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ABSTRACT 
-, 1x106-(Q.D) Luminescent Solar Concentrator (LSC) plates have been prepared from different concentrations (5x10 Quantum  dot

) nano particals 2) mol/L of Rhodamine 6G organic dye and different particles size(10,25 and 50 nm) of (TiO4-, 5x104-, 1x105-, 5x105

 which is doped in epoxy resin polymer as a host. A modules  of Si-solar cell with dimensions of 10cm x 4cm which was covered by 
of  , η%, and FF   max,  Imax,V max, P Sc, I ocwas used as  Si module cell. The V 0.025cmLSC sheet of the same dimensions with thickness 

quantum dot (Q.D) LSC were measured for many samples with different dye concentrations for solid samples, different grain size,  
different wights, and different thickness for matrix samples. It was found that the conversion efficiency depend on grain size and 
the thickness of the LSC. The results show that the best conversion efficiency improvement for a modules Si-solar cell covered with 

d with of grain size equal 50 nm) was  Δη=28.8 %  (compare 2mol/L concentration and TiO5-Q.D LSC (consists of R6G dye with 1*10
the same module without LSC). This LSC exhibits a potential to improve the Si solar cell performance efficiency, since a wide 
absorption  and  emission  spectra  will  be  used.  The  effect  of epoxy film thickness was  studied also and the results indicate that 

 (film thickness=0.25 mm) was the optimum thickness which enhanced the Q.D solar cell. 
 

 .2Luminescent solar concentrators, quantum dots, solar conversion efficiency,TiO KEYWORDS: 
 

INTRODUCTION 

 

The price of using solar energy is greatly influenced by the price of the device used to convert solar 

radiation into electricity – the photovoltaic (PV) cell. These equipments typically consist of a semiconductor p-n 

junction, where solar radiation produce an electron-hole pair that is then separated by a built-in electric field 

from the depletion zone andimported to the outer load. Since the time of their first utilize for energy generation 

in 1954 [1], the advances in design and manufacturing operation have reduced the expenses involved. However, 

even today, the price of generating solar energy remains major than that of non-renewable power sources. 

One way to reduce the price of solar energy is to use imaging devices, such as lenses or mirrors, to 

concentrate solar power onto a small area PV cell [2-13]. This method, called concentrated photovoltaics (CPV), 

has the advantage of decreacing the cost by reducing the amount of PV required, but due to the nature of the 

optics used it demands solar tracking and due to verifications of the PV cell’s efficiency, can cause overheating 

that leads to a drop in performance. An alternate method of concentrating solar energy is a luminescent solar 

concentrator (LSC). Originally introduced in the late 1970's [14-19], an LSC consists of a planar sheet of 

transparent material, such as glass or plastic, doped with some luminescent species, as seen in figure (1). 
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Fig. 1: Schematic representation of an LSC: a transparent medium doped with luminescent species 

(in this case, QDs) attached to a PV cell. 

     

In an LSC, luminescent species absorb the solar radiation which then re-emit the light at a longer 

wavelength. Due to the isotropic emission of these kinds (in most cases), 75% of the emitted light (for a 

transparent matrix with index of refraction ~ 1.5 [17]) is trapped by total internal reflection. The down-

converted light is then guided over the concentrator to reach a PV cell linked to the edges of the LSC. To make 

the mean-free path of the emitted photon lengthy, the luminescent species are selected in such a way that their 

absorption and emission spectra overlap assmall as possible so that the emitted light is minimal likely to get re-

absorbed. 

The operation of re-absorption by luminescent species is called self-absorption (SA) [18], and is one of the 

main limiting operators for creating large LSCs – N self absorption events results in a loss of 0.25*QY*N 

photons, where quantum yield (QY) is know as the ratio between the number of photons emitted by prilliant 

species to the number of photons absorbed.As of right now, there are no commercially ferile LSCs. Top of the 

line dye-based concentrators still suffer from long term regression of performance under sunlight, whereas 

concentrators based on other luminescent species have an efficiency of about half when contrasted to what has 

been achieved with dyes [19]. The work on LSCs is therefore concentrated on steady dyes or on seeking ways to 

bring up the efficiency of non-dye concentrators. The main goal of the final branch is to find species with wide 

absorption spectra that emit light at near silicon band-gap ,with assmall overlap between the emission and the 

absorption spectra as contiangent to limit (self absorption) [20-22]. One type of the species that has been 

suggested are semiconductor nano-particles exhibiting quantum confinement properties – Quantum Dots (QDs) 

