost ideal two-level re-double exchange resulting in an insulating GB barrier with a
sistance switching behavior with sharp transitions from lowlarge density of magnetic impurity states. We also pointed
to high resistance states when the magnetic field was appliegbit that band bending effects may play an important role,
within the film plane parallel to the GB barrier. Thus man- resulting in a depletion layer at the GB interface below the
ganite GB junctions represent ferromagnetéM) tunnel  Curie temperature of the ferromagnetic griin.
junctions with very high TMR values and a very simple fab- Here we report on a systematic analysis of the low-
rication process. On the other hand, the charge transpoftequency 1f noise of individual LgsCa;;sMnO5_4 bicrys-
mechanism across the GB barrier has not yet been unantal GB junctions to further clarify the transport mechanism
biguously clarified. In well-defined bicrystal GB junctions across the GB interface. The investigation of the low-
defined by growing epitaxial manganite films on SrJi@-  frequency 1 noise properties has already proven to be a
crystal substrates, the GB barrier is formed by a straighvaluable tool to provide more insight into transport mecha-
distorted GB interface with a width of only a few nm, as nisms across grain boundaries in the structurally related cu-
shown by transmission electron microsc83§.*3After an-  prate superconductot8=?° Therefore, a detailed evaluation
nealing in oxygen atmosphere, individual GB junctions withof the 1f noise of manganite GB junctions is highly desir-
large TMR values have been achieveétf 1! able from both basic physics and application points of view.

Up to now, several theoretical models have been For epitaxial thin films of doped manganites there have
proposed1%14-16tg describe the magnetotransport proper-been several reports on a large low frequendyribise?!-2°
ties of manganite GB junctions. However, the proposed modi particular, a large noise peak close to the Curie tempera-
els are controversial, and a thorough understanding of theire T¢ has been interpreted in terms of a percolative nature
magnetotransport properties of the GB junctions is still lack-of the transition between charge-ordered insulating and fer-
ing what is mainly related to the unknown structural andromagnetic metallic staté8?’ Reutleret al?® showed that
magnetic properties of the GB barrier. Whereas Hwanghe unusually large noise level is not an intrinsic property of
et al,® proposed a model based on spin-polarized tunnelinghe doped manganites. They found a strong coupling be-
between ferromagnetic grains through an insulating GB bartween local magnetic disorder and structural disorder intro-
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duced by strain effects due to a lattice mismatch betweer 10°
film and substrate. In particular the largd hoise level was
found to be absent in high-quality, strain-free epitaxial films
except for a narrow peak close 1g; which is already sup-
pressed by very small magnetic fields and is most probably<Z 10" ¢
due to the magnetic-phase transition, as discussed in Ref. 2{& i
Palanisamiet al?® suggested two different mechanisms for @
the noise in manganite films: fluctuations between metallic 3
and insulating phases on the one hand, and magnetic orier
tation fluctuationsdomain wall effects on the other hand.
Non-Gaussian properties of the noise together with randorr
telegraph signals were taken as an experimental hint to phas  10°E
segregation in  colossal magnetoresistanc€CMR) i
materials’®3! On the other hand, random telegraph signals 10° 10°
observed close td . were taken as evidence for a domain- voltage (V)
wall-motion picture of the kinetics of the responsible two- _ ., - - -
level systent? b)
In contrast to epitaxial thin films there are almost no ex-
perimental data on the noise properties of grain boundaries it
the doped manganites. Recently, Mathetial. investigated
the zero-field low-frequency noise in GB junctions in
Lay/sSr,sMn0O;_ 5 (Ref. 33 below the ferromagnetic transi- .
tion temperature, as well as the magnetic-field dependence c -0.05 0.00 0.05
the noise. They concluded that the low-field noise was due tc poH (T)
the multidomain structure neighboring the GB, i.e., of mag-
netic origin. Additional Lorentzian contributions were attrib-  FIG. 1. (a) Current-voltage characteristics of a 2f001] tilt

uted to thermally activated domain wall motion in the do- GBJ in a 80-nm-thick Lg;CaysMnO;_ film for parallel and anti-
main configuration close to the GB. parallel magnetization direction in the electroded at40 K. The

