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Optically Pumped NMR (OPNMR)1 of semiconductors transfers angular momentum from spin polarized
conduction electrons to surrounding nuclei. This is accomplished by irradiating a sample with a continuous
wave laser at the band-edge that is polarized (π, σ+, or σ-) and will impart selection rules to excited electrons.
Hence, the conduction electron spin orientation can be manipulated, which couples to nuclei via a hyperfine
interaction, and can spin-flip nuclei, resulting in an enhanced nuclear polarization. typical OPNMR
experiments measure the NMR response as a function of excitation energy. OPNMR “profiles” of signal
intensity versus photon energy have been reported on several semiconductors (si-GaAs, Be-GaAs, InP, and
Si)1 and provide insight into the nuclear polarization, electron polarization, and physical properties of a
semiconductor such as band gap, absorption features and Landau levels2,3.
We present OPNMR profiles on two separate groups of semiconductor samples. CdTe samples with different
resistivities, crystallinities, and an addition of a dopant (Zn). CdTe is a II-VI direct gap semiconductor with
the zincblende crystal structure and three NMR active nuclei (125Te, 111Cd, and 113Cd). In k-space, the
energy of the light hole (mj=±1/2) and heavy hole (mj=±3/2) in bulk CdTe are degenerate in energy at k=0.
Therefore, by exciting with photon energy at or near the band gap, the 113Cd and 125Te spins can become
polarized. NMR signal enhancements, and spin-spin couplings will be discussed.
One sample is a multiple GaAs/AlGaAs quantum well sample with a well width of 16.9 nm. The quantum
confinement in one direction lifts the light hole (LH) and heavy hole (HH) degeneracy at k=0. Due to the
breaking of the degeneracy, a specific electron spin can be selected by changing the wavelength of the laser.
This electron spin orientation can be transferred to the nuclei and is observed in the OPNMR profile by a
phase inversion of the 69/71Ga NMR signal as the laser becomes resonant with the LH transition (Figure 1).
Observation of the phase inversion in the OPNMR profile provides a precise measurement of this LH to
conduction band transition energy which can be studied as a function of magnetic field using OPNMR. This
study, in collaboration with the National High Magnetic Field Lab (NHMFL), will also be presented.
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Figure 1: OPNMR profile showing the
inversion of the nuclear spins when exciting
at an energy equal to the light hole transition
for σ + and σ - light.