[23,24]. LSC affects on the solar cell characteristics like: 

(i) Open circuit voltage (Voc)[25]: 

Voc =
nKTabs

q
ln (

Isc

Io
+ 1)              (1) 

 

(ii) Short circuit current (Isc): 

I = −Isc + Io (e
qvt

nKTabs)              (2) 

 

Where: 

Vt is the terminal voltage, K is Boltzmann's constant, Tabs is the absolute temperature q is the elementary 

charge, and n is the ideality factor. 

(iii) Fill factor (FF); 

FF =  
Im×Vm

ISC×VOC
               (4) 

 

Where Vm, Im represent maximum voltage and current at maximum output.  

 

(iv) Conversion power efficiency η: 

Which represents the percentage of power converted (from absorbed light to electrical energy) and collected 

when a solar cell is connected to an electrical circuit. This term is calculated using the ratio of maximum power 

(pm) divided by the input light irradiance (Pin) under standard test condition in (W/m2) and the effective area of 

the solar cell (A) in cm2 

 

𝜂 =
𝑃𝑚

𝑃𝑚.𝑎
×100% =

𝐼𝑚𝑉𝑚

𝑃𝑖𝑛.𝑎
×100%              (5) 
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(Δη%) it’s equal the different between conversion energy efficiency by using (LSC)plate (η%LSC ) and 

bare solar cell (η%bare) divided by the (η% bare). 

 

∆η=
(η%)LSC−(η%)bare

(η)bare
×100%        (5) 

 

Experimental Work: 

The used Rhodamine 6G dye has a molecular formula C28H31N2O3Cl, molar mass 479.02 g/mole and 

where this dye is characterized by high absorbing in the visible region and this is what   solar cell requirement. 

The melting of this dye in a solvent of chloroform, which is characterized by the following specifications 

Molecular Formula: CHCl3, Molecular Weight: 119.4 g/mole,Density:1.483 g/cm3, Melting point: 63.5 °C, 210 

K, - 82 °F, Boiling point: 61.2 °C, 334 K, 142 °F, Refractive index (nD): 1.4459 [26], with different 

concentrations. And matrixes Epoxy was prepared (10x4x0.025) cm which is available and cheap and good 

solvent in R6G dye and quick drying in room temperature without  the aid of any material which refractive 

index (1.25), then choose the optimum  concentration (1x10-5mol/L) gaves highest conversion efficiency (η) of 

solar cell and then adding nano particals (TiO2) of various grain sizes  and different weights and put the 

resulting matrixes over the surface of the solar cell to choose the optimum film achieves a better efficiency of 

the cell. 

The absorption spectrum was measured by a UV-visible spectrophotometer-T60 PG instruments Limited. 

Fluorescence spectrum was measured by a (Spectrofluorometer SL174) by the processor (Elico). 

 

The current- voltage for Si solar cell (10cm x 4 cm Carmanh Technology Inc.) and the influence of LSC by 

using solar module Analyzer (60V, 6A) , PROVA 200 Co. 

 

RESULTS AND DISCUSSION 

 

In this work conversion efficiency of Si solar cell for LSC plates at different concentration has been 

measured for R6G doped  epoxy in as shown in table (1). From these results show that pure epoxy on Si solar 

cell as concentrator decrease conversion efficiency (η%) owing to transparency of epoxy. The higher efficiency 

occur at LSC thickness dyed epoxy equal to 0.25 mm and concentration (1x10-5 mol/L). 

