Accepted Manuscript

! @ LOW-DIMENSIONAL SYSTEMS
st & NANOSTRUCTURES

Simultaneous effects of electric field, shallow donor impurity and geometric shape on
the electronic states in ellipsoidal ZnS/CdSe core-shell quantum dots

M. Cristea
PII: S1386-9477(18)30555-1
DOI: 10.1016/j.physe.2018.06.019

Reference: PHYSE 13190

To appearin:  Physica E: Low-dimensional Systems and Nanostructures

Received Date: 14 April 2018
Revised Date: 4 June 2018
Accepted Date: 18 June 2018

Please cite this article as: M. Cristea, Simultaneous effects of electric field, shallow donor impurity and
geometric shape on the electronic states in ellipsoidal ZnS/CdSe core-shell quantum dots, Physica E:
Low-dimensional Systems and Nanostructures (2018), doi: 10.1016/j.physe.2018.06.019.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.physe.2018.06.019

Simultaneous effects of electric field, shallow dar impurity and geometric shape on the
electronic states in ellipsoidal ZnS/CdSe core-she@uantum dots

M. Cristea
Department of Physics, “Politehnica” University Bficharest, 313 Splaiul Independein Bucharest, RO-060042, Romania
*corresponding author: mihail.cristea@physics.pub.r

Abstract. Within the effective mass approximation the Sdimger equation is solved by the
finite element method for ellipsoidal ZnS/CdSe eshell quantum dot. The effects induced by
the external electric field, by the impurity positiand by the geometric shape on the electronic
properties of prolate and oblate spheroids cord-"ystems are analyzed. The binding
energies, the electron shell localization probtbdi and the additional polarizability
introduced by the shallow donor impurity are ob¢girand are investigated for various shapes
of spheroid core/shell quantum dots.
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1. Introduction

The development of modern crystal growth techniques allowed the manufacture of
small-scale systems such as quantum well, quantathwires and quantum dots (QDs). In
such systems, the structure of the energy levetensenient modified through the quantum
confinement effect. Various semiconductor deviceth wutstanding performance based on
such nanostructures have been created like as:dighting diodes [1], solar and photovoltaic
cells [2-4], quantum protocol for cryptography [Single-photon sources [6], memory storage
and quantum computers [7-9].

By combinations of II-1V, 1I-V or IV-VI group semmnductors, very interesting
nanostructures were manufacturadd were investigated from the point of view of the
effects induced by impurities, electric and magnetifields or by the dielectric mismatch of
the covering layer [10 - 14].

Cadmium selenide (CdSe) nanodot is a Il-VI semicaital structure which, due its
optical properties, is the most attractive nantakiBy changing the CdSe dot size the light
emission is tuned covering almost whole visiblectuen.

Chemical synthesis methods have allowed coatingoaw@h one or more layers of
another material [15,16] obtaining therefore thecalbed "core-shell quantum dots" (CSQDs)
in which the fluorescence quantum yield and stgbias increased [17] by supplementary
confinement of the exciton (electron-hole) in thB Qore [18, 19]. Generally, the CSQDs are
characterized by a core material with narrow baap. &A slight red shift, usually around 10
nm, of the fluorescence due to some leakage oexogon from the core into the shell is
characteristic for a such structures. These strestave been extensively studied and are used
in important applications like as: cancer diagn¢@@§, nanotags in biological imaging labeling
[21, 22] or sensing [23].

There are also other structures, so-called "indectwe-shell quantum dots" (ICSQDs),
in which the shell material has a narrow band g@de 25], partially delocalizing charge
carriers from the shell to the core. Inverted cslnell quantum dots are used when control is
wanted over the red shifting of the fluorescencecspm, as the shift can be controlled by
changing the coating thickness.
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