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The problem of electron tunneling through a symmetric semiconductor barrier based on zinc-blende-
structure material is studied. Ttké Dresselhaus terms in the effective Hamiltonian of bulk semiconductor of
the barrier are shown to result in a dependence of the tunneling transmission on the spin orientation. The
difference of the transmission probabilities for opposite spin orientations can achieve several percents for the
reasonable width of the barriers.
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Lately spln—polanzgd electron transport in semiconductors Ap=1] kax(ki_ kf) + ayky(kﬁ— k)z() + ok ki— ki)]
attracts a great attentidrOne of the major problems of gen- 1)
eral interest is a possibility and methods of spin injection
into semiconductors. A natural way to achieve spin orientawherec}a are the Pauli matrices; is a material constarisee
tion in experiment is the injection of spin-polarized carriersTable ), and the coordinate axesy,z are assumed to be
from magnetic materials. Although significant progress hagarallel to the cubic crystallographic ax¢400], [010],
been made recentfy? reliable spin injection into low- [001], respectively. In the case of tunneling alomgone
dimensional electron systems is still a challenge. Schmidghould considerk, in the Hamiltonian as an operator
et al. pointed out that a fundamental obstacle for electrical—jg/9z. We assume the kinetic energy of electrons to be
injection from ferromagnetic into semiconductor was thesubstantially smaller than the barrier height then the
conductivity mismatch of the metal and the semiconductoHamiltonian(1) is simplified to
structure® However, Rashba showed that this problem could
be resolved by using tunneling contact at the metal- 52
semiconductor interfaceOn the other hand, Voskoboyni- I:|D=y(&xkx—<}yky)—2. 2
kov, Liu, and Leé& proposed that asymmetric nonmagnetic 9z
semiconductor barrier itself could serve as a spin filter. It was . )
demonstrated that spin-dependent electron reflection by ifone can note that essentialy, induces a spin-dependent
equivalent interfaces resulted in the dependence of the turgorrection to the effective electron mass alang the bar-
neling transmission probability on the orientation of electronfier. The Hamiltonian(2) is diagonalized by spinors
spin. This effect is caused by interface-induced Rashba spin-

orbit coupling and can be substantial for resonant tunneling 1 1

through asymmetric double-barrtér*® or triple-barriet* Xi:ﬁ Te o) )
heterostructures. However, in the case of symmetric potential

barriers, the interface spin-orbit coupling does not lead to gyhich correspond to the electron states™and “ —* of the
dependence of tunneling on the spin orientation. opposite spin directions. Here is the polar angle of the

In this communication we will show that the process of\yaye vectork in the xy plane, being
tunneling is spin dependent itself. We demonstrate that a
considerable spin polarization can be expected at tunneling k=(k|cose, kising, k). (4)
of electrons even through a single symmetric barrier if only
the barrier material lacks a center of inversion such as zincTfransmission probabilities for the electrons of eigen spin

blende-structure semiconductors. The microscopic origin oftates “+” and “ —” (3) are different due to spin-orbit term
the effect is the Dresselhaug® terms® in the effective (2). The orientations of spins. in the states %" and “ —”
Hamiltonian of the bulk semiconductor of the barrier. depend on the in-plane wave vector of electrons and are

We consider the transmission of electrons with the initialgiven by
wave vectork=(k,k,) through a flat potential barrier of
heightV grown alongz||[ 001] direction(see Fig. J; k; is the s, =(Fcose, *sing, 0). (5)
wave vector in the plane of the barrier, akgdis the wave
vector component normal to the barrier pointing in the direc-Figure 2 demonstrates the orientations of sgingnds_ for
tion of tunneling. The electron Hamiltonian of the barrier in various directions of the in-plane electron wave vedtor
effective mass approximation contains the spin-deperkfent i.e. as a function of polar angle. If k| is directed along a
term (Dresselhaus tery? cubic crystal axis[(100] or [010Q]) then the spins are parallel
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FIG. 1. Sketch of a three-dimensional model of electron tunnel- [110]
ing. Transmission of electrons with the wave vector (k,k,)
through the potential barrier of width a grown alongz. FIG. 2. Spin orientation of eigen statest® and “—" as a

function of the orientation of the in-plane electron wave vekfor

(or antiparallel to k;, while s.. are perpendicular tk if the

in-plane wave vector is directed along the akis10] or i U
[110]. u. and m a7 (10
Electrons of the eigen spin states-" and “ —" propa-

are continuous at the interfaces, a system of linear equations
fort.,r., A., andB. can be derived. Note that the small
spin-dependent renormalization of the effective mass in-
duced by the Hamiltoniaf2) can be neglected in the bound-

