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Noise properties of ferromagnetic tunnel junctions
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We report measurements of voltage fluctuations in magnetic tunnel junctions which exhibit both
high and low magnetoresistan@®R). The voltage noise power normalized to the square of the
junction bias voltage was 16%Hz at a frequency of 1 Hz in a high MR junction. Low MR
junctions had significantly higher noise power at 1 Hz and the origin of the noise was not magnetic.

In these junctions, random telegraph noise was observed over a wide range of temperatures and
junction biases. The results are consistent with a two-channel model of conduction, one of which is
spin independent and gives rise to large noise. A noise measuring technique provides evidence for
bias-dependent current-path rearrangements. The data support the existence of an inhomogeneous
(filamentary-like current-flow pattern across the tunnel junction associated with the
spin-independent channel. @98 American Institute of Physids$§0021-897€08)09023-9

I. INTRODUCTION hibiting high MR were found to have significantly smaller

noise power than low MR junctions. The results indicate that

the ultimate noise floor of these junctions may be set by
ohnson and shot noise, at least for low junction biases.
hen the measured MR falls below the theoretical

Recently, it has become possible to fabricate magneti
tunnel junctions, consisting of a thin insulating film sand-
wiched between two ferromagnetic electrodes, which exhibi

magnetoresistance near the theoretical maxirhtiriThe . 45 .
. . . : . maximumy}* the transport data are well described by a two-
magnetoresistancéVR) is attributed to the spin-polarized A : .
channel model consisting of a spin-dependent and a spin-

tgnnellng probability .Wh'.Ch depends on the relative Orlentfa_independent conduction channel. In such junctions, larfe 1/
tion of the magnetization vectors in the two magnetic

electrode$. In the parallel configuration, the density of oc- noise is typically found and occasionally random telegraph

! L L . poise is observed. These properties are associated with the
cupied states of the majority carriers in one electrode is well ~.~ "
spin-independent channel. Moreover, measurements of the

matched with the density of unoccupied majority states in thé

. A oise as a function of alternating voltage bias indicate that
other electrode. Hence, the tunneling probability is high and(:urrent flow through the low MR junctions is filamentary in

the tunneling resistance is low. In the antiparallel configura-
. . . . . nature.
tion, the mismatch between the number of occupied majority
states and unoccupied minority states leads to a high tunnel-

ing resistance. The two electrodes can be “engineered” tdl- EXPERIMENT
have different coercive fields so that an applied field can alter  \y/e choose to examine two types of layered structures:

the relative orientatiqn of their magnetization vectors andtype A,  S(100/50Ta/150Al/40Ni;Fe,d/100MnyFe,y30
thus affect the tunneling resistance. Nig:Fe1g/15C0/12Ab0y/150Ni;dFesy/200Al with MR<5%

The large magnetoresistan(25%-30% at room tem- ;4 type B,  Sil00/50Ti/150Pd/100Mg,Fes,/40
perature holds promising opportunities for the digital StOrages 5/12AL04/75NisFe;/200Pd/50Ti with MR>22%. The
industry. The applications of these junctions depend on theig mpers represent the layer thicknesses in A. Details of the
noise properties, which in turn are expected to depend Sefizpyication process have been published elsewhere.
sitively on the quality of the insulating barrier and the gyiefiy the junctions were prepared by dc sputtering through

ferromagnetic—insulator interfaces. In this respect, noisg,aial masks. A series of masks were used to define a cross-
studies can provide valuable information regarding both thegeometry pattern; each junction had an area of 80

nature of the tunneling conduction and the quality of they 80 um?. The tunneling barrier is formed by plasma oxi-
junctions. In this article, we report measurements of the VO“‘dizing an Al layer, having a thickness=12 A, in 100
age noise in junct'ion's as afunctioln.of voltage bias, temperehﬂorr of O, for 4 min. The materials used to define the
ture, and magnetic field. We specifically draw a comparisonynne| junctions in each structure are nearly identical, al-
between junctions having nearly equivalent magnetic elecfhough factors that affect the quality of the junction may
trodes but displaying markedly different MR. Junctions eX-gigter for example, the degree of smoothness of the films or
the presence of defects in the barrier. The 3¢gR8,4/15Co
dElectronic mail: enowak@uiuc.edu layer and the 40Co layer comprise the bottom magnetic elec-
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34 effect can be understood within the simple model proposed
by Julliere? The MR ratio for the these junctions should be

given by

A R/Rp: (Rap_ Rp)/Rp: 2P coPnire/ (1= PcoPrire)s

whereP, and Py are the spin polarizations of the Co and
NiFe electrodes. Using the low-temperature value for
AR/R,~34% and taking the value of 34% fd?,, this
expression give® yire=42%, which compares favorably to
values reported in the literatufe.

