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II. RESULTS 

In 2002 our group obtained the first experimental realization of the plasmon amplification of the 
photoluminescence of quantum dots with the help of metallic nanoparticles [2]. Several processes are 
realized near a metal nanoparticle surface: some promote photoluminescence enhancement (an increase in 
the intensity of the electromagnetic field at the plasmon resonance frequency, an increase in the radiative 
decay rates due to Purcell effect), while others contribute to quenching (an increase of the nonradiative 
decay rates due to of energy and electron transfer from luminophore to the metal). For possible 
electroluminescence enhancement metal nanoparticles can affect only on emission. The resulting 
luminescence enhancement or quenching will depend on the contribution of each process. Рlasmon-
enhanced fluorescence is a complex process depending on multiple parameters including sizes and 
morphologies of the metal nanostructures, distance between metal and luminophore, position of luminophore 
absorption and emission toward plasmon resonance (for photoluminescence). In all cases (enhancement or 
quenching of luminescence) decreasing of excited state lifetime (τ) can lead to diminish the role of the Auger 
process and to photostability enhancement [3] and modulation rate enhancement for LEDs. 

The next plasmonic advantage is possible anisotropy of optical response. Possible polarization of 
luminescence using anisotropic plasmonic nanoparticles is important for improve the backlight sources in 
LCD devices [4] as well as the enhancement of the directionality of light emission allows to reduce light 
dissipations and to maximize light output [5]. These results can be explained by anisotropy of luminophore 
excitation and emission near nonsperical plasmonic nanoparticles [6]. 

III. CONCLUSIONS 

There are successful evidences of plasmonic nanoparticle utility for QLEDs efficiency for both photo- and 
electroluminescence. The potentially promising plasmonic ehnancement of LED performance consists in: 
photo- and electroluminescence intensity enhancement; decay rate enhancement, modulation rate 
enhancement; luminophore photostability enhancement; improving light directionalities and light polarization 
of LEDs. 
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I. INTRODUCTION 

Zinc oxide ZnO is a semiconductor with a direct band gap of 3.37 eV at room temperature, which makes ZnO 
a promising material for use in many areas, such as photocatalytic water and air purification, photocatalytic 
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water splitting, optoelectronics, gas sensors, gas sensors [1]. Zinc oxide also has a number of advantages 
over other materials used in photocatalysis: low cost, non-toxicity, low reflectance in the solar spectrum, the 
ability to create low-dimensional structures using chemical etching (amphotericity), resistance to high-energy 
radiation, flexible changing of electrophysical and optical properties by doping it with various impurities and 
controlling the conditions for its production [2]. The implementation of p-type ZnO is difficult because pure 
ZnO with a wurtzite structure naturally occurs in the form of an n-type semiconductor. It is caused by oxygen 
vacancies, excess zinc, and the presence of hydrogen atoms, [3]. 

On the other hand, much attention is paid to the creation and study of silicon / zinc oxide heterostructures 
containing ZnO nanoparticles. This is important for the production of composite materials with a developed 
surface for photovoltaics. 

II. MODEL 

The Si/nanosized ZnO heterostructure was simulated using the Comsol Multiphysics software package. A 
two-dimensional diffusion-drift model of the heterostructure with the solution of the Maxwell system of 
equations was used. Properties of silicon [4] and zinc oxide [5], respectively, are: band gap 1.12 eV and 3.37 
eV; electron affinity 4.05 eV and 4.3 eV; the lifetime of charge carriers is 10 μs and 0.79 ns; electron mobility 
1450 cm

2
/(V∙s) and 200 cm

2
/(V∙s); hole mobility 500 cm

2
/(V∙s) and 50 cm

2
/(V∙s); impurity concentration 10

17
 

cm
-3

 and 10
16

 cm
-3

. The real and imaginary parts of the refractive index for silicon and zinc oxide were set in 
a table [6, 7]. The heterostructure is a zinc oxide nanoparticle with a size of 500x500 nm in a silicon 
substrate. 

