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* Introduction: Positrons detect lattice defects
* Examples:

- electron irradiated Ge

- neutron-irradiated Si

- more results
* Conclusions
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The positron lifetime spectroscopy
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Positron lifetime spectroscopy
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= positron lifetime spectra consist of
exponential decay components

" positron trapping in open-volume defects
leads to long-lived components
" Jonger lifetime due to lower electron density

" analysis by non-linear fitting: lifetimes r; and
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Electron-irradiated Ge

* electron irradiation (2 MeV @ 4 K) generates Frenkel pairs

* vacancy annealing and defect reactions may be studied by positrons
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n-irradiated Si 00
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Bondarenko et al., unpublished, 2001
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n-irradiated Si

* two different vacancy-type defects are detected: divacancies and V;..V,
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n-irradiated Si
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n-irradiated Si

1 MeV neutrons
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electron-irradiated GaAs

* electron irradiation generates
vacancies in both sublattices

* very complex annealing behavior
* main annealing stage at 300 K

* similar annealing stage found for doped
GaAs
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Average lifetime [ps]

irradiated GaP

* mohovacancy annealing appears around room temperature

* only larger vacancy agglomerates are detectable after neutron irradiation at RT
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* again: complex annealing behavior
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°* main annealing stage around 200 K

* annealing temperature is function of
dose

* around 500 K: vacancy agglomeration
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electron-irradiated CuInSe, 65| Electron-irradiated |
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Further techniques of positron annihilation

* VEPAS: Variable-Energy Positron Annihilation Spectroscopy uses monoenergetic
positrons of E, = 0.1 .. 50 keV for near-surface defect depth profiling;
important for thin epitaxial layers or after ion implantation

* Doppler-Coincidence Spectroscopy: annihilations with core electrons give
chemical information

* Scanning positron microbeams are available: line-scans and pictures of defect
distributions; detailed depth scans by using wedge-shaped samples
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Conclusions

* vacancy-type defects can be detected in semiconductors by means of
positron annihilation

* lower sensitivity limit for monovacancies C & 1x101° cm-3

* method very sensitive for early stage of vacancy agglomeration
* tools for thin layers (mono-energetic positron beams)

® scanning positron microbeams available

This presentation can be found as pdf-files on our Website:

http://www.ep3.uni-halle.de/positrons

contact: mail@krauserechberg.de
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