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In the present work, some electronic and nonlinear optical properties are studied in a CdO/ZnO 
core/shell quantum dot nanostructure taking into account the spatial confinement effect. The binding 
energy of an electron-hole pair is computed using Smorodinsky-Winternitz potential and the second 
harmonic generation is studied with the function of photon energy. The potential used in the 
Hamiltonian is different on both the sides of the barrier involving a two parametrical potential. The 
exciton binding energy is obtained employing variational method within a single band effective mass 
approximation and the nonlinear optical properties are probed using density matrix approach within a 
two level system. The larger exciton binding energies of these materials bring out the stability of 
electron-hole pair at room temperature.  The results show that these properties are enhanced in the 
strong geometrical confinement region. The resonant peaks in the second harmonic generation are 
strongly influenced by the geometrical confinement, confined potential, matrix elements and the 
structural parameters. Thus, the obtained results on nonlinear optical properties of wide band gap 
semiconducting material will be helpful for the response to the industrial demand for optoelectronic 
devices operating the entire spectral region in the visible spectrum. 
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1. Introduction 

Inorganic nanocrystals with certain geometries exhibit unique shape 
dependent phenomena and subsequent Group II-VI oxide materials are 
given attention because of their exotic physical and chemical properties 
when their dimensions are reduced and they have been attracted much 
due to the novel potential applications in fabricating electronic and opto-
electronic devices covering the entire visible spectrum. Wide band gap 
oxide semiconductors are considered to be very promising candidates for 
semiconductor applications. It is because they have larger free exciton 
energy and direct band gaps. The excitonic emission continues even at 
room temperature and above it.  These materials possess larger band gaps 
with higher binding energies and they can serve as light emitting diodes, 
laser diodes, photo-transistors, high transmittance conductive oxide 
coatings for solar cells, optically pumped nano-lasers, gas nanosensors 
and field-effect transistors [1-3]. CdO and ZnO are the promising 
candidates in group II-VI materials showing unique nonlinear 
optoelectronic elements in controlling optical signals in devices. Tailoring 
the band gap with size dependent optical properties, within the nano-
regime, will be useful for fabricating efficient optical devices [4-6]. 
Nanocrystalline ZnO/CdO composites have been prepared and the optical 
properties have been investigated earlier [7, 8].  

In the present work, the electronic and optical properties of a wide band 
gap II-VI oxide core/shell quantum dot heterostructure are investigated. 
The spatial confinement and the incident photon energy are taken into 
consideration. The exciton binding energies and second harmonic 
generation are obtained with a new confinement potential. The variational 
formulism and the density matrix method have been applied to obtain 
those properties.  

 

 

 

2. Theoretical Formulism 

The taken system consists of an inner core surrounded by an outer core 
material. The core material is taken as CdO and the outer shell material is 
taken as ZnO which is the higher energy band gap than the inner material.  
Within the single band effective mass approximation, the Schrödinger 
equation, of an exciton, is obtained as 
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where  *

em  is the electron effective mass and  *

hm  is the hole effective mass. 

0  is the dielectric constant of the inner core material, V(r) is the confined 

potential of the system,  l is the angular momentum quantum number, and 
E is the energy eigen value. The Smorodinsky-Winternitz potential is taken 
as the confined potential of the system. Here, height of the potential is 
different on both the sides of the barrier and it involves a two parameters 
with the following form [9] 
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where   and   describe the materials taken in the present model. The 

lowest binding energies of the exciton and thereby the exciton binding 
energies are obtained. Using the following trial wave function, the 
Hamiltonian is minimized and the respective energies are found with the 
variation of dot size.  
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with )(rRnl
 and 

lmY  are the radial and the spherical harmonic wave 

functions respectively. Thus, the variational parameter is employed to 
obtain the exciton ground state energy by minimizing Eq.(1) 
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The exciton binding energy of the system, using variational formulism, 
is given as  
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with Ee and Eh are  the energy eigenvalues of the single electron and hole 
without the interaction term between them. 

min
)(H is calculated by  

minimizing the (Eq.(1)) in respect of the variational parameters. 
Generally, it is known that the optical response of the material behaves 
nonlinearly when it is exposed by the intense radiation of light. The 
induced light wave on the semiconductor is described by the response of 
the electrical polarization which is a linear function of the applied electric 
field and it is obtained as   
 

EP  )1(        (6) 

 

where 
)1(  is the linear susceptibility. The nonlinear effect, with the high 

intense light, takes the form as given by  
 

    ...3)3(2)2()1( EEEP           (7) 
 

where )2(  and )3(  are  the first order and second order susceptibilities 

respectively. Within a three level system, the nonlinear optical properties 
are investigated with the incident photon energy.   The second order 
nonlinear susceptibilities at double frequency in a three level system is 
given by [10] 
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where N is the density of carriers in the quantum dot 

jiij EEE  and 

02010  are the relaxation rates. 

 

3. Results and Discussion 

Numerical calculations are presented in order to investigate the 
electronic and optical properties of an electron-hole pair in the group II-VI 
core/shell quantum dot using a different kindly potential namely, 
Smorodinsky-Winternitzt. The spatial confinement and the incident 
photon energy are varied so as to obtain those properties. The atomic units 
are used throughout the calculations in which Planck constant is assumed, 
the electronic charge and the electron mass m0 are assumed as unity.  The 
second harmonic generation with the incident photon energy in a 
CdO/ZnO core/shell quantum dot is presented in Fig. 1. The inner radius 
of the core/shell quantum dot is taken as 40 Å. It is observed that the 
variation of maximum peak of plotted second harmonic generation shows 
two peaks one at ω = ω10 and another one at ω = ω20/2, explaining the 
energy spacing between energy levels and of course, it is effectively 
affected by the structural parameters of the system involved. The 

magnitude of the second order susceptibility is observed to be higher 
energies for longer relaxation time. The resonant peaks in the second 
harmonic generation are strongly influenced by the geometrical 
confinement, confined potential, matrix elements and the structural 
parameters. 

 

0.8 1.0 1.2 1.4 1.6 1.8 2.0

0

2

4

6

8

10











m

/V
)

Pump photon energy (eV)
 

Fig. 1 Variation of second harmonic generation as a function of photon energy in      
CdO/ZnO core/shell quantum dot 

 

4. Conclusion 

In conclusion, the electronic and optical properties of a group II-VI oxide 
core/shell quantum dot heterostructure have been studied. The exciton 
binding energy and the second harmonic generation have been obtained.  
The excitons play an important role in nonlinear optical properties of 
group II-VI oxide wide band gap semiconducting materials even at room 
temperature and they are useful for the potential applications in 
ultraviolet-blue optoelectronic nano-devices. 
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