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1/ noise in the half-metallic oxides CrQ, Fe;0,, and Lay;SrysMnO 4
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The excess low-frequency 1y electrical noise of three representative half-metallic oxides,,CF&0,,
and Lg,sSr;sMnO;, has been studied as a function of the tempera&#800 K) and a magnetic fieldup to
12 7). In CrG, and Lg,sSr;,sMn0O;, the resistance fluctuations are investigated in the metallic regime, below
T.. The magnetite noise is measured across the Verwey transition, in the hopping regime. We find, in all these
oxides, a high normalized noise level which roughly follows the temperature dependence of the resistivity. For
CrO, and Lgy;3SrsMn0O;, the form of the density of state of the responsible excitations is inferred. Oxygen
displacement around grain boundaries, magnetic fluctuations, and reversed-spin electronic excitations in the
band structure are discussed as possible explanations of the low-frequency fluctuationgOzotHee1f
noise and its temperature dependence are attributed to fluctuations of the number of carriers in a critical
network.[S0163-182€09)04219-9

INTRODUCTION understand its microscopic origin and to link the noise be-
havior to the conductivity regime, the structure, and the half
Half-metallic ferromagnets are a class of materials ofmetallicity.

great interest for their potential in spin electronics. The defi- We have measured the resistance fluctuations as a func-
nition of a half metal is a metal where the spin polarizationtion of the temperaturés—300 K and a magnetic fiellp to
of electrons at the Fermi level is 100%: one spin subband i42 T) in the three representative half-metallic oxides: &£rO
metallic, whereas the Fermi level falls into a gap of the othef 804, Lag3SksMnO;. The manganite and the chromium
one. Experimental studies such as spin-resolved photoemigioxide resistance fluctuations are studied in the metallic re-
sion and band structure calculations support the half-metalligime. belowT,. The magneite noise measurements are per-
picture for some Heusler alloy$NiMnSb, PtMnSh,~ formed across the Verwey transition, in the hopping regime

_ . - f conductivity.
Cr0,, %% and ferromagnetic manganites such as® : _ . .
LaySryMn0, 1911 Magnetite, FgO,, is thought to be a We find that the normalized noise in all these oxides has a

half-metallic ferrimaanet 1/f spectral density, whose magnitude roughly tracks the
ghet. temperature dependence of the resistivity. The origin of the

The bulk intrinsic magnetoresistance of half metals at low_ . " analyzed in terms of a broad superposition of ther-

temperature, directly linked to their spin anisotropy, is rather ally activated processes which couple to the resistivity to
low. However, in relation to devices such as spin-polarize ive the 1f noise spectrum. In Cr the Dutta-Dimon-Horn
tunnel junctions, half-metallic films are of great interest asy,oqept appears consistent with the data and leads to a dis-
injectors of fully spin-polarized electrons into  the rpytion of activation energies of an ensemble of fluctuators
junction>**"The large ratio i;/n|) of the spin-polarized  that increases above 0.5 eV. ForBg the 1f noise and its
density of states at the Fermi level should allow, in principle temperature dependence are attributed to the fluctuations of
the ultimate enhancement of tunneling magnetoresistanag@e number of carriers in a critical network. In the manganite,
(TMR) and its applications? the study of the temperature dependence of the noise and
Recent transport measurements on magnetic oxides haygnsport properties suggests that, belbw the resistance
revealed a high level of L/resistance fluctuation$;**sev-  flyctuations are directly coupled to the thermally activated
eral orders of magnitude larger than the electrical noise typispin fluctuations. A drastic decrease of the noise level is

cally observed in metallic films. If one thinks of including a observed when a continuous magnetic figlg to 12 T is
half-metallic ferromagnetic oxide in a magnetic sensor, itsapplied on the manganite.

intrinsic 1 noise could limit the low-frequency sensitivity
of the device for detection of resistance changes induced by
a magnetic signal. At present, the strength of the electrical
1/f noise in metallic oxides and its microscopic origin are 1 um CrO, films were deposited 0(001) and(110 TiO,
not well understood and no universal cause for tHenbise  substrates by high-pressure decomposition of&f@or the
has been isolatedf.Research is needed to identify the intrin- (001) orientation, the resulting material has a granular struc-
sic processes which couple to the resistivity to produce théure with needlelike grains having their long agike c axis)
1/f noise. Besides, there is the possibility that these noisperpendicular to the surface. The average size of the grains
measurements may provide insight into the electronic transn the plane is about 0.am. The ferromagnetic Curie tem-
port properties of oxide films. perature is 390 K. Below a temperatuke=80K, the carri-

