Hot optical phonons in electron relaxation dynamics at the Si(100) surface
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In this talk we will discuss a few aspects of the rich electron dynamics in silicon [1, 2]. We investigated the relaxation dynamics of photo-excited carriers at the Si(100) surface. We present time-resolved experimental results on the relaxation dynamics obtained via two-photon photoemission measurements. 
For densities of 1019 cm-3, carriers photo-excited to the conduction band thermalize via electron-electron scattering within 300 fs. Relaxation occurs mainly from the bulk conduction band into the surface dangling bond state Ddown [3, 4]. Energy relaxation occurs on a slower 1 ps timescale via emission of optical phonons. However, close to the conduction-band bottom optical phonons can not be emitted. This leads to a slow-down of electron-lattice equilibration and a raised electronic temperature long after laser excitation. The experimental results are compared to theoretical calculations based on the Bloch-Boltzmann-Peierls approach, where the influences of electron-phonon and electron-electron scattering are analyzed. We observe that the electronic temperature remains well above the equilibrium lattice temperature for times much longer than the typical scattering times of the system (even after 10 ps) [5]. This is found to be due to strong heating of LO phonon modes due to electron relaxation in the bulk via LO phonon emission. The different contributions of the scattering channels as well as phonon bottleneck effects are discussed.
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