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Current and power spectrum in a magnetic tunnel device with an atomic-size spacer
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Current and its noise in a ferromagnetic double tunnel barrier device with a small spacer particle were
studied in the framework of the sequential tunneling approach. Analytical formulas were derived for electron
tunneling through the spacer particle containing only a single energy level. It was shown that Coulomb
interactions of electrons with a different spin orientation lead to an increase of the tunnel magnetoresistance.
Interactions can also be responsible for the negative differential resistance. A current noise study showed
which relaxation processes can enhance or reduce fluctuations leading either to a super-Poissonian or a sub-
Poissonian shot noise.

[. INTRODUCTION through the left {=1) and the right [=2) junction is de-
scribed by the net tunneling ratgs, , which are assumed to
Recent interest in single-electron tunneling in ferromag-be small# y;,<kgT. This relation implies that the corre-
netic double tunnel junctions is stimulated by expected posponding tunnel resistancd®,, are much larger than the
tential applications at microelectronics and by new phenomeguantum resistancRq= h/2e? and electronic transport can
ena observed in such systehfsin order to have a device be described within the sequential tunneling apprd&ch.
operating at room temperature, the single electron chargingince AE is large, the tunneling process can be considered
energyE.=e%/2C should be much larger than the thermal elastic(there is no thermalization of electrons on the spacer
energykgT. It can be achieved decreasing the capacit@ce particle, which was usually assumed in the single electron
of the metallic spacer, which is proportional to its size. In atransistor with a large metallic graifi® We also neglect
small metallic spacer, a discreteness of the energy spectrufiuctuations of the position of the electronic le\i&}, which
can be relevant and a separation of energy ledés=kgT. can be caused by thermal and electrostatic fluctuations of the
Such a situation was studied numerically just recehtly. environment.
In the present paper, we would like to investigate sequen- Our model seems to be familiar to that considered re-
tial tunneling in an extreme case, when the spacer particleently for the Kondo effect in quantum ddté condition for
has only a single electron level available for the tunnelinga development of the Kondo resonance is a buildup of many-
process. This simplified model gives us the possibility tobody correlations between the dot and the electrodes, which
gain a better insight into spin-dependent tunneling processesn be achieved when electronic waves are coherently scat-
and to solve the problem analytically. We will show that tered on a magnetic impurity. It is in contrast to the present
Coulomb interactions between electrons with different spinsituation, where coupling between the particle and the elec-
can lead to new effects. In some circumstances due to thieodes is weak and electron tunneling events are uncorrelated
Coulomb blockade effect, the device can operate as a diodand incoherent.
in others it can show the negative differential resistance
(NDR). The power spectrum analysis will be performed to )
understand correlations between currents for electrons of dif- A. Stationary currents
ferent spins and the transition from the sub-Poissonian to the Electronic transport is governed by the master equation
super-Poissonian current noise in the ferromagnetic device.

Il. MODEL AND GENERAL DERIVATIONS d By R Pt

. . . . | PL[=M]| P, (1)
Let us specify the system considered in detail. The sepa- dt 0 0
0 0

ration between the ferromagnetic metallic electrodes is large
and, therefore, there is no direct electron tunneling between
them. The electronic transport can be only via electroniovherep, andp, denote the probability to find an electron
states of the spacer particle placed between the electrodesith the spinoc=1 and |, andpg is the probability for an
The particle can be a molecule.g., Gg) or a semiconductor empty stateE,. Of course, the total probabilitg; +p, +po
guantum dot, in which the relevant energies &E, E_ —1. The matrixM is given by

