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The spin filtering effect of the electron current in a double-barrier resonant-tunneling(8®B% consisting

of Zn,_,Mn,Se semimagnetic layers has been studied theoretically. The influence of the distribution of the
magnesium ions on the coefficient of the spin polarization of the electron current has been investigated. The
dependence of the spin filtering degree of the electron current on the external magnetic field and the bias
voltage has been obtained. The effect of the total spin polarization of the electron current has been predicted.
This effect is characterized by total suppression of the spin-up component of electron current, which takes
place when the Fermi level coincides with the lowest Landau level for spin-up electrons in the RTD semimag-
netic emitter.
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[. INTRODUCTION along with the study of voltage-current characteristics of the
nanostructure, the influence of the thicknesses of semimag-
Spin-polarized ballistic electron transport in resonant-netic layer§ and operating temperaturesn the value of the
tunneling semimagnetic semiconductor nanostructures atoefficient of the current spin polarization has been investi-
tracts considerable attention of the researchers developirgated.
the fundamentals of spintroniés This transport is also as- Later, it was shown that the degree of the current spin
sociated with the search for effective sources of the spinpolarization can be enhanced if the resonant-tunneling nano-
polarized current which can be controlled using a constanstructure has semimagnetic contdt®his is related to the
magnetic fieldB as well as by means of a bias voltagg  fact that the conduction band edge of a semimagnetic emitter
Resonant-tunneling semimagnetic nanostructures are charan-the magnetic fieldB is spin dependent. In this case, the
terized by the high degree of the current spin polarizatiomumber of spin-down electrons in the emitter exceeds the
due to thesp-d exchange interaction between the conductionnumber of spin-up electrons. As a result, spin-down electrons
electrons and localized electrons of the magnetic ions beplay the determining role in the current flowing through the
longing to the semimagnetic semiconductdrs.In a mag-  resonant-tunneling nanostructure with semimagnetic con-
netic field B, this interaction gives rise to the giant Zeemantacts. Thus, the spin-dependent shift of the conduction band
splitting of the electron energy levels. As a result, the elecedge of the semimagnetic emitter and the spin-dependent
trons with spins oriented alonB (spin-up electronsand electron transmission through semimagnetic layers lead to a
againstB (spin-down electronsmove in different potential significant increase in the coefficient of current spin polar-
fields and have different transmission coefficients throughzation in fully semimagnetic resonant-tunneling nanostruc-
the resonant-tunneling semimagnetic semiconductor nanderes.
structures. Therefore, spin filtering of the electron current In this paper new results are presented on the theory of
occurs even in moderate magnetic fields, and the electrortbe effect of the electron current spin filtering in a double-
with a certain spin direction dominate in the current. Thebarrier resonant-tunneling diodgRTD) based on a
presence of the spin filtering of the electron current can b&n;_,Mn,Se semimagnetic semiconductor. The choice of this
detected by its injection into a light-emitting diode and by semimagnetic semiconductor is related to the presence of an
the measurement of the electromagnetic radiation of the cirRTD in which the emitter, collector, and quantum well con-
cular polarization?13 sist of this semiconductor materfaln contrast to Ref. 8, we
The idea of using semimagnetic semiconductors for spirassume that all RTD layers are semimagnetic. Moreover, in
filtering of the electron current has been proposed in Ref. 4our paper the value of the electron current density and the
It was shown that the electron current flowing through acoefficient of current spin polarization are determined taking
semimagnetic semiconductor layer in a constant magnetimto account the influence of the bias voltaggon the co-
field of 2—4 T displays a high degree of spin polarization. In efficient of the electron transmission through the RTD.
Ref. 5, the dependences of the coefficient of current spin The dependencies of the electron current density and the
polarization on the thickness of the semimagnetic layer andoefficient of the current spin polarization on the constant
the bias voltage have been investigated. In Refs. 6 and 7, theagnetic fieldB as well as on a bias voltagé, are studied
results of Refs. 4 and 5 have been summarized for the case far different spatial distributions of magnetic ions in the RTD
a nanostructure consisting of two semimagnetic semiconduand for different values of the Fermi level in the RTD emit-
tor layers separated by a nonmagnetic layer. In these papetsy. The occurrence of the total polarization of the electron
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Zn Mn Se parameteffor each value of VBO, it is determined in such a
/// el way that at the poink;=0.065 the functiorE(x;) is con-
X, % X, ) % % tinuous.
L4 Ly Ly In the external magnetic fiel®, the conduction band
(a) edge of the semimagnetic semiconductor is spin dependent

due to the effect of the giant Zeeman splitting of the electron
energy level$:1° The value of the spin-dependent shift
€, (B) of the conduction band edge of the semimagnetic
semiconductor is equal to the value of the energy of the
sp-d exchange interaction between the conduction electrons
and localized electrons of the magnetic Mn ions,

