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Longitudinal spin transport in diluted magnetic semiconductor superlattices:
The effect of the giant Zeeman splitting
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Longitudinal spin transport in diluted magnetic semiconductor superlattices is investigated theoretically. The
longitudinal magnetoconductivityMC) in such systems exhibits an oscillating behavior as function of an
external magnetic field. In the weak magnetic-field region the giant Zeeman splitting plays a dominant role that
leads to a large negative magnetoconductivity. In the strong magnetic-field region the MC exhibits deep dips
with increasing magnetic field. The oscillating behavior is attributed to the interplay between the discrete
Landau levels and the Fermi surface. The decrease of the MC at low magnetic field is causedstaly the
exchange interaction between the electron in the conduction band and the magnetic ions. The spin polarization
increases rapidly with increasing magnetic field and the longitudinal current becomes spin polarized in strong
magnetic field. The effect of spin-disorder scattering on MC is estimated numerically for low magnetic fields
and found to be neglectible for our system.
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. INTRODUCTION magnetic-field strength at higher magnetic fietihis phe-
nomena arises from the interplay between the quantized Lan-
The most striking phenomena in semiconductor quantunglau levels and the Fermi energy. In semiconductor superlat-
structures is the tremendous change of the optical and trantices the SdH effect displays a rich diversity of prominent
port properties induced by the quantum confinement effecfphenomena since the electron motion along the magnetic
The use of diluted magnetic semiconduct@MS) in such  field is quite different from that in bulk materials. The con-
systems provides us with an additional degree of freedom tductivity of a system is determined by the number of differ-
engineer the optical and transport properties by applying aent states near the Fermi energy, the group velocity associ-
external magnetic field An external magnetic field magne- ated with them, and the coupling of these states to each other
tizes the magnetic ions, which gives rise to the exchangby scattering mechanisms. Polyanovskjiresented a theory
field acting on the electron spin. This spin-dependent energio describe longitudinal magnetotransport in semiconductor
shift is comparable to the band offset in a DMS superlatticesuperlattices using the semiclassical approach. A single-band
therefore, influencing significantly the optical property of tight-binding model was used to describe the superlattice at
DMS. The optical properties of the DMS systems have beenery high and very low temperature. Datars and Six-
studied extensively in the past few years. Time-resolved photended the theory to the multiple miniband case, and found
toluminescencéPL) of a dilute magnetic semiconductor su- multiple miniband oscillations in the regime where the sec-
perlattice has shown the feasibility of the spin-alignmentond miniband is populated.
mechanisnf~# The strongs-d exchange interaction between  In this paper we focus on the effect of the giant Zeeman
the electron spin in the conduction band and the localize@plitting on the longitudinal magnetoconductivity in DMS
magnetic ions gives rise to unique magneto-opticalsuperlattices and take as an example the Zngefing o,Se
properties’ Giant Zeeman splitting, excitonic magnetic po- superlatticegsee Fig. L In a DMS system, the giant Zee-
laron, Faraday rotation, and optically induced magnetizatiorman splitting induced by the-d exchange interaction is
are well-known examples. Recent experiments demonstratembmparable to the band offset, and, therefore, can change
that spin-polarized transport in diluted magnetic semiconsignificantly the energy spectrum of the minibands and the
ductors and spin coherence can be maintained over larggoup velocity, which influences the magnetoconductivity.
distances £100 um) and for long times (10°-10"8 s)  Here we extend the treatment of the SdH effect from ordi-
in metals and semiconductors and showed that the spin of thgary semiconductor superlattices to diluted magnetic semi-
electron offers unique possibilities for quantum computationconductor superlattices. We find a spin-dependent conductiv-
and information transmissidh* ity when an external magnetic field is applied along the
One of the fascinating effects of magnetic fields on thegrowth direction. The magnetoconductivity decreases signifi-
electron-transport properties in bulk materials is the well-cantly with increasing magnetic field at low magnetic fields,
known Shubnikov—de Haa$SdH) effect, i.e., magnetocon- and exhibits an oscillating behavior in strong magnetic fields.
ductivity (MC) or magnetoresistance of the system is inde-A strong spin-polarized current is found with increasing
pendent of the magnetic-field strength at very low magnetianagnetic field. The underlying physics arises from $he
field, and exhibits an oscillating dependence with theexchange interaction between the intinerant electron and the
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whereV oni{(2) =Veoni(z+L) is the periodic potential along
the growth directionl. is the period of the DMS superlattice,
S is the spin of the localized@® electrons of the Mn ions
with S=5/2, ands is the electron spin. We assume that the
magnetic ions are distributed homogeneously in the DMS
layers. The extended nature of the electronic wave function
spanning a large number of magnetic ions and lattice sites
allows the use of the molecular-field approximation to re-
place the magnetic-ion spin operagrwith its thermal and
spatial averagés,), taken over all the ions. The mean spin
(S,) denotes the spatial as well as the thermal average of the
spin component along the magnetic field. This approach has
been proven to be valid in previous theoretical works on the
FIG. 1. Schematic illustration of a ZnSe/ZgMn, ,.Se DMS  study of the magneto-optical properties of DMS material.
superlattice subjected to a perpendicular magnetic field. The shaddéery recently, this approximation was applied successfully to
regions denote the diluted magnetic semiconductor layés. Study the transport property of a DMS syst&t® The ex-
shows the potential profile for an electron in a DMS superlattice inchange interaction given by Eql) can, in the molecular-
the absence of a magnetic fielth) and (c) show the potential field approximation, be written in terms of a Zeeman-like
profiles for the spin-up and spin-down electron in the presence of #lamiltonian
magnetic field, respectively. The probabilities for the spin-up and

