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Motivation

Opticall polarization as a spin
diagnostic teol

Radiation’ firom: zone center
recombination  in. QWs) can
give the estimate of' injected
Spin| pelarization off carkiers

Angular mementum states; of
holes are .« also  equally
IMpoertant

Emitted optical’ polarization
can be contrelle through
electrical bias

Conversely:  spini  polarized
carriers: can: be generated by,
optical excitation: by: Circularly.
polarized light and generation
can be contrelled’ through
electrical bias
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Outline

Bands off quasi confined states calculatea
8 band k.p: theory: used

Effiects of band mixing away: ien Zone Center,
electric bias, strain, guantum: confined stark
effect and spin orbit coupling ncluded

Carrier distrbution among k-states;simulated

Emitted optical polakization threugh inter-vand
recombination studied
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K.p Band Calculations

In k.p theory we use the knowledge of the symmetries of all the zone
center unit cell functions in order to explain the k variation of any one
of them.

For the slowly varying potentials

This set of coupled differential equations can be solved by dividing the
structure into infinitesimally small sections and forcing boundary
conditions among all sections. Transfer matrix approach used.
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Bands off Quasi Bound States

Ing ,Gag gAs
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Band Mixing
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As we start moving away
from the zone center the
amplitude of the envelop
function corresponding to
LH zone center unit cell
function continues to grow.
Similar results were

obtained when we
observed a constant kx
state at different Electric
biases. One may also be
able to control the shape of
these envelop function by
intelligent material system
selection to control the
optical polarization.




Optical Recombination

Kx=0 E=0 k.#0E+ 0

With no applied bias, the zone center hole states have definite z angular
momentum. But the higher k hole states are linear combination of definite z
angular momentum states. This linear combination is also affected by applied
bias. This is commonly known as band mixing and it completely changes the
optical selection rules as shown above
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Relative Polarization Vs
llemperature

—— 300K
= 30K
10K

At low temperature operations, it is possible
to obtain high optical polarization at zero
bias. The reason for this is that the carrier
concentration in the LH band is much smaller.
The high kx band mixing also reduces.

DARPA SPINS, Santa Monica




Relative Polarization vs
Composition

=—20% In, 30K
=#=20% In, 10K
“=8% In, 30K
“¢=8% In, 10K

With 8% In composition in the well we always obtain
smaller emission polarization as compared to the
20% case. With lesser potential barrier, the band
spliting between LH and HH bands is much smaller.
Which causes fair amount of hole concentration in
both bands.
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