>kgT. For a small applied voltag¥ (eV<AE,E,.), elec-

tronic transport is only through a single electronic lekgl

Such a model was considered for a nonmagnetic device in -y 0 FT+

Refs. 4-6 and we generalize it for a ferromagnetic case in- M=l o -T° rt )
cluding tunneling channels for electrons with opposite spin B f J . '

directions. The tunneling process for an electron with gpin Iy I -y =T
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wherel';=T1,+I;,, I[';,=f v, are the total tunneling l1,=l1,—17,=—¢€[T{ po—T1,p,]
rates to () and off (—) the particle leveE,, andffz(l
+exp{=[Ey—Er—(—1)YeVi/kgT) ~*. The voltageV is ap- . et VieVaol o
plied to the left electrode and the voltage drop across the left =—e(fy—f3) —rirt
and the right junction is/,=C,V/C and V,=C,V/C, re- ) ) YT_yl [
spectively. HereC; denotes the capacitance of §ta tunnel Slnce_there are no electronic relaxation processes on the par-
junction andC=C,+C,. ticle, it results from th_e current conservation rule thaj
At the stationary state, the probabiliy, andp, are de- = 2o for each electronic channel.

termined from the master equati@h with the left-hand side h In rln?gnetlc #pnneL'Junc?ons, th?. reS|stan(‘:[e de{)hendls on
equal to zero, and the result is e relative configuration of magnetic moments in the elec-

trodes and this effect is known as the tunnel magnetoresis-
tance (TMR). The value of TMR is given by the ratio
TMR=(lp—1ap)/1ap, Wherelp andl ,p are the tunneling

+ —

4

r:r-, rry currents in the paralléP) and the antiparallelAP) configu-
Po= i PoT o (3)  ration of the magnetic moments in the electrodes. It is con-
ARAIEE ARAIRER venient to express the tunneling rate coefficients in the form

v1e=Yo(1=Py) and y,,=yoa(1£P,), where the sign

+(—) corresponds to the spim=7 (|), P, andP, are the
wherey,= y1,+ v2,. The current through the left junction magnetic polarization of the left and the right electrode, re-
for electrons with the spiwr is the difference of the tunnel- spectively, andv denotes the asymmetry between the poten-
ing current flowing to ¢-) and from () the particle, tial barriers. Using Eq(4), one gets

B (1-f{f;)4aP,P,
(1+a)?— (P14 aPy)?—(fF +af))2+(Pif; +af) Py)?

®

For comparison, we present the results for noninteractingtate. The conditional probabilit(n,m;t) to find the sys-
electrons, i.e., when the single electron charging en&gy tem in the staten at timet, if it was in the initial statem at
=0. In this limit, the double occupancy of the levg} is  t=0, satisfies the master equatiéh),”'° and its Fourier
allowed. The current through the left junctions for electronsyransform is given byP(n,m;w)=[io—M],}. The ele-

with the spino is then ments of the Green's functioG(n,m;w)=[io—M],}

—p,/iw can be determined directly by matrix inversion and

Y10 Y20 (6) the result is

g

19,=—e(f{ —f3)

and TMR,

_ 4aP,P, ) G(w):iw—h+ io—N_" ©)
(1+a)?—(Py+aP,)?

Comparison of both the expressions for TNIRgs. (5) and Whereht_:A(_ yi— v £A)/2 are thf n?nzero eigenvalues of
(7)] shows that Coulomb interactions can significantly in-the matrixM, A= \/(y;—y)>+4L [T,
crease the value of the magnetoresistance.

RO

— T + o + T
Tyap, Iyap, Iiay,

A -1 +4f + 4T
Fluctuations in the system are studied within the Al=g i Tya,, Tra, I'la) o (10)
generation-recombination  approach for multielectron Iral, Ijaj, —TIfaj,—Iaj,
channels:**3The Fourier transform of the correlation func- ' ' ' '
tion of the quantityX can be expressed ¢

B. Fluctuations

corresponding to\, (r==), a, ;=X\, y_,+»* -+,

e ay =T ,(\ eyt 7)), a,o=—(\ty- ),
SXX(‘”)Eszwdtel TX(DX(0)) = (X)] +Tt I, andD=AEyTyi—FfFf). The Green’s function
(9) is not singular foro—0, and therefore one can easily
_42 | P(n.m:w)— Pn X 8 separate the amplitudes of the noise resulting from fluctua-
e M; ©) i mPm> (®) tion processes characterized by the relaxation time
=—1/,.

wherep,, is the stationary value of the probabilify at the The fluctuations of the charge and the spin are expressed
statem [given by Eq.(3)], and X,, is the value ofX at this as
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Sun(@) =467 > Gyyr()Pyr

4T T It roo\n+T,)

Er -0 o

_A('yT)/l—F;FIr)Z o, Iw_)\l‘ ’
(11)
Sum(®)=4u5 2 00" Gppr(@)Py
2 — —
A(ypy,—TT[)?
T (Yot THN+y,+T0)
XD r Yoo~ Aty , (12
or lw— N\,

where ug is the Bohr magneton.

