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Two Issues

Probing a single 
quantum dot

 

1ε
2ε
3ε

?)( =VQ

   QD 

V

Q 



2004-5-25

2

Descember 17, 2003 3

Outline
Introduction I

Why nano-structures? Similarity between QD & 
atoms; Optical and transport measurements

Photon-Assistant Tunnelling Measurement
Analysis and Results 
Introduction II

Negative differential capacitance
Ways of applying bias

Model of a QD Connected to Two Leads
Analysis and Results

Existence of negative differential capacitance
Summary
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Why ‘nano’?

Space
Time
Energy

Quantum devices
Quantum information 
processing

Quantum computing
Quantum cryptography 
Quantum error correction
Quantum teleportation

Trivial reasons Non-trivial reasons
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How to Probe a Quantum 
Dot?

Similar to atoms
Difficult to make two identical QD
Strong e-e interaction 
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Optical Measurement
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Transport Measurement
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Model
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Approach – Equations of 
Motion
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Transport Current
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Why Negative Differential
Capacitance?

V

Like negative differential  
resistance, negative 
differential capacitance
can also cause the 
Instability.
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self-sustained current oscillation in superlattice
caused by NDR
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Is Negative Differential
Capacitance Possible?

Three ways
of applying
a bias
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Model
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Hartree-Fock Approximation
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Numerical Evidence of NDC
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(1) V=0.75
(2) V=0.95
(3) V=1.10

Transmission Coefficients
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Why Does It Happen?
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Summary
Combining the microwave pumping and 
electron tunneling measurement, one can 
obtain the spontaneous emission rate of a 
single electron level of a quantum dot.
Present numerical evidences of an NDC in a 
QD.
NDC is cause by the bias dependence of the 
electron tunneling rates in a weakly coupled 
QD.