In comparison, the type A junctions by design had rela-
tively low MR ratios ranging from 3% to 5%. A variety of
factors can reduce the observed MR, such as interfacial and
FIG. 1. The magnetoresistive response of a type B (G@IANiFe) wnnel  barrier spin scattering; direct coupling of the two electrodes
junction is shown at two temperatures. The magnetic field is applied colinferromagnetically, which is mediated by surface roughness;
ear with the easy axis as defined during the growth process. A dc currerdrface degradation of the FM films, and domain walls in the
biases the junction at approximately 25 mV. The high resistance state cot- . | dditi h ' b d that i .
responds to antiparallel alignment of the magnetization in the two ferromaglu_rICtlon areas. In adaition, V\{G _qve observed that jL_mCtIOI’]S
netic electrodes. with reduced MR also had significantly lower tunneling re-
sistance(by a factor ranging from 4 to 30for nominally
identical barrier thicknesses. This suggests the existence of

trode and their magnetizations are pinned by exchange big¥! additional conduction mechanigsee discussion below
from the antiferromagnetic MnFe layers. A NiFe layer hay- ~ 1he resistive transition as a function of field passes
ing a low coercive field forms the “free”” top magnetic elec- f[hrough an intermediate value of resistance, which is evident
trode. Measurements of the dc and differential tunneling re

in Fig. 1. An intermediate state was also found in magneti-
sistance Ry=dV/dl) using a four-probe sample geometry zation measurements using a superconducting quantum inter-
were made as a function of temperatdregunction voltage

ference device magnetometer. The origin of this state is not
bias V, and magnetic-fieltH parallel to the plane of the clear, but it is not a generic property of all magnetic tunnel
junction and colinear with the easy axis.

junctions. (Other junctions, not reported here, have shown
In addition, voltage noise with spectral densBy(f ) very sharp transitions without such intermediate stafEse

was measured under ac and dc current biases. The lofP@dnetic reversal mechanism can be complex, involving a
frequency properties of the voltage noise in response to ﬁomblnatlon of rotation and domain-wall motion and/or the

current bias that alternated rapidly between two values werBucléation of reversed domains that sweep through the whole

used to study the current flow pattern through the junction€!eéctrode when the domain pinning force is exceeded. The

The technique is described in detail elsewHeBiefly, the intermediate state may be related to the orientation of the top
junction is connected alternately to two current biaslésnd electrode’s easy axis, which could be rotated relative to the
I, using a 1 kHz oscillator that controls commercial elec- exchange pinning direction induced during film deposition.

tronic switches. Additional synchronized switches separatd €M near zero applied field, the magnetization of the top

the voltage fluctuations across the junction under the differ€/€Ctrode can revert to pointing along its easy axis, thereby

ent biases into two channels. To avoid saturation of amplifidffécting the tunneling probabilityDetails are deferred to a

ers, a “noise-free” compensating dc voltage is applied tofuture publication. Two-step transitions were a common

each channel during the half-cycle associated with the othdfature among both types of junctions studied. We next dis-
bias. The two signals then pass through a low-pass filter angtSS the properties of low and high MR junctions separately.

into a spectrum analyzer that accumulates time traces of th&. Type A junctions
noise and computes the power spectrum of each channel as
well as the coherence function.