The goal of the present study is to characterize ttfe 1/ers are mainly scattered by impurities and grain boundries
electrical noise in half-metallic oxides. Attempts are made taand the residual resistivity is around Z8)cm. At higher

SAMPLES AND EXPERIMENTAL TECHNIQUE
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temperatures, there isT variation of the resistivity and at T
room temperature and above, the intrinsic behavior of the [ —a—T=300K, S
oxide is that of a bad metd?® 1x10™ ¢ e TE%TK S -
2 um Fe0O, films were prepared by molecular beam epi- E B TV
taxy on (100 MgO substrates. The temperature dependence oy, o T=112K, S
of the resistivity is dominated by a first-order electronic
phase transition at the Verwey temperatur@< 123 K), be-
low which the electrical conductivity decreases by a factor of <
100. Below and abovd,,, conduction is by hopping of
down-spin electrons among the¥fecores on the octahedral
sites of the cubic inverse spinel structure. :
The mixed-valence manganited,aShyMnO,, are 1um 1x10" F
thin films deposited on a heatg¢d00 MgO substrate by F E
pulsed laser deposition; the nominal composition is 0 1 3 7 20 55
Lay/sSrsMn0O;. The residual resistivitytad K is about 100
1) cm and the Curie temperature is approximately 360 K. Frequency (Hz)

For the electrical ~measurements, GrO and FIG. 1. Normalized power spectral density of the excess noise in
Lay/351sMnO; are patterned by photolithography and wetc,o, showing the 1 frequency dependence at three temperatures.
chemical etching to form a Hall bar consisting of three Hall
crosses with one common current leg. Each contact area §//V2 over the frequency band 0.1-50 Hz measured on the

isolated from the voltage measurement region of the samplero2 film at selected temperatures 112, 207, and 300 K
to eliminate the effects of contact noise. Electrical contact ! ' :

are made either by silver paint, or by indium solder. In eacﬁ-mog.e’s empirical relation is ger]erally use.d to normalize th?
case. the same noise level wa,s found. The final sa.mple Vog_ata in order to compare the noise levels in different materi-
ume involved in the noise measurements is21B & e, als- Hooge’s equations

Due to the high resistivity of the magnetite beldw, the
Fe0, film was simply patterned in a large bar of 3

x10"%cm?’ ) o ) . whereV is the applied voltage across the sampig, the
The electrical noise is measured with a standard f'Vedensity of carriers, and) the noisy volume between the

probe configuration using a dc and/or an ac curfékiith a probes. Ther exponent usually varies in a range between 0.8

dc current, the fluctuations of the voltage about 0 are amp“énd 1.4. The Hooge parametgrrepresents the strength of

fied by a SRS60 low-noise preamplifier and its output Sthe normalized ¥/ noise. Taking the density of carriers to be
plugged into a HP 35660A commercial spectrum analyzer o 3 . .
5x 10°2cm™3, corresponding to one carrier per formula

Using an ac current,the carrier fequency is chosen betWeelt o i o' value of 2000 at 300 K. This i at least five

116 preamplifier and a PAR 124A lock-in amplifier are used®" Six orders of r_113agnitu2de greater than normally found in

as a demodulator, with minimum time constant(1 ms) metal [Ymetarg=10"°—~10"“ (Refs. 28-3f), and is compa-

and flat mode configuration. rable to they values recently obt?qu in colossal magnetore-
A large driving current is usually needed to increase theSistance(CMR) magnetic oxides®~ _ _

ratio of excess noise to Johnson noise. Nevertheless, we were The temperature dependence of the normalized noise at

able to measure the flicker noise in our samples with reasorg0 Hz reveals an increase of the noise by a factor of 50
able current densities between?1and 16 Alcm?, avoiding  Petween 50 and 300 KFig. 2). There is a small maximum of

any substantial heating of the films. The same results were
obtained with ac or dc current. The standard tests were made . —— T :