The correlations between the currehfs andl;, . in the
tunnel junctionj andj’ for the electrons with the spisr and
o' are described by the power spectfdm

S ,(w):5jj

jo'j'o

Sch
’60'0"Sj0' +SIC- |jr

Jo

(o), 13

’
o

where

(14

[en

Sch_ TV 02T -

is the high-frequency ¢—¢<°) limit of the shot noise(the
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A. Paramagnetic case

In the system with paramagnetic electrodes, both channels
for electrons with spinl and | are equivalent and the tun-
neling ratesy;; =y =v;, y;=v,=v I'i = =I". The
total currentl ;= —2e(f; —f5)y1y./[ y+T*] differs from
that for noninteracting electrons by the factof in the de-
nominator, which results from Coulomb interactions. In low
temperatures, there is a current blockade for the voltage
within the range— C/C,<eV/(Ey—Eg)<C/C,. Dynamics
of the fluctuations are characterized by the eigenvalues
=—y+I'" and\_=—y—T". Using Egs.(13—(15) and
(9) and(10), one can derive the correlation function between
the currents for electrons with the same spin as

ST AT

SIlTIlT(w)z y4T*
e Y [T’ a
y+I™* w2+)\i w?+\2
17
and between the different spins
2 te— T —\2
fif (') a_
S | (@) =262 Y1 1f1( . —|,
1w y+T | w?+2\% w?+\%
(18)

where a_ =(1+f)[f; (T24+29y " —yH—2(T")?].
Thus, the power spectrum of the total current through the left

Schottky noisg which is the sum of the components corre-Junction is expressed by

sponding to the tunneling current flowing to and from the

particle. The frequency-dependent part is express& as

S 1 (@)=262(= 1)1 T{[T} Go,r(w)

oo
~T},Guor(@)T], P+ [T, Goul — @)
~T}, G ol = @), po+ [T}, Gol )
~T},God )T}, Per +[T} 4 Gyrol — @)
~T/,,/God = @)IT],P,}.

The shot noise of the total currefibcluding the displace-
ment currents as welis given by

(19

Ccic3
Si=2 5 2 [8/0,0 SIS | ()]
i’ CCiCp e : Joite
(16)

Ill. RESULTS

We begin the analysis of the results from a simplified

fir-+f,I*
1(fy 1 )+8

2
o2 Y1 a-
y+T*

y+T" w2+ 22 .

(19
The noise corresponding to the eigenvalugis completely
cancelled. In the high-voltage regime, the above formulas are

much simpler, e.g., fo>0 the currerft | ;=2ey,y,/(y;
+27,) and the Fano factor

S, (w)=4¢€ i

B 4y1vs
(y1+27,)?

(see also Ref. 11 and references therein

For comparison in the case of noninteracting electrons
(E.=0), there are two independent channels and the power
spectrum can be written as

Si,1,(w=0)
1= =

2ely (20

RN PR L vl i
1571

lo 1o Yo

42 AT (T4 1 ()]

21
Yol 02+ 72) 2y

situation, when the electrodes are made of paramagnetic mdr electrons with spino. For the paramagnetic electrodes
als. Next the device with ferromagnetic electrodes is considand in the limit of a large positiv¥/, one get§from Egs.(6)
ered. Since Coulomb interactions break the electron-hol@nd (21)] the total currentl $=2ey,y,/(y1+v,) and the
symmetry, one can expect that the characteristics of the dd=ano factorF 21= 1-2y1y,/(y1+ 72)2.11

vice for Eg<Ef are different from those fdE,>Eg . There-
fore, both situations are considered separately.

