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Magneto-optical Absorption and Photoluminescence Spectroscopy 
of GaAs Quantum Well Arrays with Varying Well Widths
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Introduction

Optical Dynamic Nuclear Polarization (ODNP) in semiconductors is a nuclear spin hyperpolarization phenomenon in which spin angular momentum of optically pumped conduction electrons, generated by optical pumping at energies near the band gap, is transferred to nuclear spins of the lattice by electron-nuclear cross-relaxation [1,2]. The ODNP-NMR action spectrum – i.e. the dependence of the nuclear spin hyperpolarization on photon energy – is rich in information about the electronic band structure, but also depends on many other factors, including the electron-nuclear cross-relaxation and spin relaxation processes. Theoretical interpretation of the ODNP-NMR action spectrum based on calculation of the optical absorption coefficients typically involves a number of assumptions and simplifications, and only qualitative agreement with theory has been achieved. To assess the accuracy of the band structure calculations in a more direct manner, magneto-optical absorption and photoluminescence (PL) spectra of GaAs quantum well (QW) arrays with varying well widths were acquired. 
Experimental 

The GaAs QW arrays with Al0.25Ga0.75As barriers and varying well widths were grown by Molecular Beam Epitaxy (MBE) at Sandia National Labs.  The wafers were epoxy bonded to glass microscope slides and then acid etched (sulfuric acid/hydrogen peroxide) to remove the GaAs substrate.  A selective citric acid/hydrogen peroxide etch was used to remove residual substrate material, verified by PL spectroscopy. Upon cooling from 373 to 4.4 K, a biaxial compressive strain was induced. Magneto-absorption (transmission mode) and PL spectroscopy was performed in SCM-3 (Ultra-fast optics lab) using a quartz-tungsten-halogen lamp, a collimator, a 700-900 nm band-pass filter, an iris, linear polarizer and λ/4 plate to circularly polarize the excitation light.  A 500 mm focal length biconvex lens was placed 1 m away from the lamp to focus light onto the sample with a spot size of 1.6 cm. 
Results and Discussion

The PL spectra with varying QW width are shown in Fig. 1a. The PL emission is shifted due to quantum confinement, depending on well width. Absorption spectra were obtained for + and - polarized light for magnetic fields ranging from 0 to 17.5 T.  The + data set is shown in Fig. 1b. Landau level progressions are clearly observed. Analysis and assignment of the transitions observed in this data, guided by the electronic band structure calculations, is currently underway. These results will be compared to the ODNP-NMR action spectra. 
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	Fig. 1. (a) PL spectra of the four different GaAs quantum well array with well-widths of 4,7,14 and 28nm. (b) 
Magneto-optical absorption spectra of the 28 nm QW array recorded using + light at 4.4 K at a series of fields. 


Conclusions

We demonstrated a protocol for removing the substrate from MBE-grown GaAs QW arrays. Mounting the film onto a transparent support permitted the high quality magneto-optical absorption spectra to be acquired. Differences between the absorption spectra and ODNP-NMR action can be incorporated into the model for electron spin relaxation and electron-nuclear cross-relaxation dynamics. 
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