- = =h
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to check for errors due to contact noise: the measured power 3 ]
spectral density, normalized by the applied current, was = 800

found to be independent of the ratR/r, whereR is the -~ g 4o

ballast resistance and is the specimen resistance. This E 612 200 il
proves that contact noise has been elimindtetihe back- 2 % W0 20 300

ground noise level corresponded to the Johnson noise of the g 4l Temperature (K) _
sample and for each sample we checked the squared current NZ

dependence of the excess noise spectral dergijty All =

these tests made us confident that the measuredhdise 2r Fo—uH=0T ||
comes from the sample and is related to its resistance fluc- 4 mH=4T |
tuations. Let us emphasize that the noise data we present are 0 ' ' - ' .

the normalized noise spectral dens®y/V? where the noise 50 100 150 200 250 300 350
level is normalized by the values of the applied current and Temperature (K)

the resistance of the sample.
FIG. 2. Temperature dependence of the normalized noise in
RESULTS CrO, at 20 Hz(A: with a 4 T magnetic field perpendicular to the
cro film. O: in zero field, after the magnetization of the samplEhe
2 solid line is to guide the eyes. In the inset, the resistivity of @i
Figure 1 shows the normalized noise spectral densityilm of CrO, on (001) TiO.,.
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Temperature (K) FIG. 4. Normalized power spectral density of the excess noise in
Lay;3Sr,sMnO3, showing the 1ff frequency dependence at 86 K. In

FIG. 3. Temperature dependence of the normalized noise i€ iNSet, bias current of the noise power spectral dergjtyor
Lay3Sh,sMnO5 at 86 K and 20 Hz.

Fe,0, at 20 Hz. The solid line is to guide the eyes. In the inset, the
resistivity of a 2um film of Fe;0, on (100 MgO. served around’, . Despite the ferrimagnetism of the mag-
netite, an applied fieldf® T has no significant influence on
the noise around 175 K, followed by a drastic increase abovéhe amplitude of the noise.
210 K. The corresponding(T) exponent of the f spec-
tral density varies from 0.97 to 1.16. The noise level varia- LazsSr1sMnO3
tion as a function of the temperature roughly follows the Figure 4 shows the noise spectral density as a function of
temperature dependence of the intrinsic &résistivity (in-  the frequency and its current dependence at 86 K. The pro-
set, Fig. 2 which varies by a factor of 30 from 40 K to room portionality of the noise power to the square of the current is
temperature. This occurs despite the fact that the trivial deagain proof that the 1/noise is originating from the resis-
pendence of the noise on resistance is eliminated by usingnce fluctuations in the sample, since the amplifier noise
the normalized expression of the noise spectral density. ~ does not have any bias current dependence. The temperature
When we appl a 2 Tmagnetic field perpendicular to the dependence of the noise beldw, and measured at 20 Hz,
film, along thec axis of the CrQ sample, the ¥/ noise level IS presented in Fig. 5. One observes the drastic increase of
is decreased by a factor of 2 from the value in the demagnehe noise by a factor of f(as the temperature varies from 10
tized state. As we decrease the field down to zero, the madP 300 K, tracking the temperature dependence of the resis-
nitude of the noise remains more or less constant, revealing®ity (inset, Fig. 5, except that the noise variation is larger
hysteretic effect due to the sample magnetization. In Fig. ®Y a factor of 500. They parameter at room temperature is
we notice that, whatever the temperature, the noise has mué@pout 80, taking the number of carriers equal to 0.5
the same leveltat T and zero field after the sample has beenX 10°cm™. Let us note that the strength of the noise in the
magnetized. We conclude, therefore, that one part of th&etallic phase is a little bit smaller than recently reported by
electrical noise comes from magnetic domain structure§thers®*but it remains three or four orders of magnitude
which disappear when a strong enough field is applied. Oncgreater than in metals. The(T) exponent varies between
this noise is suppressed by applying a field, the resistanc®8 and 1.2.
fluctuations remain very highy~=2000) and are not linked