R (kQ)

Generally, the tunneling resistance of these low MR
junctions increased sharply beloli~=200 K. Plotted in the
inset of Fig. 2 is the resistance as a function of temperature at

. RESULTS H=0 G for a typical junction; application of a magnetic field
had a negligible effect on the general form of this curve. The

The magnetoresistance of a typical, high MR, type Btemperature dependence is not well described by either the
junction is shown in Fig. 1. The low resistance st&g  usual T2 dependence for an ideal junctidran Arrhenius
reflects the parallel alignment of the magnetization in each oform, or by the variable range hopping mofein two or

the two ferromagnetidFM) electrodes. Since the bottom three dimensions with or without Coulomb interactions. This

electrode’s magnetization vector is pinned by the MnFe exstrong temperature dependence is to be contrasted with that

change bias layer, only the magnetization in the top electrodfor type B junctions for which the tunneling resistance in-
is free to reorient at these low fields. At high positive fieldscreased only by tens of percert30%) on cooling down to

the magnetizations are antiparallel and the resistétges 4.2 K. Thel-V curves of type A junctions were weakly

largest. The MR ratio is defined aB{,— R;)/R,~34% and nonlinear at room temperature and the tunnel conductance

22% atT=4.2 and 293 K, respectively. The size of the MR was parabolic at low biase¥ & =20 mV). Fits to the Sim-
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bias (V) FIG. 3. Voltage fluctuations are shownTt 4.2 K and for a bias voltage of
40 mV across the type A junction. The two time trageffset for clarity)
FIG. 2. Plot of the differential resistance spectra for a type A were taken immediately after a step change in field of 140 G, corresponding
(NiFe/Co/ALO;/NiFe) junction. ForT<77 K, the high-bias resistance re- to a jump from the low to high resistance state. The noise was unaffected by
mains temperature independent whereas a prominent resistance peak dewék relative orientation of the ferromagnetic layers.
ops about zero bias. The relative orientation of the electrode magnetizations
had negligible effect on the shape of these spectra. The inset shows the

temperature dependence of the zero-bias resistanse=@t G for another g nd, Moreover, if magnetization fluctuations were driving
type A junction. . -
the noise, then the effect of a magnetic field large enough to
saturate the MR would be to suppress the noise. However,
changes in field for a given magnetic orientation of the FM
mon’s tunneling modélyielded values for the barrier height electrodes had no detectable effect on the noise. One may
and barrier thickness that were, respectively, much larger anelxpect an increase in noise near the transition region in the
considerably smaller than expected for,®4 barriers? At R-H curve, wheredR/dH is large. However, no such in-
low temperatures thé—V curves were strongly nonlinear crease was found at room temperature. At 4.2 K, the strong
and the differential resistané®; exhibited a sharp maximum voltage bias dependence of the nofdescussed belojwcan
at zero bias, often referred to as a zero-bias anofZA). cause the noise to change abruggyther to increase or de-
A ZBA was a common feature in the ten junctions studied,creasg in the transition region.
for an example, see Fig. 2. At=4.2 K the resistance maxi- The random telegraph character was less pronounced at
mum is nearly a factor of 2 larger than the background rehigher temperatures. In these cases, the power spectrum had
sistance. Below 77 KRy vs V shows both temperature- a 1f-like power-law dependence at low frequencies and
dependent and temperature-independent components wititaled nearly as the square of the current sincel th¢
the temperature-dependent component occurring at low juncelation was nearly linear. At higher frequencies no noise
tion bias corresponding to the ZBA regime. The relative ori-power was found above the Johnson noise of the resistance
entation of the electrode magnetizations had negligible effeadf the junction plus the leads. Two-probe voltage noise mea-
on the overall shape of thHe; vsV curve. We also found that surements of the electrodes demonstrated that the observed
the shape of the resistance maximum was not sensitive tb/f noise was entirely due to the tunnel junction. The typical
magnetic fields even at extreme conditios:1.8 K and  normalized noise power dt=1 Hz was quite largeS, /V?
H=60kG. InsteadR, remained linear with voltage bias, =2x10 °/Hz.
V<+50mV. Hence, scattering by a magnetic impurity in The large noise power can be attributed to the presence
the barrier or at the interface is not a likely origin for the of discrete, large amplitude fluctuators in the voltage—time
ZBA.% traces. A superposition of many independent fluctuators with
Figure 3 shows an example of the voltage fluctuationsa broad distribution of characteristic switching time scales is
measured across a junction which was biased with a dc cumell known to give rise to ¥/ noise!>'3We have observed
rent atT=4.2 K. The random telegraph character of the volt-discrete fluctuations in voltage as large as 0.3% of the junc-
age fluctuations is clearly evident in our measurement bandion bias. If we assume uniform current flow through the
width. Such behavior was typical over the entire range ofunction, then this implies a resistance fluctuation affecting
temperatures measured, <& <295 K. However, random an area of nearly 2@m? of the junction. Such a scenario is
telegraph signals were not reproducible under nominallwery unlikely, leaving inhomogeneous transport across the
identical conditions; either a distinct fluctuator would spon-junction as a more plausible hypothesis.
taneously become active or dormant, or undergo a significant We observed that a small change in the current bias
change in its duty cycle over the course of seconds to hoursvould often replace a distinct fluctuator with another having
The two voltage versus time traces in Fig. 3 demonstrate that different amplitude and duty cycle. This behavior was par-
the predominant fluctuator is not sensitive to magnetic fieldicularly prevalent at low temperatures. A direct example of
the two traces were taken immediately before and after a stefpow different bias conditions can sample different fluctuators
change in field corresponding to a reversal of magnetizatiois shown in Fig. 4 folT=4.2 K. In each panel the two time
in the top electrode. The corresponding power spectra dfraces were measured simultaneously and correspond to the
these two traces were essentially identical and well describeldw-pass filtered voltage fluctuations at the two alternating
by the same, single Lorentzian superimposed onf ébdtk-  biases. Figure (@) shows the time traces f&f; =39 mV and
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coherence function, averaged over 1-100 Hz, versus voltage