Let us present also the correlation function between the

currents through different tunnel junctions
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Y172 b1,
Y+t w?+2\2 ,

RES 1, (w)]=4€ (22)

whereb,=T"2(4+f] +f5 —2f f5)+(f; +f, +2f,f5)(I' —T'*")y. Now, using Eq(16) one gets the total power spec-
trum of the device,

(C3yaff +Cly,f )T~ +(Chyafy +Cly,f )T +862F§2<r+2+2yr+— Y?) =T a1l 2= 29312

—pp2
Si(w)=de Coy+T ) (y+T ) (024 \2)

(23

whereT 5= (C,y:1f17 —Cy1v,f3)IC, y1,=(C,y1—Cyy,)/C.  From a frequency dependence of the correlation functions
One can check that in the zero-frequency lin®,, (0)  Syn and Syy, one can assign the relaxation time corre-

_ _ sponding to the charge and the spin fluctuationsr@gge
_Rq§|1|2(0)] .S'z'.z(o)' Therefore, the Fano facton’fll =—1/A_ and 7g,,=—1/\, , respectively. One can check
= F12=F22, Which in the high-voltage range can be simply ¢ the same result for the correlation functions can be de-

" 2
expressed ag=1-4vy,7,/(y112v,)". _ ~ rived from the two-level generation-recombination apprdach
We are also interested in charge and spin fluctuation INusing Sy (w) =4 var(X) 7/(w?72+ 1), where var){()=(X2>
duced by the flowing current. Using the formulésl) and —(X)2 is the variance of the quantitX. Since Tepin

(12 for the paramagnetic device, one can write the charges,

) . i . Teh then spin fluctuations occur in a low-frequency
charge and the spin-spin correlation function as chare

regime, while the charge fluctuations are in higher frequen-
cies. The amplitude of the spin noiSyu(w=0) is larger

8er+r- than Syn(@=0) (in some cases the difference can be a few
Sun(w)= VIR, (29 orders of magnitudés In the paramagnetic system, the spin
(y+I7)(@+A2) fluctuations, however, do not contribute to the current shot
noise. The frequency dependence of the power spedtt@m
8,LL§F+I" then has a Lorentzian form with the relaxation timgge
S = . 25 i
mm (@) (7+F+)(ﬁ)2+)\i) (29 B. Ferromagnetic electrodes andE <Eg

Let us first consider the ferromagnetic double tunnel bar-
; . — rier device, in which the particle level is below the Fermi

g S level of the electrodes. A typical voltage dependence of the
0.5 N current is shown in Fig.(®). Thel-V function has a steplike
N C = shape, with the current blockade for small voltafiesthe
= 00F 1 range —C/C,<eV/(Eg—Ey)<CI/C,] and the plateaus in
g L the limit of large voltages, in which

8717711(721"' Y2))
YiYI— Y2172

eV

for V>(Er—Eg)/e,

|V|<AE,E. and the tunneling rateg;, are independent of
V, even for the so-calletigh voltagesvhen the currents are
given by Eq.(26). The current intensitie6) for large posi-
tive and negative voltages are different, in contrast to the
case of noninteracting electrons, where bothlthesteps are
equal. Figure (@) shows that the height of the steps depends
on the magnetic asymmetry of the electrodes, and an increase
FIG. 1. Voltage dependence of the currdat and the Fano of the magnetic polarizati(.)lii’1 in the Ieft. electrode reduces
factor (b) in the ferromagnetic double barrier with the resonatingthe current forv=0. If this electrode is made of a half-
level Eq<E for different magnetic polarizations of the left elec- Metallic ferromagnei.e., for Py=1 andy,=0), the con-
trodeP,=0, 0.5, 0.7, 0.9, 1. The polarization of the right electrode ducting channel corresponds only to electrons with the spin
is P,=0.4, the asymmetry between the barrier 1, the capaci- [, and there is the Coulomb blockatle=0 in low tempera-
tancesC, = C,, the differencd Er — E,|/e is taken as unity, and the tures[kgT<<(Eg— Ey)] for any positive voltage. An electron
temperatureT =0.1. The inset shows the scheme of the electronicwith the spin|, which has tunneled from the right electrode
structure. into the particle, is captured there forever. The electron can

1.0 ———F———+—— +
3.5F b) Py=0.9 _e72ﬂ’21(711 7)) for V<—(Eg—Ep)/e.
E YiY— Y1171
3.0 F i (26)
- 1 5C We remind the reader that according to our assumptions

0

'
~
'
nN
o
no
S~

V / (IEy-Eglle)
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neither tunnel to the left nor to the right electrode, and blocks
the conducting channel for electrons with the spinElec-
tronic transport can only occur for large negative voltages.
Such a device works as a diode.