T . . : . . —
to electron scattering by unstable orientations of magnetic 4x10
domains. z ’ 1
x10F g 7 -
o~ !
Fe304 g 0__/
L. L o 2x10™r 0 100 200 300 g
The 1f noise in the magnetite film was measured below > Temperature (K)
and above the Verwey transitidfrig. 3). At room tempera- -
ture, using the number of carriers around 4% cm 3 1x107™F 1
(see discussion belgwthe strength of the noise is estimated
to be y=80, which is still a high level. Its temperature de- ol |
pendence reveals a huge decrease of its magnitude by a fac- 0 50 100 150 200 250 300

tor of 100 aroundry,, following once again the temperature
dependence of the resistivifynset, Fig. 3. At room tem-
perature, one notices a slight increasespfV> even though FIG. 5. Temperature dependence of the normalized noise in
the resistivity keeps decreasing. Th€T) exponent of the | a,.Sr,,,MnO; at 20 Hz. The solid line is to guide the eyes. In the
1/« spectral density varies between 0.88 and 1.32. No palinset, the resistivity of a 0.um film of Lay3Sr,sMnO; on (100
ticular feature in the temperature dependence(@f) is ob-  MgO.

Temperature (K)



12 438 RAQUET, COEY, WIRTH, AND von MOLNAR PRB 59

' N the Lorentzian spectra over the distribution of the activation
Or - g energies:

;\? - % 20

% 251 3 = w0 1 S(f) f 7(E) D(E) dE @

= 0 5 10 15 20 25 x A =2 a _2¢0 )

g ol uH (Testa) 1+ 7(E)*4mf?

3 R . where7(E) is the characteristic time of one process, defined

75} (a) e - by an Arrhenius law. DDH made the assumptions, among

. : : : - others, that the net mean-square fractional resistance fluctua-

tion (integrated over all frequentgys temperature indepen-
K H (Tesla) dent and the same distribution of energies is involved to
describe the nearly Lhoise and its temperature dependence.
Therefore, thea(T) exponent of the X/ spectral density

. and the temperature de;l)endence of the noise are related by
ol :;:310_“ e _ the following expressioR:
N (U I o U 1 [alS(i,T)
z W, ol f a(T)=1- -1/, ®)
~ 14 " o 1 In(27f 7p) ainT
> 10 - Frequency (Hz) 3 . . . . . .
;> Mw where 74 is the “attempt time” which, in solids, is of the
.| (B) Mw».\ order of the inverse phonon frequency, typically
L S 10 1-10 *s. If D(E) varies slowly compared t&T, the
0 S5 10 15 20 25 distribution of energy may be deduced directly from the tem-
Frequency (Hz) perature dependence of the noise spectrufi by
FIG. 6. (a) Magnetic field dependence of the normalized noise D(E)~2mfS(f,T)/KT. (4

power spectral density: Noise  H)=[S,/V3(H)

—Sy/V2(0)]/[Sy/V?(0)], for LaysSr,sMnO; at room temperature It should also be noted that the(T) values(which can be

and at 20 Hz. In the inset, the high magnetic field magnetoresisgreater or less than) teflect the shape of the distribution of

tance of the same sample at 300 (K) Frequency dependence of the activation energiegrespectively, ID(E)/JE>0 and

the normalized noise power spectral density at 12 T and 300 K fopD (E)/9E<0].

Lay3SrsMnO;3. If the predicteda(T) values from Eq.3) are in agree-

ment with experimental results, it means that the assump-

The 1If noise was also measured in a Continuous mainOl’lS Of the m0de| are Consistent and the diStribution Of en-

netic field, up to 12 T at the National High Magnetic Field €rgies is reliably extracted from E¢4). But we should bear

Laboratory in Tallahassee. The field dependence reveals & Mind that the energy range on which the distribution is

75% decrease of the noise level as the field is increased up gstimated directly depends on the experimental conditions.

12 T [Figs. 6a) and &b)]. No significant variation of the ~ The transition energies we probe are roughly linked to the

exponent as a function of the field was observed. frequency bandwidth and the temperature by
E~—KkTIn(27f 7). (5)
THEORETICAL BACKGROUND AND DISCUSSION This means, in our case, that the€ hbise we measure be-

