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Here, we report the effect of dot size on exciton energies confined in a
spherical Gallium Arsenide (GaAs) quantum dot and found that exciton
energy is purely dependent on the dot size. The results showed that, by
increasing the dot size, both the ground state energy and the first excited
state energy decrease, and, at a given dot radius, the first excited state
exciton energy is found to increase by 5 orders of magnitude more than
the ground state exciton energy. In addition, we calculated and plotted
the dependence of probability density on the exciton dot size in a GaAs
quantum dot, and the results reveal that the probability of the exciton in
the ground state is zero, whereas it is maximal in the first excited state.
The present work significantly explains the exciton energies in a GaAs
quantum dot, and their dependences on size of the semiconducting quan-
tum dot that will find a number of applications in the modelling of future
nanosize electronic devices.

TyT MU IOBiZOMJISEMO IIPO BIJIUB PO3Mipy TOUKU Ha eHepril eKCUTOHiB, IO
MicTaTbea v chepuuHiit Touri apceniny ramiro (GaAs), BUABUBIINMU, IO €He-
pria eKcmTOHA iCTOTHO 3aJIeKUTH Big pos3mipy Touku. PesynbraTu morasa-
Ju, 110, 31 301JIBIIIEHHAM PO3Mipy TOUKHU SK €Heprid OCHOBHOTO CTaHy, Tak i
eHepriA mepIoro 30yAKeHOTO0 CTaHYy 3MEHINYIOTHCS, i 3a 3aZaHOTO pamiroca
TOUKU BUABJIAETHCA, 110 €HEPrisi eKCUTOHA MIEePIIoro 30yAKeHOoro craHy 306i-
JBIIYEThCA Ha D MOPAAKIB BeJIWUYMHM IIOHAJ €HEPTiI0 eKCUTOHA OCHOBHOTO
crany. Kpim Toro, Hamu 0yJi0 po3paxXOBaHO Ta IMOOYIOBAHO 3aJIE’KHICTH I'yc-
TUHU HMOBIPHOCTH BiJ PO3Mipy eKCHTOHHOI TOUKM y KBaHTOBi# TouIi GaAs,
a pe3yJabTaTu MNOKa3yI0Thb, IO HNMOBIPHICThP €KCHTOHA B OCHOBHOMY CTaHi
IOPiBHIOE HYJIO0, TOAI AK BOHA € MaKCHMAaJLHOIO B IEPIIOMY 30yAKeHOMY
crani. [lana pobora iCTOTHO MOACHIOE eHeprii eKCUTOHIB y KBAHTOBiNl TOUIli
GaAs Ta ix 3aJe)XHOCTi Bij po3sMipy HamiBIPOBiJHMKOBOI KBAHTOBOI TOUKM,
110 3HalJe HUBKY IPUKJIAJHNX 3aCTOCYBaHb IIPKM MOAEJIIOBaHHI MaiOyTHiX
HAHOPO3MipHUX €JeKTPOHHUX ITPUCTPOIB.
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3mech MBI COO0OIllaeM O BAMSHAY pasMepa TOUKH Ha DHEPruM SKCHUTOHOB,
KOTOphIe comepskaTcAd B chepuyuecKoii Touke apceunmpa raanua (GaAs), o6-
HaApYJKUB, UTO SHEPIUA eKCUTOHA CYII[eCTBEHHLIM 00pasoM 3aBUCUT OT pPas-
Mepa ToOuKu. PesysbTaThl MMOKasajaud, YTO C YBEJHWUYEHHEM pasMepa TOUKHU
KaK 9HEePrus OCHOBHOTO COCTOSHUS, TAK W SHEPrus IIePBOTO BO30OYKIEHHOTO
COCTOSIHUSA YMEHBIIIAIOTCS, W IIPU 3aJaHHOM paauyce TOUKU OKasbIBaeTcHd,
YTO SHEPrusi eKCUTOHA IIePBOr0 BO30YKIEHHOTO COCTOSAHUS YBEJIUUUBAETCS
Ha 5 TOPAIKOB BEJWUYMWHBI CBBIIIE 9HEPTUU €KCUTOHA OCHOBHOI'O COCTOSHWUSI.
Kpowme Toro, Hamu Obljia PACCUMTAHA U MOCTPOEHA 3aBUCUMOCTH IIJIOTHOCTH
BEPOATHOCTH OT pasdMepa 9KCUTOHHON TOYKM B KBaHTOBO# Touke GaAs, a
pes3yJabTaThl IIOKA3LIBAIOT, UTO BEPOSATHOCTH 9KCHUTOHA B OCHOBHOM COCTOS-
HUUW DaBHsETCA HYJI0, TOrJa KaK OHA SIBJIAETCS MaKCHMAJIbHON B IIEPBOM
BO30YKIAEHHOM cocTosHmHU. [lanHada paboTa CYIIIeCTBEHHBIM 00pasoM 00BsC-
HAET SHEPruU SKCHUTOHOB B KBAaHTOBOM Touke GaAs M UX 3aBUCHUMOCTH OT
pasMepa IIOJYIPOBOAHUKOBOM KBAHTOBON TOUKM, UTO HAUAET PAA MPUKJIAI-
HBIX I[IPUMEHEHWH IIPpM MOLEJIMPOBAHMU OYAYIMX HAHOPA3ZMEPHBIX JJIEK-
TPOHHBIX YCTPOICTB.
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1. INTRODUCTION