Using EQq.(26), one finds

4aP,P,
TMR=—— (27)
1-P2+2a—2aP,P,

in the limit V> (Er—Eg)/e. For comparison, the value for T T

noninteracting electrons 0.0 0.5 1.0
P,
4aP,P,
TMR%= > 5 > (29 FIG. 2. The frequency-dependent part of the correlation func-
1-Pit+2a—2aP;Po+a(1-P3) tions anlu, Sfu,u, ande1T|1l at w=0 for the currents with dif-

is much smaller, especially in the system with asymmetri(fere”t spin orientation as a function of the magnetic polarizafipn
tunnel junctions ¢>1). One can say that Coulomb interac- in the left electrode. The plot was done for the currents in the
tions enhance the value of TMR high-voltage limit and for the device with the right paramagnetic

: : electrode P,=0) the asymmetry between the tunnel barriers is
9@,‘&1}5 > .
The power spectrum on the conducting V>0)is taken asa=1 (solid curve$ and o= 10 (dashed curves

given by
trons with the spinl; they can faster leave the particle. Elec-
5 Y11 Y1 (Y21 T v2)) trons with the opposite spin]§ spend a long time on the
S .. (w)=2e ; - . L2

1l ViYL~ Y21 Y2 particle. It effects the spin accumulatidrwhich is respon-

. sible for an increase (ﬁfnllT(O) andelT,ll(O). Their val-

ATy y(var tye) Arath ues can cross zero and achieve maximapr- 1. The func-
A(yry— 72¢721)2 T "o+ )\rz tion S'Cu'u(o) is always negativéfor P;>0). The process

(29 results in an enhancement of the shot noise and the transition
to the super-Poissonian range. The maximum value of the

where a=—yq;y1(y21+v2,) and b= 7%¢721(7’2T_ Y11) Fano factorF=1+2v,,/y,, occurs for the left electrode
+’}/%l’)/2T(’)/2l_’le)_Z’le’ylL’yZT’yZl. The eigenvalue in made of a half-metallic ferromagnetP{=1). Figure 2
this case is N =(—vy;—y +rd)2 and A shows also that a large asymmetry facior 1 between the
= J(VT_YL)ZJ“ 475,75, The voltage dependence of the left and the right tunnel barrier can prefer the transition to the
Fano factor is presented in Fig(kl. One can show that the super-Poissonian shot noig¢see the dashed curves corre-
zero-frequency power spectruﬁpj,j,(w=0) corresponding  sponding toa=10).
to the currents through different tunnel junctions is equal,
and thus the Fano factors, ;= F;,= F,, for any model pa-
rameterg(for any transition ratey;,, at any voltagg In the In the case oEy>Er, one can expect similar character-
regime of high voltage, its value isF=1+2b/(y,y, istics of our device to those presented aboveHgK Er. It
— v2172,)°. If the coefficientb is negative, the¥<1 and is really the case, but only for the high-voltage regime,
the noise is of the sub-Poissonian type. It occurs fowhere thel-V curve has plateaus, whose level is given by
2aP%(1—P3)<(1-P,P,)(1— P3). The transition from the EQ. (26). Figure 3 presents the voltage dependence of the
sub-Poissonian to the super-Poissonian type of the curretirrent and the Fano factdsSince the curves in the range of
shot noise is a continuous process. In order to understand fiegativeV are very similar to those from Fig. 1, we present
we plotted in Fig. 2 the frequency-dependent part of the corthe dependences f&f>0 only) A resonantlike peak of the
relation fU”CtiO”ﬁ:l(,llU,(w:O) [given by Eq.(15)] for the ~ current is seen in the range of moderate voltagesEnat

currents of electrons with different spins through the Ieft; ?\ﬁf Er [ti).e., forhV/(tLEO_EF|/e)|TZ inl Figl. aazal Itds .
junction in the high-voltage limit. One can expect competi- eight can be much above he plateau Ievel In the device

tion between tunneling processes for electrons with the s iWith large asymmetry of the Funnell junctions. The most pro-
gp P nounced peak is for the device with the left electrode made