spin-down electrons are also shown in the figure. H=pZ/2ms + (py+eBx?/2m}

localized magnetic impurity that lifts the degeneracy of the + pf/Zm’; +Veoni2)+ s o(S,) o,

spin-up and spin-down electron band states. Here we neglect

the effect of the spin-flip proceSsand focus only on the = pZ/2m} + (p,+eBx2m¥ + p2/2mg + Vei(2), (2)

effect of the giant Zeeman splitting caused by thd ex-
change interaction on the MC in a DMS superlattice for elecWhere  Js_q=—Noax and (S;)=5/2By(SgugB/kg(T
trical transport along the growth axis. The molecular-field ™ To)), Bs(X) is the Brillouin function,Ng is the number of
approximation is used in the present paper that has beegftions per unit volumex is the Mn concentrationT, ac-
shown to lead to an excellent agreement with SdH measure&ounts for the reduced single-ion contribution due to the an-
ments performed on Gd,Mn,Te/CdMg,;_,Te quantum tiferromagnetic Mn-Mn couplingk is the Boltzmann con-
wells (Fig. 4 in Ref. 16. Our numerical results also show stant, andr is the electron spin. The parameters used in the
that the spin-disorder scattering process is not the dominamalculation are taken from Ref. 3n; =0.16m,, x=0.04,
scattering mechanism in this case. Veoni=—3 meV in the DMS material,g=2, Npa
The paper is organized as follows, the theoretical model is=0.27 eV, Ty=1.4 K. In Eq.(2) the exchange interaction
described in Sec. Il, and the numerical results and discusH; 4=Js_«(S,)s, only induces spin-conserving processes,
sions are given in Sec. lll. Finally, the conclusion is pre-and consequently we neglected all spin-flip processes.
sented in Sec. IV. Using the usual boundary conditidisfor the electron
wave function at the well/barrier interface, the energy eigen-
Il. THEORETICAL MODEL value can be obtained by solving the following equation:

We model a DMS superlattice as a periodic array of 1
square potential wells and nonmagnetic barriers and assume cosk,L = cosk$L ycosk L p— _(
that the magnetic ions are distributed homogeneously in the 2
DMS layers(see Fig. 1L In a DMS superlattice, a small
external magnetic field gives rise to a giant Zeeman splitting + —
of the conduction-band states, and results in striking differ- MK

ences between spin-up and spin-down electron states of gi?”ereksru: 2my(E—V3)/A2, kS = \2mp(E— VS)/42, and

system. This giant Zeeman splitting arises from the spins S=0, V5=Voni+ U2Ngax (S,) is the depth or the

the injected electrons interacting with tBe=5/2 spins of the ! L .
localized 31° electrons of the Mfi" ions via thes-d ex- he|_ght o: th? DMS Iayer that depends OP ,t’he Spin orle.ntatlon
(s==, “+" for the spin-up electron, =" for the spin-

change interaction.Our theory is based on the assumption . .
R . own electron The period of the superlattice is=Lp
that the electron motion in the DMS superlattice can be We|f_::_ Ly, whereL is the width of the DMS layers andy, is

described by the effective-mass approximation that is con- . . .
firmed by recent experiment&!”*8As shown in Fig. 1, the the width of the nonmagnetic semiconductor layeng. and
model Hamiltonian for electrons in such a system is my denote the effective mass of the electron in the DMS

layers and nonmagnetic semiconductor layers, respectively.

mpKy

mykp

mpKk
N D)sinkﬁ,LNsinkSDLD, (3)

H=pZ/2m¢ + (p,+eBx?/2mf + pZ/2m} +Voni(2) In this work the difference between the effective mass of the
electron in the DMS layers and the non-DMS layers is ne-
lected that is a reasonable assumption because of the low
+Js-a2 )-SR ST =R, @ Y P

Mn concentration ifiy=mp=mj ). Notice that the barrier
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nal magnetic field. The wave function of the electron for spin
s in the DMS superlattice can be expressed as

height and the well depth can be tuned by varying the exter- (ﬁfo) £(k)— fo(K)
-, (11)

at (k)
1 _ wheref(£(k))=1{exd (E(k) — Ef]/kgT) + 1} is the Fermi-
V= \/T%(x—xky)e'kyywkz(z), (4)  Dirac distributioD,E is the electric field along the growth
y direction, andr(k) denotes the electron relaxation time in
where X, = —k,| 2,lg=\hleB is the magnetic length, the DMS superlattice. _ _
i (2)= 1/\/_e|kzzuk ((2) is the envelope function along the The Fermi energy can be determined from the following

equation:
z axis, ¢,(X) is the wave function of the harmonic oscillator,
_ 2 _
Pn(X— X )=—1 exg — > XKy) X Xky} ™ 4772I2 E WILf(S(n,kz,s))de, (12
" AN 212 ol |

(5  wheren, is the density of the electron in the DMS superlat-
tice.

In the presence of a magnetic field, the in-plane motion of We restrict ourselves to the linear-response regime, as-
ume weak electric field, and ignore spin-flip processes,

the electron is described by discrete Landau levels on whic erefore, the distribution function can be written in the form
any effect of the collision broadening is ignored. Therefore, fE=fot fy=fo—evrEafo/dE, heref, is the equilibrium

the eigenvalue of the electron state in a DMS superlattic@. L0 . ) . X
under a perpendicular magnetic field is distribution function and is the linear term that is propor-

tional to the electric field. Because there is no electric current
in the equilibrium Fermi-Dirac distribution, the current den-

whereH(x) is thenth Hermite polynomial.

~ 1
Ek)=|{n+ > hoct+E(Ky), (6)  sity Eq.(8) becomes
wherek=(n,k,,s) is the complete set of quantum indices, 3= e’ET f”’L k( fo )Uz 13
w.=eB/m; is the cyclotron frequency, and denotes the 4721% sn J-mn Aoeg) e
label for the Landau leveEy(k,) is the energy spectrum of
the miniband in the DMS superlattice. From this formula, we can find that the current density is

The group velocity of the electron along thelirection is  ascribed to the contribution of the Landau level near the
Fermi energy, and especially at low temperature