€0, (B) = = 0 Noa(S,)), ©)

where o,=+1/2 (or 7,]) is the spin quantum number;
xf”:x](l—xj—)12 is the effective concentration of Mn iofs®

5 : ; ; No« is thesp-d exchange constant for conduction electrons;
z, 7, z; 24 ZB and(S,) is the thgrmal a-verage of the Mn spin component
(b) Growth direction along the magnetic fiel@:

Energy

_ ff
FIG. 1. (&) The Zn_Mn,Se double-barrier resonant-tunneling <Slj> - SBS(gM”’“BSBIkT}E ): 3)
semimagnetic nanostructu(@TD) and (b) its spin-dependent con- Here Bg is the modified Brillouin function for the total spin
duction band profile in the nonzero bias voltage. guantum number of Mn ions$=5/2; gy,=2 is g-factor of

the spectroscopic splitting for Md-electrons;ug is the Bohr
current has been predicted. Total polarization takes p|acmagneton;Tf”2T+Tf\F is the effective temperaturd; is the
when the Fermi level coincides with the lowest Landau levelattice temperature of semimagnetic semiconductors;Tﬁﬁd

for spin-up electrons in the RTD semimagnetic emitter.  is the phenomenological parameter. The paramet%frfs'qlnd
TJAF, are required by the necessity to take into account the
Il. THEORETICAL MODEL antiferromagnetic interaction between the Mn ions.

Thus, the conduction band edge of semimagnetic semi-
conductora‘Ecj(,Z in the magnetic field is determined by the
following formula:

We assume that the RT{ncluding its emitter and collec-
tor) consists of Z@_ijnije layers with different Mn con-
centrations x;={X1,X,X3,Xs,Xs} [Fig. 1(@]. The region
z<z is an RTD emitter and the region>z, is an RTD Ecjo,= Ecj * €5,(B). (4)
collector. We assume that the emitter and collector are
n-doped. The external magnetic fieldis directed along the ~ We consider sufficiently high magnetic fields for which
z axis. The bottoms of the conduction bands for the spinthe Landau quantization of transverse motion of electrons is
down and spin-up electrons are shown by the solid andmportant. Then the electron energy in each layer of the con-
dashed lines correspondingly in Fig(bl The values of sidered RTD has the following form:

Li=z,,-z (i=1,2,3 are the thicknesses of two potential
barriers(L; andL3 ) and the potential wellL,) of the RTD.
The valueEg is the Fermi level in the emitter and collector. Here 1=0,1,2... is the Landau level quantum number;

As is well known, the band gap of semimagnetic semi-o,=eB/cm is the electron cyclotron frequencyE,
conductors depends on the Mn concentraliéti’® There-  =%22/2m" is the electron energy connected with their mo-
fore, at the boundary between two semimagnetic semicorntion along the RTD(k, is the electron wave vector alorm
ductors with different Mn concentrations, an offset of thedirection; m" is the effective electron magsve assume a
band gap takes place. In this case, one part of this offset fallsingle electron mass throughout all RTD layemnd g* is
at the conduction band offset and the other one falls at theéne zone electrog-factor.
valence band offséf. At low temperatures the band g Taking into account expressid#), the electron energy in

of the semimagnetic semiconductors depends slightljon each RTD layer can be written in the following form,
in the rangex; < 0.06521416Therefore, to obtain the depen-

— 1 ff
dence of the conduction band edgg(x;) of the semimag- Ejo, =Egt (I+3)hiwc+ o} ugB+E,, (6)
netic semiconductor, we use the following empirical formulaWhere
which describes the experimental dependencies in Ref. 14:

07" = 0"+ X"NoaSBy(gunueSBEKT N/ ugB.  (7)
ECJ(XJ) =

Ejo, = Egjo, + (1 + 3)fi + 00" ugB + E,. (5)

