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Long-wavelength (THz) Raman scattering
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THz Raman scattering: Challenges

> scattering efficiency, At
> either free carrier absorption, A?
or excitation avoiding free electrons ?
> under optical phonon excitation
= high orders of electron-phonon interaction
> technical (filters, collecting optics)
= no commercial THz components
(notch or low pass filter, lens objective)
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Interactions resulting in the Raman light scattering
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Interactions resulting in the Raman light scattering
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Interaction orders (N-phonon(s) scattering)
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Key notes:
enabling THz Raman scattering in doped silicon

features of THz Raman scattering in doped silicon
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THz intracenter
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Experimental
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Volume enhanced ?
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Figure 1 Silicon waveguide used in the Raman laser experiment. a, Schematic layout
of the silicon waveguide laser cavity with optical coatings applied to the facets and a p-i-n

structure along the waveguide. b, Scanning electron microscope cross-section image
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Volume enhanced !
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Filtering with solids (lattice absorption) | Guazafolin 10
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Filtering with solids (lattice absorption) | Nof, Zmn
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a single inter-valley phonon
serves for the intracenter RS
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Electronic resonant Raman scattering
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photon-bound_electron-phonon (free_electron-free)
Interaction
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THz Raman scattering: Overcoming the Challenges

> scattering efficiency, N
resonant (outcoming+incoming)

> either free carrier absorption, A? FEL

or excitation avoiding free electrons = intracenter
> under optical phonon excitation

= high orders of electron-phonon interaction

Intervalley one-phonon intracenter scattering

> technical (filters, collecting optics)

strong lattice absorption in solids = Low Pass filter
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Raman scattering at THz frequencies:

¢ enabling 7-17 THz Raman scattering in n-silicon:
+ resonant to donor electronic states coupled by intervalley phonons
+ large number of scattering centers (volume, up to ~1el4 centers)
+ free_electron-free (photon-bound_electron-phonon)

interaction cancels free carrier absorption

¢ features of the stimulated THz Raman scattering in n-silicon

+ lasing threshold exceed 3e23 photons/cm?/s, the lowest ones are for
the Si:Sb and Si:Bi with the particular donor-phonon resonances

+ the Stokes shifts (2.5 — 9 THz) of the Raman lasing corresponds to a
Raman-active donor 1s(A;)-1s(E) transition

+ the Raman gain is estimated to be up to 5.8 cm/MW

+ the optical conversion factor is within 1e-8 — 1e-9

+ the donor concentration limit < 8e15/cm3 (1s(A;)-1s(E) donor transition
broadening)
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