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Abstract—Computational analysis on the emission properties of 
ZnO nano wires (NWs) and coreshell quantum dots (QDs) have 
been made by considering the effects of scattering mechanism of 
the incident field and the total electric field from the surface of 
varied substrates. Simulation results indicate that the substrate 
(GaAs) having the highest emission intensity showed maximum 
light scattering from its surface while ITO that has the least 
emission intensity results in minimum rate of energy that is 
transferred per unit area. The simulation results proved that 
emission intensities spectrum is dependent on the type of 
substrate being used as well as the scattering of light from the 
surface of substrates and is independent on the type of material 
being deposited as well as the total electric field from the surface 
of substrate. 
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I.  INTRODUCTION 
 

Coreshell type quantum dots have received much attention 
due to their ability to improve the photoluminescence quantum 
yields by passivating surface nonradiative recombination sites 
[1]. By capping the nanocrystalline materials (CdSe) with a 
wider band gap shell (ZnS) not only increases the luminescence 
efficiencies but also helps in increasing the photostablility of 
core shell QDs due to its broad absorption and narrow emission 
spectra. In addition to this, they have a photoluminescence (PL) 
spectra that is tunable by the QD core diameter that results in 
exciton confinement within the QD core [2]. These quantum dots 
(QDs), nanowires (NWs) and nanostructures due to their 
unique optical properties have been extensively studied by the 
research community these days.  

In particular, zincoxide (ZnO) nanowires have received 
great interest among 1D-nanostructures, such as 
semiconducting nanowires [3], carbon nanotubes [4] , and 
nanobelts [5] due to their multifunctionality and being a well 
known piezoelectric material [6]. ZnO being a II-VI compound 
semiconductor with a wide direct band gap (3.37 eV) and large 
exciton binding energy (60 meV) is a promising candidate for 
optoelectronic devices. ZnO NWs have shown many 

applications in the areas of biosensors, optoelectronics, 
resonators, nanolasers and electric nanogenerators [7-11].  

In spite of all the applications of core shell quantum dots 
and ZnO nano wires, little research has been done on the 
effects of substrates on the optical properties of these devices. 
Substrates play an important role in determining the properties 
of optoelectronic devices. Photoluminescence emission 
intensities vary significantly for materials deposited on 
transparent or non-transparent substrates. The detailed analysis 
on the photoluminescence (PL) emission spectra of CdSe/ZnS 
coreshell quantum dots (QD) and as grown ZnO nanowires 
(NWs) has been discussed in one of our previous studies [12]. 
In this work, we have developed a computational model by 
taking into account the Poynting vector that represents the 
directional energy flux density based on the effects of scattered 
field and total electric field from the surface of different 
transparent and non-transparent substrates by considering the 
light scattering mechanism as a function of distance from the 
substrate surface after depositing ZnO nanowires and coreshell 
quantum dots.  

II. NUMERICAL MODEL 
Light scattering is a powerful tool for measuring the 

material characterization as it carries information about the 
microstructure of the material. However this information is 
very tedious to extract as it involves parameters to determine 
the reflectance of a layer of light scattering materials as a 
function of the optical constants of the material. A careful 
investigation is needed in order to determine the dependence of 
the substrate on the surface, types of deposited materials as 
well as on the design of the stack. 

 
In this work, scattering of light from normal and parallel 

plane waves is considered by determining the directional 
energy flux density. In order to represent the directional energy 
flux density of an electromagnetic field from the surface of 
substrate, Poynting vector S is used which is represented as  

S = E * H 



Where E being the electric field and H represents the 
magnetic field. This Poynting vector S is related to the 
poynting vector theorem which relates the conservation of 
energy density u and states as  

. .u s J E
t

∂ + ∇ = −
∂

 

 

Where J represents the current density, and E the electric 
field. The electromagnetic energy density u is represented as 

  

u = ½ (E*D + B * H) 

 

where D being the electric displacement field  and B 
represents the magnetic flux density.  

These factors took into account the net electromagnetic 
energy flow into a small volume as well as the work done by 
free electrical currents that are not necessarily converted into 
electromagnetic energy. This computational analysis was 
carried to see the influence of scatterings as well as reflections 
of the incident field and the total field from the surface of 
substrates.  

