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atuturalaasuuuaun [7-8] Fafinenanulianunsveslaseadraaans (structure inversion
asymmetry) Feannsanuldiluszuudidnnseunfaaediinasuinaiiiveseedevsansiinh
'§SU‘U‘ﬁaENﬁ‘r3ﬂ’l'iﬂ’J‘U@:ﬁiJﬂadﬁ%uﬁU?ﬁIﬂﬂ]iLLUULmiﬂLﬁﬁﬁSE}ﬂ [9] Fainanauliaunstuveaile
aa13 (bulk inversion asymmetry) wuluensAeinhimAsaE MuUBR-usy (Zinc-blende crystal
structure) fimuniiAdenguiiivszneudeszuuiifialiuuuunsagaseatulany nudrannsa
Fanwdsuvesszvvalunvuiasawaseavnanimirliilvesszuuld [10] wazaunsadfia
Uszansnimuasanmmiliuazaliulnanlsdoinnsianundsz@nsmunisvesmsnsgiisvesaliu
fiseerauuuUnd (non-spin-flip scattering) wazuuuitannsanduiiruasauls (spin-flip scattering)
Eﬁauanmﬂﬂisﬁw%mwwaamiﬂixﬁ&ﬁaﬁquﬁanﬁﬂuﬁaé’&ﬁwafuaammesa?}mm'ﬁﬂ'JU@:aﬂuﬁma
Tavsuuusvundngunvunilsdadinavihligagegnuesanimitluiiiasuulas Samumaidednalu
svuulassaianaadans/asiniheands [11] wiiuinsRnsanuanssnuiisesdauasnsiden
finsunlanaanauivssneuimeaasnneg Sanudifydeussansmnvesanimilviuazatiu
Inanlsieduvesszuvaghann nsamzdymamilidhiuresaasasssunniivinnsesse was
YaquidaliiflaimAdeiiannsafinssansamnsivavesdidnnsounasatiuldogsauysal Sefd
Wutlymiinisedesdndunasianudely
fauluanuadeiasAnumguiivesan il uazatulnadlsisdureslasiaianaud
Usgnavieasaiathiiiilassadreasnilearsuuuliannasuazansidelsuunuin Tasesldns
$raeansindeuivesdiinaseunazatiuuuudeiiles (free electron approximation) Tussuuaadif
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Impact of interfacial scattering on the spin polarization of a
metal/semiconductor/metal with Rashba spin-orbit coupling junction
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We model our junction as two dimensional system which lies on 2z plane.
This junction consists of a SC with Rashba spin-orbit coupling between two
identical normal metal electrodes. We assume that cach interface is smooth
and the barrier at each interface is represented by a Dirac-delta function
potential {2} at # = 0 and # = L. In order to consider in the ballistic regime,
the thickness of the Rashba system is also chosen to be shorter than the
typical RSOC carrier mean free path. The electronic dispersion relation of
the M/RSOC/M double junction is shown schematically in Fig. 1.

8|

Metal Rashba system Metal =
T=0 x& L X

Figure 1: The sketches of the electronic dispersion relation of the M/RSOC/M double
junction in wz plane, Ep, Uy, and Ey = }“12!.'3/‘2;”* are the Fermi energy, the offset gate
voltage and the Rashba energy, respectively.

Including the Rashba spin-orbit coupling effect in the SC, which exists in
asynmietric heterostructure and can be controlled hy an external gate voltage
(3, 4. 5, 6. 7, 8], and applying the plane wave approximation, our system is
deseribed hy the following Hamiltonian:

A\ {pﬁim,a + ) AT (1)

The Schrodinger equation is expressed in a 2 x 2 spinor states, p =

. x 0 A & - g ; Slo A
—ih(i5- + 22). The effective mass m(e) is a position dependent; i.e.,
i)™ = 7 'O(—x) + (m*)7'O(x), where m and m* are the effective



clectron mass in the metal and the Rashba system, respectively. ©(r) is the
Heaviside step function. V (i, 2) is also the position dependent function and
is modeled by the expression.

