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What are Quantum Light Sources ? Quantum size control using Photoelectrochemical (PEC) Etching

% Quantum light sources produce anti-bunched photons
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% For example, single photon sources (SPS): photons are
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% Quantum metrology % True random number generation

mondisperse QDs can be obtained PEC etching stopped;
Why III-nitride quantum dots? Deterministic placement of PEC etched QDs
« Quantum dots (QD) behave like two-level systems To achieve deterministic placement of QDs, an epitaxial stack containing a S ——
and generate one photon at a time single quantum well is first patterned using electron beam lithography N ot [II-nitride Epitaxial _
. . . 1gnment reature
| TN along with an alignment feature to be used to create subsequent enclosing © structure
e = " . structure for example a photonic crystal. Sapphire
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% [II-nitrides based QDs are particularly interesting

¢ Large exciton binding energy ( ~ 30 meV) enables room
temperature operation

% Short emitter life-time( ~ Ins) enables fast repetition rate 1. EBL Patterning 2. Nickel deposition 3. Cl, based dry etch 4. Ni removal

« Path to electrically injected operation and chip-scale integration and development and lift-oft tollowed by PEC etch

¢ Can be fabricated with controlled size and deterministic
placement - Photo electrochemical etching approach
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Summary
III-nitride system investigated here: InGaN/GaN - PL from 10nm thick GaN PL from 30nm thick GaN ca . .
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Electrochemical etchmg of III-nitride material under AS= A s [II-nitride QDs can be fabricated at
illuminated conditions An £in internal t ffics , deterministic locations using a combination of
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1. The Ill-nitride material is immersed in a mild acid or base used as proveme crmal quantiim ctiiciency 1s aligned patterning and photo electrochemical
electrolye (e.g. ~0.1 - 0.2 M KOH or H,S0,) under light illumination. observed for QD vs. the quantum well. etch
2. Etching proceeds at the semiconductor surface due to oxidation by Potential reasons: L
photoexcited holes. : 1 : : f = “* Photon antibunching can be observed in QD in
Strain relaxation and increased carrier confinement in QDs. :
3. Etching is bandgap selective, dopant selective and light intensity Q il . nanowire structures.
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