Simulation was carried out by considering the square 
shaped substrate obstacle that is in exposure to the incident 
plane wave of frequency 325nm. The same excitation 
wavelength was used for our experimental work to excite the 
four different substrates as silicon (Si), gallium arsenide 
(GaAs), glass and indium tin oxide (ITO) coated glass. The 
scattering wave can be thought of as reflections from all angels 
from the surface of substrate while reflection coefficient of a 
normal polarized and a parallel polarized plane waves can be 
expressed as followings 
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The reflection coefficient is dependent on the material of 
the substrate, the incident angle iθ  [13] and reflections from 
the normal and parallel polarized plane waves. The scattering 
of light from substrate surfaces and absorption coefficients of 
the material determine the amount of radiations absorbed, 
emitted, and scattered. As indicated in fig.1, the distance 
traveled before the light is absorbed or is scattered is dependent 
on the inverse of the scattering and absorption coefficients. 

 

III. RESULTS AND DISCUSSIONS 
 

The energy flux density of the scattered field and the total 
field of different substrates against the z position from the 
surface of substrate are shown in fig. 1 and fig. 2. Simulation 
results agreed with our numerical model that indicates an 
inverse relation of the scattered field with the increased 
distance from obstacle.  The variations in intensities for the 
scattered light has been verified with the experimental results 
of a previous study as shown in fig.3 which indicates that the 
emission intensity for the non transparent GaAs substrate has 
the highest PL intensity while it is least for the transparent 
objects like ITO coated glass. The results as indicated in fig. 1 
shows that the energy flux density of the scattered field from 
the surface of GaAs has the maximum Poynting field value and 
glass the least that matches our numerical and experimental 
data. 

 

The experimental data was obtained from the samples 
having ZnO nanowires grown on the surface of same substrates 
that are used for our numerical model. These experiments have 
been done at room temperature using both transparent and non 
transparent coated and uncoated substrates. ZnO nanowires 
have been grown by VLS growth method. The details of the 
experimental work has been explained in another study of our 
[12]. The results indicates that the PL intensity of the grown 
rods on GaAs substrate shows the highest PL intensity order 
while the ITO coated glass showing the lowest PL intensity 
which matches our simulation results indicating that the PL 
intensity order is dependent on the scattering field from the 
surface of substrate. For more investigation into the problem, 
the experiment was repeated by replacing the as grown ZnO 
NWs with the coreshell quantum dots. The results indicate the 
same intensity order with different emission wavelength for the 
coreshell dots (not shown here). 

 
Fig. 1 Energy flux density of the scattered field versus z-position distance 

from the surface of substrate 
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Fig. 2. Energy flux density of total field versus position from the surface of 

substrates. 
 

 
Fig. 3. Photoluminescence spectra of ZnO nanowires on different substrates 

(graph labeled from top to bottom order) 
 

In order to find the relation of the energy flux density of the 
total field versus the position from the surface of substrates, 
simulation was carried out to plot the poynting vector values of 
the total electric field against the z position from substrate as 
shown in fig. 2.The results indicate a contrast to our results for 
the scattered field and the experimental data. Thus the 
comparisons of simulation results shown in fig. 1 and fig. 2 
demonstrate that the intensity of scattered field at the surface 
indicate the PL intensity order rather than the total field. 

 

The data indicates that our simulation results for the 
scattered field are in agreement with the experimental data 
showing the dependency of emission spectra on the scattered 
field from the surface of the substrate. This argument can be 
extended for the case of metals as well as in the case of ITO-
coated glass substrate we have used. It is well known the 
metals bring the material absorption loss into the cavity [14], so 
the absorption of light for the case of ITO-coated glass 
substrate will be maximum resulting in minimum emission 
intensity as proved from experimental data. Hence, the PL 
intensity of those quantum dot and ZnO NWs deposited on the 
ITO-coated glass is even lower than glass substrate.  

 

IV. C ONCLUSIONS 
 

In summary, the effects of scattered field and the total field 
from the surface of different substrates on the PL intensity of 
ZnO NWs and CdSe/ZnS coreshell quantum dots have been 
studied. The numerical modeling and the simulation results 
indicate that the substrates having the maximum scattered field 
have the strongest emission intensity which is in agreement 
with the experimental data obtained. Also it is concluded that 
the PL intensity is not a function of the total electric field from 
the surface of substrate and the type of material being 
deposited.  
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