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Abstract: - Thin island metal movies inserted in the p-n 

semiconductor intersection of a photovoltaic structure empower 

altogether change their effectiveness. A sort of metal 

characterizes this change. In this work we display our 

consequences of test trials of creation photovoltaic 

heterostructures ITO/C-Si with thin metal movies installed into 

the semiconductor intersection. We connected such metals as 

gold and silver which can show up the restricted surface plasmon 

reverberation impacts, when the islet measurements are a few 

nanometers. We found that the gold nanoparticle fundamentally 

enhances the photovoltaic change productivity when the silver 

nanoparticles keep the photocurrent age. Created photograph 

control in the specimens with implanted gold island films was 

more to around 10 times than without this interlayer. All metal 

island movies and ITO producer films were readied utilizing low-

weight triode dc sputtering framework.  
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1 INTRODUCTION 
 

The proficiency of photovoltaic (PV) converters is constrained 

because of high electrical and optical misfortunes [1]. A 

standout amongst the most deciding elements of optical 

misfortunes is the iridescence or radiative recombination 

which additionally confines the conceivable productivity [2]. 

The truth of the matter is, each retained photon can energize 

just a single combine of charged particles, an electron and an 

opening. Accordingly, with a specific end goal to altogether 

build the proficiency of sunlight based cells, it is important to 

expand the quantity of charged particles that are produced by 

assimilation of a photon. An approach to build various 

electrons energized by light is utilization of metal 

nanoparticles skilled to frame a confined surface plasmon 

reverberation [3] or SPR. It is realized that the photon 

consumed by a gold molecule energizes a group of charged 

transporters, electrons and openings, because of polarization 

of the molecule [4]. Subsequently, the SPR can be considered 

as a wellspring of extra electrons got by retention of "hot" or 

high-vitality photons.  

Inside a p-n intersection of the diode photovoltaic structure 

there is a high-quality inherent electric field. The gold nano-

particles imbedded into the silicon p-n intersection will be 

under impact of this electric field. For example, the gold has a 

work more noteworthy than the work capacity of the silicon, 

each of gold nano-particles frames a Schottky contact with the 

n-sort silicon and an Ohmic contact with the p-sort silicon. In 

this manner, every single gold molecule installed into the p-n 

intersection shape an arrangement of forward-one-sided nano-

diodes Schottky which are in the infusion mode. Under 

sunlight based illumination these nano-diodes ought to infuse 

extra electrons, energized in the gold nano-particles, in the 

conductive band of the silicon and extra free gaps in the 

valence band of the silicon [5].  

One of ways to deal with assembles less expensive and more 

proficient PV structures is to utilize the heterostructures rather 

than p-n intersections worked from a similar material. By 

along these lines, one can kill from the innovative chain such 

procedures as particle implantation or dispersion. Hence, in 

the PV structures in light of use of p-sort silicon wafers, a n-

sort silicon producer, arranged by particle implantation, 

dispersion or nuclear layer epitaxy, might be changed on the 

another semiconductor layer with characterized electron focus. 

Ordinary cases for such structures are n-ZnS/p-Si and n-

ZnS:Al/p-Si heterojunction [6], or ITO/A-SI:H/SI 

heterostructure [7]. Here, the ITO (In2O3-SnO2) layer was 

utilized as a producer on the PV heterostructure.  

The objective of this work is to explore probability to enhance 

a productivity of the PV structure utilizing dainty island metal 

film. Here, we show the consequences of our exploratory 

trials.  

2 EXPERIMENTAL DETAILS 

Metal island thin movies and ITO producer coatings were kept 

by a triode sputtering technique in the low-weight plasma 

release [8]. The ITO sputtering target was made of indium 

oxide and tin oxide in the proportion In2O3:SnO2 = 90:10. 

Aluminum cathodes were set up by vacuum dissipation 

technique. The photovoltaic structures were set up on the 

(100) surface of the single-crystalline p-sort silicon substrates 

with resistivity of ~5-9 Ω⋅cm. The glass slides were connected 

as witness substrates to quantify and think about the optical 

properties of developed thin movies. Every testimony of metal 

and ITO thin movies was given on both silicon and glass 

substrates. Figure 1 speaks to a side perspective of the 

developed thin film structure. We utilized gold and silver 

island thin movies to create the plasmon reverberation under 

light illumination. 
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Fig. 1 Experimental PV structure. 

