FEL-based study
of intervalley elastic scattering
of donor excited states
In multivalley semiconductors
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Introduction: donor states in silicon.

Populated inversion & lasing of group V donors under FEL excitation.

FEL pump-probe measurements of donor nonequilibrium states.

Laser action peculiarity & specificity of pump-probe response.

under resonant excitation of donor states.

Is there inter valley redistribution of bound electrons under elastic scattering?
Summary.



Group V Donors in Silicon
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Multivalley states in silicon.
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Electron-phonon interaction

— Brillouin zone
— vector of reciprocal lattice;
= normal process;

> umklapp-process f-type;
> ymklapp-process g -type;



Intensity, a.u.

Laser lines of group-V donors in Si (summarized data)
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Stimulated terahertz emission from group-V donors in silicon

under intracenter photoexcitation, V. N. Shastin et.al.

Appl. Phys. Lett. 80, 3512 (2002)
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Free Electron Lasers for
Infrared eXperiments
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Terahertz Raman laser based on silicon doped with phosphorus
S. G. Pavlov et.al., Appl. Phys. Lett. 92, 091111 (2008)



FEL — Lasing

Normal lasing Raman lasing

Prof. H.-W.Hubers Dr. S.Pavlov
(German Aerospace Center)



Free Electron Lasers for
Infrared eXperiments
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Pump-probe technique
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ELBE. Pump-Probe-Experiment @ ELBE
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Normalized transmission (a.u.)
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Pump-probe measurements on Si:P
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Normalized transmission (a.u.)
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Pump-probe: shallow donors in silicon '

Free Electron Lasers for
Infrared eXperiments
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Transmittance (arb. units)
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Probe transmition, arb. units

Pump-probe: uniaxially stressed Si:P ELBE
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Dependence of Si:P laser frequency on the excited states
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SI:P emission spectra under intracentre pumping
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Pump-probe: Ge:
ump prObe Ge:Sb _\\ NovoFEL
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Summary:

1) FEL pump-probe measurement is an effective tool
for the study of non—equilibrium states of donors
as well as acceptors in semiconductors

2) During the short time of (~60ps and even less) elastic
scattering considerably change the distribution of electrons over

the donor valleys in silicon. Perhaps it is explained by a point imperfection
scattering of electrons in the real crystal.

Thank you for attention!
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