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1:QD molecule junction system 

The simple, the better ! 

Electron hopping strengths and electron Coulomb interactions 

Strong correlation system  



1-0:Applications 

• Single electron transistors 

• Single photon generators 

• QD lasers and detectors 

• Solid state coolers 

• Quantum registers  

• Quantum interference transistors 



1-0-1: How to study QD chain junction 

system  

(1) Electronic structures of a single QD. 

(2) Intradot and interdot Coulomb interactions. 

(3) Electron hopping strengths between QDs and tunneling rates 

coming from the coupling between electrodes and outer QDs. 

(4)   Interactions between electrons and phonons. (ignored in BP) 

(5) Extended Hurbbard and Anderson model 

(6) Equation of motion method (nonequilibrium Green’s functions)  

 

*One energy level for each QD  
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1-2: Simple realistic systems 

Amorphous insulator 

Large intradot and interdot Coulomb interactions, 

But weak electron hopping strengths.   
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1-3:Nonequilibrium Green’s function 
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1-4:Linear response  

ZT as a function of T for different detuning energies. Solid and dash lines 

correspond, respectively, without and with intradot Coulomb interactions .  
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Homogenous QD size, dilute QD density 
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1-5:Interdot Coulomb interactions 
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1-6: ZT detuned by Eg 

Noninteraction case 
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2-2:  Temperature effect (PSB) 

22121 UEUE  12t

)(*)1(: 2,2,1 CNNFB    )1(*: 111,2 CNNNRB   



2-3:PSB (three levels) 



3-1: Thermal retification (DQDs) 
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3-2:Interdot Coulomb interactions (TR) 



3-3: Electron hopping (TR) 
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3-3:Tunneling rates (TR)  



3-4:TR (TQDs) 
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3-5:Thermal rectification at 3k 
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4-3:DQD (strong coupling) 



4-3-1:Spectra of DQD 
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4-4:QI of TTQDs 



4-5:Spin frustration (TTQDs) 



4-6:Charge stability diagram  



4.7:QI effect on tunneling current 



5:Conclusion 

(1) Figure of merit, (ZT of QDs) 

(2) Pauli spin blockade ( DQDs) 

(3) Thermal rectification (TQDs) 

(4) Long distance coherent     
tunneling (TQDs) 

(5)Quantum interference (TTQDs) 

(6) Spin and charge frustrations 
(TTQDs) 


