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1:QD molecule junction system

Strong correlation system

(a)
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(b) Left electrode Right electrode

Electron hopping strengths and electron Coulomb interactions

The simple, the better !



1-0:Applications

» Single electron transistors
 Single photon generators

* QD lasers and detectors

 Solid state coolers

« Quantum registers

« Quantum interference transistors
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1-0-1: How to study QD chain junction
system

Electronic structures of a single QD.
Intradot and interdot Coulomb interactions.

Electron hopping strengths between QDs and tunneling rates
coming from the coupling between electrodes and outer QDs.

Interactions between electrons and phonons. (ignored in BP)
Extended Hurbbard and Anderson model
Equation of motion method (nonequilibrium Green’s functions)

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

Electrode at Ty,
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] Fig. 1
Large intradot and interdot Coulomb mteragctlons,
But weak electron hopping strengths.

[1] DMT Kuo and Y. C. Chang, PRB. 81, 205321 (2010).



1-3:Nonequilibrium Green’s function

technique
—2
Jo =523 [ deve(e) ImG 4 (o) f(€) = fale)]: (2)
£
§ —2 -
Q= ?Zfdffr'E[E]IHEGEJ(E][E — Er — eAV)[fr(e) — frie)]. (3)
;
gn—1 p.?
:rr — 1 - P"I'r —(T =
f‘g{E] ( £ :Im_z:‘\rl € —Eg — 1L, + il
gr—t p
+ N, m —, !
£, GMZZZIE—EE—E-’TE—H?H‘F'@FE f ){ )
o fdeTepfrle) + Terfrle) o 5
Neo = T e +Ten ImGale) )
Yy — de g p 1 (€) +F£,HfH|ZE:|I}ngEf{E]_ (6)

i FE,L —+ ]._lf__R

[7]D. M. T. Kuo and Y. C. Chang, Phys. Rev. Lett. 99,086803(2007)
[8]Y. C. Chang and D. M. T Kuo, Phys. Rev. B 77,245412 (2008)



1-4:Linear response

Homogenous QD size, dilute QD density
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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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1-5:Interdot Coulomb Interactions
High QD density Side view -
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1-6: ZT detuned by E,

Noninteraction case High QD density
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2-1: Pauli-spin blockade
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2-2. Temperature effect (PSB)
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2-3:PSB (three levels)
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3-1: Thermal retification (DQDs)
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3-2:Interdot Coulomb interactions (TR)
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3-3: Electron hoopina (TR)
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3-3:Tunneling rates (TR
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3-4:TR (TQDs)
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3-5:Thermal rectification at 3k
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4-1: LDCT effect (TODSs)
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4-2:Experiment of TTQDs

[R14]M. Seo et al , Phys. Rev. Lett. 110,046803 (2013).
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4-3:DOD (stronag coupling)
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4-3-1:Spectra of DQD

perature. The twelve peak positions of G. ﬂre identi-
fled by 61 = FEy —tpp. 60 = Eg —trp + ”-l_[”{ —
2V (U —ULp)? + 16t7 , €3 = Eg+Upp—tpp.es = Eg+
tLR, €5 = Fo+tip+ ”+EL”1 1\/ Ug—Up ,r:;} + li]f‘i R
g = Lo+ ULg t b, €1 = Ey + Ug + Upg — trp,
eg = Fp—tLp + “-I_ﬂ”i + 2\/ Uy — ULr)? -I-II]f, R
eg = Eo +Up +2U .fa—fr R €10 = Bo+Up+Upp +1iLp,
e = By + typ + Lot30m 4 LT Up ) + 168
and €10 = Eg+ Uy + Tb“; +1; p. These poles do not in-
volve any occupation numbers and correlation functions,
This is a manifest result of integer charge picture.* The
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4-4:Q1 of TTQDs
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4-5:Spin frustration (TTQDs)
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4-6:Charge stability diagram

Differential Conductance (="2/h)
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4.7.Ql effect on tunneling current
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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)