Ve, 2) = Hi6(2)+Hyd (6 —L)—Ep [O(—) + O(x — L)]+Us [O(x) — O(w — L)],

(2)
where Hygy represents the scattering potential of the M/RSOC (RSOC/ \'I)

interface at & = 0 (o = L), the diagonal elements of Hl(z) H1 2) and Hl(z)
correspond tn the non-spin-flip scattering potential of the junction. Uy is Hw
h? "l'f“‘

offset gate voltage which is much smaller than the Fermi energy, Ep = 51

of the metal. In the Hamiltonian of this system, Hps(x) is the Rashba
spin-orbit coupling term which is expressed as [7°7 7 ]
o = AN %

I‘J{j{g = §_V = /\[0’ X in! sl (J)
where A = AO(z) is the Rashba spin-orbit coupling parameter, which can be
funed by applying the external clectric field perpendicular to the 2D plane, j
is the direction perpendicular to the planc of motion, & = (0,,0,,4;) is the
Pauli spin matrices, and & is the wave vector.

The eleetron energy dispersion relation can be obtained as

12
2mn*

Ei(lr') [ + X U/] + L’ru. (-1—)

where b = /k2 + k2 is the magnitude of the 2D momentum and ky = m*\/h
is the strength of the Rashba spin-orbit coupling.

We first consider the metal in region @ < 0, the wave funetion of electrons
on a metal side with energy E is therefore written as a linear combination of
incident momentum states and reflected states of the same energy and the
momentun along the surface k.. Because there are equal number of electrons
with opposite spiu directions, there are two possibilities of the wave function.
For simplicity, we choose the spins of incident eleetrons along the z-axis. The
wave function of electrons in a metal side can he written in two cases, depend
on the spin orientation of them. as

f|(” - 1 AL el S S —igET Nt 2 e

By ([ 0 :| ( ; [ Lot ] ¢ C T, (})
. §] o "1 P U

a:ﬁ’(afr) = ({ : } = { N P e P, (6)
E 1 I’QJ_



where ¢, = qeosy and ¢, = ¢siny, where v is the angle between § and «
axis, ¢ = 2m(Lp — E)/R2. rj3(y s the reflection coeflicient for spin-up
(spin-down), and j = 1, 2 refer to the wave function for two cases of incident
electrons with opposite spin orientation.

In the RSOC region(0 < @ < L), the wave function is also obtained as
a linear combination of two outgoing and reflecting cigenstates of the same
energy and k&, as,

W S
(J} . Cos 5 ikt S Y . oFikta Y ikt
’!“'(E) - ainy O ?LJ+(' e - e | Tt ¢
TS5 5 Feos S

CO 3

St = = COS % —ikTx "3 Eg L
+ 3l Ol ) e )

CoSs 3 .‘1”.’5

where the upper and lower signs in the equation refer to the energy above
Up and below Uy, the o and 8 are the electron angle of £ and 1~ with the
w-axis, respectively. The ¢. parallel momentum conservation; ¢. = L} =

k7. fixes the angular o and 3 orientation of k, a = arcsin I3+ and [ =

arcsin '“““’- ti(—y: T3(—) are the fransmission amplitude for plus (minus) and
the wiion tion mnphtnde for plus (mminus) branch of RSOC, respectivelv. ki =
It eosa,k; = k™ cos 8, k7 = k¥ sina, and k7 = &k~ sin 3. The relationship
between the angle a, #, and 5 is At sina = &~ sinfl = gsing. kF depends
Ol energy as

o J 2m# )
e b \/ k2 + —;:L(E {5, (8)
and
i At (ol \/ 128 n Y 9
T = 1) LT h’z - 2{) . . )

The + and - signs in equation (9) are for £ > Uy and E < Uy, respectively.
: 1 : 2
Inregion > L within the right metal, the wave function can be expressed
as only transmitted eigenstates:

{9 tiy e tijs 2
4;.;1(\-;; = ([ f-’j ] e ‘I") S0 (10)
A

where ¢3¢y is the transmission coeflicient for spin-up (spin-down).
All coefficients in Eqs. (5)-(7), and (10} can be obtained by using the two
boundary conditions at the interface & =0 and @ = L.

i (o= 0%, 2) = ph(w = 07, 2) = (), (11)

10
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o (v = L¥, 2) = i) (@ = L7, 2) = (L), (12)
i 3 J(j)
m ()r,bif) 81;.:“! m z )
T S| (k2 — by ) 99(0), 13
m* Oz da b ( by — ko | 97(0), L
(J) )
iy m Oy m T
0'1' ot 01 - (ZLFZZ + d'ﬂ_-az) ‘tp(.’)(L)" Hl4)
i tox |
where Zyp) = ";ﬁ;(‘” is the dimensionless parameter, 1(2) refers to the inter-

facial scattering at @ = 0 (@ = L). Z = 0is a high transparency (Olmic
contact), whereas 7 — oo is low transparency (tunueling limit). From the
dingonal elements of Hyp) as mention above, lead to the diagonal clements
(‘)f 71 -2); ZHZ ZI(Q)