In this paper we present a systematic study of the |0W_voltage drop across the adjacent film parts has been subtracted. The

frequency 1f noise in individual grain-boundary junctions solid lines are fits to the Glazman-Matveev model. The inset shows
formed in Lg g/Ca 3qMInO5 films. In particular, we discuss a 5ketc.h c.)f the sample configuratigfb) Resistance_ VS applied

the dependehce of the measured noise on b’ias current tem?\gnet'c'fleIOI curve ar=4.2 K showing the almost ideal switch-
perature, and applied magnetic field. Our results ShOW, th ing behavior of the junction resistance. The field was applied within

3he film plane parallel to the grain boundary.
below T the noise is dominated by the GB and not by the P P g y

adjacent grains. The analysis of the noise characteristicgpatial dimension that are not positioned across the grain
shows that the GB noise is due to localized states with ﬂUCboundary were patterned into the epitaxial film. A sketch of

tuating magnetic moments in a strongly disordered GB barhe sample geometry is shown in the inset of Fig).1The

rier. At the lowest temperatures-@4.2 K) additional Lorent-  GBJ's fabricated in this way were characterized by measur-
zian contributions show up in the noise spectra. Thesghg the current-voltage characteristics as functions of tem-
Lorentzians are most likely due to an ensemble of interactingerature and applied magnetic field. After the annealing pro-
magnetic impurity states giving rise to a simultaneouscess the GBJ's show an almost perfect two-level resistance
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switching of their magnetic moments. switching behavior with sharp transitions between the low
and high resistance levels as already reported recéntly.
1. SAMPLE PREPARATION AND EXPERIMENTAL The noise properties of the GBJ’s were measured by bi-
TECHNIQUES asing the junctions at a constant currgpand measuring the

low-frequency voltage fluctuations superimposed on the re-

To achieve well-defined individual manganite grain sylting junction voltage. The voltage fluctuations were am-
boundary junctions (GBJ's) first about 80 nm thick piified by low-noise amplifiers and subsequently processed
Lay:CaysMNn0O;_ films were grown by pulsed laser deposi- by a digital spectrum analyzer. In this way noise spectra have
tion on symmetrical[001] tilt SrTiO; bicrystal substrates been taken in the frequency range from 1 Hz to 100 kHz.
with a misorientation angle of 24°. For details of the prepa-The measurements were performed as a function of tempera-
ration process, see Ref. 12. The k@&, MnO; s films  ture (4.2-300 K and applied magnetic fiel(lp to 12 T.
typically had a Curie temperatur€c=210 K. After film  The magnetic field always was applied within the film plane
deposition the films were annealed situat 950 °C in pure parallel to the GB barrier. Great care has been taken of the
oxygen atmosphere. Then, typically 30n-wide micro- electromagnetic shielding of the sample during the noise
brigdes straddling the grain boundary as well as the currenheasurements.
and voltage leads are patterned into the biepitaxial In the following we will quantify the measured voltage
Lay/3Ca,3Mn0O;_ ;s films using optical lithography and Ar-ion noise power by the frequency independent normalized volt-
beam etching. For comparison, microbridges of the samage noise power:
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Fz%xf“. (1)

HereS, is the spectral density of the voltage fluctuations and @
the exponenta usually is close to unity. Below, we will 8
usually plot the octave integral 10° ﬁ
R
2f1 Sy 3
Poctave:f _de- i) =
f1 V 10°
— 10—12 L L 'l 'l 'l 1
For Sy« 1/f we haveP =1 In2. o - res T ———

Ill. EXPERIMENTAL RESULTS AND DISCUSSION T(K)
FIG. 2. Temperature dependence of the normalized noise power

plotted as octave integral from 100 to 200 Hz for a microbridge
We first discuss the electrical transport properties of theyith (full symbols, solid ling and without a GB(open symbols,

GBJ's. Typical current-voltage characteristid¥C's) of a  dashed ling The noise spectra have been taken at a sample voltage

LaysCa/,;3MnO;_5 GBJ are shown in Fig.(&). For the par-  of V=100 mV. For comparison the temperature dependence of the

allel magnetization direction in the electrodes the highlyresistance is also shown.

nonlinear IVC’'s can be accurately described within the

Glazman-Matvee¥GM) modef* for all temperatures below - : : . . I
L 1 for th h the GB I -
Tc. Within the GM model the transport of charge carriers /T noise for the microbridge with the GBJ is rapidly increas

; o o ing with decreasing temperature f6k<220 K. In contrast,
across a barr.|er containing a S|_gn|f|cant. n_umber of defec{he noise of the microbridge without GBJ is almost tempera-
states is mediated both by elastic tunnelidgect or reso-