Synthesis of semiconductor quantum dots invites for theoretical ap-
proach, which can predict the effect of dot size on exciton electron-
ic structure. Generation of bound electron—hole pairs called excitons
in semiconductor quantum dots (QDs) are important factors and
have significant role in determining the optical and electronic prop-
erties of QD system. Semiconductor QDs play an important role in
optoelectronic and nanodevices because of their indirect band gap
nature [1]. Excitons confined in QDs have remarkable properties
which allow many applications in the fabrication of electronic
nanodevices such as quantum dot lasers, single electron transistors
etc. [2]. In past several years, authors were successful in explaining
the quantum confinement of excitons in QDs, for example, Gan et
al. [3] and Takagahara et al. [4] reported the exciton energy states
in QDs, Brus et al. [5] used variational approach and calculated
size-dependent exciton energy states, whereas Nair et al. [6] calcu-
lated the lowest exciton energy in semiconductor microcrystals, tak-
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ing into consideration the size of the quantum dot. However, to the
best of our knowledge, effect of dot size on exciton energies in
GaAs QDs is not reported until date, and this article is aimed in
that direction.

Here, in the present work, the exciton quantum state energies
have been theoretically calculated for GaAs QD within the frame-
work of effective mass approximation. Effects of GaAs QD size on
the ground state and first excited state for exciton is examined.
The results revealed that decrease in the exciton energy states is
more profound up to a dot radius of approximately 100 nm, and,
for larger GaAs quantum dots (> 100 nm), the exciton energy re-
mains almost constant. Furthermore, the exciton probability density
in the first excited state and ground state energy is inversely pro-
portional to each other. The obtained results are consistent with the
previously reported results in the literature.

The paper is organized as follows: Section 2 discusses the theoret-
ical formulations and Section 3 presents the results and discussions.
The conclusion remarks are presented in Section 4.

2. THEORETICAL FORMULATIONS

To calculate the exciton quantum state energies in GaAs quantum
dot, we confine an exciton in a spherical GaAs quantum dot of ra-
dius R. The potential chosen for a particle is infinite potential well

written as
0, r <R,
= 1
olr) {oo, r > R. L)

The above potential is a central potential, so, the wave function
may be written as follows:

o(r, 6, 9) = f(1Y,,,(6,9) , (2)

where Y, (0,¢) are spherical harmonics, and f(r) is the radial wave
function.
The radial part of the Schrédinger equation is given by

32 g2 2
h*dp2>+ l(l+1*)h _E|p=0.
2m’ dr 2m

(3)

* *

Here in the above expression, m" = —~"— is the reduced mass of
m, +m
e h

the electron—hole pair (exciton), and p(r) = rf(r).
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The solutions to the Eq. (3) are the spherical Bessel functions,
given by

p(r) = Ard (kr). 4)

The spherical Bessel function J(kr) has different functional forms
for different values of [. Thereby, for each value of I, we get a se-
ries of values of E. The energy Eigen values of exciton confined in
a spherical GaAs quantum dot and the radial wave function corre-
sponding to [ =0 are obtained as follow:

T, (kr) = %ﬁm : (5)
p(r) = Ard (kr). (6)

3. RESULTS AND DISCUSSIONS

Figure 1 shows the variation of exciton ground state and first ex-
cited state energy in GaAs spherical QD as a function of dot radius.
It is note worth from Fig. 1 that the exciton energy decreases as
the dot radius increases. This is due to increase in the exciton local-
ization area and increase of overlap integral of electron and hole
wave functions, which is consistent with the result reported in Ref.
[7]. Moreover, from Figure 1, it is clear that the first excited state
exciton energy is approximately by 5 orders of magnitude more
than the ground state energy.
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Fig. 1. Variation of exciton energy with the GaAs QD radius for (a)
ground state or (b) first excited state (4 = A).
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Fig. 2: Variation of probability of exciton with the GaAs QD radius for (a)
ground state or (b) first excited state (4 = A).

4. CONCLUSIONS

In this paper, we theoretically studied the effect of dot size on
ground state and first excited state of an exciton confined in a
GaAs spherical quantum dot. The results show that the exciton en-
ergy decreases as the dot radius increases. At a given dot size, the
first exciton energy is found to increase 5 orders of magnitude
more than the ground state exciton energy. Moreover, the exciton
probability at a dot radius of 10 A in both the first excited state
energy and the ground state energy is zero, whereas it is maximal
at a dot radius of 5 A in the case of first excited state (Fig. 2).
These results are important from both the basic points of view and
the applied one and will find various applications in nanoelectron-
ics.
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