1 and|, which leads to an enhancement of the current noise. .
For simplicity, the right electrode is taken paramagnetic, i.e.,Of a half-metallic ferromagnetR,=1, y;=0). The total
the source electrode can emit electrons with the same trangit'" €Nt I this case, can be written as
tion rate (y,;=1y,,). The drain electrode is ferromagnetic (FF =85 y11 72
and, therefore, there is an asymmetry between the outgoing l;=e 1 272 P (30)

channels for electrons with opposite spin directions, which is (A= 1) yi +(1=132) 75

described by the magnetic polarizatién. For P1=0, the ¢ is worth noticing that in this limit, the curreri80) and the
functions are equasflﬂn(o):Sflilll(o):Sflﬂll(o) and  gccupation probability; ,p, ,po are independent of the tran-
negative. It means that all tunneling events are anticorresition ratey,, . The current peak is the resonantlike transi-
lated, which leads to a reduction of the noise. An increase ofion of electrons through the particle level and the current
the polarizationP, increases the tunneling rajg; for elec-  blockade effect in the low- and the high-voltage range. For a

C. Ferromagnetic electrodes andE,>E¢
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FIG. 3. Voltage dependence of the curréat and the Fano E F
factor (b) in the ferromagnetic double barrier with the resonating 5
level Eo>Ef for different magnetic polarizations of the left elec- d = 2r
trodeP,=0, 0.5, 0.7, 0.9, 1. The polarization of the right electrode b L
is P,=0.4, the asymmetry between the barrier 10, the capaci-
tancesC; = C,, the differencdEg— E|/e is taken as unity, and the '40 : 1' ' 2' : 3[ : ; ' p

temperaturel =0.1. The inset shows the scheme of the electronic V / (E,-Eqle)
H 0"&F
structure for this case.

L . . FIG. 4. Voltage dependence of the different components of the
smallV, the position of the particle levél,—eV, is above zero-frequency ?:urrer?t noise: the Schottky te(a)p and the
the Fermi leveEg pf the right ele_ctrode_ and electrons CannOtfrequency-dependent pag&’ andS%~ corresponding to the relax-
Funnel to the particle, whereas in a hl'gh—voltage range thergiion time Topn=— 1M\, (b) and 7eparge= — 1A _ (C), respectively.
is a Coulomb blockade of the conducting channel by an elecrpe piots are done for the ferromagnetic device the same as in Fig.
tron with spin| captured on the particle. The width of the 3 with the magnetic polarization of the left electrofle=0, 0.5,
current peak depends on the smearing of the Fermi surfaggz, 0.9, 1.
and decreases with a decreasing temperature.

Thel-V curve(30) resembles that obtained in the case ofpresent casgsee the curve foP,=1 in Fig. 3b)] is quali-
resonant tunneling through a double barrier in semiconductatively different from that in the resonant-tunneling
tors (the Esaki diodg!? The nature of both tunneling effects diode!**®where F shows a large peak in the NDR region.
is, however, different. In the present case, the negative difThe origin of the Fano peak is the activation of interaction-
ferential resistancéNDR) is caused by Coulomb interactions induced fluctuations of the band bottom in the quantum well,
between electrons on the parti¢ley the Coulomb blockade when the system passes to the off-resonant electronic
effecd. In the Esaki diodé? the charge accumulation in the transport>~*"*As we have explained already in the preced-
well is irrelevant for electronic transport and the NDR resultsing section, the high value of in our system is related with
from a shift of the conduction band of the source electroddhe asymmetry of the conducting channels for electrons with
out of the resonant tunneling ran¢gee Refs. 13—17 and 11, the opposite spin directions.
which considered Coulomb interactions in resonant tunnel- Flowing electrons induce the charge and the spin fluctua-
ing as wel). The width of the peak depends in the Esakitions on the particle with the characteristic frequencies
diode on the electronic structure of the device. It can bel/T¢hags= —N— and lkg,=—N\ ., respectively. These fluc-
smeared due to fluctuations of the bottom of the potentiatuations should be seen in the current noise. Therefore, we
well.™ In our model, the position o, is fixed and the separate the Schottky ter8f°" from the current noise and
broadening of the peak results only from the thermal distriperform the spectral decomposition of the frequency-
bution of electrons around the Fermi level. dependent pai$;, (). The total power spectrum can be ex-