(1 i - inale i ity statand by inelasti ture independent except for a peak closd¢a We recently
hant tunneling via a single Impurity statand by IN€Iastic  spoyeq that this noise peak can be suppressed by a small

:Eir;nrer:?o?elp{r?ecﬁ\slsg: Z;an tgveoea;(ndr mor(ej gefect states. W'th'applied magnetic field and is related most likely to magnetic
pressed by fluctuations at the paramagnetic to ferromagnetic transition
in the doped manganité& The key result of Fig. 2 is the fact
that belowT the 1f noise power of the microbridge with a
where G, is the elastic contribution of direct and resonantGBJ is orders of magnitude larger than the noise power of

A. Transport and noise data

=G V+G,V R+ GaV2+ . . . ()

tunneling via a single localized state ag,Gs, ... give the epitaxial film. That is, for the microbridge with a GBJ the
the inelastic contribution to the total current from tunnelingmeasured noise can be attributed to the GBJ alone, since the
involving 2,3 . . . impurity states. The solid lines in Fig(@  additional noise of the adjacent grains is negligibly small.

represent fits of Eq3) to the experimental data taking into  Although we do not want to discuss the details of the
account tunneling channels up to=3 localized state$. noise of the epitaxial LgCasMnOs_;s film, we briefly
Channels withn>3 are found to give only negligible con- compare the noise data of the epitaxial film shown in Fig. 2
tributions. For the antiparallel magnetization configurationto those reported in our previous studyn Ref. 28 we have
the GM model also describes the IVC'sBt40 K well. We  analyzed the low-frequency noise in highly strained
note, however, that for other temperatures the agreememh#ysCasMNO;_; films grown on SrTiQ substrates. The
with the GM prediction for the antiparallel configuration was magnitude of the noise measured for these strained films is
not as perfect as shown in Fig(al much larger than that measured for the,k@a;sMnO5_
In Fig. 1(b) we show the resistance versus applied magfilms of our present study, although thels€a,;MNO;_
netic field curve for the magnetic field applied within the films were grown on the same substrate (Sg)i@ith the
film plane parallel to the grain boundary. As discussed insame lattice mismatch. These different characteristics origi-
detail elsewheré! for this field direction the grain boundary nate in the post-deposition annealing process applied to the
junctions show an almost ideal rectangular-shaped switchinfjlms of the present study. This annealing process results in a
behavior between the low resistance state with a paralledignificant release of the epitaxial strain and, in turn, in a
magnetization orientation and the high resistance state witteduction of the noise amplitude. This is in agreement with
an antiparallel magnetization orientation in the junction elec-our recent study, where we have shown that the noise ampli-
trodes. tude in strained LgsCa;sMnO3_5 films is larger by many
We next discuss the noise data. Figure 2 shows the tenorders of magnitude than in almost strain-free films grown
perature dependence of the normalized octave noise powen NdGaQ substrate$® The effect of a post-deposition ther-
Poctave fOr two LaysCaysMnO5_ s microbridges of similar mal process on the noise properties of strained manganite
geometry. Whereas one microbridge is straddling the GBfilms was also discussed in Ref. 25.
i.e., contains an individual GBJ, the other is not positioned Figure 3 shows the dependence of normalized octave
across the GB, i.e., does not contain a GBJ. By comparingoise powerP ... 0N a magnetic field applied within the
the noise data of these two microbridges we can clearly iderfilm plane parallel to the GB for different values of the bias
tify the contribution of the GBJ to the measured noise. Thecurrentl,. Figure 3 shows two experimental facts. First, the

224417-3



J. B. PHILIPP, L. ALFF, A. MARX, AND R. GROSS PHYSICAL REVIEW B6, 224417 (2002

é ' o 104A —A—20pA a) 7
—0—50pA —<—100pA % ,
O —0—200pA —*— 500pA grain
107 3 . —>— 1000pA 1 ‘ boundary
od | #
° distorted ¢
% 8 region ..
o
10* -*—r*—*\*\‘\‘\‘\;
o
\ ) M
'l '\r_lab/l ’—/-I
0 4 8 12
poH (T)

FIG. 3. Magnetic field dependence of the normalized noise
power for a Lg;;Caq,sMnO;_5 GBJ in the octave from 100 to 200
Hz atT=40 K for different values of the bias currehj.

