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I.
Полупроводниковые квантовые точки:

оптически-управляемые центры 
обработки классических/квантовых

состояний э.м. поля. 



semiconductor quantum dots: discovery, 
triumph 

and new challenge  

 Ekimov A. I., Onushchenko A. A., 
JETP Lett. 34, p.345, 1981;

 Ekimov A. I; USSR State Prize in
Science and Engineering, 1975 

 Ekimov A. I; R.W. Wood prize 
of the OSA, 2006

 QLED TV, 
Samsung Electronics, 2011

 Future Global Wireless THz/infrared 
Communications:

 D. Bimberg, VCSELs for 200+ Gbit/s data
transmission

 S. Komiyama, THz and infrared
photon detectors

NASA



QD. controllable properties of an artificial atom

Interband transition frequency

Dipole moment of transition

Intraband transition frequency

Dipole moment of transition

Bessel Function of the First Kind 

spherical harmonics



properties optimization of QD-like particles

 Entangled states generation 
A. V. Prokhorov, et. al, Phys. Rev. B

97, 085431, 2018

 PL of core/n-shell QD 
Linkov P. et. al, JETP Lett., 

109, p.108, 2019
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Software

 calculation of QD electronic properties

Valence Force Field (VFF) from tiberCAD 
(IT)

 QD Optical transitions, 
Quantum Dot Lab v. 1.x, Purdue 

University (UK) 

PROCOM from CrossLight (CA)

 MOCVD simulation
NEMO 3-D (UK)

 Full QD analysis
 QD deign

DP QD from 
dp Plasmonic (RU)

http://plazm.expertpro.online/main

http://test_plazm.expertpro.online/main/

http://test_plazm.expertpro.online/main/
http://test_plazm.expertpro.online/main/


II.
Фотонные/плазмонные схемы: управление 

распространением локализованных 
состояний э.м. поля. 



M. Lukin’s group (Harvard University ) M. Lončar’s group (Harvard University )

optical waveguides



plasmonic waveguides

 CPP-NV coupling
Esteban Bermudez-Urena et. al, 
Nature communications, 6:7883, 2015

 ARROW waveguides
C. Reinhardt et. al, J. Opt. Soc. Am. B, 30, 

2898, 2013

 Copper Plasmonic Waveguides  Valentyn S. Volkov et. al, Nano Lett., 16, 362, 2015



graphene: perspective material for plasmonic waveguides

Kubo formula for total conductivity of graphene

Intraband (dominant under                 )  Interband (dominant under                   )  

dielectric permittivity effective index

GP wavelength

Vakil, A. et. al, Science 332 
(6035):1291, 2011 

Wang, B., et. al, Phys. Rev. Lett. 109
(7):073901, 2012

propagation length



graphene waveguides
dispersion relation

weak coupling for strong coupling for 

two roots – two regimes

anti-symmetric mode symmetric mode 
Md. Masud Rana, et. al, ICEEICT, Bangladesh,2015

Curved waveguides 

Lu, W.B., et al., Optics express,21(9): p. 10475, 2013



FDTD for full-wave electromagnetic simulation of SPP in graphene

single layer double-layer sheet

2.56 2.022 2.483 18.8 0.7 6 136 18.8 2641 0.7

8.04 2.022 7.8 224.2 3.8 71 59.3 135.5 74 3.7

graphene characterization results by our Software for IR range 

calibration of algorithm

From Md. Masud Rana

by our Software 

GR

http://test_plazm.expertpro.online/main/

http://test_plazm.expertpro.online/main/


III.
Функциональные элементы на основе 
локализованных состояний э.м. поля и 

квантоворазмерных хромофоров



Chromophore +graphene

A Platform for Strong Light-Matter
Interactions, 
F. Javier García de Abajo et. al, Nano Lett., 11, 
3370, (2011)

PL of QD near graphene,
Ajayi O. A., et. al, Appl. Phys. Lett. 
95, 141103 (2009)

The basis for strong SPP-QD coupling

Liu, P., et al., Optics express, 21(26): 
p. 32432, 2013

Novoselov K.S., et. al, Nature photonics, 
6, p. 749, 2012 



GR waveguide integrated with stub-nanoresonator
GR

SPP parameters

waveguide

GR waveguide integrated with stub-nanoresonator loaded
with CS QD

Ladder-type scheme of interaction in the stub with CS QD

InAs/ZnS core-shell QD

Pump SPP

Main effect



simulation

A. V. Prokhorov, et. al, arXiv:1812.04487 [cond-mat.mes-hall] 



A. V. Prokhorov, et. al, arXiv:1812.04487 [cond-mat.mes-hall] 

clock frequency

~0.1 THz

tuning/bitrate



CINEMA

fabrication



IV.
Наноразмерные квантовые гейты на основе 

гибридных систем. 



Biexciton states as a base for photons entanglement
QD energy levels diagram

J. D. Plumhof et. al, Nanoscale Research 
Letters 2012, 7:336

: classical cascade

: time-bin entanglement





Biexciton states as a base for two-qubits gates

stimulation initialization

QD energy levels diagram

Left patch

Right patch



quantum dynamics
QD energy levels diagram

the Hamiltonian



in

two-qubit gate
QD energy levels diagram

the Hamiltonian



quantum dynamics
QD energy levels diagram



in

QD energy levels diagramtwo-qubit gate

the state of two-qubit register

quantum state transformation table ,



Opto-plasmonic circuits

Sergey I. Bozhevolnyi (Denmark)

Plasmonic nm-process

Markus Lippitz, Bayreuth, Germany 

Valentin Flauraud, Ecole Polytechnique 
Fédérale de Lausanne, Switzerland
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