z | @ | o '. 'V = 39mv ; N :
E ‘ ! biasV,; with V, held constant. At zero biag,=0, the co-
g WWMNWWWMW herence is small since there should be no correlation between
& the junction’s 1f-like resistance fluctuations and the thermal
2 or amplifier noise. On the other hand, fdy=V, we expect
L L ‘v‘2= 28mV that y?~1 since this corresponds to a dc bias situation. No-
AN tably, y?~1 at T=293 K and is bias independent, so the
~ | ® vV =-12mv . .
g ‘ 1 noise at each bias comes from the same fluctuators. By com-
£ parison,y?<1 at low temperatures and it decreases strongly
5 V_=28mV as the difference between the alternating bidsgs- V| in-
Il LT [y WWWWW creases.
- ‘ ‘ ‘ Values ofy? considerably less than 1 suggest that either
0 0.5 1 15 2 the bias conditions affect the fluctuators, and thus give rise to
Time (s) different noise signatures, or that different fluctuators are re-

sponsible for noise at different bias€Recall that the volt-
_FIG. 4. Time trace_s of‘the onv-frequency qu_ctuat_ions when a fast alternatage bias is switched much more rapidly than the rate at
ing square-wave bias is applied across the_} junction. Data aré=fet.2 K which fluctuations are recordédSince rapid switching be-
and atH=0 G. In (a) the two alternating biases are nearly equal and the ;
time traces are strongly correlated. () a large fluctuator is present in the tWeenV; andV; has no detectable affect on the amplitude or
bottom trace but is absent in the top trace. characteristic frequency of the fluctuators seen at elthewr
V,, we can rule out the possibility that the applied voltage is
significantly perturbing the local fluctuators. Thus, the ap-
V,=28 mV. Under these conditions the fluctuations in thepearance of different fluctuators at different biases requires
two channels appear strongly correlated. However, in Figthat the current is sensitive to different local fluctuations at
4(b) the top trace shows a featureless fluctuating signadiifferent biases. We interpret the different local fluctuations
whereas the bottom trace indicates the presence of a largg arising from distinct fluctuators located along either two
fluctuator. This fluctuator is only observed undér and is  entirely different current paths or two segments of a branch-
not present at the lower bias in the upper time trace. ing current path. By changing the bias between the two volt-
The correlation between noise signatures at different biages we alternately probe the two paths or segments, each of
ases can be quantified using the coherence function. The corhich contains a different set of fluctuators. For example, the
herence function is defined as large fluctuation shown in the lower trace of Figbyunder
* V, must be due to a two-state fluctuator that cannot be
2 (511 )SIAT)) bed undeV,. Th f f h
=75 CTanE probed undeW, . The pattern of current flow must t er,1 re-
(S1a ; arrange according to the bias and probe the fluctuator’s state
and satisfies & y?<1 for all frequencies. Here,S, ,is the  only when a current path is close to it. The two signals are
cross-power spectrum, ar8l ; and S, , are the auto power thus highly uncorrelated, which yields a low value for the
spectra of channels 1 and 2. A high valueyéfindicates that  coherence function. In general, different bias voltages may
the noise in both channels, corresponding to different biasegmpose different current flow patterns that result in com-
is coming from a common source. In Fig. 5 we plot thepletely different noise signatures. The key point is that not
only must the current be inhomogeneous, with nonlinear
I -V curves, but the form of the nonlinearity must vary sub-