noise power decreases with increasing bias current for all
applied fields forl ,=10 wA. Second, the noise power de-
creases with increasing magnetic field for bias current values
below 500uA. Whereas forl,<100uA the noise de- FIG. 5. (a) Sketch of the junction model for grain boundary
creases by more than one order of magnitude by increasingnctions in the doped manganites. The grain boundary interface is
the magnetic field to 12 T, fa, =100 1A the noise is only ~ formed by a few nm wide distorted region containing a high density
weakly dependent on the applied magnetic field. of defects states carrying a magnetic moment. The transport is by
Figure 4 shows the detailed dependence of the normalizegfastic tunneling as well as by inelastic tunneling) High-
noise powerP ,.,,.0n the bias currert, for both the parallel ~ resolution transmission electron micrograplanar view of a grain
and antiparallel magnetization direction in the GBJ elecoundary in an epitaxial LaCaMnO;_; thin film grown on a
trodes aff =40 K. It is evident that both for the parallel and 36-8° symmetrica[001] tilt SrTiO substrate. The image was ob-
antiparallel magnetization orientations there is only a veryained for a grain boundary that has not been annealed after the
weak bias current dependence of the normalized noise pongpQS'F'on Process. The d|§torted grain boundary region is confined
for small bias currents followed by a rapid decreas@gf, . to wlthln a f_ew lattice spacings. The arrow marks a step along the
at large bias current values. As illustrated in the inset of Fig.Stralght grain boundary interface.
4, the no_ise powef X S,(I,) shows a nonlinear dependence B. Model considerations
on the bias current.

In the following we will argue that both the dc electrical
T ' . parallel T transport and the low-frequency noise properties can be con-
o antiparallel sistently understood in a junction model assuming a strongly
fit 3 distorted region at the GB containing a large number of lo-
calized states or traps with fluctuating magnetic moments. A
sketch of this junction model is shown in Figah
It is well known from the study of GB’s in other perov-
skite materialge.g., cuprate superconducto¥s) that strain,
o 10° Sl 3 structural disorder, and oxygen deficiency are important fac-
= tors having a strong impact on the electrical transport prop-
erties. Figure ) shows a high resolution transmission elec-
o tron microscopy(HR-TEM) micograph of a symmetrical
L g 36.8°[001] tilt GB in a LaysCasMnOs_ 5 film deposited on
10‘;- . 0t et e . & a SrTiQ, bicrystal substrat& It is obvious that the grain-
10° 10° 10* 10° boundary region is clean without any secondary phases and
that the lattice distortions are confined to within a few lattice
spacings. This is very similar to GB’s in the cuprate super-
FIG. 4. Normalized noise powé?,...ein the octave from 100 conductors, where the boundaries were also found to be
to 200 Hz plotted vs the bias current for parallel (full symbolg ~ clean without any secondary phases and with the lattice dis-
and antiparallel magnetization direction in the GBJ electrédpen  tortions to be confined within 1-2 lattice spacifgs?®
symbold at T=40 K. The solid lines are fits to the data according However, the grain boundaries in doped manganite epitaxial
to the small signal analys[f. Eq. (5)]. The inset shows the noise films are almost as straight as the GB in the underlying
power f X S, vs the bias currenit, . SrTiO; bicrystal substrate. This is in clear contrast to GB’s in

current (A)
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the cuprate superconductors that are strongly fac&t&dt tential energyU(a)=JS -s=JS scosa, where J is the

is very likely that this difference is related to the different coupling constant and the angle between the localized mo-
growth modes of the cuprate and manganite thin filmsment and the electron spin. This additional energy, which is
Whereas the cuprates show a pronounced island growth wittuctuating with fluctuating orientation of the localized mag-
the islands growing across the substrate grain boundary re&etic moments, can be viewed as a fluctuation of the local
sulting in strong faceting, the manganites show a moleculabarrier height.

