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Introduction

The effects of strain on the electronic band structure of a GaAs crystal
mounted to sapphire (Al₂O₃) were studied by optically pumped NMR
(OPNMR). The optically transparent support material allowed
selective OPNMR at the front surface as well as at the GaAs/Al₂O₃
internal interface. The biaxial compressive strain on the composite
was induced by differential thermal contraction. The strain
perpendicular to the surface is manifested as a quadrupolar splitting
of the Ga-71 OPNMR line. The OPNMR action spectra (NMR signal
intensity vs. optical photon energy) were acquired at the external
surface and at the sapphire interface, and the quadrupolar splitting
was obtained as a function of photon energy. The results are
compared to a theoretical model for the elastic interactions in the
bilayer, and the approximate absorption spectra for the optically
opaque samples was obtained.
Optically-Pumped NMR

OPNMR is a hyperpolarization technique that can significantly
enhance NMR spectroscopy. In OPNMR, light is employed to
populate conduction electron band. Nuclear spin acquires nonBoltzmann population distribution via Fermi hyperfine mediated spin
exchange with optically oriented conduction electrons.

OPNMR allows us to probe the local strain
within the detected volume. The penetration
depth depends on photon energy. Hence, we
can control the penetration depth and measure
GaAs
strain with spatial selectivity. Furthermore,
conduction electron generated by optical
interband excitation can diffuse via ambipolar
diffusion. The characteristic diffusion length is about 4-8 microns in
bulk GaAs. The strain is related to the splitting by
ε$$ =

&'
()

1−

,-- .,-/ 01 234
&,-/
,5--

OPNMR,
1.5 K, 1 scan

Hz

Quadrupolar Splitting

ν L + νQ

νL

νL

νL

1.78 9 1:;
−
Δν)
<=$

where ∆vQ is the quadrupolar splitting, e is the fundamental charge,
Q is the quadrupolar moment, and Sij corresponds to the
compliance tensor element, and S’ij gradient-elastic tensor
element.1 The model can be simplified to a linear relationship
between the localized strain and the quadrupolar splitting.
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From the results of the
splitting at the surface
and interface of the
composite, and our
knowledge of linear
relation of the strain
gradient predicted by the
theory, we managed to
approximate an
absorption spectrum.
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We have previously shown that the strain relaxes via mechanical
bowing of the composite, resulting in a gradient in the strain. From
the theoretical model for the elastic interactions, we can predict the
spatial variation of the quadrupolar splitting and infer the optical
penetration depth when using sub-bandgap photons.

The application of strain in the lattice of the GaAs induces an
asymmetry that result in quadrupolar splitting. An action spectra was
performed to probe these new energy transitions and their
dependency with varying photon energy, the action spectra. The
action spectra were acquired for the GaAs surface and the interface of
the composite, with varying photon energy of σ+ polarized light.
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The quadrupolar splitting originates
from the quadrupolar interaction of
the nuclear spin with the electric
field gradient (EFG) in the material.
The cubic symmetry of unstrained
GaAs causes the EFG to vanish,
and therefore no quadrupolar
splitting is observed. By applying
strain, the quadrupolar splitting of
the NMR line is induced. The strain
can be inferred from the measured
quadrupolar splitting.
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Discussion & Outlook

From our results, we showed a characterization of the elastic
interactions within the GaAs layer of our composite. The theory
also predicts a linear behavior in the gradient of strain relaxation
from the interface of the bilayer. Both of these can be used to draw
quantifiable approximations for the photon penetration depth into
the GaAs.
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