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When light is absorbed by a semiconductor, electrons move from valence bands to conduction 
bands, and the charge distribution changes. In the sketch below the situation is shown for GaAs, 
with the charge distribution in the valence bands on the left (a) and its modification shown on the 
right (b) after photons are absorbed.  But the way in which the charges move from the left to the 
right sketch depend on how the absorption occurs.  If both one- and two-photon absorption are 
present, quantum interferences between these two absorption processes can in some materials 
lead to the injection of net currents, a “shift current” associated with the motion of charges from 
one centre to another, and a “polarization current” that has to do with the change in the dipole 
moment of the charges around their lattice sites. 
 
This project will focus on the calculation of these processes, in typical materials and in 
topologically nontrivial materials where to date they have been much less investigated.  A 
comfortable familiarity with 3rd year quantum mechanics is required, as well as an openness to 
do a “quick study” of the kind of perturbation theory required to describe absorption processes, 
and to familiarize yourself with the Bloch functions (if you’re not familiar with them already!) 
that are introduced in condensed matter physics.  You should not be averse to writing and using 
computer codes.     
 
We also hope to look at how these processes are affected if nonclassical light, such as squeezed 
states of light, are used in the absorption processes.  So an interest in quantum optics is required, 
although an initial familiarity with it is not. 
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ABSTRACT

We present a full band structure scheme to calculate the electronic contribution to the second order susceptibility coefficient pertinent to optical rectification,
χabc

2 (−ω∑; ωβ, ωγ) where ω∑ ≈ 0, within the independent particle approximation for the electron dynamics, and in the dipole limit. This allows us to determine
the electronic response of a bulk semiconductor to a femtosecond optical pulse over a range of central frequencies, both below and above the band gap
frequency. Particularly interesting is the limit χabc

2 (0; ω, −ω). In addition to the usual near-dc interband rectification current, shift and injection currents,
associated with actual divergences in χabc

2 (0; ω, −ω), are taken into account. Calculations for GaAs and GaP, in which injection currents are forbidden, are
performed. The band energies and matrix elements are computed with the full potential linearized augmented plane wave method. For frequencies above the
band gap, and for typically available pulse widths, we demonstrate that the shift current dominates the current response, being approximately two orders of
magnitude larger than the rectification current. For very narrow pulse widths, on the order of a femtosecond, the rectification current becomes comparable to
the shift current.
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Images

Figure 1

A plot of the electron density in the [110] plane of GaAs. Panel (a) shows the electron density of the highest Γ  valence electron, and panel (b) the
electron density of the lowest Γ  point conduction band. Dark regions correspond to higher densities. The densities in panel (b) have been multiplied by
two since the lowest conduction band Γ  point is twofold degenerate whereas the highest valence band Γ  point is fourfold degenerate.
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