1 9&(k,) —(9fgldE)~=6(E— &) for kgT<<E:-. The conductivity o
VszTh ok, s=T.l. (7)) can be obtained as
The ballistic current density® is the sum of the contri- afo| ,
butions from each Landau level with different spin 5 E z( - —)Us,z- (14)
477 |B s,n —7r/L )
eE /L dk . . . .
J=—ne(v)y=——5 J — 0Nk fo(Nn,ky), The degree Qf spin polarlzatlon of the current density un-
273 sn J-mL2m der weak electric field can be defined as
tS)
where 1/27I§ is the degeneracy of the Landau level for each p— -t (15)
spin, f4(n,k,) is the electron distribution function in the state Jh+a1’
(n,k,,s) that can be determined from the semiclassical Bolt-
zmann equation hereJ!(J') is the component of spin-ujgpin-down current
density.
of ak oty For simplicity, we take the relaxation timeas a constant
ot St v- Vit — ot kas:(y) 9) in the calculation of the conductivity. In the DMS system, the

relaxation time r takes into account energy- and spin-
If the distributionf depends weakly on the positiaralong  relaxation processes and may be written in the form
the growth direction, and is independent of the time, 4.

becomes 1 1 1
—=—+ :
T Te Ts—d 19
0
—eE-Vyfs= ( ot ) . (10 Here, 7, denotes the relaxation time that incorporates other

energy and momentum scattering mechanism ang, de-
If we use the relaxation-time approximation, the collisionnotes spin-related scattering processes that is caused by the
term on the right side of E|10) is equal to s-d interaction.
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In order to estimate the effect of the magnetization fluc- e —
tuation, we calculate the relaxation timg_q4, i.e., the scat- VVR’IZ'Z7|<k|Vs—d|k’>|2, 17
tering process induced by tleed exchange interaction be-
tween the conduction electron and the magnetic ions. Th@hereV,_4=Js_4=;8(r) - S(R) 8(r —R;) describes thes-d
transition rate from an initial state,k,,0,,S;,S;, . .. ,S%) exchange interaction between the conduction electron and
to all the final statesn’,k;,o.,S;%,S;%, ... ,S{) can be the magnetic ionsR; is the coordinate of the magnetic ion
calculated using the Fermi golden rule and after performingMin?*. The matrix element of the-d interaction can be
an ensemble average over a distribution of the magnetic ionsbtained*?®

[(KIV_qlk')|2= 32 dE —exqwk —K)(Zi=Z)H(S'S)) 8o +(STS N1 = ,47) }2 8(E(n,k,,0)
n’ k

1
—S(n’,k;,a’))ﬁf (H dRi)(f’:(Xi)¢n(xi)¢:/(xj)an’(xj)uzz(zi)uk;(zi)u’l:z(zj)uké(zj): (18

where the capital letters denote the coordinates of the mag-  Ill. NUMERICAL RESULTS AND DISCUSSIONS
netic ions,S =S'+iS’, 8,,,=1 for c=¢’, and 0 other-
wise. Q) is the volume of the sampléy the number of the
magnetic ions. The brackefs- - ) indicate the statistical av-

erage over Mn spin orientation |S,>(S,= - 5/2, ZnSelZn ogMng o.Se diluted magnetic semiconductor super-
—3/2,...,32,5/2). The term(S'S]) in Eq. (18) describes |ayice for different magnetic fields. For definition, the width
the spm -conserved scattering process and the (éms ) of the barrier(well) is taken ad ,=10 nm (Ly=10 nm)
indicates the spin-flip scattering procé3sNeglecting the throughout the paper. From these figures we notice that the
terms wherei #| in Eq. (18) that do not contribute to the geparation between the spin-up and spin-down electron is
change of the distribution function, then we obtain enhanced significantly with increasing magnetic field. Notice
that the Fermi energy is located slightly above the bottom of
T L 2— 12 zcz Tar\(1_ the second miniband at low magnetic fieldse Fig. 29)]. In
[(klVs—ol k') _Js_dZ USS) 800 +(STSTNL=05)} strong magnetic fields, the energy of the lowest spin-up mini-
band is even higher than that of the spin-down second mini-
ern L band, and only the lowest spin-down miniband is occupied
XH,EM 3EMN kg o) = E(" Kz ,0) by electrong[see Fig. 20)]. This can be explained as fol-
z lows, an external magnetic field induces a magnetization of
) ) the magnetic ion Mfi* along the direction of the magnetic
_Lf | én(XD[* b (XD [*TwdX, (19 field in the DMS superlattice. From E@l), the magnetic
ions can influence the energy of the electron state via-ithe
where | = flz,bk (z)|2|z/;k (z)|?dz . The relaxation time exchange interaction, and leads to a giant spin splitting that

