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Optical Addressing to a semiconductor nanocrystal  
 with wavefront control 
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What are semiconductor nanocrystals ? 

Core-Shell type  
Lumidot (SIGMA-ALDRICH) 640nm 532nm 

Luminescence 

Absorption 

Diameter  
~ 6 nm 

They are produced by wet chemical synthesis. 
Another name is “colloidal quantum dot (QD)”. 

A colloidal quantum dot emits single photons at room temperature. 
[P. Michler et al., Nature 406, 968 (2000), B. Lonis et al., Chem. Phys. Lett. 329, 399 (2000).] 

1. Wavelength tunable  
 400 nm～20 μm, telecommunication bands are covered. 
⇔ Ions, Atoms, Molecules, NV centers. 

2. Low intensity operation 
 ～1 kW/cm2 at 532nm 
⇔ Nonlinear optical crystals 

3. Room-temperature operation 
         ⇔ Epitaxial quantum dots Colloidal quantum dots in toluene 

solutions. The wavelength 
depends on the core diameter. 

Collection of single photons mediated by SLM 
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【Path adjustment】 
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【Count rate distribution】 
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7 × 103 c/s 

The scattering 
spot of He-Ne 
laser monitored 
by CCD camera. 

The phase shift 
at the OALCD 
surface given 
by PC. 

Future prospects 

After confirming the overlap of 
the spot to a blinking QD, the 
single-mode fiber is 
disconnected from He-Ne laser 
and connected to SPCM. 

It agrees with the estimation. 

𝑅 = 𝑌
Γ

2

Ω

4𝜋
𝑇𝜂 = 7 × 103 c/s 

Quantum yield of QD： Y=0.5, 

Lifetime of the excited state: 

Γ=2π×10 MHz, 

Quantum efficiency of SPCM: η=0.7, 

Solid angle: 4π×4.2×10-3 str, 

Total Transmittance : T=0.15. 

Φ 𝑥, 𝑦 = arg exp 𝑖Φ1 𝑥, 𝑦 + exp 𝑖Φ2 𝑥, 𝑦  
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Multiplexing single photon path 
• Two-photon interference 
• Wavelength multiplexing 

Observation of single-photon emission from a QD 
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QD embedded in PMMA film is 
prepared on a right-angle prism. 
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A QD is observed as a 
blinking point by CCD camera. 
Non-blinking point will be a cluster. 

The photon counting rate is 
binary corresponding to the 
blinking. 

The photon statistics show 
the anti-bunching behavior. 

Optical addressing with wavefront control 

1. To remove the stage and increase the mechanical stability 
2. To change the aimed QD if it degrades 

Spatial light modulator (SLM) is added to the system. 
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【Principle】 
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it works as a “wedge prism”. 

Phase shift 

Incident  
light Diffracted 

light 

When the spatial distribution of 
the phase shift has a blazed 
structure as 

The condition for constructive interference is given by 

Λ sin 𝜃𝑑 = 𝑚𝜆,  m=+1. 

The blazed structure eliminates the higher order diffractions. 

【Setup】 
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Excitation Laser： 
Wavelength 593nm, 
CW 10mW 

Objective Lens 
f=2.0mm 
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(λ=633nm) 
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