 

External view of the prepared samples is shown in figure 2. 

The sample represents a multilayer system grown on the 

single-crystalline substrate of p-type. The front surface of the 

substrate is coated in series by gold island interlayer with 

approximate thickness of 2 nm and transparent conductive 

In2O3-SnO2 (ITO) thin film with rough thickness of 200 nm. 

A sheet resistance of Au, Ag, and ITO films was measured 

using a standard 4-point method. Optical characterization of 

all films was done at wavelength of 200-1100 nm using the 

UV-2800 UV/VIS spectrophotometer of UNICO. The surface 

structure was studied using the SPM DI300 in AFM contact 

mode and the computerized metallurgical microscope “Nicon-

Optiphot 100" with optical magnification of up to ×1600. 

 
Fig. 2 External view of the PV sample. 

 

In order to compare the influence of metal islands imbedded 

into the semiconductor junction of solar cell on their 

parameters, we prepared a series of the same pairs of samples. 

In the pair, one of the samples was prepared with gold or 

silver island film, and the second one was built without a 

metal film. All the rest of parameters of the samples remained 

the same. To obtain the I-V and P-V characteristics of our PV-

structures, they were measured at the same conditions at 

constant temperature of 200C under illumination of an 

incandescent lamp (its radiation spectrum significantly biased 

in the IR range) on the distance of 10 cm providing maximum 

light intensity of ~1800 Lx that relates to approximately 15 

W/m2.  

3 RESULTS AND DISCUSSION 

 

Figure 3 represents the transmittance spectra measured on thin 

gold and silver island films. Also, the spectrum of pure glass 

substrate presented here. 

 
Fig. 3 Transmittance spectra of island metal thin films. 

 

As shown, both gold and silver films deposited during short 

time represent the large absorption peaks situated through 

visible part of spectrum. These peaks characterize arising the 

plasmon behaviour of electrons in the thin metal islands. The 

thicker films deposited by this method not show such 

absorption peak since the localized plasmon-polaritons 

disappear in the coalescing films [9]. 

Deepness, largeness and location of absorption peaks fully 

defined by the material of metal, and shape and dimensions of 

islands. Our thin metal films were non-continuous and they 

were consisted of disks with diameter of 12-14 nm and height 

of 2-3 nm. Their sheet resistance is sufficient high. These 

films were embedded into the p-n junction formed by ITO thin 

film deposited on the silicon surface. Figure 4 represents the 

AFM 3D topography of thin island gold film with thickness of 

2-3 nm. This film consists of islands regularly distributed on 

the substrate surface and contains approximately 30 islands on 

the area of 100×100 nm2. Silver island films look the same. 

 
Fig. 4 AFM image of the gold film of 2 nm thick on the glass substrate. 
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Figure 5 represents the transmittance characteristics of ITO 

thin films of different thickness on glass. 

 
Fig. 5 Transmittance characteristics of ITO thin films of different thickness. 

 

All these films present interferential behaviour. We applied 

the films with the sheet resistance of 36 kΩ/sq for preparation 

the emitters in the photovoltaic structures. All these films have 

good transmittance in the visual spectrum.  The I-V 

characteristics were measured using a variable load resistor. 

The load resistance was varied in the interval from 1 Ω up to 

900 Ω. Figure 6 and 7 present I-V characteristics measured for 

samples with two different structures: (a) Al/ITO/Si/Al and (b) 

Al/ITO/Au/Si/Al. The P-V characteristics were calculated on 

the base of measured I-V characteristics.  

As shown in figures 6 and 7, the generated power in the 

structure with embedded gold interlayer is in 10 times more 

than in the structure without it. In the samples with gold 

interlayer, the metal islands form different types of contact 

with emitter and base of the P/N structure. 

 

Fig. 6 I-V and PV characteristics of the Al/ITO/Si/Al photovoltaic structure. 

 
Fig. 7 I-V and PV characteristics of the Al/ITO/Au/Si/Al photovoltaic 

structure. 

