Control of valley population and quantum Hall effect in a
multi-valley system via persistent photoconductivity effect
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Precise control of the Fermi energy (Er) is essential to modern semiconductor physics
and topological transport. While electrostatic gating is a standard tool for tuning the
EFr, persistent photoconductivity (PPC) offers a conceptually distinct, contactless
alternative, capable of long-lived and sometimes even bipolar carrier modulation. We
demonstrate that persistent photoconductivity offers an efficient method for tuning
carrier density and conductivity type with simultaneous valley occupation in Pb-
SnSe/PbEuSe quantum wells [1,2]. Hlumination with a green LED drives large Ep
shifts that transform the system from a threefold-degenerate M-valley 2D hole gas
into a single-degenerate I-valley 2D electron gas. The photoinduced state is remark-
ably stable, persisting for days at cryogenic temperatures, and enables stepwise optical
gating without device fabrication. Hall-effect sign reversal and changes in quantum
Hall plateau degeneracies confirm these changes, while Landau-level k - p calculations
[2] quantitatively reproduce the observations. Spectral studies allowed us to identify
wavelengths that can reverse the shifts in Fr, thereby making PPC a fully reversible
tool for Fermi-level control in future IV-VI topological heterostructures [3].
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