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Abstract— A theoretical simulation is used to estimate the
impact of oscillator strength on Silicon nanocrystals
(SINCs) using Matlab program. The Photoluminescence
intensity oscillator dependence as well as Oscillator
strength as a function of energy band gap and photon
energy is studied. The results obtained, shows that
oscillator strength of SiNCs behavior is in compliance with
the quantum confinement effects which in succession
determine the optical properties of SiNCs, and also shows
that the oscillator strength in Nano-Crystallites varies with
the amount of confinement and also with the surrounding
environment due to change in dielectric constant. The
models used in this work can be applied to other
nanocrystals semiconductor materials

Keywords — Nanocrystals, Matlab, Oscillator strength,
Silicon, bandgap.

. INTRODUCTION

Silicon is one of the most abundant elements of the
earth crust after oxygen. The whole semiconductor industry is
based on silicon because of its chemical and physical
properties. Towards the end of the 20th century it became
clear that properties of silicon change in the nanoscale in a
way that these changes enable coupling visible light photons
with electrons of silicon. Thus Nano sized silicon based
systems promise to the semiconductor industry the chance of
low cost fabrication of interesting devices such as tunable
lasers, light emitting diodes, non-volatile memories. [1]

Being the most widely spread semiconductor has led
to its overcoming dominance in modern microelectronic
devices. However, building optoelectronic devices is
impossible with bulk silicon due to its indirect band gap.
SINCs band gap increases with decrease in size and
photoluminescence (PL) with an obtained external efficiency
in excess of about 12% [1]. which can be attributed to the
radiative recombination of electrons and holes in the quantum
confined nanostructure [2]

Quantum confinement effects play an important role
in optical absorption and luminescence semiconductor [3]. In
addition to quantum confinement increases the oscillator
strength in a semiconductor nanostructure compared to the
bulk state, making materials like silicon viable for
optoelectronics [4]. To compare the transition strength
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between different types of quantum mechanical systems the
oscillator strength is a useful method. The oscillator strength is
a dimensionless quantity that expresses the probability of
absorption or emission of electromagnetic radiation in
transition between energy levels of an atom or molecule [4, 5]
The oscillator strength can be thought of as the ratio between
the quantum mechanical transition rate and the classical
absorption/emission rate of a single electron oscillator with the
same frequency as the transition [6]. Cosputtering, ion
implantation, chemical vapor deposition (CVD), molecular
epitaxy and laser ablation methods have been used to fabricate
SiNCs. [7, 8, 9, 10]

The main objective of this work is to study. The
theoretical models used to find the influence of oscillator
strength on optical behavior of silicon nanocrystals using
Matlab simulation.

Il. METHOD

The theoretical simulation considered in this work allows one
to observe the effect of oscillator strength on silicon
nanocrystals from measured quantities such as the photon
energy, the energy band gap and the photoluminescence
intensity. A model of photoluminescence intensity as a
function of quantum confinement, oscillator strength is
investigated in the silicon nanocrystals (SiNCs).

The quantum confinement increases the oscillator strength and
is based on the electronic confinement in the nanostructure.
The size dependence of the optical band gap of nanostructure
is given by

e B
Egi"!l:i’!l:' = Egﬂu{. + E o {1:]

Where £ and ¥ are the quantum confinement parameters,
EFene, EFY and d(nm) are the band energy of silicon
nanocrystals, bulk silicon band gap energy at room
temperature and diameter (size) of the silicon nanocrystal
respectively.

The values of the energy gap and diameter were then extracted
from the experimental work of Hong et al (2011) presented in
Fig 1 below using GetData graph Digitizer software and
substituting in equation (1) above to get the quantum
confinement parameters.
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Figure 1: Energy gap versus Diameter. Hong et al[9]

The concept of oscillator strength is understood by studying
the matrix elements this also provides insight into electronics
transition rules. Considering electromagnetic field of
sufficiently short wavelength, this initiates electronic
transitions from valence band to conduction band.

E=A, é.explillk,r —wt)} — — —(2)

Where A, =Amplitude, & = electronic polarization, k, =
wave vector of the light travelling in r-direction.

The number of optically induced transitions at the same k
between band u and v is proportional to the square of
momentum matrix elements given by

e. M, (k) ={p,léple,) — ——(3)

The matrix elements can be approximated from Kane-estimate
using

o.M, |* = (%): P ———(4)

Where, P is the momentum matrix parameter. Kane estimated
that
B2 (mf’ — m]
My

Where, &, —spin orhit splitting energy, m; —effective mass of
electron in the conduction band, E; —band gap, m, — electron
rest mass.

