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ELECTRONIC CORRELATIONS IN TRANSPORTTHROUGH MAGNETIC NANOSTRUCTURES�Bogdan R. Buªka, Stanisªaw Lipi«ski and Grzegorz Mi
haªekInstitute of Mole
ular Physi
s, Polish A
ademy of S
ien
esM. Smolu
howskiego 17, 60-179 Pozna«, Poland(Re
eived July 10, 2002)The 
oherent ele
troni
 transport through a quantum dot 
oupled toferromagneti
 ele
trodes is 
al
ulated for the parallel and antiparallel ori-entations of polarizations. The in�uen
e on transport of both the 
harge�u
tuations and the Kondo resonan
e are 
onsidered by using the equationof motion method for the non-equilibrium Green fun
tions. The largestspin a

umulation is observed in mixed valen
e range. In Kondo regimethe state of a parti
le is a singlet for any polarization of the leads.PACS numbers: 72.15.Qm, 73.63.�b, 73.63.Kv1. Introdu
tionThe transport of spin-polarized ele
trons through the point 
onta
ts andtunnel jun
tions has re
ently attra
ted a lot of interest. This is stimulatedby expe
ted appli
ation in magneti
 random a

ess memories (MRAMs) andin magneti
 sensors. In the present paper we dis
uss the 
oherent transportthrough a quantum dot (QD) 
oupled to ferromagneti
 leads as a fun
tionof position of parti
le energy level and temperature. With the in
rease oftemperature or by a shift of parti
le level 
lose to the Fermi level de
reasesthe role of the Kondo resonan
e and the resonan
e transport through the
harge �u
tuation peak be
omes more important. In the following we dis
usshow the evolution of this behavior is in�uen
ed by polarization of the leads.One expe
ts the in
reasing role of polarization of 
ondu
tion ele
trons onthe 
ondu
tivity for regions outside the Kondo range due to the weakeningof 
orrelations of ele
trons with opposite spins.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(641)
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haªek2. Model and 
al
ulations of the 
urrentThe Hamiltonian for the QD 
oupled to ferromagenti
 leads isH = Xk;�;� �k�� 
yk�;�
k�;� +X� �0 
y0�
0� + Un̂0+n̂0�+Xk;�;� t� (
yk�;�
0� + h.
.) : (1)The �rst term des
ribes ele
trons in the left (� = L) and the right (� = R)ferromagneti
 ele
trode, the se
ond and the third one 
orrespond to ele
tronsat the QD with the single energy level �0 and the onsite Coulomb intera
tionU of two ele
trons with the opposite spins � = + and � = �, the fourthterm des
ribes tunneling between the ele
trodes and the QD.The 
urrent is determined by means of the non-equilibrium Green fun
-tion method [1℄ as J = e~X� 2�L��R��� (nR� � nL�) ; (2)where n�� = � 1� D��Z�D�� d!f�(!)Im[Gr0�;0�(!)℄ ; (3)�� = �L� + �R�, ��� = ����t2� and 
�� = ���=��. The formula (2)was derived under the assumption of the elasti
 transport and the lesser,retarded and advan
ed bare Green fun
tions in the ele
trodes are taken asg<�� = 2i����f� and gr;a� = �i���� . Here, f� denotes the Fermi distributionfun
tion for ele
trons in the �-ele
trode and ��� = 1=(2D��) is the 
onstantdensity of states for j!j < D�� . The 
harge and the spin a

umulation atthe QD are expressed as n0 �P� n0� =P�;� 
��n�� and m0 �P� �n0� =P�;� �
��n��, respe
tively.In order to determine the Green fun
tion Gr0�;0� we 
hoose, among a fewknown approa
hes [2℄, the equation of motion (EOM) method [3℄ adapted forthe nonequilibrium situation [4℄. The equation for the single-parti
le Greenfun
tion generates higher-order Green's fun
tions. In order to trun
ated theseries of equations we use the self-
onsistent de
oupling pro
edure proposedby La
roix [3℄. The method allows for the des
ription of the system in thewhole parameter range. In the limit U !1 one getsGr0�;0�(!) = 1� n0�� +H��(!)! � �0 + i�� + i2�0H��(!) + F��(!) ; (4)
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 Correlations in Transport Through : : : 643where 2�0 = �+ +�� andH��(!) = X� ���� Z d!0� f�(!0)Ga0��;0��(!0)!0 � ! � i0+ ; (5)F��(!) = X� ���� Z d!0� f�(!0)!0 � ! � i0+ : (6)These equations and the 
ondition n0 = P�;� 
��n�� form a set of self-
onsistent integral equations, whi
h have to be solved.3. Results and 
on
lusionsWe solved numeri
ally the set of the integral equations for a small voltageV ! 0. Integration around the singularity point �F was performed a

ordingto a logarithmi
 dis
retization pro
edure [2℄. In the 
al
ulations the densityof states has been taken �L+ = �R+ = 1 and �L� = �R� = 1=2 for theparallel 
on�guration. Following the Julliere approa
h [5℄ one 
an expressthe polarization as P� = (��+ � ���)=(��+ + ���), whi
h in our 
ase isPL = PR = 1=3. Fig. 1 presents the 
ondu
tan
e (GP) for the parallelorientation of magnetization in the ele
trodes, the magnetoresistan
e MR =(GP � GAP)=GP and the spin a

umulation at the QD as a fun
tion of theposition of the QD level �0. It is seen that the 
ondu
tan
e peak in
reasesand is shifted towards the Kondo regime with lowering the temperature T .For the assumed asymmetri
 jun
tions (tL = 0:02, tR = 0:06), the maximalvalue of GP = (e2=h)P� 4
L�
R� for our 
ase is 0:72 � (e2=h). A 
hangeof the magnetoresistan
e MR, when the systems goes from the empty stateregime to the Kondo regime, is shown in Fig. 1(b). For the un
orrelatedtransport we re
over the Julliere formula [5℄ MR = 2PLPR=(1 + PLPR). Inthe Kondo regime MR is redu
ed and 
an be negative for the asymmetri
jun
tions. If both the ele
trodes have the same polarization PL = PR = Pone 
an �nd MR = P 2(1� 3�2 + �2P 2 + �4P 2)(1� �2P 2)2 ; (7)where � = (t2L � t2R)=(t2L + t2R) des
ribes asymmetry between the left andthe right jun
tion. MR is weakly temperature dependent in the empty stateregime, whereas in the Kondo regime MR in
rease with T . This resultsfrom a strong temperature dependen
e of the Kondo peaks for di�erent spinorientations. A spin a

umulation at the QD (shown in Fig. 1(
)) has aninteresting behavior, namely, it in
reases in the mixed valen
e regime andde
reases to zero in the Kondo regime. It means that the 
ondu
tan
ea
hieves the unitary limit and ele
trons with the opposite spin orientationsare transmitted with the same transition rates through the QD.
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Fig. 1. The 
ondu
tan
e (a), the magnetoresistan
e (b) and the spin a

umulation(
) as a fun
tion of the position of the dot level for di�erent temperatures T =1� 10�6, 1� 10�5 and 1� 10�4. The 
ondu
tan
e and the spin a

umulation aredetermined for the parallel 
on�guration of magnetization.The work was supported by the Polish State Committee for S
ienti�
Resear
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s in Tranport andOpti
s of Semi
ondu
tors, Springer Verlag, Berlin, Heildelberg, New York 1998.[2℄ A.C. Hewson, The Kondo Problem to Heavy Fermions, Cambridge UniversityPress, Cambridge 1993.[3℄ C. La
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