7s_q due to thes-d interaction can be obtained after a sumiS comparable to the band offset between ZnSe and

over all possible final states, ZNg.oMNg osS€. . .
Figures 2c) and 2Zd) depict how the bandwidths of the

1 electrons for different spin orientation vary with the mag-
_~: — 2 f |(k|Vs_ 0|||('>|20|ky netic field. For spin-down electrons the bandwidth decreases
Te_q(k) T lv (k )| 27 and saturates with increasing magnetic field, but for spin-up
) electrons, it exhibits a maximum and saturates when the
2L 4 Q )25 4 (STS (1 8 magnetic field increases. For spin-up electrons the wells be-
B mh212 N V3o 4 A oo} come more and more shallow and finally form barriers with
XE

Figures 2a) and Zb) show the energy spectrum of the
lowest two miniband spin-ugsolid curve$ and spin-down
(dashed curveselectron stategsee Eq.(6), n=0] for a

increasing magnetic field. At this point the bandwidths di-
verge and the miniband gaps disapdeae Fig. Zc)]. There-
8(E(n.k,,0) =&’ k;,0")), fore the bandwidth for the spin-up electron exhibits a local
maximum. In Fig. 2e) we plot the group velocity of the
(20)  electrons with different spin orientation as a function of the
momenturnk, for different magnetic fields. At low fields the
whereu (k') is the electron group velocity of the final states group velocny for the spin-up electron is larger than that in
along the growth direction of the superlattice. the absence of magnetic field. The group velocity for the

|v(k )|
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FIG. 2. The energy spectrum of the two lowest minibands of electron state8) in a DMS superlattice for different spin orientations
under two different magnetic fieldéa) B=0.1 T and(b) B=4 T. The width of the barriefwell) is L,=10 nm (Ly=210 nm), the lattice
periodL=Lp+Ly andT=4.2 K. The density of the electrons iig=2x 10'/cm®. The solid curves denote the energy spectrum for the
spin-up electron, the dashed curves for the spin-down electron, the dotted line is the Fermi energy, the thick solid and dashed curve denote
the derivative of the Fermi distribution and the Fermi distributi@ii o€ andf (&), near the Fermi energy, respectively. The bandwidth of the
two lowest spin-ugc) and spin-dowr(d) bands are shown as function of the magnetic field. The shaded regions in the figures denote the
electron miniband &(k,) ] in the DMS superlatticele) shows the group velocity of the spin-up and spin-down electron lowest miniband as
a function of the momenturk, for different magnetic fields.

spin-up and spin-down electrons decrease at strong magnefiiMS superlattice under a perpendicular magnetic field. The

fields. solid (dashedllines indicate the energy of the Landau level at
Figure 3 shows the Landau-level fan diagram for spin-k,=0 (k,==/L,), i.e., the edge of the lowest miniband.

down (thick curve$ and spin-up(thin curves electrons in a  Notice that the magnetic-field variation of the Landau levels
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FIG. 3. The energy spectrum of the lowest miniband for differ- ~ FIG. 4. The conductivityr,,/ o vs the magnetic field for three