Then, we simplicity consider the differential conductance at a zero ten-
perature, which is given by

; 2 Agp [ - . .
GleV) = (T.' 2{:: f d cos “'\/7 Z eV + TileViy)). (15)

Where A is the arca of the metal and 5, = sin™'[k=(E)/q(E)] is the max-
nnum angle incident electron from the left metal. Tj(eV,v) and Tjy(eV,
are the transmission probability for up-spin and down-spin in the system,
respectively.

We define the spin polarization of conductance P, which measures the
difference in the conductance spectrum between up-spin and down-spin in
unit tinme, normalized to the total conductance. Thus, the spin polarization
of couductance in the system is written as

Gy (V) — GyleV)
G (V) + Gyl

P(eV) = (16)

3. Results and Discussions

The numerical caleulation results of the conductance spectrum in a unit of
? kg /mh and the spin polarization of conductance across the M/RSOC/M
junction are presented. We foeus on effect of a scattering potential at the two
interfaces on the above quantities, i.c., the M/RSOC interface represented
by the dimensionless parameter Zy = m M /qph? and the RSOC/M interface;
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Zy =mHy/ qg,-h?. In the numerical results, we set the Rashba effective mass:
mp = 0.05m, when m, is a free electron mass, the thickness of RSOC layer;
L = 280/q; and the offset gate voltage; Uy = 2E\. The effect of the scat-
tering potential at the interfaces is important to determine the particle, spin
transport, and other related physical quantities of the heterostructure. In
realistic, it is hardly to make that the barrier potential is an Olunic contact
(Z =0) and is a dificult to control in the experiment. So, we will explore
the effect of barrier potential on these quantities by dividing for three cases.
First, the two interfaces are identical values, represented by Z(Z, = Z,).
The second case is Z; less than 75 and the last one is Z; more than Zs.

The conductance spectriuun (G) as a funetion of bias voltage (¢V) affected
by the two identical barrier strengths and for distinguishable one, is presented
in Fig. 2. We found that the condnetance spectra are suppressed with
mcreasing the identical Z as well as inereasing the distinguishable barrier
potential. This is the expected result. Moreover, the conductance spectrum
is equal when the two barrier potentials are switehed, 1.e., Z; = 0.3 and
Zy = 0.5 (see Fig. 2(b)) relatively compare with Zy = 0.3 and Z;, = 0.5
(sce Fig. 2(c)). The period of the oscillation for the conductance spectrum
does not affected by changing of barrier strengths. The rising in barrier
strength gives only the prominent of oscillation peaks. In the Rashba encrey
eV < 2F,, the period of conductance spectrim is a strong oscillation heeanse
the density of states depend strongly on the energy.

The spin polarization is maximum value when the barrier potentials are
the perfect transparency. It is also suppressed by increasing the identical
barrier strengths as shown in Fig. 3(a). The effect of non-identical harrier
strength cases give an interesting result for spin polarization of conduetance
(P). That is, the case of Zy 1s fixed and increasing Z; can enhance the spin
polarization as shown in Fig.3(c). While, in case of 7y is fixed and inereasing
Z» the spin polarization suppresses (sce Fig. 3(b)). Morcover, it obtains the
spin polarization of the systemn for fixing Zs with increasing Z; more than
that observes this system for lixing Z; with ehanging Zs, t.c.. Z; = 0.3 and
Zy = 0.5 (see Fig. 3(h)) relatively compare with Zo = 0.3 and 7Z; = 0.5 (see
Fig. 3(¢)).

To show an effectiveness in spin filtering of the M/RSOC/M double junc-
tion by changing the barrier strengths at the interface, we plot the < and
P~ as a function of Zy for different 7, in Fig.d. The < and > signs mean
the applied voltage corresponding to the energy slightly above and below
the Uy, respectively. Considering the first interface is perfect transparency
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0.1
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0.1

0.05

0

Figure 2: The plots of conductance speetra as a function ot applicd voltage. {(a) tor identical
barrier strength (Zy = Zy = Z). (b) for Z; is fixed and Zy is increased, and (e) tor Zy is
fixed and £, is increased.