1 T . . .
Bgm S stantlally from site to site. .
At high temperatures, the coherence is nearly equal to
0.8 r ‘.9”-. i unity and independent of bias. This observation requires that
< ". ] the current pattern not depend on bias. Thus, the very nearly
g 0.6 - e ¢ CO linear |-V relation for the device at high temperatures must
:j o 4 1 not result from a superposition of many local nonlineal/
T g4 r ® curves, but rather reflects local linearity.
o o v WKy 42K
Py 2 2
02 r ] .
~8-2093K B l i ] B. Type B junctions
- @-42K 1 . ; ; i
0 : : Here, we report first results on the differential resistance
0.06 0.03 0 0.03 0.06

spectra and noise properties of two junctions with high MR.
V. V) Figure 6 shows the bias dependence of the differential resis-
tance for the two relative orientations of the top electrode’s
FIG. 5. The voltage bias dependence of the coherence fungfiaveraged  magnetization. These data were taken on a GOANiFe
over frequencies € f<100 Hz is shown for the type A junction. At each junction atT=4.2 K. Although a zero-bias anomaly is evi-

temperaturey, is held constantindicated by arrowswhile V, is varied. A dent, it is much less pronounced than for the type A junction
large value ofy? for a particular biag/; indicates that the noise is due to a | !

common source. At low temperatures, the noise signatures become le$d Fig. 2. Also shown in Fig. 6 is _the ratio (_)f diff_erentia| _
correlated as the difference betweépandV, increases. resistances for the parallel and antiparallel orientations. This

Downloaded 08 Jun 2006 to 128.175.13.10. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



J. Appl. Phys., Vol. 84, No. 11, 1 December 1998 Nowak et al. 6199

32 e e T band spectral spikes from electrical interference, such as 60

1.34 Hz and its harmonics, were removed. Notably, the power
spectrum at the higher current remains nearly independent of
frequency and has a normalized magnitude of roughly

{1.3 Sy/V?~10 Hz. This value is over a factor of ¥@maller

at f=1 Hz than that found in the low MR junctions.

These results demonstrate the feasibility of fabricating
11.26 low-noise, high MR tunnel junctions. Ultimately, the noise
properties may quite possibly be set by the junction’s
Johnson noise and the shot noise resulting from current flow.
2 P 122 In the simple independent electron model of shot noise, the
008 004 0 0.04 0.08 X :

bias (V) power spectrum of the curr.ent fluctuations will be frequency
independent with a magnitudg =2ely., wheree is the
FIG. 6. The differential resistances for both the antiparallel and the parallecharge of an electron. More specifically, it has been sHown
orientations and their ratio are shown for a type B junction. The pairs ofthat at low bias voltaged/<kgT/e the noise is given by the
arrows indicate the relative orientation of the electrode magnetizations. Nyquist theoremS,=4ksTR, and in the opposite case it
approaches the full shot-noise value. Figure 7 shows that the
o o ) _ power spectrum measured in a high MR junction at a 45 mV
ratio indicates that the MR falls sharply with increasing b'avaoltage bias (4= 16 1A) is nearly frequency independent.
as has been previously reportetf. At room temperature the SincekgT/e<45 mV, a 16uA current will give rise to cur-
tunneling resistanceV/dl was nearly independent of bias at rant fluctuations Withs, =5 x 10-2* A%Hz. This would cor-
low biases and approximately parabolic at biases greater th@@spond to a voltage noise 8f~4x 10~ V3/Hz, which is

40 mV. The conductance spectra were slightly asymmetrigess than a factor of 2 higher than the observed, background-
about zero bias, being shifted to positive biases correspongyrected noise.

