Radiative lifetime of geminate and non-geminate pairs in amorphous semiconductors
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Amorphous condensed matter systems, including organic materials, have attracted much attention recently for their vast applications in opto-electronic devices. In particular, study of the photoluminescence (PL) in amorphous semiconductors has become a very active field of research recently because of its application in the opto-electronic and light emitting devices. In addition, PL provides direct information about the electronic states and carrier dynamics in the material. Therefore, PL is a very important tool for studying the electronic structure of materials. However, recent developments in the study of PL in amorphous semiconductors have generated some puzzles and controversies. 

The appearance of a double peak structure in the PL of hydrogenated amorphous silicon (a-Si:H) and germanium (a-Ge:H) has first puzzled researchers in the field [1]. Applying the concepts of effective mass and excitons, the origin of the double peak structure has now been resolved [1]. The controversy on the radiative lifetime that in some cases [2] the radiative lifetime has been measured in a-Si:H to be in the nanosecond (ns) and in some in the microsecond (
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s) time ranges [3-4] has also been resolved recently [5].  In this paper, the radiative lifetime of geminate and non-geminate pairs  will be presented. It is shown that two kinds of geminate recombinations occur in amorphous semiconductors, I) through the recombination of the usual geminate pairs and II) through the recombination of those excitons that have relaxed to the tail states. The latter geminate pairs can exist in singlet and triplet spin states, whereas former ones do not have spin dependence. The lifetime of singlet type II geminate pairs is found to be shorter than that of type I. Examples of recent observations and their comparison with the theoretical results will also be presented.

The approach is general and can be applied to organic materials as well.
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