V. (1)=x-U-(2)exik - p), (6) ary conditions, §ince it pr_odgces only a_small corr_ection to

- - the preexponential factor in final expressions. Solution of the

where p=(x,y) is a coordinate in the plane of the barrier. system allows one to calculate the coefficients of the trans-
The functionu(z) in the regions I(incoming and reflected missiont.. . For the real case,k;y/%i?<1, they are derived
waves, see Fig.)1ll, and Il (transmitted wavehas the form  to be

gate through the barrier, conserving the spin orientation
Since the wave vector in the plane of the barkigrs fixed,
wave functions of the electrons can be written in the form

WO(n=[exik2)+r.exp—ik2], (D) Lt p( iymzkaqo) a

hZ
ul(n=[A.exp(q.2)+B.exp(—q.2)], _ . - —
wheret, is the transmission coefficient when the spin-orbit
u(i'”)(r)ztiexp(ikzz), interaction(1) is neglected,
respectively. Heré.. andr .. are the transmission and reflec- L kz0o :
. fic f . el d th to=—4i — - >exp—doa—ik,a),
tion coefficients for spin stateg., respectively, and the My (go—ik,m,/m;)
wave vectors under the barrigr. are given by (12)

> —12 a is the width of the barrier. The general problem of tunnel-

mzk” . . . L .

q.=Qo| 1= y—r— , (8) ing of an electron with arbitrary initial spinog can be
h? solved by expanding to the eigen spinorg- .

h is th . T hof d fth ¢ It is convenient to introduce a polarization efficiengy
whereqp Is the reciprocal length of decay of the wave TUnc- 5t getermines the difference of tunneling transmission

tion in the barrier for the case when the spin-orbit interaCtiorbrobabilities for the spin states+” and * —" through the
(1) is neglected,

barrier,
2m2V m2 m2 t 2_ t_ 2
qo=\/ L R L il 13
A2 ML M, [t 2 e
andm;(i=1,2) are the effective masses outside and insidén our case it has the form
the tunneling barrier, respectively. Taking into account the
boundary conditions, which require that MoK
P=tanh 2y PR agp |- (19

TABLE |. Parameters of band structure of variougBf semi-

conductorsRef. 16, InAs (Ref. 17. At a given initial wave vector of electrong, the polar-

ization efficiency drastically increases with the strength of

Gasb InAs Gahs InP NSb the Dresselhaus spin-orbit coupling see Eq(14)], and the
v, eV A3 187 130 24 8 220 barrier widtha. However, while increase the barrier wich
m*/mg 0.041 0.023 0.067 0.081 0.013 increases the polarization efficiency, one should keep in

mind that the barrier transparency decreases simultaneously
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20%~— 310° of parameters given in the figure caption it is possible to

0; RN ] = achieve spin polarizations of several percents. Tunneling bar-
] \_\_. {107 & riers prepared on the basis of GaSb or its solutions seem to
2 S i . 8 be the most efficient barrier materials for spin selective tun-
s > ELCA neling because of the large value of the prodyt*.
810/0-_ Gash \\ 1. % The polarization strongly depends on the electron wave
2 ae 110 = vector k; parallel to the barriefsee Eq.(14)]. This result
N = InSb3 ot 2 suggests a device for spin injection into quantum wells. Let
g I Inp 3 g us assume two quantum wells separated by a tunneling bar-
& o = . 1, rier and a current flowing along one of the quantum wells.

0 1 2 3 4 5

: , The in-plane current results in nonzero average electron
Barrier width g a

wave vectork; and, due to the considered effect, in a spin
polarization of carriers.

In conclusion, we have demonstrated that kReDressel-
haus terms in the effective Hamiltonian of semiconductors
lacking a center of inversion yield a considerable spin polar-
ization of electrons tunneling through barriers. The effect
[see Eq.(12)]. In Fig. 3 the efficiencyP and the barrier could be employed for creating spin filters.
transparencylto|? are plotted as a function of the barrier
width gpa for various barrier materials. The material param-  This work was supported by the RFBR, Programs of the
etersy and effective mase™* =m, used in the calculations RAS and the Russian Ministry of Industry, Science, and
are given in the Table I. One can see that for a reasonable s&chnologies, and grants of the DFG and INTAS.

FIG. 3. Coefficient of the polarization efficien@yas a function
of barrier width aqy for various barrier materials, antj=2
x 1P cm™ 1. Dashed line presents the barrier transparency.
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