 

As known, the type of contact depends on the type of 

semiconductor, P or N, and the difference between the work 

functions between contacting materials [10]. The work 

function of the gold is higher than the work function of the 

ITO. Therefore, the gold islands create Schottky contacts with 

the emitter and Ohmic contacts with the base of the diode P/N 

structure. At the same time, a natural high-strength electrical 

field is built-in in this P/N junction and our Schottky nano-

diodes are undergo high electrical field. On the other hand, a 

light irradiation of the grown thin-film gold islands generates 

localized SPR inside the gold particles in the visible range of 

light. Under the built-in electrical field, the directly biased 

nano-diodes Schottky emit their excited additional electrons in 

the conducting band and the holes in the valence band of the 

P/N structure. This way, we obtain a significant increase in the 

short-circuit current and open circuit voltage of the device.  

We tried illustrating this increasing by using the schematic 

energy band diagram. To create this diagram, we parameters 

of applied materials shown in the table 1. Here are the 

reference data and our measured and calculated results. 

 

Figure 8 represents the schematic energy diagram built using electrical and 

optical properties of deposited gold and ITO thin films. Calculation of a built-

in potential, V0Si, on the junction Si-Au and V0ITO on the junction Au-
In2O3 were provided by the same way as it was done by E.M. Nasir [6]. 
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Fig. 8 A schematic energy diagram for the experimental PV cell. 

 

This diagram illustrates the behaviour of p-n heterojunction 

with embedded gold island film under illumination. As it was 

mentioned above, the metal (gold) particle with a work 

function greater than the work function of the emitter ITO 

layer of n-type and greater than that of p-type base crystalline 

Si is embedded inside the depletion region with width w. This 

width is a sum of depletion regions in the ITO-Au contact and 

in the Au-Si contact: w = wSi + wITO. Therefore, it forms a 

Schottky contact with the emitter ITO layer and an Ohmic 

contact with the base (p-type silicon). This particle is 

subjected to a strong electric field E = Vb/w produced by the 

built-in potential, Vb, in the depletion region. Thus, all the 

gold particles form a set of forward-biased nano-diodes 

Schottky.  

Under solar light irradiation, hv, we seeing two mechanisms of 

absorption: first one is a usual absorption of the photon in the 

active part of the solar cell producing one pair electron-hole, 

second mechanism is an absorption by the gold particle 

producing localized SPR in gold particles. Excited electrons 

from the metal particles-islets are injected into the conducting 

band of the semiconductor due to the resonance energy 

exceeding the Schottky barrier. These additional electrons will 

be collected by emitter electrode of the PV cell, thus increase 

the load current. So, each photon absorbed by the gold particle 

produces a group of charged carriers due to polarization of the 

gold and injects them into the conductive (electrons) and 

valence (holes) bands of the ITO and silicon. Therefore, we 

obtain the amplification effect or the photon amplifier 

generating additional charged carriers utilized in the grown 

structure. Parallel connection of a plurality of nano-diodes 

Schottky to the silicon p-n junction leads to increase in the 

voltage generated by the system Using the additional charged 

carriers generated within the gold particles and injected into 

the semiconductor environment, we can increase the useful 

electricity.  

It is of interest to compare influence of different metals on the 

PV cell efficiency. 

 

Fig. 9 Comparison of the short-circuit current in different PV structures. 

 

Figure 9 presents measured short-circuit currents for different 

PV structures. Here, we compare three different structures: the 

system with embedded silver island film, the system without 

an interlayer, and the system with the gold interlayer. Insert in 

figure 3 illustrates a principal measuring scheme. Firstly, we 

measured a short-circuit current and an open-circuit voltage 

generated by grown PV-systems under the same illumination. 

After that, we measured I-V characteristics by change of 

loading resistance. As shown in figure 9, the silver layer 

prevents to the spread of the generated charged carriers and 

promotes their rapid recombination. We explain this effect by 

the formation of Ohmic contact between the silver particles 

and ITO emitter. 

  

4 CONCLUSION 

In this paper, we tentatively researched the impact of sort of 

interlayer island metal movies installed into the P/N 

intersection on the properties of PV structures. It was 

demonstrated that non-consistent thin movies kept utilizing 

sputtering in the triode framework understanding the plane 

plasma release of low weight show up the surface plasmon 

reverberation conduct under brightening at light of 

unmistakable range. The kind of metal movies characterizes a 

photovoltaic structure conduct. The gold island film arranged 

by the triode sputtering and installed into the P/N intersection 

of the photovoltaic structure has seemed huge increment in the 

PV cell productivity. 
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