: . . tween 0.1 and 100 Hz and 4 and 300 K arises from high
It is now well known that pure %/resistance fluctuations {.,nsition energies between 0.02 and 0.9 eV, in agreement

are mathematically produced by superimposing a large nuMgit, siow thermally activated relaxation processes.
ber of random processes coupled to the resistivity and with

an appropriate distribution of characteristic times
D(7).2931733 This general feature was first applied by Cro,
McWhorter to model the charge fluctuations at a In Fig. 7(a) (dots, the noise exponent is shown as a
semiconductor-oxide interfateand later by Dutta, Dimon, function of the temperature. In the same figure are plotted
and Horn(DDH), who proposed that the approximate 1/ (lines) the predicteda(T) values according to the DDH
spectrum in metals was due to a broad distribution of activamodel [Eq. (3)], using a value ofry~10"*s. In this plot,
tion energies for the random proceséksn metals, such there are no adjustable parameters. Clearly, the overall shape
processes are usually related to thermally activated motion aff a(T) is very well reproduced by the DDH model. In view
structural defects disturbing the effective cross section of thef this good agreement and Ed), we can infer the value of
electron scattering centers. Currently, the notion of superpdd(E) from S,(T) [Fig. 7(b)]. A large increase of the distri-
sition of thermally activated processes coupled to the residiution is observed above 0.5 eV with an energy peak beyond
tivity is widely invoked to explain the origin of the fLhoise, 0.8 eV. These transition energies are related to some pro-
and this in many different systems: met&li$%®® cesses responsible for thef 1/spectrum of the noise and its
semiconductord~37 magnetic material®3° superconduct- drastic increase above 210 K. The smaller peak centered
ors in the normal stat&®;*! etc. around 0.4 eV corresponds to the process responsible for the
In the normally activated fluctuation model of DDH, the noise anomaly near 175 &ig. 2. In the inset in Fig. B) is
total noise spectrum is simply deduced from an integration opresented the simulated distribution of transition energy de-
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§ 1.0 T
0.8 (a) 1
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Temperature (K)
FIG. 8. Schematic electronic band structure in Cefer (Ref.
" 9). The activation energy for creation of down-spin carriers in the
0.9r el tpq band isE;, for d—d excitation andE, for p—d excitation.
- d
:':J. 08 e performed. We found a significant decrease by a factor of 4
03l i d | of the 1f noise at room temperature, when the current is
' e (b) applied along the path with the lowest density of grain
0g oY , . . . boundaries. Another possible explanation of the hude 1/
1 02 03 04 05 06 07 08 noise is related to the half-metallic character of gréhe
Energy (eV) fluctuation providing the noise may be of electronic rather

than structural origin. The band structure of the €i®
shown schematically in Fig. 8. The activation energy for
CrO,. The solid line is the prediction of E¢3) using the tempera-  creation of down-spin carriers in thg, band isE; for d

ture dependence of the noigigig. 2). (b) Energy distribution cal- _, 4 excitation andE, for p—d excitation. Any reversed
culated from Eq(4) and the curve in Fig. 2. In the inset, numerical spin in the conduction band has a severe effect on the con-
calculation of the energy distribution from E() and the curve in 4, ctivity because it will be associated with a reversefiCr
Fig. 2, without the DDH mathematical approximation. site moment, which not only withdraws that ion from the

duced from a numerical calculation of E®). A satisfactory conduction process, but also reduces the bandwidth of the
agreement is found between the simulation and the distribdocal density of states of neighboring sit&producing a lo-
tion deduced from the DDH expression. We conclude thag€alized cluster which acts as a strong dynamic scattering cen-
the resistance noise is well described by the DDH modeler. No significant effect of an applied magnetic field is ex-
despite its assumptions and that random processes with Rgcted because the energy shift of the spin-polarized bands
large activation energy, greater than 0.5 eV are involved. (0.67 K/T) is much less than their separatitr1000 K). In