layer-by-layer growth mod® In this growth mode it is ex- Within the model of local barrier height fluctuations the
pected that the grain boundary in the film follows that of thedependence of the normalized voltage noise pd¥gg,.0n
substrate exactly. We also have preliminary results that theéhe bias current can be described within a small signal analy-
microstructure of GB’s in the manganites significantly de-Sis based on the GM model. Doing so, we assume that the
pends on the deposition technigigeg. laser molecular-beam Vvoltage fluctuations are caused by fluctuations of both the
epitaxy, sputtering the lattice mismatch between the film elastic and inelastic current contributions due to temporal
and the substrate and post-deposition annealing processyg_riaﬂons of the local barrier height. Considering fluctua-
However, more HR-TEM work is required for a detailed tions of the elasti&S; and inelastidG, andG; term, Eq.(3)

clarification of this issue. gives, for the small signal voltage fluctuation,
For the cuprate GB’s either a description in terms of a y v v
space-wise metal insulator transition at the grain boundary or d d d
in terms of band bending effeé?$ lead to a description of V= (9_(31561+ a_GzéGer @5G3+ o
the GB as composed of an insulating layer at the barrier
region which due to strain and structural disorder most likely 6G, 3 060G, - 6G3
contains a high density of localized defect states. Because of =V 3 +V & +V g (4)

the structural affinity of the cuprate superconductors and the
doped manganites, it is very likely that for these ferromags hereG =[G, + 1G,V*3+ 1G,V52] roughly corresponds to
netic junctions the transport properties are also determineq (o4 tunneling conductance. For independent fluctuations

by an insulating tunnel barrier contai_ning a large density _of5G1' 5G,, and 5G,, the normalized voltage noise
localized state§.Furthermore, there is already strong evi-
dence of the presence of a significant density of localized
states in the barrier from the fact that the current-voltage i _ E +V8’3§ +V5% ®)
characteristics of the manganite GBJ's can be very well de- \VZ N eY: G2 G2
scribed within the GM mode(cf Fig. 1). Further evidence
C?T]esl frOl’P tlze stronlg temperature and r\?!OItageddepef?den%E determined by the normalized fluctuatiorgs /G?
of the low-field tunneling magnetoresistaricBased on this ~ ~ ~ ~
experimental evidence we recently proposed that the magne:—welle)z’ Sg,/G*=(8G,/G)? and Sg,/G*=(5Gs/
totransport in manganite GBJ's is determined by multistepG)? of the GM coefficients.
inelastic tunneling via magnetic impurity states within a dis- Analyzing Egs.(4) and (5) we can conclude the follow-
ordered insulating GB barriér® ing: At low bias currentjunction voltage the elastic tunnel-
Based on the model assumption of a large number of loing current is dominating and we can neglect e and
callzgd states Wlt.hln an msulatmg GB barrler_there are tque terms, and furthermore can use the approximafin
possible mechanisms which may be responsible for the ob-~3 i )
served low frequency voltage fluctuations. First, the local-~C1- H2ence for a low bias current we expe&/V
ized defect states are capable of trapping and releasing Se,/G1, thatis, a normalized noise power independent of
charge carriers. This charge-carrier trapping and release prthe bias currentunction voltage. With increasing bias cur-
cesses lead to local variations of the barrier height and, thugent(junction voltage the inelastic tunneling contribution no
to fluctuations of the tunneling conductance. Furthermorejonger can be neglected. This results in an increa<a with
the magnetic field dependence of the ndisk below sug- increasing voltage and, hence, in an overall decrease of
gests that the charge traps are associated with a magnetc \;2.1/G2, even if the noise contributions of the inelastic
moment with a fluctuating orientation. Then both the trap-channels increase with increasing voltage. As shown in Fig.
ping and release of the charge carriers and, hence, the charggnis pehavior expected from our model consideration is in
transport between the hlghly spin-polarized electrodes degood qualitative agreement with the measured data.
pend on the local magnetic moment of the charge traps. \ye even can go further and fit the data by E%). The
Since the trapping and releases process depends on the relgyiq jines in Fig. 4 are fits of Eq5) to the experimental

tive orientation of_the_ magnetic moment of thg trap and thedata, taking into account only fluctuations of the elaGic
electrode magnetization, fluctuations of the direction of theterm and the first inelastiG, term. That is,Se. and Sg
magnetic moments of the charge traps strongly influence th 2 ' o 2

