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Optical Spin Pumping in Silicon

Stefano Achilli!, Damiano Marian? Mario Lodari?, Emiliano Bonera?!, Giordano Scappucci3, Jacopo Pedrini!, Michele Virgilio? and Fabio Pezzoli'"
IDipartimento di Scienza dei Materiali, Universita degli Studi di Milano-Bicocca and BiQuTe, Via R. Cozzi 55, 20125 Milano, Italy
’Dipartimento di Fisica, Universita di Pisa, Largo Pontecorvo 3, I-56127 Pisa, Italy

3QuTech and Kavli Institute of Nanoscience, Delft University of Technology, 2600 GA Delft, Netherlands.

Optical spin orientation is a light-matter interaction process that allows the generation of an out-of-equilibrium spin population. This process consists in the excitation of a
semiconductor material with circular polarized light [1]. Here, we report a modified approach in which spin polarized carriers are at first injected into an absorbing film and
then transferred to an adjacent indirect band gap semiconductor. We apply this optical scheme to silicon demonstrating spin polarized emission from it. So, we improve the
inefficiency of Si due to the indirect gap and the complete relaxation of the spin from a very high direct gap. This approach unlocks the optical exploitation of Si's spin-
dependent phenomena previously hindered by its indirect electronic structure.

Optical Spin Pumping Effect Photoluminescence spectrum of the Ge/Si Valence and Conduction band
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* Polarization analysis of the Si FE PL at 1.097 eV performed at T=4 K. B (mT) Energy (eV)
* PL spectra and polarization degree measured by changing the helicity of the
* The investigation is performed for various Ge thicknesses by chemically etching incident light, evidences of spin-related emission.

the Ge film from 1.3 pm down to 0 um.
* Polarization degree as a function of a transverse magnetic field (Hanle effect)

« Polarization degree increases until it reaches a maximum value of ~ 9% . confirms the spin dependent origins and suggests a short spin lifetime of Si (~200
ps). This short time is due to extended defects [4].
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