ing to a higher potential for the bottom electrode.
In comparison to the type A junctions, the noise magni-
tude in this high MR junction was significantly smaller. In
order to resolve excess noise without applying large and pdV. DISCUSSION
tentially damaging bias voltages, all noise measurements

were performed al =4.2 K. We were unable to detect any

random telegraph character in the voltage fluctuations, gfhannel modgl of cgrrent conduction across'the barrier: one
sharp contrast to the type A junctions. In Fig. 7 we show thechannel . having spln-dependefSD) conduction and _the
frequency dependence of the noise power taken at two other be'ﬁg essentially spin independéhl and r_esp_on5|ble
currentsl 4c=0 and 16uA. Unfortunately, this junction was for reducmg the MR. These two channels fu_nctlon n pa_lrallel
damaged after subsequently increasing the current. Anoth&nd (_:ietermlne th.e magnetoresistive and noise properties ofa
spectrum taken alty=2 xA was nearly equivalent to that junction. Thg existence of a Sl conduction channel in the
for zero current, i.e., to the background noise. The overalfyP€ A junctions is supported by the anomalously low tun-

background noise level taken at zero bias is consistent witA€!iNg resistance and its temperature dependence in compari-
son to a normal Al oxide barrier. The field independence of

the junction’s Johnson noise and amplifier noise. Narrow- ) o
the noise also supports a source of spin-independent conduc-
tion. However, the marked temperature dependence of the
resistance brings into question whether tunneling is the ma-
T jor source of conduction. One possibility is that the plasma
oxidation step may have oxidized the surface of the bottom
I © I=16pA 1 | FM electrode to form a thin semiconducting layer. Alterna-
) ° I=0pA tively, defects or impurities in the oxide or at the
e e ferromagnetic/insulator interfaces, or inhomogeneites and
107¢ | : . L pinholes in the barrier may form conductive paths. Continu-
i R &h ous paths that bridge the barrier could also provide a source
g W&% of ferromagnetic coupling across the barrier, which would
) further reduce the MR. However, metallic bridges would
have lineal —V relations rather than the very nonlinda+V
108 : : curves associated with the noisy spin-independent channels.
10° 10' ¢ (H 10? Occasionally, the tunneling resistance of a junction showing
(H) high MR would suddenly, and irreversibly, drop by a con-
FIG. 7. The power spectra of the voltage fluctuations in the type B junctionsiderable fraction, presumably due to a breakdown in the
are shown at zero and 45 mV junction biases. The lower tapen sym-  barrier in a local region. In these instances, we found that the

bols) represents the background noise. Narrow-band spikes from interferMR would also fall by a Corresponding amount. This indi-
ence pickup at 60 Hz and harmonics were removed. At nonzero bias, the ’

power spectrum is nearly frequency independent and has significantly IowéFaT[eS that the new conducting channel is parallel with the
amplitude than found in type A junctions. spin-dependent channel.