Figure 3b) shows the voltage dependence of the Fanqressed as
factor. Its value is below unity in the low-voltage range and
rapidly increases wheB,— eV, crosses the Fermi levélr Si(@)=S"™ S (0)+ S (), (3D
[i.e., for_V/(|Eo— Er|/€)>2 in Fig. 3b)]. The increase af” whereSS*h= (C2s5h+ c255)/C2 and
is only in a narrow range 0¥, the same range in which the
NDR effect is observed. In the high-voltage regime, the
noise is super-Poissonian for most of the situations exhibited S (w)= i(
in Fig.3(b). The voltage dependence of the Fano factor in the

2 2
INE CJC]r w +7\:

2
Clcg) (32

C
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The coefficients;;, andb;;, are determined from Eq¢l5), size particle, showed a few interesting effects. First, Cou-
(9), (10), and(3). The voltage dependences of these terms folomb interactions lead to an enhancement of the TMR effect.
=0 are presented in Fig. 4. The system is the same aSecond, an electron-hole symmetry is broken in the system,
studied abovéFig. 3), in which the asymmetry between the due to Coulomb interactions. The characteristics of the fer-
tunnel barriers isx=10. The transition ratey,, are larger romagnetic device, with the electronic stég of the spacer
than y;,, and thereforeSss™ S, In the low-voltage particle below the Fermi levéi of the electrodes, are quali-
range, the tern§s"is very large and dominates 87°". The  tatively different from those for the case &h>Eq. We
Fano factorF=[SP™+ S5 (0) + S5 (0)]/(2el) is, however, §howed that the system in whidy<Eg and one electrode '
below unity. In the considered system, we change the madS made of a half-metallic ferromagnet can operate as a di-
netic polarizatiorP,, which influencesS®", but is irrelevant  0de. WhenE,>Eg, the device showed the NDR effect,
for S,SCh. It explains why all the curves in Fig.(@ are so \C/i\{h|ch is better pr.onounc_ed f_or ferromagnetlc eIect.r.odes with
close to each other. ifferent magnetic polarizations. Third, the transition from

Figures 4b) and 4C) show the term§|°,+(0) andslcl—(o) the sub-Poissonian to the super-P0|ssonlan current noise Is a

corresponding to the contribution of the spin and the Charggontmuous process, which depends on the magnetic asym-

fluctuations to the current noise. They are negative in th metry between the tunneling channels for electrons with spin

low-voltage range and positive for larger voltages. This in-e[ and|. The asymmetry between the left and the right tunnel

dicates a change of current correlations when the particlgarrler can faC|I|tat_e the transition to the super-Pm;somgn
. range. Spin fluctuations are relevant for the super-Poissonian
level crosses the Fermi leveE{—eV,~Eg). The value

<H0) st Vi ith ) f1h i current noise and they are activated in the Coulomb-
I .) Strongly Increases wi S?hn Increase ot the magnetig, -, ade regime. The charge fluctuations are responsible for
polarizationP,. SinceS;;” and S7*"[see Fig. 4c) and 4a)]

e ) e the sub-Poissonian current noise. The spin and the charge
are weakly dependent d?y, it is evident thatS;;" is respon-  f,ctuations have distinct relaxation tiMeRpi Teharge

sible for an enhancement of the Fano factor. Frequencyyhich can be observed in frequency-dependent measure-
dependent measurements of the current noise can confiffents of the power spectrum in a low- and in a high-

our prediction that low-frequency fluctuations dominate infrequency range, respectively.
the super-Poissonian noise in ferromagnetic tunnel junctions.
ACKNOWLEDGMENT

IV. SUMMARY . . .
This work was supported by the State Committee for Sci-

Summarizing, our sequential tunneling studies, performeentific Research Republic of Poland under Grant No. 2 PO3B
in the ferromagnetic double-barrier device with the atomic-075 14.