local barrier transparency. A second mechanism giving ris&aV€ been used as fit parameters, and the &yythas been
to low-frequency noise is related to coupling between theheglected to keep the number of fitting parameters minimum.
localized magnetic momen_ of the localized states and We note that the GM coefficients;, G, andG; entering
the spins of the tunneling electrons. Within the simplest G are obtained by fitting the current-voltage characteristics
approximation this coupling gives rise to an additional po-by the GM model prediction, and therefore are fixed param-
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eters in the fit of the noise data. Figure 4 shows that the small We now discuss the dependence Idfor, equivalently,
signal noise analysis based on the GM model is in good,..0n temperature. As shown in Fig. 2, we observe an
agreement with the experimental data for parallel magnetizaincrease ofP ., With decreasing temperature. This is ex-
tion alignment in the junction electrodes. The values for thepected within our model due to the increase of the spin po-
normalized fluctuations in the elastic channﬁgllGi larization in the junction electrodes with decreasing
~10"7 obtained from the numerical fits can be compared td€mperaturé. In this case the fluctuating orientation of the
the noise data of GBJ's in cuprate superconductors, Sinc!@cahze_d magnetlc_moments within the (_SB ba_rner results in
(5G/G)?=(SRIR)?, where SR/R are the normalized junc- increasing fluctuations of the local barrier height. Whereas

tion resistance fluctuatiorfé The normalizeds; fluctuations for a random orientation of the electron sifirero spin po-

nicely follow the scaling discussed in Ref. 42 for the cupratelar'zat'on) a change of the direction of the local magnetic

superconductors. This scaling behavior has been discussednhoments does not change anything and hence does not in-
P ) 9 flllence the tunneling probability, for a full orientation of the

terms of a constant density of trapping centers in the CUprf"‘tglectron sping100% spin polarizationeach orientation of

GBJ's. Therefore, the noise data of the manganite GBJ'S givi,e |ncalized magnetic moments corresponds to a different

further evide_n<_:<_e of the _close similar_ity to cupraFe GBJS_ anq)otential energy), =JS, -s and hence a different local bar-
suggest a similiar density of the noise centers in both junCjer height. That is with increasing spin polarization the fluc-
tion types. FurthermoreSs, and Sg, are found to depend  yations of the orientation of the localized moments results in
only weakly on temperature in the investigated temperatur@increasing fluctuations of the local barrier height. We note
range below 80 K. that judging from the evaluation of the IVC'’s within the GM
For the antiparallel magnetization orientation in the junc-model the average barrier transparency is almost independent
tion electrodes the modeling of the noise data by a smalpf temperature.
signal noise analysis based on the GM model is less convinc- We next discuss the dependencePgf;,..on the applied
ing. However, Fig. 4 shows that a similar overall dependencénagnetic field. Applying a magnetic field was found to con-
of the normalized noise power on the bias current is oblinuously decrease the junction noise up to 12 T for bias
served for the antiparallel magnetization orientation. This iurrents<500 uA, as shown in Fig. 3. This can be ex-
expected if we suppose that we can use the simple tillie plained vylthln the pr_opc_>sed model in a strmghtforvyard way.
modef® to describe the ferromagnetic tunnel junction. ' "€ @pplied magnetic field tends to align the localized mag-
Within this model the tunneling current is given by the tun- netic moments of the charge traps in the barrier region and

neling matrix element and the density of statés (Eg) of tl“js reduE(cejs rﬁhi fluc:rl:at|;|)nst Ofti trr:e p?t;ahnne}l enleli)g);ri ;
the two spin directions at the Fermi level in the junction S.-s and, hence, the fluctuations of the local barrie

electrodes. Going from the parallel to the antiparallel con—he'ght' We note, however, that in order to explain the mag-

fi tion the t i trix el t stavs th H netic field dependence of the noise power up to the largest
Iguration the tunneling matrix element stays thé same. OWétpplied field of 12 T(see Fig. 3 the fluctuating magnetic
ever, for a material with finite spin polarization the density of

. . . moments associated with the localized states cannot be con-
statesN;, | (Eg) for the spin-up and spin-down electrons is

) ) . , >~ sidered as free moments but rather(agakly) interactin
changed. Since in the elastic tunneling process the spin d ( y g

o i q duction G d . ted foments forming a spin glass like state. It is well known that
rection is conserved, a reduction G, an Se, Is expecte the physics of the doped manganites is determined by a com-

