Photoluminescence kinetics of dielectric metastable EH-liquid in Ge
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Problem of non-equilibrium pairs condensation into the dielectric electron-hole liquid (DEHL) in semiconductors was early considered by L. V. Keldysh et al. [1,2]. Theoretical dependencies of the ground state energy have predicted the possibility of presence of two minima, which are rather distant in pair density. These minima correspond to formation of EHL with the dielectric (at low density nDL)  and metallic (at high density nML) spectrum of elementary excitations. However, the DEHL in the most extensively studied indirect semiconductors, as Ge, seems to be less energetically favorable, i. e. metastable compared with the metallic EHL (MEHL), and till now no experimental findings of the DEHL have been reported. We suggest here the experimental conditions sufficient for observation of the metastable DEHL. The high-enough total pair density in the excited volume, which exceeds the nDL, can be achieved by pulse excitation of the doped semiconductor. Doping decreases the excited volume due to the reduced diffusion length of non-equilibrium carriers and the droplets of MEHL would exist inside the single large drop of metastable DEHL at such total density. The additional advantage of doping results from the impurity-related energy states like the bound excitons, which should be nearly close in resonance with the DEHL ground state and could assist in doing the DEHL more stable by forming more pronounced dielectric energy minimum due to the fact that the density of impurity states is limited by the impurity concentration. The recombination kinetics equation for total number of pairs NDL(NML in this two-fluid system will be d(NDL(NML)/dt((NDL/(DL (NML/(ML((NML/(, where tau denotes ((t)(1/(NDL/NML(DL(1/(ML). The densities nDL and nML are constant, and the radius and number of pairs in the dielectric drop, provided by the evaporation from the MEHL (in Ge, obviously, (DL(8 (s((ML (40 (s) are limited by recombination NDL/(DL(3(NML/R, where ( characterizes evaporation from metal droplets of radius R. When NML((NDL the number of pairs NDL(NML(NML decays with the time ((, and the ratio NML/NDL(R/3((DL remains nearly constant, slowly varying proportionally to the R with the time (3(. Such synchronous decay of the two-liquid system drastically differs from the decay of the "EHL-exciton vapor" systems, which is controlled by diffusion processes in vapor phase. We have found the kinetics behaviour similar to the discussed two-fluid kinetics for the photoluminescence (PL) spectra of the Sb doped ((1015 cm3) Ge sample. The PL band of MEHL (708.5 meV) and the "excitonic" higher-energy band ((712 meV) reveal the synchronous decay with ((25(s in the initial (40(s. Since the Sb density in the sample is lower than the threshold one required for metallization of bound excitons, the data allow to assume the formation of the metastable DEHL in Ge. PL spectra of DEHL are briefly discussed.
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