In metals, it is believed that the distribution of energies isthis model, we associate, andE, with the peaks at 0.4 and
mostly related to fluctuations of lattice defects which make=0.8 eV [Fig. 7(b)].
slow thermally activated transitions between states of nearlﬁ Further work is needed to study the influence of the grain
equal energy®***?|t is possible that the exceptionally high boundary density on the flhoise level and determine the
1/f noise in CrQ is attributable to the behavior of oxygen extent to which structural and electronic excitation contribute
defects and grain boundaries. The distribution of energies w® the noise. Noise experiments at high temperature, above
found is consistent with the activation energy of 0.93 eV for400 K, are in progress to investigate the processes around 1
oxygen diffusion®® Various experimental evidence shows €V and therefore, to see the whole shape of the distribution.
that oxygen is widely involved in defect or vacancy
motion#%444% | ocal oxygen motion and also oxygen defi-
ciencies create thermally activated vacancies and defects. Ei- Fes04
ther they may act like dynamic traps of free carriers and In the magnetite film, an obvious discrepancy is observed
induce carrier fluctuations, or they may jump between atomigiearTy between the theoretical predictions«fT) [Eq. (3)]
sites that are not equivalent in their contribution to the elecand the experimental resultgig. 9). This disagreement is
trical resistivity. Such effects are usually more pronounced imot unexpected, because near the first-order transition, corre-
the grain boundaries which are one of the most probableponding to an ordering of the ¥eand Fé" cores, we
places in a polycrystalline sample to find mobile atdths. should expect a drastic change of the number of fluctuators
The structure dependence of the noise in On@s been stud- responsible for the noise and/or their coupling to the resis-
ied in a 700 nm(110 textured film. The growth orf110) tivity. Such a feature is not allowed in the simplest form of
TiO, (Ref. 23 induces a needlelike structure with grains of the DDH model.
approximately 30um length and 0.5—2um width. Atomic Previous transport studies in §& films show that the
force and optical microscopy revealed a very good alignmenmobility of carriers is roughly constant below 250 K and,
of the long grain axis along the in-plafi&10] direction of incidentally, does not significantly affect the temperature de-
the substrate. Two Hall bars have been patterned at 90° frogpendence of the resistivity at low temperatuf&$he drastic
one another on the surface of the sarfiple an orientation increase of the resistivity arouridl, is mainly attributed to
such that transport measurements with a current either pean increase of the activation energy related to the electronic
pendicular or parallel to the long axis of the grains can behopping process. Therefore, tR€T) behavior reflects a sig-

FIG. 7. (a) Frequency exponenk(T) versus temperature for
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‘ ' ‘ ‘ normalized noise neadr, (inset, Fig. 10. In other words, the
1.5¢ noise spectral density scales inversely with the number of
carriers in the noisy volume, in agreement with the empirical
101 Hooge relation.
E Consequently, we primarily attribute the temperature de-
° 05¢ pendence of the noise in §&, to the variation of the density
of carriers in the critical network of conduction. When the
0.0r . / ", . . number of carriers involved in the hopping conduction de-
50 100 150 200 250 300 creases, the conductivity becomes more sensitive to the fluc-

Temperature (K) tuation of the number of charges in the network; it provokes
an increase of the fLklectrical noise level. Such an interpre-
FIG. 9. Frequency exponen{T) versus temperature for g,  tation is fully consistent with the fact that both the noise
(solid dots and dashed line to guide the dy@he solid line is the ~Magnitude and the resistivity have the same temperature de-
a(T) prediction using Eq(3) and the temperature dependence of Pendence neary, .
the noise(Fig. 3. To deal with the microscopic origins of theflhoise in
hopping conductivity, we can refer either to the McWhorter
nificant decrease in the number of carriers belby In a  modef? or to the Shklovskii model® They both showed that
model gap, the density of carriers is a strong 1f noise at low frequencies arises from slow elec-
tronic exchanges between a random spatial distribution of
N.(T)=n exp( _ A) ©) tr'aps or donors and'the critical electronic network respon-
¢ 0 kT/" sible for the conduction. The same argument can apply to a
> 3 distribution of the energy levels of impurities or excitations.
We assumen, to be equal to 1.3810°%cm =, the number | Fe;0, we have no experimental evidence concerning the
of Fe;0, molecules/cri From the resistivity measurement microscopic nature of the traps or donors which behave as
as a fgnctlon of the temperature, we deduce two averaggq.-jevel systemgempty or occupiedand induce fluctua-
activation energies\, respectively, 70-90 and 20-40 meV yiqng in mobility and carrier number in the critical network.
below and abovd . Note that the decrease of 50 meV in 5 \ever, it is necessary to point out that in the hopping
the gap aroundTy is consistent with the two-order-of- ogime  theB-site electron hopping time ranges from 7
magnitude conductivity jump. Furthermore, auvalues are  «15-95 at 120 K to 1.KX 109 s at 300 KL Such relaxation
In agreement with previous wofR. times are obviously too short to contribute to thé tbise.
Figure 10 presents the temperature dependence of the,thermore, the weak temperature dependence of the noise
noise spectral density multiplied by the number of carriers,,qq it s scaled to the number of carriers proves that there is
Nc(T). To produce this plot, we make the reasonable asyq gignificant temperature dependence of the number of ac-
sumption thaR(T) gives a good qualitative picture of the e impurities or excitations. We infer therefore that the re-
temperature dependence of the number of carriers aroungsiance fluctuations we measure are caused by slow ex-
Ty. Clearly, the productS,(T)/V?][Nc(T)] is almost tem- change of electrons between the®FeFe&" B sites and
perature independent over a wide range of temperature, iRgg|ated traps or donors widely distributed in energy.
cluding Ty. From Eg.(6) and theA values, we infer the
number of carriers equal to 88L0'% and 0.1 10°?cm 3,
just below and abovel,. We deduce the corresponding Lap3SrysMnO 3
Hooge parametey, respectively, 50 and 40, which is nearly  prom thes, (T)/V2 curve obtained on the manganite film
constant, compared to the several orders of variation of thﬁ:ig. 5), we deduce the predicted(T) values from the DDH
model and we compare them again to th€l) exponent