ratio

Our results can be qualitatively described by a two-

104 . —

T

=42K

S, (V¥Hz)
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The detailed nature of the Sl channel is likely to beV, and the zero-bias anomaly in high MR junctions in which
related to the quality of the junction. Since the two types ofthe SD current dominates. However, we believe it is less
junctions are nearly identical but their noise signatures diffelappropriate for low MR junctions where the noise and the
greatly and are independent of the applied field in detail, it igifferential resistance spectra are predominately spin inde-
reasonable to attribute the large noise power to the S| charpendent.
nel. The large random telegraph noise and the bias depen- An alternative explanation for similar resistance peaks
dence of the coherence function suggest that this chann€ZBA) found to occur in €-1-Ag junction€® had been pro-
involves extremely inhomogeneous current flow across thgosed by Giaever and Zell&t.The authors invoked a two-
tunneling barrier. Recall that when discrete two-level fluc-step tunneling process involving an intermediate state in the
tuators were resolved, fractional changes of 0.3% in the reexide barrier. The origin of the resistance peak comes from a
sistance were typical. It is well known that defects or impu-distribution of threshold biases for transfer of an electron
rities in oxide barriers can act as charge traps and therebgcross the barrier via the intermediate state. A characteristic
raise the effective tunneling barrier or impose a blockingfeature of this mechanism is that the zero-bias conductance
potential on a current patfi.As a rule of thumb, a single Varies linearly with temperature. The data shown in Fig. 2
trapped electron can effectively block conduction onlyare consistent with a linear temperature dependencd for
through a volume ofl® of the barriert”'8since the metallic <100 K. Moreover, a distribution of threshold biases could
electrodes can screen the trapped electron’s Coloumb potehe the origin of current-path rearrangements seen in the
tial over longer distances. Recalk=12 A is the thickness of ~hoise.
the barrier. Hence, the current through the junction must be  Although metallic inclusions residing in the barrier have
nonuniform and perhaps filamentary. The charge populatioReen shown to produce resistance pedlssich a mechanism
kinetics of a defect in or near such a current path can thef$ very unlikely to occur in our junctions. On the other hand,
significantly affect the amount of current flowing through it. Perhaps the presence of charge traps and defects in the bar-
A natural consequence of this is a random telegraph signafier can give rise to similiar behavior. DetailddandV de-
Similar behavior can also be observed in disordered eled®endence will allow comparison to theories and help identify
tronic systems in which conduction occurs primarily alongthe origin of spin-independent current in low MR junctions.
inhomogeneous current filaments, for examples, see Ref§urthermore, thel andV dependence of the SI current are
19-21. Recently, random telegraph noise was found in eledikely to require distinctly different inelastic tunneling mod-
trodeposited Ni/NiO/Co heterostructurésBoth the noise €IS
and magnetoresistance were attributed to spin-dependent
trapping—untrapping of electrons by an impurity in the oxideV. CONCLUSION

barrier. Our results differ in that the noise is independent of We have demonstrated that junctions with large magne-
field and the magnetoresistive state of the junction. _toresistive responses can also have low-noise power, as small
Inhomogeneous current flow may occur, for example, 'fas S,/V2~10 ¥Hz for 80x80 um? junction areas. De-
therg "i‘;e lateral variations in Fhe width of the tunnelingyyieq pias and temperature dependences will help elucidate
barrier:” Even for a uniform barrier, the presence of defects;;,ather for practical purposes, the noise floor is set by
or impurities embedded in the oxide can introduce intermeyonnson nojse and current shot noise. In particular, device

diate electronic states in the tunneling barrier, which cany,yjications may require significantly higher bias voltages
locally increase the tunneling or hopping probability, i.e., ajhan we were able to explore, which may lead to excess
current path. Then, conduction along a current path will b&,5ise | ow MR junctions, on the other hand, exhibited ran-
determined by the nature of the impurity, and so, oné mayjom telegraph noise and fiike noise with substantially
expect differentl—V characteristics for each current path. higher noise power. A two-channel conduction model con-
We found that thé -V curves in low MR junctions at low  gisting of a low-noise spin-dependent channel and a “noisy”
temperatures were nonlinear. Moreover, it was shown thalyin_independent channéhat also reduces the magnetore-
changing the junction bias would cause rearrangements Qisiive respongedescribes our data well. Although the de-
selection of different current paths, resulting in changes of5jieq nature of the spin-independent channel is sensitive to
the noise signature. At room temperature, the/ CUVeS  he quality of the junction and is likely to vary among junc-
were nearly linear and rearrangements under varying biasggns noise measurements under alternating bias conditions
were not observed, see Fig. 5. Thus, each current path Muglyicate that current flow in this channel is highly inhomo-
be near!y Imea.r. . ) geneous. At low temperatures, the pattern of the inhomoge-
Additional insight into the nature of the current paths heqys current flow is strongly bias dependent. The absence

can be revealed from the differential resistance spectrumys any field dependence of the noise in low MR junctions
and in particular, the zero-bias anomaly. Various causes Qfgicates that the noise is not magnetic in origin. In this

such anomalies have been discusséacluding magnetic regard, an important factor in device performance will be

scattering in the electrodes or in the barrier, eleCtron_controlling and maintaining the quality of the barrier.
electron interactions as in disordered media, and tunneling

through an intermediate state. Recently, Zhabgl* pro-

posed that the ZBA is due to “hot electrons” exciting mag- ACKNOWLEDGMENTS
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