Eq(0), x; < 0.065,
Eo+ (1~ VBO)XAE,, X; > 0.065. D) The average current.depsity through the_R'I_’D created by
electrons witho, polarization in the magnetic fielB at the
HereE4(0)=2.822 eV is the band gap of ZnSe, VBO is the finite temperature T is determined by the following
valence band offsetAE;=0.4141 eV, andk, is the fitting  expressior~”
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35, =3B | To(ExBVE,+ (1 + )k + 097 1ugB]
=0 Y0

—f[E,+ (1 + i + eVy + 0,05 ueBIIdE,, ®)
where T,(E;,B,V,) is the electron transmission
coefficient through the RTD;J,=€’/h’c; and f(E)

=1/{1+exd(E-Eg)/KT]} is the Fermi function.

The total current density; through the RTD is); +J, and

the coefficient of the current spin polarizatiénis
_diod

. 9
) (9)

To find Ter(Ez, B,V, we use the Airy’s-function-based
transfer-matrix methodf. This allows us to calculaté, nu-
merically for arbitrary values o¥,. In the following we use
these specific values of the RTD parametars=0.16m, (m
is the free electron magsy’ =1.1; Noa=0.26 eV;T=4.2 K;
T.+=2 K; L;=L3=5 nm; andL,=9 nm. Note that the thick-
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FIG. 2. The dependence of the conduction band edge of the
RTD quantum well on the Mn ion concentratiag for spin-down

nesses of the quantum well and two barriers of the RTDsolid lines and spin-up(dashed lings electrons atx; =Xs=Xp,

correspond to the physical semimagnetic RTD with nonmag
netic barriers, whose properties were investigated exper
mentally in Ref. 3.

I1l. NUMERICAL RESULTS AND DISCUSSION

The spin-filtering effect of the electron current becomesge

most clearly apparent when the energy of $iped exchange

=0.077,X,=X,=0.25 forB=2,3,4 T.

|_

the energyEes,, of the conduction band edge of quantum
well from the energyEc,, of the conduction band edge of
the emitter. As far as the RTD emitter has a nonzero Mn-ion
concentration(x; =x,=0.0779 and the energyE, is spin
pendent, the relative position of the enefgy, is defined

by the electron spin direction.

interaction is maximal. Considering this energy as a function Figure 3 shows the zero bias voltage RTD potential pro-

of x;, it is easy to show from formule) that it is maximal at
Xj=Xn=1/13~0.077. Later on we will consider the case

file (the energy is measured from the spin split conduction
band edge of the emitterfor spin-down electrongsolid

when the Mn concentration in the emitter and collector of thgines) and for spin-up electrongdashed lines for (a)

RTD is equal to this value, that ig; =x5=X,. This allows us

X3=0.0 and(b) x;=0.05 atB=4 T. One can see that for

to obtain the maximal value of the spin-dependent shift ofshin_5 electrons the barriers are smaller and the quantum
the conduction band edge of the emitter and collector. TQue|| js deeper than for spin-down electrons. Consequently,
prgate the_ potential profile mherent. in double-b.arner. RTDsihe energy levels in the quantum well lie deeper for spin-up
it is required that the concentration of Mn ions in the giectrons than for the spin-down electrons. It is obvious that
two barriers(x, and x,) is larger than in the emittefx)),  ith decreasing, the difference in the potential profile for
collector (xs), and the potential wel(x;). We assume that gpin-yp and spin-down electrons increases, and the effect of
X2=%4=0.25, andxz is changed fromx3=0 t0 X3=X, electron current spin filtering becomes more apparent.

B. Magnetic field dependencies of the RTD current spin
polarization

Figure 2 shows the dependence of the endigy_of the In Fig. 4 the dependencies 0f(Va), J,(Va), Ji(Va) (the
conduction band edge of quantum wedle choose the zero left axis of ordinatesand P(V,) (the right axis of ordinatgs
of the energy to be at the conduction band efige, of the ~ aré shown atta) B=2 T and (b) B=4 T for x;=0.0 and
RTD emitte) on the Mn concentratior, for three values of Er=10 MeV. Itis seen from these figures that there are two
B=2,3,4 T(the solid lines correspond to the spin-down elec-CUrrent density peaks in the curvagVy,) andJ (V,). With
trons and the dashed lines correspond to the spin-up elef1creasings, the values of the peaks 6f(V,) increase and
trons. It is seen from Fig. 2 that with increasirg, the  for J;(V,) they decrease. This is concerned with the fact that
difference in the position of the conduction band edge of thel,,(B) depends not only on the numbbi;, of the Landau
RTD quantum well for the spin-up and spin-down electrongevels lying under the Fermi level but on the value of degen-
increases. At a fixed value &, the largest difference in the eracy of the Landau levels which is determined by the ratio
position of the spin-dependent conduction band edges takdé¥s=AeB/hc (A is the RTD arep The increase iB causes
place, and hence the largest spin splitting of the electrothe decrease ih, and the increase iNg. The first circum-
levels in the RTD quantum well occurs,»at=0. We empha- stance leads to the decrease],;l;(B) and the second one to
size that this statement is related to the fact that we measuig growth. So the peak value of thle,Z(B) depends on the

