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1. KorepeHTHi B/1aCTUBOCTi €KCUTOHA OAMHUYHOI KBAHTOBOI TOYKH, ITOMIIIeHOi Y GOTOiON
2. Coherent properties of a single quantum dot exciton embedded in a photodiode
Pedepar:

1. lucepTariito npuCBSYEHO AOCHIIPKEHHIO KOTEPEHTHUX BJIacTUBOCTEN onuHUYHOI InGaAs /GaAs

HaniBnpoBinHKUKOBOi KT Ta MO>IMBOCTI peasnisauii Ha ii 6a3i KBAaHTOBO BEHTUJISl. BUTOTOBIIEHO NpUiany 3

MOXUJIMBOCTSIMU ONITUYHOTO pe30HaHCHOro 30yaxkeHHs KT Ta BuMipioBaHHs KiHleBoro crany KT esekTpuyHuM

msixoM. CrioctepeskeHo Pabi ocumsisiii 3acesieHoCTi cTaHy HEUTPaJbHOIO €KCUTOHA, i TAKUM YMHOM I1€PEBIPEHO

MOJUBICTb onucy KT, K KBaHTOBOI ABOPiBHEBOI cuCTeMU. Y BUMipIOBaHHIX GPOTOCTPYyMY 3a(iKCOBAaHO KBAaHTOBO-

poamipHuii edekr lllTapka Ta edpekr KBaHTOBOI iHTepdepeHnuii. [JocmiIkeHo BIINB CIIEeKTPaIbHOi Gpopmu

JIa3€PHOrO iMITYJIbCY Ha €BOJIIOL{I0 KBAHTOBOI'O CTaHY €KCUTOHA HaIliBIIPOBiIHMKOBOI camoopraHizoBaHoi KTy

dorogioni. BukopucroByoun 30ypKEHHS JBOMA MOCAiOBHUMHU ONITUYHUMM IMITyJIbCAMU JOCIIIIPKEHO MEXaHi3M

BiZJHOBJIEHHSI TIOTJIMHAHHS CTaHy €KCUTOHA. Y [T0€JHAHHI i3 BUMIDIOBaHHSMU KBAaHTOBOI iHTepdepeHii e n1ano

3MOTY PO3[IINTH BKJIAJU YaCy XXUTTS Ta BTPATU a3y CUCTEMHU Y YaC KOT€PEHTHOCTI.



2. The dissertation is dedicated to the study of the coherent properties of a two-level system based on the ground
state neutral exciton of a single InGaAs self-assembled quantum dot (QD) embedded in an n-i-Schottky diode and
the possibility of realization of a quantum gate on its basis. An instrument with the capabilities of optical resonant
excitation of QDs and measurement of the final quantum state of QDs electrically has been fabricated. Rabi
oscillations of the neutral exciton population has been observed (for pulse-areas of up to 6m) and thus tested the
possibility of describing a QD as a quantum two-level system. Quantum-confinement Stark effect and quantum
interference effect were recorded in photocurrent measurements. Strong nonlinear absorption in the excitation
profile of a single InGaAs QD exciton driven by a rectangular spectrum optical pulse, in a region of detuning where
the linear response is weak has been observed. Here the exciton is resonant with the temporal side-lobes of the
pulse, which drive a damped Rabi oscillation. Good agreement is found between experiment and a two-level atom
model. In the nonlinear regime the excitation profile exhibits features from both the rectangular spectrum and the
two peaks present in the spectrum of the autocorrelation of the pulse. Using excitation by two consecutive optical
pulses the mechanism of exciton absorption recovery in a QD was investigated. In combination with the
measurements of quantum interference, this made it possible to divide the contributions of the lifetime and the
loss of the phase of the system into the time of coherence. The coherence decay of a single-exciton-based qubit
with electrical readout is investigated. Pairs of laser pulses initialize the qubit state and then map the target basis
onto the measurement basis, probing the decay of either the population inversion or electronic polarization
components of the state vector. A comparison of coherence and population decay confirms that the exciton
coherence is lifetime limited by fast voltage-tunable electron tunneling. Optimum coherence times are limited by a
heavy-hole tunneling rate slow compared with the repetition rate of the laser.
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