(Zy = 0), The spin polarization of conductance is deercased with increasing
the second barrier strength. Whereas, the second barrier potential is fixed
(Za = 0,0.5, 1.0, and 2.0), the spin polavization can slightly enhance with
changing the fiest barricr strength. However, the Z, reaches a tunneling limit
(Za = 1.0), the spin polarization is hardly rising even the Z; is increased.
Irom our calculation results, we can suggest that a great spin-filtering in the
M/RSOC/M double junctions has done by increasing the barrier strength at
M/RSOC interface, at the same time, it should be made the barrier strength
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Figure 3: The plots of spin polavization of conduetance as a funetion of applied voltage,
(a) for identical barrier styength (41 = Zo = Z). (b) for Z; is fixed and Zy is inereased,
and (¢) for Zz is fixed and Z; is increased,

at RSOC/M interface as vanish as possible (Zy = 0). However, the bar-
rier potential cannot be controlled or measured with the exact values but in
this work we ecan be identified and explored to compare the quality of each
interfaces by investigating the spin polarization of the double junction.

4. Conciusions

The free electron model and scattering method are used to calenlate the
conductance and the normalized spin polarization of conductance across a

14
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Figure 4: The plots of spin polarization of conductance as a function 7 for ditferent Z
at the applied voltage is slightly below (a) and above (b) the Uy,

M/RSOC/M double junction in a 2z plame. We summarize the numerical
calculation results as the conductance spectrum suppressed by increasing the
scattering potentials. The conductance spectrum does not change when the
two barrier potential strengths are switched. Moreover, the spin polarization
is strongly dependent on the first barrier strength of the junction. This result
can be used to deterniine the quality of the interfaces of the junction.
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1. Introduction

Understanding the mechanism of spin injection offers a huge
potential for many fundamental and practical applications in
spintronics [1-9]. Conventionally, the spin injection can be
achieved by sourcing the currents from ferromagnetic metal
electrodes. Thus, much effort has been put towards the study of
the spin transport across a ferromagnet/semiconductor interface
[10-13]. It was found that there is a fundamental obstacle for ef-
fective spin injection in this case, due to the conductivity mis-
match between the two materials [14,11,13]; however, a simple
solution to this problem is to insert an insulating barrier at the
interface [15,1G].

Another way to overcome this problem is to avoid ferro-
magnets altogether and instead use the spin filtering device based
on the intrinsic properties of mesoscopic systems, such as strong
spin-orbit interaction [17-19]. One of the heterojunctions that can
be used as spin filtering devices is a metal/Rashba spin-orbit
coupling system/metal (M/RSOC/M) double junction. It was shown
that the Rashba spin-orbit coupling in a semiconductor hetero-
structure can help produce and control a spin-polarized current.

* Corresponding author at: Department of Physics, Faculty of Science, Naresuan
University, Phitsanulok 65000, Thailand.
E-mail address: ackj@nu.ac.th (A. Jantayod).

hitp:{/dx.doi.org/10.1016/j.physb.2014.11.020 -
0921-4526/< 2014 Elsevier B.V. All rights reserved.

Assuming identical interfacial scattering potential strengths, one
finds that the transmission and spin polarization in such structures
depend strongly on the electron incident angle [20].

It is known that the interfacial scattering potentials have an
important impact on the particle and spin transmission across a
heterostructure. It is not easy to fabricate the double junction with
the same interface scattering strength. We, therefore, are inter-
ested in the impact of the inequality of these two interfacial
scattering strengths in the double junction on the spin filtering. In
this paper, we theoretically examine the conductance and the spin
polarization of conductance of M{RSOC/M double junction, in
which the two interfacial scattering potential strengths may not be
equal. In the next section we present the assumptions and form-
alism used in this study. Section 3 contains the results and dis-
cussion, and finally, the conclusion is presented in Section 4.

2. Method and assumptions

We model our junction as a two-dimensional system, which
lies in the xz plane. A semiconductor layer of thickness L with the
Rashba spin-orbit coupling is sandwiched between two identical
metallic electrodes. We set the first interface at x=0 and the
second one at x=L. We represent each interfacial scattering barrier
by a Dirac-delta function potential {21]. In order to consider in the
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E z E

E.