going from the parallel to the antiparallel magnetization ori-petition of ferromagnetic double exchange and antiferromag-
entation. It was shown recen?lyhat in the inelastic tunnel- netic Superexchange between neighboring Mn ionS’ which
ing processes the spin direction does not seem to be cogensitively depends on doping as well as structural disorder
served in manganlte_GBJ’s. Theref_ore, no reductiorGef  and bond angles. Of course, for bulk }£a,,;MNO;_ 5 the
andGg as well asSg, is expected going from the parallel to ferromagnetic double exchange is dominating. However, for
the antiparallel magnetization orientation. Then, according tahe structurally distorted GB region there is certainly a
Eq. (5), we expect a slightly reduced value 8§/V2 and a  strongly suppressed double exchange resulting in locally fer-
similar functional dependence on the bias curr@mbction  romagnetic and antiferromagnetic exchafiy@ecause of
voltage. This is in qualitative agreement with the experi- this distorted nature of the GB it is plausible to assume that
mental data. We note, however, that the Judlienodel cer- there is an arrangement of interacting magnetic moments
tainly is too simple to describe the junction behavior in full strongly resembling a spin glass in the GB barrier.

detail. In particular, the assumption of a voltage-independent We finally note that a spin polarized bias current of about
density of states for the two spin directions may be an insuf100 wA corresponding to a current density of about
ficient approximation. Recently, it was shown that band10® A/cm? flowing across the GB may result in a nonvanish-
structure effects give rise to voltage-dependent currents thag orientation of the localized magnetic moments. That is,
conserve spifi*f Summarizing our discussion we can con-in this scenario the spin-polarized current is expected to have
clude that our simple model based on an insulating tunnelinghe same effect as an applied magnetic field, namely, to re-
barrier containing a high density of localized defect statesluce the low-frequency noise. A reduction of the noise with
already describe&at least for the parallel magnetization ori- increasing bias current has indeed been obseisesl Fig. 4
entation the measured noise data in a sufficient way. In or-but attributed above within the GM model to an increase of
der to get an even better agreement more sophisticated mothe inelastic tunneling current with increasing bias current
els have to be taken into consideration. (junction voltage. Since the functional form of the bias cur-
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FIG. 6. Voltage noise power times frequency plotted vs fre- FIG. 7. Resistance of a baCa;MnOs;_; GBJ plotted vs
quency at 4.2 K. Additional Lorentzian noise components aresoH/T at 2.15 and 4.3 K.
present with characteristic properties: some Lorentzians evolve in
time at zero magnetic fiel@a) as well as in an applied magnetic electrodes is expected to result in a large shift of the chemi-
field up to 12 T(b). On the other hand, some Lorentziai do  cal potential, it has been argued that considerable band bend-
neither change in time nor are affected by an applied magnetic fieldng effects occur at the GB interface beldw . These band
bending effects lead to a depletion of the paramagnetic GB

rent dependence of the noise fits well to the GM model basetyer. The widtht of this depletion layer is a function of the

explanation, we conclude that the orientation effect of thenagnetization differenca M :_MFM_'>A8P4I\§ of the FM elec-
spin polarized current, although present, is small. trodes and the PM barrier withxAM. "*"At low tempera-

At low temperature T=4.2 K) we observed additional ture and fields above the coercive field the magnetization of
Lorentzian contributions to the low-frequencyf Ifoise as the ferromagnetic electrodes can be assumed constant, and
illustrated in Fig. 6. In contrast to the experiments in Refswe havetxAM«Mpy,. The magnetization of the PM layer
33, 46, and 47 these Lorentzians displayed various charaés determined by the Brillouin function, which is a function
teristic properties that are in obvious contradiction to theof H/T. Then, we expectAM«f(H/T) and, hence,t
assumption of domain wall motion. First, we observe an evo=f(H/T). Then the junction resistand@=exp(—t) is ex-
lution of the Lorentzians in time both at zero magnetic fieldpected to followRe=exd —f(H/T)]. This is clearly not ob-
[Fig. 6@] and at an applied magnetic field pfH=12 T  served experimentally, as shown in Fig. 7, where the two
[Fig. 6(b)]. Second, as shown in Fig(& some Lorentzian R(H) curves recorded at different temperatures do not coin-
components were found to be completely unaffected by apeide when plotted versud/T. Furthermore, foH/T<1 the
plying a magnetic field as large as several hundred mT. BeBrillouin function can be approximated y/T. In this case
cause of this ambiguous dependence on both time and mag<exp(—H/T) is expected. Such behavior has indeed been
netic field we suppose that the Lorentzians are due to areported’ and is also shown in Fig. 7. However, for a para-
ensemble of interacting localized magnetic moments. Thenagnetic GB layer at very low temperature and very high
interaction between the moments leads to simultaneouields theR«exp(—H/T) behavior should no longer be valid,
switching of their direction between a discrete number ofsince the Brillouin function no longer can be approximated
orientations. Random switching of the magnetization of suctby H/T. In contrast, the magnetization of the paramagnetic
an ensemble betweewmo distinct directions thus defines a GB barrier is expected to saturate, resulting in a saturation of
two level system giving rise to random telegraph noise withthe junction resistance. As shown by Fig. 7 this is clearly not
a Lorentzian power spectrum. Furthermore, the indepenebserved in our experiments. Summarizing we can conclude
dence of the Lorentzian contribution on the magnetic fieldthat the absence of B/T scaling of the measureR(H)
shown in Fig. 6 also provides clear evidence against domainurves and of any saturation of the junction resistance at very
fluctuations in the junction electrodes as the origin of thehigh magnetic fields, even at 2.3 K provides further evidence
GBJ noise. that the barrier region rather resembles a spin glass than a