A. The spin-dependent RTD conduction band profile
at the zero bias voltage
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_ _ _ ~ bias voltage increases, the resonant electron transmission
FIG. 3. The zero bias voltage RTD potential profile for spin- takes place, from the beginning, for the first lowest electron

down electrongsolid lines and for spin-up electron@ashed lines energy level in the quantum well and then for the second
at B=4 T, % =X5=Xy=0.077,%=x,=0.25 for (@) x3=0.0 and(b)  glectron energy level. Note that the shape of the first peak in
x3=0.05. Ji(V,) has interesting features such asBat2 T the current
factor which is dominant. For the relatively small valuesof density peak is split and @&=4 T there are kinks. This is
which we have considered we haie> N,. Therefore, for due to both the presence of the spin splitting of the electron
the spin-down electrons the main factor determining the peaRnergy levels in the quantum well and the quantization of the
value of theJ|(B) is the increase ig with increasingB. As  transverse electron motigithe presence of the Landau lev-

a resultJ|(B) is the increasing function d8, in spite of the els).

minor decrease iN;. For the spin-up electrons there are A note should be made concerning the physical phenom-
only several Landau levels under the Fermi level and thé&na determining the shape of the above-mentioned depen-
decrease in their number even by unity leads to the considiencies)(V,) andP(V,). For this reason we pldt (E,) [Fig.
erable decrease i3 (B), in spite of the increase iNg. So  5(8)] and T;(E,) [Fig. S(b)] for the different values of the
J;(B) is the decreasing function &. Note that the values of voltage biasV, for B=4 T andx;=0.0 (the numbers next to
the peaks of the total current densilyV,) increase whes  the curves show the corresponding valued/gfn volts).
increases. There are resonant peaks with unit peak-valud (€,

The dependencies d¥(V,) are non-monotone functions andT;(E,) for V,=0 [in view of the chosen scale in Fig. 5,
and the values of the peaks Bfrise with increasingd as  these curves show only the region of the first resonant peak
well. The low-voltage range is of interest, in whigh=1 for ~ both forT,(E,) and forT,(E,)]. Due to the fact that the depth
the relatively small value oB=2 T. In Fig. 4, the presence of the potential well depends significantly on the electron
of two peaks of the current densitids(V,) andJ;(V,) cor-  spin, the resonant peaks ®f(E,) andT;(E,) strongly differ
responds to the two lowest resonant spin splitting electroin location. With increasing/, the resonant peaks af (E,)
energy levels in the RTD quantum well. In this case, as theénd T,(E,) shift in the low-energy region, and their peak
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1.0 : FIG. 6. The bias-voltage dependence of H;Tglocations of two
i|=g (b) resonant peaks in the dependendie&E,) (solid lineg and T,(E,)
: (dashed linesfor B=4 T andx3=0.0.

0.8

: 0o in the magnitude of the resonant peakTofleads to a de-
o6 oo [0 ’ crease inJ. At a fixed value ofV,, the magnitude oT | (E,)
o005 decreases so much that electrons with all possible valukes of
’ give a very small contribution to the current, and it becomes
minimal. At o,=1/2 the current densityJ; is only deter-
mined by electrons with=0, so the contribution of this cur-
rent component to the total current densltys small. With a
further increase inv,, the second resonant peak Bf (E,)
intersects the lineEZz(0), and a second peak appears in
' J;(Va) andJ;(Vy). In th|s case, the width of the second peak
0.000 0002 0004 0006 0,008 o010 Efl T,(Ey is so large that it intersects practically all lines
E (V) ) (atV,=0.08 V). As a result,J, is produced by the
= electrons located at all the filled Landau levels. For this rea-