ent Landau levels for spin-ufthin curve$ and spin-down(thick different electron temperatures, where,=nge’r/m*. Lp
curves electrons as a function of magnetic field. The solid lines =10 nm, Ly=10 nm, and the density of the electrong=2
and dashed lines represent the energy of electrorig=a0 and X 10'/cn®. The inset shows the Fermi energy as a function of
at k,=m/L, respectively. The thick solid and thick dashed magnetic field.
lines show the energies for the spin-down electrok,at0. The
thickest solid curve shows the Fermi energy as a function of magthe spin-up electron, i.e., a decrease of the group velocity for
netic field.L,=10 nm, Ly=10 nm, the density of the electrons the spin-down and spin-up electron and a local maximum for
is ne=2X10"/cnr. the spin-up electrofisee Fig. 2e)]. Therefore, the MC ex-
hibits a maximum for the spin-up electron and a decrease for
in DMS is quite different from that in a nonmagnetic semi- the spin-down electron in the low-field ca@ee Fig. 4. The
conductor, which is linearly proportional to the external mag-decrease of the low-field MC was found previously in disor-
netic field. In a DMS superlattice the Landau levels of thedered two-dimensional system that was attributed to quan-
spin-down electron exhibit minima with increasing magnetictum corrections caused by Anderson weak localizatidBut
field, and its variation with magnetic field is quite different the decrease of MC in a DMS superlattice arises from the
from that of the Landau levels for the spin-up electron. Fors-d exchange interaction between the electron and the local-
very small magnetic fields the-d exchange interaction in- ized magnetic impurity that lifts the degeneracy of the
creases the barrier height for the spin-up electrons movingpin-up and spin-down electron band states.
the Landau levels up in energy, while for the spin-down elec- The magnetization of the magnetic ions Mnsaturates
trons the wells deepen resulting in a decrease of the Landawith increasing magnetic field, therefore the strength of the
level energy. This effect saturates arouiet4 T when the exchange interactiofthe last term in Eq(2)] also saturates
magnetization of the MiT is saturated beyond which we when the magnetic field becomes strong eno(@gh4 T).
have the usual Landau-level fan diagram for each of th@he separation of the Landau levels increases line@eyg
electron-spin states. The spin-up and spin-down fan ar€ig. 3) with increasing magnetic field. The Fermi surface
shifted in energy due to the fact that they move in a differenppasses through the band bottom of the subsequent Landau
superlattice potential. The thickest solid curve in Fig. 3 dedevels with increasing magnetic field. The Fermi enefsge
notes the Fermi energy vs the magnetic field. Sharp dropthe inset decreases and shows a series of sharp drops at
take place at the points where the Fermi energy passesrong magnetic field. The variation of MC in strong mag-
through the bottom of the different Landau-level bands.netic field is ascribed to the contribution from Landau levels
From this figure we also learn that the electron state becomasear the Fermi energy. When a Landau level passes through
spin polarized since only the lowest spin-down miniband isthe Fermi surface, the electron group velocity of the states
populated at sufficient large fields. that contribute to conduction drops to zdmee Eq.(14)]
Figure 4 shows the conductivity as a function of mag- resulting in an oscillation of the MC. The conductivity ex-
netic field for various temperatures in a DMS superlattice hibits a sharp dip if there is only one Landau level near the
The inset shows the Fermi energy vs magnetic field in such Bermi energy. The separation of the Landau levels is small at
system. An interesting property of the MC is the variation oflow field and these dips are smeared out since there are many
the low-field MC. The conductivity decreases and oscillated andau levels located near the Fermi surface. From this fig-
with increasing magnetic field. At low magnetic field, the ure, we can also see that the dips will be less pronounced
spin splitting induced by the-d exchange interaction is even when temperature increases since the latter leads to a smear-
much larger than the separation of the Landau levelssitie ing of the Fermi surface.
exchange interaction results in a variation of the miniband Figure 5 depicts how the conductivity varies with mag-
width, i.e., a variation of the electron group velodisee Eq. netic field for different carrier density. The period of the
(7)]. From Figs. 2Zc) and Zd), we find that an increase of the conductivity oscillations for lower density is larger than that
magnetic field leads to a decrease of the bandwidth for thér higher density, which can be understood from the inset
spin-down and the spin-up electron and a local maximum fowhich shows the variation of the Fermi energy vs magnetic
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_FIG. 5. The conductivityo,/ o vs the magnetic field for two FIG. 7. The relaxation times due to the spin-disorder scattering
different electron densities.p=10 nm, Ly=10 nm, T=1 K. processes vs the magnetic fieldTat 4.2 K. 7y, p(Tupdown de-
The inset shows the Fermi energy for two different densities. notes the relaxation time for the transition in which the initial state