To further clarify the magnetic properties of the barrier paramagnetic material in agreement with the above conclu-
region we have investigated the magnetic field dependencgons drawn from the analysis of the noise data.
of the junction resistance down 2 K and up to 16 T. Re- We also would briefly like to compare our noise data to
cently, in Refs. 7 and 8 the distorted barrier was modeled athat already available in literature. Recently, Mathéal 3
a paramagneti¢PM) region even below the Curie tempera- investigated the I/noise of GB junctions in Lg;Srp ;MnO;
ture T of the doped manganite, since the ferromagnetidhin films. In these experiments the low-frequency noise was
double exchange is suppressed in the distorted GB layefound to show the same dependence on an applied magnetic
Since according to theoretical predicti6hthe paramagnetic field as the dc resistance. Therefore, the authors suggested
insulator to ferromagnetic metal transition in the junctionthat the measured low-field noise is of magnetic origin re-
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lated to domain fluctuations and domain wall motion in a V. SUMMARY
multi-domain state neighboring the GB region. They further . .
argued that the origin of the observed additional Lorentzia In summary, we p_erfprmgd a deFalled analygs of the low
components in the low frequency noise are caused by theff€duency 1f noise in individual bicrystal grain-boundary
mally activated domain-wall motion in this domain configu- Junctions formed in epitaxial lgCa sMnO; films as a
ration. function of temperature, bias current, and applied magnetic
Our noise data do not support this picture of a fluctuatingield. Our noise data show that the low-frequency noise in
magnetic state in the junction electrodes adjacent to the GBhese junctions showing nearly ideal two-level resistance
The accurate description of both the IVC’s and the noise datgwitching is due to localized sites with fluctuating magnetic
within the GM model strongly supports a tunnelinglike moments in a strongly distorted barrier region. This is in full
mechanism for the charge transport and gives strong eviagreement with the description of the electrical transport
dence that the low-frequency noise in the manganite GBroperties of the GBJ’s by elastic and inelastic tunneling via
junctions is caused by the trapping and release of charglecalized defects states within an insulating grain-boundary
carriers in localized defect states within the GB barrier. Furbarrier. Low-frequency noise due to domain fluctuations in
ther support for the tunnel junction model stems from thethe junction electrodes is found to play no significant role in
R(H) dependencie’. Here, for our GBJ's, an ideal two- the investigated samples. Additional Lorentzian contribu-
level resistance switching with sharp transition from the lowtions to the noise showing up at low temperature are most
to the high resistance state is observed with the magnetifkely caused by clusters of interacting magnetic moments.
field applied parallel to the GB barrier resembling the rect-The analysis of the electrical transport properties and the
angular shaped(H) characteristics observed in TMR de- nojse up to high magnetic fields suggests that the grain-

vices based on transition metdfsSuchR(H) dependencies poundary barrier is a spin glass rather than a paramagnetic
would not be expected in the presence of a multidomain statgyer.

in the junction electrodes. Furthermore, the normalized oc-
tave noiseP .. Of Fig. 3 shows a strong magnetic field
dependence up to applied fields of 12 T especially at low bias
currents. Again, this is in contradiction to a multidomain
state, for which domain fluctuations are expected to be The authors want to thank C. femer and J. Klein for
strongly suppressed at fields above about 1 T where the dealuable discussions. This work was supported by the
mains are fully aligned. BMBF.
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