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It is well known that when light is incident on an undoped semiconductor, photo-created

conduction electrons and valence holes form strongly bound pairs (excitons (X)) which

dominate optical spectra. In 2D semiconductor systems the presence of a very small density of

excess carriers causes the formation of negatively charged excitons (X")1, which are an

analogue of the negatively charged hydrogen atom (H~). In contrast to bound states in 3D,

which are completely screened by a large density of carriers, it is expected that in 2D the

potential of a valence hole always contains a doubly occupied bound state (i.e. X" always

exists), even in the presence of high densities of carriers.

When a valence band hole is introduced (optically) into a doped n-type semiconductor

system, the free conduction band electrons react by attempting to screen the hole and the result

is a singularity in absorption and photoluminescence (PL) spectra at transition energies that

correspond to electron states close to the Fermi level2. This enhancement of optical spectra,

known as the Fermi-edge singularity (FES), was first understood in relation to the equivalent

problem of X-ray absorption from localised atomic core states in simple metals3. This theory

cannot be applied directly to two-dimensional electron systems in semiconductor

heterostructures since it does not account for i) the presence of a doubly occupied bound state

(X"), ii) the existence of gapless plasmons in 2D, iii) the finite mass of the valence hole, and iv)

electron-electron interactions, which are more important in 2D than in 3D due to i) and ii).

We have studied these problems experimentally using absolute absorption spectra from a

series of modulation-doped GaAs/AlGaAs multiple quantum well samples with different carrier

densities. We observe the evolution (as a function of carrier density) from the low density

excitonic ground state to the FES at high carrier density and find that the results are in good

agreement with theoretical calculations which include many-body effects and the doubly

occupied bound state (X') in a realistic way. In particular, the evolution of the absorption

lineshape in the experiment is found to be consistent with the predicted variation of the strength

of the singularity (given by the calculated binding energy of the doubly occupied bound state).
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