1L.F. Schelp, A. Fert, F. Fettar, P. Holdy, S. F. Lee, J.L. Maurice, 'A. Schiller and S. Hershfield, Phys. Rev.38, 14 978(1998,

F. Petroff, and A. Vaures. Phys. Rev. 35, 5747 (1997); K. and references therein.
Ono, H. Shimada, S. Kobayashi, and Y. Ootuka, J. Phys. Soc8D.V. Averin, A.N. Korotkov, and K.K. Likharev, Phys. Rev. B
Jpn.65, 3449(1996; K. Ono, H. Shimada, and Y. Ootukénid. 44, 6199(199)); G. Schm, in Quantum Transport and Dissipa-
66, 1261(1997; H. Shimada, K. Ono, and Y. Ootuképid. 67, tion, edited by T. Dittrich, P. Hiaggi, G.-L. Ingold, B. Kramer,
1359(1998; H. Brickl, G. Reiss, H. Vizelberg, M. Bertram, . G. Schm, and W. ZwergernWiley-VCH Verlag, New York,
Monch, and J. Schumann, Phys. Revo® 8893(1998. 1998, p. 149.

23. Barnasand A. Fert, Phys. Rev. Let80, 1058(1998; S. Taka- 9K.M. van Vliet and J.R. Faset, iluctuation Phenomena in Sol-
hashi and S. Maekawihid. 80, 1758(19998; J. Barnasand A. ids, edited by R.E. Burges#\cademic Press, New York, 1955
Fert, Europhys. Let44, 85(1998; F. Guinea, Phys. Rev. B, p.267.

9212(1998; H. Imamura, S. Takashi, and S. Maekaitmg. 59,  '°A.N. Korotkov, Phys. Rev. B9, 10 381(1994).
6017(1999; A. Brataas, Yu.V. Nazarov, J. Inoue, and G.E.W. *Ya.M. Blanter and M. Bttiker, cond-mat/991015@&inpublisheil
Bauer, Eur. Phys. J. B, 421 (1999; X.H. Wang and A. 2R, Tsu and L. Esaki, Appl. Phys. Let22, 562 (1973; L.L.

Brataas, Phys. Rev. Le®3, 5138(1999. Chang, L. Esaki, and R. Tsihnid. 24, 593(1974; S. Luryi, ibid.
3B.R. Buka, J. Martinek, G. Michk and J. Barna$hys. Rev. B 47, 490 (1985.
60, 12 246(1999. ) 13B. Ricco and M.Ya. Azbel, Phys. Rev. 29, 1970(1984).
4L.1. Glazman and K.A. Matveev, Pis'ma Zhk&p. Teor. Fiz48,  *E.R. Brown, IEEE Trans. Electron Devic88, 2686 (1992.
403 (1988 [JETP Lett.48, 445(1988]. 15G. lannaccone, G. Lombardi, M. Macucci, and B. Pellegrini,
SYu.V. Nazarov and J.J.R. Struben, Phys. RevbB® 15 466 Phys. Rev. Lett.80, 1054 (1998; Nanotechnologyl10, 97
(1996. (1999.
6S. Hershfield, J.D. Davies, P. Hyldgaard, C.J. Stanton, and J.W-V.V. Kuznetsov, E.E. Mendez, J.D. Bruno, and J.T. Pham, Phys.
Wilkins, Phys. Rev. B47, 1967(1993; U. Hanke, Y.M. Galp- Rev. B58, 10 159(1998.

erin, K.A. Chao, and N. Zoubid. 48, 17 209(1993. 17ya.M. Blanter and M. Bitiker, Phys. Rev. B9, 10 217(1999.



