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Microwave and optical spectroscopy techniques were used to study neutral and charged electron-hole double layers electrically separated in wide single quantum wells and in double quantum wells with different width of the barrier separating the wells. It is shown that even in undoped structures residual impurities located in the barriers result to electron or holes channels in the quantum wells. Using method of optical detection of dimensional magneto-plasma resonance we were able to measure the carrier concentration in the wells and to distinguish electron and hole channels. It is established that by change of electric field it is possible to vary the total charge value  of the channels passing through the case of neutral electron-hole system. We demonstrated that in case of different width of quantum wells it is possible to get electron channel in wide well and hole channel in narrow well with equal typical densities of about (1-3)х1010 см-2. It is found that in case if concentrations of electrons and holes are coincide with each other and the e-h channel separation does not exceed 400A a novel resonance appears in the spectrum of microwave absorption which is associated with formation of indirect exciton and corresponds to the transition between ground and first excited state of the indirect exciton. The binding energy and the Bohr radius of indirect excitons as a function of interlayer distance are extracted from these measurements. 

Spectra of indirect recombination of excitons and electron-hole layers appearing in a wide (up to 500 A) single quantum well under applied electric field are investigated. It is shown that spatial separation of electrons and holes which occur in a strong enough electric field results to a strong modification of recombination spectrum and to a substantial increase of recombination time (up to 20-50 microseconds). Such a long recombination times give opportunity to accumulate rather high densities of electron and hole channels at extremely low temperatures (down to 50 mK). We show that by means of varying both the frequency of optical excitation and the magnitude of the applied electric field it is possible to change the total charge of the electron-hole system and to cross over from the case of neutral system of indirect excitons to the case of charged electron-hole layers. The dependence of the total charge of the electron-hole system as a function of the electric field strength is measured. For the case of neutral excitonic system in a strong electric field we observed and investigated novel recombination lines which correspond to the excited states of indirect excitons. We show also that electric field dependence of the spectral positions of the lines allows to distinguish the excitonic lines corresponding to the recombination of light-holes and heavy-holes.

