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Semiconductor Heterostructures

v/ two-dimensional electron gas (2DEG): low
n-GaAs electron density and high mobility

+++++++++ A+

v/ spin-orbit splitting due to bulk inversion asym-
metry (BIA): Dresselhaus effect

GaAS v/ spin-orbit splitting due to structural inversion
asymmetry (SIA): Rashba effect




Rashba spin-orbit coupling

B

* Quantum heterostructures: structural inversion asymmetry
in growth direction z induces Rashba term:
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* Possibility of tuning kgp by external gate voltages (de Andrada e Silva et al., Phys. Rev. B 55, 16293 (1997) )
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™ . Rashba effect: an overview

Hamiltonian of a two-dimensional gas (2DEG) with Rashba spin-orbit coupling
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Wavefunctions Uy (z,y) = eiE-F(
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- . Rashba effect in quantum wires (QWSs) (1)
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- . ashba effect in quantum wires (11)
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- . Rashba effect in

i

i

N\
)

iy
000N

quantum wires

(1)

The Hamiltonian of the system is
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F. Mireles and G. Kirczenow, Phys. Rev. B 64, 24426 (2001)



» . Rashba effect in quantum wires (1V)
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- . Rashba effect in quantum wires (V)

E(k)

The Hamiltonian of the system is

2
D hkso

The transmission function is evaluated in the
truncated subspace containing the first two
subbands.

E.+E, 1 r2k . 2h2k; .

with Aso = (1|p.|2) subbands mixining term.
The trasmission probabilities are
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i(k1 4+ k3)
A+ i(ky + k3)
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- . Rashba effect in quantum wires

ki1 + k3 and ks + k4 now depend on
the spin-orbit coupling and on the wire
width.

The difference is bigger to low energy.
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O B_. Rashba effect in quantum wires (VII)
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In the case of the double barrier we
combine the effects due to the spin-
orbit dependent scattering plus spin-
precession plus subbands hybridization.
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1D periodic potential with Rashba effect
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The Hamiltonian of the periodic system is

2
D kSOh .

In tight-binding this can be written

Space representation in o, eigenstates
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Momentum representation

th—zg+ k —H—i_g ( )‘k7_><k7_|
with spectrum

1D periodic potential with Rashba effect (Il

E+(k) = 2cos(ka)ty + 2sin(ka)tso
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1D periodic potential with Rashba effect (lll)

The environment is represented by a bath of harmonic ex-
citation above a stable ground state. The coupling with the
system is due to a linear function of the bath coordinates.

ENVIRONMENT

The Hamiltonian of the global system is

1 & p? C
_ o 2 o
H—Ho+52[2ma+mawa (xa— 6])]
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1 maWe,

The environmental is characterized by its spectral function

, (0<s<1 sub-Ohmic case
™ C —S S —wW/ W 0
J(w) = > ma‘zuaé(w—wa) x Nswip “wem /v s =1 Ohmic case
s >1 super-Ohmic case

U. Weiss, Quantum dissipative systems, World Scientific



1D periodic potential with Rashba effect (1V)
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It is important to study the operator coupling the system to the environment

+o00
q= Z jCL(|j, +><]7+‘ + ’ja _><j7 _|>

j=—00

The particle is in |x,n = 0) at ty = 0, P,,(¢) is the probability of finding the
particle at site n with spin x at time t.

@ Position’s expectation value

P(t) = (3) = a ) _n(Pur(t) + Po(t) = (41 (1)) + (G- ()
@ Quantum charge currer?t

d d

Jcharge = € hng@ d_<A> = etlggo At ((q+ (1)) + (G-(¢)))

@ Quantum spin current

Jeon = € im = (44 (8)) — (G- (®))

—>ood



1D periodic potential with Rashba effect (V)
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@ Diffusive variance

S(t) = (¢°) — (@) —GQZH n—(t)) — P(t)°

« Quantum diffusion coefficient

D=2 lima —Zn (1)) — P(t)?

2 t— o0

< The populations F,, are the diagonal elements of the reduced density
matrix (RDM). Using the Feynman-Vernon method they can be written as a
double path integral for the propagator function

Py (t) = p(nn, xx,t;00, xx,0) = /DqZ/DQ’ZA[QUM*[Q’O’]?[%U, q, 0]

Alqo] is the propability amplitude to go from (¢ = 0,0) to (¢ = na, o) along
q,(t"). The environment is in the influence integral Flq, o, q’, o’].



1D periodic potential with Rashba effect (VI)
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For each spin carrier we can define a double path in the RDM

k l
(1) =0 u; o0 —t;) ¢@(1)=0a) vi.0(r—1)
j=1

=1
where u; , = £1 and v; , = +1. For double path from (0,0) to (n,n) there is

the constraint
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R. Egger, C.H. Mak, and U. Wiess, Phys. Rev. E 50, R655 (1994)
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™ | Conclusions and Outlook

« |In 1D quantum system: Rashba effect gives rise only to spin precession.

@ |n quasi-1D quantum system: polarization due to Rashba effect is depen-
dent by the subband.

« In quasi-1D quantum system: Rashba effect gives rise to spin dependent
quantum tunneling.

@ |n the simples tight binding model for 1D Rashba Hamiltonian the dynamics
for the two spin branches are independent.

« @ o finish calculation for the single band model and move to multibands
model.