is the spin-up Landau level near the Fermi energy and the final

field. When the Landau level passes through the Fermi sustates are the spin-ugpin-down Landau levels. The definition of
face, a corresponding dip can be found in the conductivitythe relaxation timergowngown (7downup) is similar.
Since the period of the oscillation of the Fermi energy for
lower density is also larger than that for higher density, thdaxation time induced by the-d exchange interaction as a
period of the MC oscillation for lower density will be larger function of the external magnetic field in Fig. 7. Since only
than for higher density. electrons near the Fermi surface contribute to the conductiv-

In Fig. 6 we plot the spin polarization of the current vs theity, therefore, we calculate the relaxation time of the highest
magnetic field for different temperatures. The inset shows th@ccupied Landau levels. Notice that our definition of the re-
spin-up and spin-down components of MC. The spin-up@xation time follows the one of Ref. 14 which is similar to
components exhibit a maximum for small magnetic field andEd. (25) of Ref. 23. From these numerical results we find
decreases rapidly to zero, since the population for théhat the spin-conserved and the spin-flip relaxation time are
spin-up band decreases when the magnetic field increasd@ther long as compared to the relaxation time due to the
The maximum is due to a maximum in the bandwiftee  other energy and momentum relaxation processes, such as
Fig. 2(c)]. From this inset we found that the oscillation in the the electron-optical phonon scattering, the electron-acoustic
MC is due to the spin-down MC components. The spin po{honon scattering, and the electron-impurity scattering pro-
larization at higher temperature increases more slowly thafesses, etc. A rough estimate of the relaxation tigpéom
that at low temperature due to the thermal fluctuations of théL experiments gived,~3—4 ps)® An approximate esti-
magnetization of the magnetic ions. mate from the mobility of the ZnSe semiconductor material

In order to estimate the effect of the spin-disorder scattergives (re~1—10 ps)?* As a consequence we see from Eq.
ing process on the total relaxation time we show the re- (16) that the total relaxation time is mainly determined by

the non-spin-disorder scattering mechanisrms hence we

—— . . may heglectrs_4 for practical purposes.

- T=1K IV. CONCLUSIONS

----T=42K . . .
We studied the electron transport in DMS superlattices

| =1k 1] using a semiclassical Boltzmann equation, and investigated
!
N

e T=42K the effect of thes-d exchange interaction, which is treated
using the molecular-field approximation, on the longitudinal
spin transport in diluted magnetic semiconductor superlat-

tices. The conductivity exhibits an oscillating behavior with
- varying magnetic field. The conductivity decreases rapidly
for small magnetic field, and increases for strong magnetic
P p 6 P 10 field. The dips in the _conduc_tivity at strong magnetic_ fields
Magnetic field (T) are _sme_ared out Wlth_lncrez_ism_g temperature. Th_e spin polar-

ization increases rapidly with increasing magnetic field and

FIG. 6. The spin polarization of the current in a DMS superlat-the longitudinal current becomes spin polarized in strong
tice for different temperatures. The inset shows the spin-up and@nagnetic fields. Our results clearly illustrate that one can
spin-down MC components as a function of magnetic field. Theadjust the longitudinal spin transport by tuning the external
arrows in the inset represent the spin-up and spin-down MC commagnetic field in DMS superlattices. Most optical and trans-
ponentsLp=10 nm,Ly=10 nm,T=1 K. port properties of the band electrons were successfully inter-

2 4 6 8
Magnetic field (T)
1 1
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preted within the molecular-field approximation for pure both basic research and technological application, such as for
paramagnetic DMS. This approach is only justified for purea spin filter.

paramagnetic material where every spin can be treated inde-
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