FIG. 5. (a) T|(Ep) and(b) T;(E, for the different values of the son f[he second p_eak af(Va) is hig_her_a_nd Sr_”OOther than
voltage biasV, at B=4 T andxs=0.0 (the numbers next to the the first one, and it does not contain visible kinks. Note that

curves show the corresponding valuesvigfin volts). the value of the second peak df approximately equals to
the value of the first peak.

values decrease. In Figs. 5 and 6 the dotted lines show thegzl‘et us denote the resonant peak IocatlonsTp{Ez) by
values of E,z Figure 6 shows the dependenueﬁg V,) for ‘the first
two peaks ofT | (E, (solid lineg and T,(E, (dashed lines
E%(l) = %hwc_o'zgiffMBBi (10) for B=4 T, E;=10 meV, andx;=0.0. It is seen from this
figure that the first and second resonant peaks, (,) are
which are the maximal values of the longitudinal electronlocated in the region of smaller values Bf than those of
energyE, for each Landau level The electrons located at T,(E,). With increasingV,, the locations of the resonant
Landau levell pass through the RTD whejs(l)>0. For  peaks ofT,, (E,) shift to the low-energy region. Each current
0,=1/2, this condmon is fu|f|IIe_d only forl=0, but at density componeni, makes a contribution to the total cur-
o;==1/2 it holds forl=0,...,5. With increasing/, the cur-  rent densityd, for those values of/, for which the value of
rent through the RTD occurs as soon as the first resonamic: s |ess than the value d%z(0). Note that the end-points
peak of T, intersects the lineE,=Ej4(0) for the Landau of the E7%(V.) dependencies correspond to the disappearance

V, 0 002 V and for the spin-up electrons it occurs atg.e monotone with further mcrease‘fzﬁ;

V,=0.0026 V. It is seen from Fig.(8) that with increasing

V, the resonant peak df (E,) shifts towards the low-energy
region. In this case, the resonant peak decreases in magni-
tude and successively intersects the likgsE;z(1). At each It is clear that a high degree of the current spin polariza-
intersection, the current densily increases at the expense of tion occurs wherd; is small. It follows from(8) that at low

the electrons located at the corresponding Landau ldyels temperatures the current is only created by the electrons for
and a kink inJ|(V,) occurs. On the other hand, the decreasewhich the conditiorE,<EJz(l) is fulfilled. It is obvious that

C. The effect of total RTD current spin polarization
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12 10"

Ep (meV)

13
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FIG. 7. Ex(B) (left ordinate axiy andn(B) (right ordinate axis
corresponding to the occurrence of total current spin polarization
effect.

o~

for the spin-up electrongr,=1/2) located at the lowest Lan-
dau level(1=0), the conditionE] (0)<0 can be fulfiled. g
This implies that for the spin-up electrons, the lowest Landau <
level is located higher than the Fermi level, and spin-up elec- _-
trons are absent in the RTD emitter. As a result, the effect of
total spin polarization of the electron current in the RTD
must occur when the current is only caused by the spin-down
electrons(J;=0,P=1).

Let us show that the conditioB, (0) <0 can be fulfilled
for moderate magnetic field3. In Fig. 7 theEg(B) depen-
dence(solid curve 3, corresponding to the solution of equa- Va V)
tion Elm(0)=0, is plotted along the left axis of the ordinates. ) ) )
The magnetic field dependence of the RTD emitter electron /G 8 Ji(Va) (the left axis of ordinatgsand P(V ~a) (the right
concentratiom (dashed curve)2s presented along the right Z;('(Z)O; irg'ga;ﬁizg; ;'Vfa'glges 0f8=0.5,1,2,34 TE-=5.1 meV
axis of the ordinates assuming thats related toEg by the T ST
equationn=(1/37%)(2m Ex/%#?)%2 (We consider the elec-
tron gas in the RTD emitter to be degenerafeor a fixed
value of Eg, the effect of the total spin polarization of the
electron current must occur starting at a critical valueBof

