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Transition Metal Dichalcogenides (TMDs)
Properties
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e Direct band-gap semiconductor

e Strong light-matter interactions

e Transistors, memory devices, ultrathin
photodetectors, and recently Single Quantum

Emitters (SQE)




Sources of Single Quantum Emitters (SQE)
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What is an exciton?
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Se2 Grown crystals
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e Single quantum emitters (SQE) are
thought to arise from excitons
bound to defects, impurities or
U et potential traps
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Intralayer Excitons are formed by stacking
TMDs monolayers
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Crystal alighment is crucial on experiments

d
§=2 6 =20
— 10 -
b |
s
20 nm L=y
(7))
©
€ 9] x130
—
D- comerdia M
0 nm O L T L | T T ¥
1.3 1.4 s 1.6 1.0
Energy (eV)
Bilayer PL comparison between different
heterostructure angle alignments -> 2 and 20
degrees

R



Objective

Enhance the emission of TMDs heterostructure of
MoSe2-Wse2 single quantum emitters




Characterization Techniques

Optical Microscopy
Raman Spectroscopy
Photoluminescence (PL)

Atomic Force Microscopy




Mechanical exfoliation of TMDs
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Monolayer identification with Optical
Microscopy
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Photoluminescence Characterization
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Raman Spectroscopy Tests

95D Raman Spectroscopy comparison
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Atomic Force Microscopy Tests
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Heterostructure fabrication

Dry-Transfer
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Heterostructure fabrication
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PL at Room temperature and 10% laser power
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Last heterostructure
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Atomic Force Microscopy confirmed the

transfer
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Plasmonic enhancement to improve SQE

Trap and squeeze light into nanometer sized gaps between the metal
nanocube and metal surface.

e Shorter lifetime, desirable for applications
e Higher efficiency of emission




PL at Room temperature and 10% laser power
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Summary

Two TMDs Heterostructures were manufactured.

Experiments and literature suggest that alignment of the crystals in the
heterostructure affect the response of the single quantum emitters.

Impurities in the heterostructure can significatively quench the emission
of SQE.Thus, a cleaning technique is required.

SQE formed from TMDs is a promising field because of its scalability,
efficiency and its application to Quantum Information Technologies.
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