The matrix element will be

B —b,
3E, +24, ¢

P..

3
T2

——(3)
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|g'* _u|:| =

EE_ (mﬁ, —m;] E, -4,
2 mym; /3B + 24,
This relates the band gap with the matrix element.

The oscillator, the complement number of
oscillations of the changeover between the valence and
conduction bands is related to the matrix element of the
momentum matrix ., by

L
fee = o (7)
Where B, = léM,,|

This implies that

el
Mg hid

fee - ——(8)

The factor 1;"3 in equation (8) is due to the averaging with
a 2 . Iml?

12 = g, | = I, 12 = ==

Insert equation (6) into (8) and using mzz = 0.4m, we obtain

2 3m, E +A4,
= (m, —mY) S — — (8
feo = S hes 2 (g m-jzgg + 24, @)
3 E +4,
fer E, ———(10)

 2mghayg, 3E; + 24,
This derived expression can then be estimated using Matlab
program [6, 9]
From equation (10) depend on quantum band gap and photon
energy. The general expression for photoluminescence
intensity for nanostructures used is given as

. 2

P Ly

-l

21

=
K

I(AE) = P E

exp

The result of the fitted band gap against size(nm) is presented
I Fig 2 which was obtained from fitting with the experimental
work of Hong Yu et al [2,3,9]. Which is represented by the
encircled points while the blue line represents the full line
graph with the quantum parameters of 5 =3.04eV and ¥=1.26

EXPERIMENT AND RESULT

— — = (11)
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Fig 2: BandGap energy as a function of size

From the obtained quantum parameters equation, one becomes

3.04

dl.EEu

Er;mza — Er;u!k 4 —— (12]

Using equations (12) and (10) the plot of the oscillator
strength versus effective size ranging from (0.5 — 14nm) for
silicon nanocrystals at a given photon energy (2.2eV) with
spin orbit splitting of (&4,= 0.0443, electron mass of
(my = 0.72) is shown | fig 3.
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Fig3: Oscillator strength as a function of size
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The plot of oscillatory strength as a function as a function
photon energy range of 0.2 — 4.0eV for silicon nanocrystals of
band energy 1.52eV is shown in Fig 4.
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Fig 4. Oscillator strength as a function of photon energy

It is found that the oscillator strength decreases for increasing
nanoparticle size and photon energy for silicon nanoparticles.
So, the oscillator strength of silicon nanocrystals is shown to
depend strongly on the size of the nanocrystals. A simulation
by Anley [9] to study the oscillator strength shown in fig 5 and
Fig 6 and our result is in agreement.



International Journal of Engineering Applied Sciences and Technology, 2020
Vol. 5, Issue 8, ISSN No. 2455-2143, Pages 49-53
Published Online December 2020 in IJEAST (http://www.ijeast.com)

4 30E01
) —Furg Sample
S ¢ Oyoen Passihated
0 - \' --=== Hydrogen Passivate
JTEAT 1
J5E01 M

JAE A

Oscillator Strenath

JENT A

230E1

2TIE-N1 — ‘ e
R T A T (A A ]
Nanaparticle Diametzr (nm)

Fig5: Oscillator strength ﬁlinst size Anley, 2009[9].
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Fig 6: Oscillator strength against Photon energy of silicon
nanocrystals. Anley, 2009 [9].
The model was used to simulate the Photoluminescence
intensity against photon energy using MATLAB, fig 7 shows
the result of the plot obtained which is line with the
experimental work of [11]
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IV. CONCLUSION

In this work our aim is to study the influence of oscillator
strength on silicon nanocrystals this was done by using a
model and deriving the oscillator strength formula and
integrating it with the quantum confinements. The results
exhibit that by controlling a set of parameters extracted by
fitting this developed model with experimental finding, it is
possible to interpret the observed spectral features. The
variation of oscillator strength as a function of silicon
nanocrystals is presented and has shown great influence on the
silicon nanocrystals which increases the relative transition
strength as the band gap reduces to smaller size. It is shown
how mean diameter and band gap energy of affects the
oscillator strength. The importance of localized surface states
in predicting the oscillator strength data from SiNCs using the
developed model is demonstrated. We conclude that the
oscillator strength of silicon nanocrystals strongly depends on
the size of the nanocrystals i.e. on the quantum confinement
but also on the surface passivation. Our results are in
qualitative agreement with other observations as well as with
experimental results.
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