T T T T

1x10™ extracted from each temperature measurer€igt. 11(a)].
as] - The "bumps” and “dip” evident in«(T) are seen to follow
= 1x10 g 1x10™ the predicted values, but the most striking feature is a rela-
5 3 tively constant offset between the levels of the experimental
ﬁ 16 « 10 and the theoretical curves. Such a vertical shift is clear evi-
= Ix10 ¢ 0100 150 200 250 300 3 dence that we cannot assume that there is no net temperature

<

S/V:N
=
>

Temperature (K) ] dependence of the mean-square fractional resistance fluctua-
1 tions (SR)?/R?. It means that a temperature-dependent func-
tion g(T) must be introduced in the general noise integral, as
follows:>®-36

1x10™F
: m(E)

100 150 200 250 300 350 sv(f,T)mfg(T)mD(E)dE_ @)
Temperature (K)

FIG. 10. ProducS,/V2. N as a function of the temperature In other words, this function quantifies the temperature de-

in Fe;0,. In the inset, the temperature dependence of the normalpendence of the total noise level and may reflect the varia-
ized noise in FgO, at 20 Hz. tion of the number and/or the strength of the fluctuators as a
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14 . . . . ; ;
100} 1
e 1.2p
B 10} g 0.75} 1
g
o8 £ o050t :
14} Q.
-~ 12} 1 025+ 4
o S T 0 50 100 150 200 250
osf et (b) 1 Temperature (K)
0 80 o0 150 200 250 300 FIG. 12. Temperature dependence of the resistivity of
Temperature (K) LaysSrsMn0O; (open circles The solid line is the fit toR,
+R,T?+ R, T*5 up to 250 K.
2 .8l (c) ] structure with a minimum around 0.5 eV. Note that such a
3 ’ N shape is perfectly consistent with the experimemi@l) val-
'-g 06f % 1 ues we measure: the(T) values, lower than 1, between 10
E and 190 K agree with the corresponding decreasP (d)
g % y between 0.1 and 0.5 eV. In the same way, #{d@) values
02l TN L greater than 1, above 190 K, are consistent with the increase
Nle, e of D(E), above 0.5 eV.
00 50703 02 05 05 07 In an attempt to understand the physical origin of the

g(T) function, we have analyzed our temperature resistivity
Energy (eV) data with a fit toRy+ R, T?+ R, T*%.52 The T*® term was
. predicted by Kubo and Okata for electron-magnon scattering
FIG. 11. (3) «(T) exponent as a function of the temperature for i, yho goble exchange thedfyThe result of the fit is plot-
Lay/sS1ysMnO; (dashed line plus solid dgtsThe solid curve is the oy, Fig. 12. Good agreement is observed and suggests that
predicteda(T) values from the data shown in Fig. 5 and E). the mechanism responsible for tfié° temperature depen-
(b) The best fit between the experimentdT) values and the pre- d f th . _p_ be linked P T f _p
dicted values from Eq(8), with g(T)=aT*2 (c) Energy distribu- _ence of the resistivity may be linked to tg€T) function
tion calculated from the curve in Fig. 5 and E§). The dotted line via the number and the strength of the fluctgatorg. In other
is to guide the eyes. words, the fluctuators could be associated with spin fluctua-
tions whose coupling to the resistivity varies B° Such

function of the temperature. It is straightforward to general-Magnetic spin fluctuations as the main origin of the noise in

