














m=1, whereas the semicylindrical QWR symmetry, fulfilling
the boundary conditions in Eq. �5�, forbids the presence of
states with n�0. Therefore, under this geometry neither H1D
nor H3D contributes to the energy spin splitting besides leav-
ing the states twofold degenerate. As seen in Fig. 5�b�, their
effects produce only small shifts to the energy levels.

Finally, the spin polarization of ground states of a semi-
cylindrical QWR, �̄z�1,1�, is qualitatively different from the
cylindrical case due to different contributions induced by
Dresselhaus SOI. For any level, there is not spin-degeneracy
for a fixed value of kz in contrast to the cylindrical case
where there are always twofold spin-degenerate levels at any
fixed value of kz, regardless its propagation direction ��z�.
The semicylindrical confinement has given rise to an energy
splitting of twofold degenerate levels of QWRs produced by
the H2D term, a dominant process that preserves spin polar-
ization at small values of kz. This opens the possibility of
using low velocity �vz= ��kz /m�� transport measurements
to explore preferential spin channels according to the sign
�propagation direction� of induced spin-polarized currents in
these quasi-1D nanostructures. Moreover, using this peculiar
symmetry for the ground state in semicylindrical QWRs we
can expect the formation of robust spin-filter devices. If elec-
trons with energy E /E0�17 are injected along the z axis of
semicylindrical ensemble of parallel QWRs, this device can
only transmit a high degree of spin-up current in direction +z
and opposite spins in the −z direction. A dominant spin-up or
spin-down character of the current depends on the sign of the
�̄z, and the current density is directly linked to the interplay
between the radius a and the wave vector kz, as seen in Fig.
7. The ratio 2m� /�2=5 Å, used in Fig. 7, corresponds to
totally realistic values for InAs semiconductors.18 For cylin-
drical radius 30�a�60 Å and 0�kz�0.5 Å−1, it is pos-
sible to get more than 90% degree of spin-polarized currents
in the independent spin-up and spin-down channels. These
results are based solely on the spatial symmetry properties of
the quasi-one-dimensional nanostructures and enable realiza-
tion of spin filters and tuned spin-polarized current densities
in both parallel QWR directions. Also, combination of par-
allel wires may be used to generate logical gates, necessary
for quantum information transmission and spintronic de-
vices.

It is worth commenting on another SOI contribution pro-
voked by the structural inversion asymmetry in nanostruc-
ture, the so-called Rashba interaction. The Rashba spin-
splitting Hamiltonian, HR=�k��V ·�,19 in a material with
coupling parameter � is associated to spatial asymmetries of
the lateral confinement potential, V�x ,y�. This contribution is
linear on k components and presents the same mathematical
structure as the H1D term. It is clear that eigenstates of H0
+HR are also eigenstates of H0+H1D. The effect of this term
adds to the linear Dresselhaus SOI, �for more detailed dis-
cussion see Ref. 11�. For fixed SO-coupling constant, the
spin splitting induced by H1D is positive �see Figs. 3 and 6�,
whereas for HR the splitting �n,m

�1� has negative values. There-
fore, the net effect of H1D+HR is to minimize the contribu-
tion from H1D and decrease the values of �n,m

�1� .11 Moreover,
the efficiency of the proposed spin-filter devices should de-
cline for high impurity concentration or under strong current
density injection where the electron-electron interaction be-

comes important. The validity of our proposition is directly
linked to the conservation of the wave vector kz. In this
sense, these two effects break translational invariance along
the z axis and the single-particle problem based on kz con-
servation would require another formulation.
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APPENDIX: SPIN ORBIT TERMS

The matrix elements gs,s�
� , hs,s�, and js,s�

� are necessary in
order to build the Hamiltonian matrix �9� for the BIA SOI. In

polar coordinates the operators k̂� are written as

k̂� = − ie�i
� �

��
�

i

�

�

�

� . �A1�

1. Cylindrical confinement

Using the wave functions �Eq. �6�� it is straightforward to
show that

gs,s�
� = a�s�k̂��s�� = � 2iTn�,m�

n,m �n�,n�1, �A2�

where s= �n ,m� and s�= �n� ,m��,

hs,s� = a2�s�k̂−
2 + k̂+

2�s��

= 4��n + 1��n�,n+2 − �n − 1��n�,n−2�Tn�,m�
n,m , �A3�

with

lim
n��1

	��n + 1�Tn�2,m�
n,m 
 = 2�n,m

2 �m�,m, �A4�

and for the cubic contribution we have

js,s�
� = a3�s�	k̂�

2 ,�k̂+
2 − k̂−

2�
�s�� = � iTn�,m�
n,m 	2�n�m�

2 �n�,n�1

+ �4�n� � 1��n� � 2� − �n�m�
2 ��n�,n�3
 , �A5�

where

Tn�,m�
n,m =

�n,m/�n�,m�

��n,m/�n�,m��
2 − 1

. �A6�

2. Semicylindrical confinement

Following Eq. �6� for the semicylindrical case we have
that

gs,s�
+ = i sgn�n − n��Tn�1,m�

n,m , if n� = n � 1, �A7�
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gs,s�
+ =

2n

�s��

1 + �− 1�n+n�

Jn�+1��s��Jn�+1��s�
Fn�,m�

n,m , if n� � n � 1,

�A8�

where sgn�x�= +1 if x�0 and sgn�x�=−1 if x�0 and Fs�
s are

numbers ruled by

Fs�
s = �

0

�s�
zJn� �s

�s�
z�
 Jn�−1�z�

�1 − n��2 − n2 −
Jn�+1�z�

�1 + n��2 − n2�dz .

�A9�

In the particular case where s=s� Eq. �A9� can be reduced to

Fs
s =

2n

�2n�2 − 1
�

0

�s �z
d

dz
�Jn�z��2 + �Jn�z��2�dz

=
2n

�2n�2 − 1
�

0

�s d

dz
	z�Jn�z��2
dz = 0. �A10�

Also, it follows the relation

gs,s�
− = �− 1�n�+n+1gs,s�

+ . �A11�

The other matrix elements for the semicylindrical QWR, hs,s�
and js,s�

� , are evaluated numerically using Eqs. �A7�–�A11�
and the matrix identity �s�ÂB̂�s��=�p�s�Â�p��p�B̂�s��.
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