III. RESULTS AND DISCUSSION 

The height of the barrier for electrons from the silicon side in the n-Si/n-ZnO heterostructure is 0.133 eV, 
after passing which they enter the region in zinc oxide enriched with electrons, thereby creating an excess 
negative charge at the the oxide nanoparticle zinc boundary (width ≈70 nm). The barrier for holes in the zinc 
oxide is 0.092 eV. In the n-Si/p-ZnO heterostructure, the barrier for electrons in silicon is 0.104 eV, and for 
holes in zinc oxide it is 0.567 eV. For the p-Si/p-ZnO heterostructure, these values are 0.028 eV and 0.57 
eV, respectively. There are no such barriers in the p-Si/n-ZnO heterostructure which allows electrons 
generated in silicon and holes generated in zinc oxide to flow freely into another semiconductor. 

Generation of charge carriers in ZnO occurs at wavelength <375 nm, in silicon at all wavelengths and it has 
a peak at ~950 nm. The generation is also observed in silicon under a ZnO particle at a rate of about (1-
3)∙10

15
 cm

-3
 s

-1
 at wavelengths 375-1150 nm. 

a)  b)  

Figure 1. Electric charge density (a) and electric potential (b) on the surface of heterostructures 

Due to the redistribution of charge carriers during irradiation an excess electric charge is formed on the 
surface of the heterostructures, it’s bulk density ρ for a radiation wavelength of 500 nm is shown in Fig. 1a. 
The electric potential Vsurf arising on the surface of the structures is shown in Figure 1b. 

IV. CONCLUSIONS 

Simulation of the charge properties and currents in zinc oxide nanoparticle in silicon heterostructures for 
cases of n- and p-types of conductivity demonstrated differences in the electric charge and potential on the 
surface of heterostructures without significant differences depending on the wavelength of incident radiation. 

It is shown that the silicon / p-type zinc oxide nanoparticle heterostructure provides a negative potential and 
a negative surface charge on the surface of a zinc oxide nanoparticle regardless of the wavelength of solar 
radiation. 
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It opens up additional possibilities for the photocatalytic use of zinc oxide in a wider emission spectrum than 
its own absorption spectrum. 

Achieving stable p-type conductivity of zinc oxide opens up many possibilities for creating optoelectric 
devices based on materials with a large conduction band. This will require better control over the natural n-
type conductivity of zinc oxide which can compensate acceptor impurities. 
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I. INTRODUCTION 

Semiconductor nanocrystals have attracted great interest of researchers and industries over the last few 
decades due to their fascinating electronic and optical properties caused by the strong carrier confinement. 
Narrow-band emission, high quantum efficiency and photostability make them promising objects for 
optoelectronic (lasers, colloidal LEDs, solar cells etc.) and biomedical (e.g. imaging) applications [1]. Despite 
the huge progress in the synthesis of semiconductor nanocrystals with nearly unit quantum efficiency in 
organic phase, aqueous nanocrystals still suffer from several problems. For instance, ligand exchange 
reactions, which used for the transfer of nanocrysrals from organic to aqueous solutions, lead to a dramatic 
fall in quantum efficiency [2]. Plasmonic nanoparticles, which are the optical analogues of antennas and able 
to amplify optical signals from emitter in their vicinity, are often proposed to improve optical properties of 
semiconductor nanocrystals. Among many plasmonic structures, gold nanorods (GNRs) are especially 
promising due to their anisotropic shape and adjustable plasmonic properties [3].  

In this work, we experimentally and theoretically investigated conditions of the emission enhancement of 
semiconductor nanocrystals (on the example of CdSe-based quantum dots, QDs) by GNRs [4]. 

II. RESULTS 

GNRs with the longitudinal localized surface plasmon resonance (LSPR) at 615 nm were synthesized via 
seed-mediated growth method [5]. To manipulate the plasmonic antenna efficiency and investigate the 
influence of distance between GNR and QDs, GNRs were coated with 0, 2, 4 and 6 polyelectrolytes (PE) 
layers (Fig. 1(a-b)) that corresponded to app. 3 (due to the surfactant bilayer on the GNR surface), 5, 7, and 
9 nm separation. 

We chose two types of QDs with emission maxima at 595 and 620 nm, which fell on the shortwave and 
longwave slopes of the longitudinal LSPR, correspondingly (Fig.1c). The fluorescence enhancement 
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