ize the DDH relation to include this temperature dependencdhe ferromagnetic phase of 4g6r,sMnO; also make sense
and one obtains with the drastic initial decrease of the electrical noise level as

a magnetic field is applied-ig. 6@)]. Moreover, the link we
1 alnSy(f,T) alng(T) established between the noise behavior and the resistivity
In(27f o) Nt amT data within the framework of the DDH model provides a
0 direct interpretation of the similarity between the tempera-

a(T)y=1-

® ture dependence of the electrical noise and the resistivity, as
The distribution of the activated energiBSE) is now ex- the same scattering centers seem to be responsible for the
pressed by resistivity and its fluctuations.
Again, we may speculate that the activation energy de-
27fSy(f,T) 1 duced from the DDH mod€lFig. 11(c)] is associated with
D(E)~ KT (M 9 electronic excitations in the band structure. The first peak of

the distribution, centered at low energidslow 0.1 eV,
According to Fig. 11a), dIng(T)/dIn T is roughly tempera- may be related to the transition energies involved in the spin
ture independent and a direct integration gives a simpldluctuation process, where electrons are excited from the
variation law forg(T), g(T)~aTP. The exponenb is un-  Fermi level to the bottom of the,,| band:® The second
ambiguously deduced from the vertical shift. Figurgld1l peak ofD(E), above 0.5 eV, might correspond to the acti-
presents a satisfactory agreement betwe€FR) and the new vation energy for electronic excitation from the top of the
predicted values according to E®) usingb~4.2+0.3 as a filled 2p band to the Fermi level. These energies are the
fitting parameter. We conclude therefore that the numbegnalogs ofE; and E, in CrO, (Fig. 8). Alternatively, the
and/or the strength of the fluctuators responsible for the elegeeak above 0.5 eV may be related to oxygen diffusion.
trical noise drastically increase as a function of the tempera-

ture according to &*2 law.
CONCLUSION
Following this analysis, we infer the shape of the distri-
bution of energyD (E) from Sy(T), g(T), and Eq(9). It can We have examined the fl/noise behavior in Crg

be seen in Fig. 1(t) thatD (E) may possess a double-peaked Fe;0,, and Lg;sSr,sMnOs. In all these oxides, the normal-
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ized noise roughly follows the temperature dependence ahally activated with a narrow gap, despite the half-metallic
the resistivity. For Cr@ the high noise level measured be- band structure. A two-order-of-magnitude increase of the
low T, is independent of an applied magnetic field once thenormalized noise observed as the temperature is decreased
sample is magnetized. Magnetic domain fluctuations cannahrough the Verwey transition can only be explained by a
therefore be involved to explain these low-frequency resissignificant change in the number of carriers and/or their cou-
tance fluctuations. In view of the form of the density of statespling strength to the resistivity. We find that the normalized
of the activation energies responsible for the electrical nOiSﬁoise around]'v is inverse|y proportiona| to the number of
in CrO, and La,3Sr,3MNn0O;, we have suggested two possible carriers involved in the hopping conduction. We therefore
explanations. The first one involves a structural effect r6|atinfer that the excess noise is related to slow electronic ex-
ing to thermally activated motion of oxygen defects aroundchanges between the critical network of conduction made by

the grain boundaries with activation energy below 1 eV. Thehe Fé+ and Fé* B sites and traps or donors widely distrib-
other possible explanation depends on the half-metallic chazted in energy.

acter of the oxides. The resistance fluctuations may be due to
electronic excitations with reversed spin in the band struc-
ture. The activation energies for creation of down-spin car-
riers in thet,q band ford—d and p—d excitation are in
agreement with the activation energies deduced from the The authors would like to acknowledge the support of
DDH approach. Any reversed spin in the conduction band i©ARPA and the Office of Naval Research under Contract
thought to have a drastic influence on the conductivity No. ONR-N00014-96-1-0767. One of the auth@®sR.) also
While these provide a fairly natural interpretation of our re-acknowledges A. Anane for stimulating discussions and the
sults, further investigation including studies of nonmagneticsupport of the National High Magnetic Field Laboratory. An-
metallic oxides is needed to test these possible explanationsther(S.v.M. wishes to express his gratitude to R. Koch for
For FeQ,, it appears that the number of carriers is ther-teaching him about noise and its measurement.
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