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Indirect excitons AlGaAs
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Opto-Electronic Devices with Indirect Excitons

Exciton.c_je_vices _fOr basic study Operation of exciton transistor and router
« Artificial lattices
« Traps

Exciton circuit devices
« Exciton transistors
« Exciton ramps
« Exciton conveyers (CCD)
« Exciton memory cells
« Exciton integrated circuit

For temperatures kpT = Ej;piing
excitons dissociate
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Quantum Degenerate Gas of Indirect Excitons

Basic studies of exciton transport, spin transport, correlation,
coherence, condensation, strong magnetic field regime
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GaAs strucures have shown spontaneous coherence of
excitons at low temperatures around 1K
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Indirect Excitons in Transition Metal Dichalcogenide

Structures

« Exciton binding energy is much greater than for GaAs and can support excitons
up to room temperature and above
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Indirect Excitons in van der Waals heterostructures

« Theory predicts superfluidity in a degenerate exciton gas at T~100 K
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Excitons in MoS, structures: Temperature

dependence
« 3 emission lines: 2 high energy 196
exciton lines, 1 low energy trion line 1.94 7
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» The relative intensity of the high-energy
exciton lines increase with T, consistent
with the thermal dissociation of trions
due to their smaller binding energy
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Long Spin Lifetime

Exciting with circularly polarized
light near exciton resonance
produces polarized emission

Indicates that spin lifetime is
longer than energy relaxation time
and exciton lifetime for nearly
resonant 1.96 eV excitation

Spin and valley indices are
coupled, so that exciton spin
relaxation requires inter-valley
scattering

« Exciting far from resonance with
polarized light produces no
polarization
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Excitons in MoS, structures: Power dependence

The relative intensity of the trion line
increases with power

This effect may be due to an
enhanced probability of trion
formation at larger carrier density
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Towards the indirect regime: control of excitons
by gate voltage

Negative voltages suppress low
energy (trion) line and enhance
high energy (exciton) lines

Positive voltages suppress high
energy (exciton) lines and enhance
low energy (trion) line

System starts with non-zero carrier
density, and negative voltage
depletes carriers, while positive
injects more
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Conclusion

Observed three emission lines in PL spectra of a double quantum well
MoS.,/hBN van der Waals heterostructure.

Dependence of these lines on experimental parameters indicates that the
two high energy lines correspond to the emission of neutral excitons and
the lowest energy line to the emission of charged excitons (trions).

Demonstrated control of the exciton emission by:
» Temperature
« Helicity of optical excitation
« Excitation power
« (Gate voltage

Van der Waals heterostructures provide new prospects for studying
excitons at high temperatures
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