the peak values of the current density correspond to the local
minima of P. So, we conclude that in moderately low mag-
(This situation corresponds to the dashed area in Fig. 7petip figldsB, the maximal degree of the current spin polar-
Note that in order to decrease the critical valueBofit s 2ation in the peak values of the current takes place when the
necessary to decrease the valueEgf For example, for the RTD guantum We_II does not contain Mn ions. In this case the
moderate valuB=2 T the effect of the total spin polariza- first cur_rent densﬂy peak is characterized by almost total cur-
tion of the electron current occurs B¢=5.1 meV.(The cor- ~ ént spin polarization.
responding value ofi is 107 cm3.) In order to obtain a high value of the spin-polarized cur-
Now we consider the influence of constant magnetic fieldent in the RTD, it is necessary to increage. Figure 9
B on theJ,(V,) andP(V,) for two values of the Mn concen- showsJ,(V,) (the left axis of ordinates, curves of different
tration x5 in the RTD quantum well aE-=5.1 meV. In Fig.  types except dashed lineand P(V,) (the right axis of ordi-
8 J(V,) (the left axis of ordinates, curves of different types nates, dashed lingst (a) x3=0.0 and(b) x3=0.05 for five
except dashed lingsnd P(V,) (the right axis of ordinates, different values oEr=5.1,10,15,20,25 meV &=2T. Itis
dashed lingsare shown for(a) x;=0.0 and(b) x;=0.05 for  seen from Fig. 9 that with increasirig the current density
five different values 08=0.5,1,2,3,4 T. It is seen from Fig. peak values increase. However, the valu® afecreases and,
8 that with increasing3 the current density); in the RTD  moreover, the functiol® becomes negative in low-voltage
increases, and kinks on the first resonant peak afise. The region for the cas&;=0.05[Fig. 9b)]. The first current den-
value of P also increases with increasirg) Starting with  sity peak is characterized by the high valueRofor the case
B=2 T, the electron current in the RTD is totally spin polar- x;=0.0 as usual, but the difference hfor the second peak
ized (P=1). As one can see in Fig(8, in the case3=0.0  in casesx;=0.0 andx;=0.05 becomes smaller. Note that the
the peaks of thd,(V,) coincide with the peaks d?(V,). For  high value of the peak-to-valley ratio typical of the first cur-
the casex;=0.05[Fig. 8(b)] the situation is different because rent density peak also decreases with increaging
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100 the RTD. We have obtained the condition for total current
90 spin polarization in the semimagnetic RTD, and we have
20] found the optimal distribution of Mn ions in the RTD pro-
70 viding the maximal current spin polarization in the current

NE 60 peaks for arbitrary values of the external magnetic fields and

3} ] the Fermi levels in the RTD emitter. We have demonstrated
307 that the degree of current spin polarization in the semimag-
40

=8 ]

netic RTD can be effectively controlled by an electric field,
and this fact can be used for creating the voltage controlled
sources of spin polarized current for spintronics devices.
Note that some important nonlinear phenomena related to
/ >4 the current transmission through the RTD have not been con-
0.00 T ¥ ] 20 sidered in this paper. We have neglected a charge accumula-
tion in the quantum well which involves a band bending.
This effect results in a number of interesting phenomena in

304
20
104

100 conventional electron transport through RTD, such as
TR 1.0 bistability*8-2* tristability,>> and formation of the electric
90 vk field domains’® Charge accumulation in quantum wells also
80 i & -08 plays an important role in spin-polarized electron transport
0] b8 through the magnetic RTH.28
< ol | § -0.6 In our case, the potential profile in the RTD will differ
§ . : from the profile shown in Fig. 3 due to the presence of the
i 504 s A L o4 charge accumulation in the quantum well. As a result of this
“ad 17 -1 the bias-voltage dependence of the resonant peak locations
- 3p.] ,," 02 of T(,Z(EZ) (Fig. 6) will have a more complicated shape. This
20, } s will change the positions of current peaks and the coefficient
; 0.0 of current spin polarizatiof®.
1042 At the same time the results of our investigations show
o= - 02 that high values oP are observed at small currents in the
0.00 . - . 0.20 RTD (J;=10 kA/cn?, Fig. 9 when Ex=5-10 meV. For

such small currents and small quantum well thicknesses we
assume that the effects of charge accumulation and band
bending are of little importance, and so we can use our re-
sults as a first approximation to the spin-filtering effect of the
electron current in the semimagnetic RTD.

FIG. 9. J(V,) (the left axis of ordinatgsand P(V,) (the right
axis of ordinates for five values ofE=5.1,10,15,20,25 me\B
=2 T at(a) x3=0.0 and(b) x3=0.05.
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