Metal

Metal R
r=F X

Rashba system

Fig. 1. The sketch of the energy dispersion relation of the electron in each region of
the deuble junction. Er, Uy and E; = 4#%kg[2m+ are the Fermi cnergy of electron in
the metallic leads, the offset gate voltage and the Rashba spin-orbit coupling en-
ergy, respectively.

ballistic regime, the thickness of the Rashba system is also set to be
much shorter than the typical mean free path of an electron in the
system. The energy dispersion relation of the electron in each
region of the double junction is shown in Fig. 1.

We describe our system by the following Hamiltonian:

H=1p-—1 p+vinhl + st
=ap——p + V(x) ¢l + X),

pZm(x)p ¥ (1)
" where f=- i#(R(3)ax) + 2(a/oz)) is the momentum operatar.
The effective mass m(x) is position-dependent; i.e., [m(x)]-=
w9 - x) + (m*)'@(x) , where m and m* are the effective elec-
tron masses in the metallic and the Rashba region, respectively.
O(x) is the Heaviside step function. V(x) is also the position-

OIF — 700 47

0.05f

0.05

Fig. 2. The plots of conductance spectra as a function of applied voltage (a) for
identical barrier strength (Z1 = Zz = Z), (b) for Z;=0.3 and Z, are varied, and (c) for
Z>=0.3 and Z; are varied.

o o
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=
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Fig. 3. The plots of spin polarization of conductance as a function of applied voltage
(a) for identical barrier strength (Z; = Z3 = Z), (b) for Z;=0.3 and Z, are varied, and
(c) for Z,=0.3 and Z; are varied.

dependent and is defined by the following expression:
V(X) = Hid(x) + Had(x = L) — Er[0( — %) + O(x — L)]
+ UglO(x) — a(x - L)), (2)

where Hy, H; represent the scattering potential strengths at x=0
and x=L respectively. U, is the offset gate voltage, which is much
smaller than the Fermi energy, £ = ﬁ2q§/2m of electrons in the

metallic electrades. Hgs is the Rashba spin-orbit coupling term,
which is expressed as [17-19]

Has(x) = —a()[o % ki (3)

where A(x)=10(x) and A is the Rashba spin-orbit coupling

strength parameter, which can be tuned by applying the external
A

electric field perpendicular to the 2D plane [22-27], j is a unit

vector pointing in the direction perpendicular to the plane of the

junction, 7 = (0%, oy, 07) are the Pauli spin matrices, and k is the
wave vector of the electron.

The electron energy dispersion relation in the Rashba system
can be obtained as

E. (k) = ’i[kz " 2k0k] + U,
o (4)

where k = k? + k? is the magnitude of the wave vector and
ko =mA[% is the wave vector associated with the Rashba spin-
orbit coupling.

We first consider the electrons in the x < 0 region. The wave
function is written as a linear combination of an incident state and
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a

0.8

Fig. 4. The plots of spin polarization of conductance as a function Z; and Z;. (a) and (c) The plots of P at the applicd voltage are slightly below Uo. (b) and (d) The plots of P at

the applied voltage are above U,

areflected state of the same energy and k.. Because there are equal
number of electrons with opposite spin directions in a metal, there
are two possibilities of the wave function. That is,

(1) = 1 iqxx m —igxx | piqzz

yy ' (%, 2) [[0]9 +[f’u e elqzz, 5)
(2) = 0 igxx 21 ~iqxx | piqzz

v (%, z) ([l]e +[r21 e eidez, -

where q, = q cos y, q, = q siny, with y being the angle between the

wave vector and the x-axis, and q = /2 m(Er — E)J42. Iji. is the
reflection coefficient for spin g, where j=1,2 referring to the wave
function of an incident electron with up spin and down spin
respectively.

In the 0 < x < L region, the wave function is obtained as a linear
combination of two transmitted and two reflected eigenstates of
the same energy and k,,

cos & sin &
yid(x, 2) = i tjexkdx - cos @ rjse¥ikix gikfz
ES = ¥ —
2] 2
sin g cos 'L
+ £ 7e|'k;x + r _e—l-kx_x eikz'z'
cosﬁ : sinﬂ ;
2] 2 (7)

where the upper and lower signs refer to the energy above and
below Uy respectively, a and f are the angles between of k*, k- and
the x-axis, respectively. t,_, /- are the transmission and reflec-
tion amplitudes for electrons in the plus/minus branch of the
RSOC system. Because the wave vector along the z-axis is
conserved, we have the following relations: q, =kf =k;, or

k+sin @ = k- sin § = q sin y, where

2,
k==K kg + Z=X(E - Up),
o+\/ 0+ =3 ( o) (8)

and

_ 2 2Mg .
k+,i[kgf kg + 7 (E — Uyg) |.

9

The + and — signs in Eq. (9) are for E> Uy and E < U,
respectively.

In the x> L region, the electron wave function can be ex-
pressed as a transmitted eigenstate:

; t;
v z) =" e eiez,
iy

where (;, is the transmission coefficient of the particle with spin .
All the coefficients in Eqs. (5)-(7), and (10) can be obtained
from the four boundary conditions at x=0 and x=L:

(10)

wi(x = 0%,2) =y (x = 0-, 2) = y)(0), (11)
WRU](X = [+ z) = ng;];("‘ = = z} = UJUJ{L). (12)
m? ) |
T =|2kpZ; — iko— 0)0),
me ox ax kezy — 1 T (0
o (13)
W m oy m )
el T o | () DY YN
X mr ox Npdy il T 4 (t)
L (14)

where Z; = mH;/4%q; is the dimensionless parameter, referring to
the interfacial scattering atx=0fori=1and atx=Lfori=2.7Z = 0
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is in the high transparency limit, whereas Z - o is in the low
- transparency, or tunneling, limit.
The differential conductance at a zero temperature is therefore

2Aqe rm
,G(eV):e,—I-ifj_‘m dy cosy

2
Vv
1422 3 | Tnev, )+ Tutev, ) |
Fj=1 (15)

where A is the total area of the metallic electrode and
= sin'[k~(E)/g(E)] is the maximum incident angle for the
electron with energy L. Tj,(eV, y) are the transmission probabilities
in case j with spin o.

We define the spin polarization of conductance P, which is the
difference between the up-spin and down-spin conductance nor-
malized by the total conductance:

Gy(eV) — Gi(eV)

V)= e+ Gien)’ (16)

3. Results and discussion
The numerical calculation results of the conductance spectrum

“in a unit of e?Akg/zh and the spin polarization of conductance
across the M/RSOC/M junction are presented in this section. We

‘. focus on the effect of the interfacial scattering potential on these

* two quantities. That is, the dimensionless parameter Z; = mH/qg42

and Zy = mH,[q;/#? will be varied, whereas the electron effective
mass in the Rashba layer is set to m, = 0.05m,, where 1, is the free
electron mass. Also the thickness of the RSOC layer is set to
L =280/gg, ko=0.05q; and the offset gate voltage is set to
Uy = 2E,.

The scattering potential at the interfaces generally limits the
particle ability to transmit across the structures as can be seen in
the following plots. The conductance spectrum (G) as a function of
bias voltage (eV) for various values of Z;, Z; are shown in Fig. 2. In
all plots, the oscillatory behaviors are present, reflecting the re-
sonance due to the finite thickness of the Rashba layer. The period
of this oscillation is not affected by the interfacial scattering po-
tential strengths. As seen in Fig. 2(a), when we consider the case
where both barriers have the same potential strength: Z; = Z, = Z,
the oscillation peaks are more prominent in the tunneling limit.
When Z;, Z; are not equal, the conductance spectrum shows si-
milar structures and the value of the conductance depends on the
interfacial scattering potential that is higher.

The spin polarization of conductance P as a function of applied

" voltage for various values of Z;, Z, is plotted in Fig. 3. The plots
contain similar oscillations as seen in the conductance spectrum.
When Zy = Z; = Z, P is decreased as Z is larger. When Z, is fixed
and Z, is varied, P is decreased with the increase in Z,. However,
when Z; is fixed and Z, is varied, P is hardly changes. These results
can be seen more clearly in the plots of Pvs. Z; and Z, in Fig. 4. The
values of P at the voltages either higher or lower than U, are much
more sensitive to Z, than Z;. This result indicates that spin filtering
in a double junction is determined mainly by the second barrier
potential,

4. Conclusions

The free electron model and the scattering method are used to
calculate the conductance and the normalized spin polarization of
conductance across a double junction, M/RSOC/M. The con-
ductance is decreased as the interfacial scattering potential is in-
creased and it is determined by the stronger interfacial scattering
potential. As for the case of the spin polarization, its valued is
surprisingly determined by the second barrier strength of the
double junction.
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