 
Table 1: Characteristics properties si solar cell with LSC consist of R6G dye doped epoxy 

Concentration 
(mol/l) 

Voc 

Volt 
Isc 

mA 
Pmax 

mW 
Vmax 

Volt 
Imax 

mA 
η % FF 

Si-module blank 5.55 2.8 14.57 5.207 2.8 3.64 0.93 

Si-module covered with pure 

EPOXY 
5.67 2.4 12.36 5.15 2.4 3.09 0.90 

Si-module covered with LSC 

of 5*10-6 R6G concentration 
5.62 2.9 15.15 5.22 2.9 3.78 0.92 

Si-module covered with LSC 
of 1*10-5 R6G concentration 5.67 3 15.54 5.18 3 3.88 0.91 

Si-module covered with LSC 

of 5*10-5 R6G concentration 5.66 3 15.34 5.29 2.9 3.83 0.90 

Si-module covered with LSC 
of 1*10-4 R6G concentration 5.60 2.9 15.26 5.26 2.9 3.81 0.93 

Si-module covered with LSC 

of 5*10-4 R6G concentration 5.56 3 15.21 5.24 2.9 3.80 0.91 

 

The Voc, Isc , Pmax ,Vmax,  Imax , η %, and FF were measured by using solar module Analyzer  and calculated 

using equation (1,2,3 and 4 ) for si solar cell covered by different LSCs. 

The present work has been illustrated the effect of adding nano partical TiO2 in Rhodamine LSC film  on 

the solar cell performance. The experiments was carried out with several TiO2 weights (0.1,0.2and 0.3 wt) for 

each grain size ( 10 , 25 and 50 nm ) and (at constant power intensity and solar cell area) for all case. 

 

1-Effect of nanoparticale concentration: 

When increase the weight of nanoparticale in the LSC film, the maximum value of the current and voltages 

of the solar cell will decrease and thus will lead to a decrease in the conversion efficiency (η) of solar cell , if are 

not taking into consideration the grain size for all case. That is clear from the table (2) which indicate that 

η=(3.977%) when nano concentration (0.1 wt) where it continues to decrease until it reaches η=(3.735%) at 

weight (0.3 wt). this happened because the increasing weight of the nanoparticles means less transparent film to 

absorb the largest possible number of photons, this applies to the table (3) and (4) and this is illustrated in 

figures (2,3 and 4). 
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2- Effect of nanoparticale grain size:  

In addition to the weight of nanoparticale, the grain size has an important operate on I-V characteristics of 

solar cell this is illustrated by tables (2 to 4) and figures (5,6 and 7). It was also noted that the conversion 

efficiency (η) at the largest grain size (50nm) was  greater than the smalest grain sizes (25nm) and (10 nm), that 

deu to approximate grain size of a nanoparticale (50nm)  with a dispersion suitable wavelenth who solar cell 

needs it,so LSC film at weight (0.1 wt) of a grain size of (50 nm) is the best in giving the largest conversion 

efficiency of the solar cell. 

 
Table 2: I-V characteristics of si solar cell with LSC film of (Tio2) weight (0.1,0.2and 0.3 wt) for grain size (10 nm) 

Nano weight 

(wt) 

Vopen 

Volt 

Ishort 

mA 

Pmax 

mW 

Vmax 

Volt 

Imax 

mA 
Eff % FF 

0.1 5.41 2.9 14.0 5.00 2.80 3.97 0.89 

0.2 5.41 2.80 13.5 5.00 2.70 3.839 0.89 

0.3 5.44 2.60 13.1 5.05 2.60 3.73 0.92 

 

Table 3: I-V characteristics of si solar cell with LSC film of (Tio2) weight (0.1,0.2 and 0.3 wt) for grain size (25 nm) 

Nano weight 

(wt) 

Vopen 

Volt 

Ishort 

mA 

Pmax 

mW 

Vmax 

Volt 

Imax 

mA 
Eff % FF 

0.1 5.45 2.80 14.1 5.04 2.80 4.01 0.92 

0.2 5.33 2.80 13.7 5.07 2.70 3.89 0.91 

0.3 5.47 2.80 13.6 5.05 2.70 3.879 0.890 

 

Table 4: I-V characteristics of si solar cell with LSC film of (Tio2) weight (0.1,0.2 and 0.3 wt) for grain size (50 nm) 

Nano weight 

(wt) 

Vopen 

Volt 

Ishort 

mA 

Pmax 

mW 

Vmax 

Volt 

Imax 

mA 
Eff % FF 

0.1 5.54 3.30 16.53 5.01 3.30 4.69 0.90 

0.2 5.41 2.90 14.00 5.00 2.80 3.97 0.89 

0.3 5.34 2.70 13.53 5.012 2.70 3.84 0.93 

 

 
Fig. 2: Nanoparticale weight and  efficiency at grain size 10nm. 

 
Fig. 3: Nanoparticale weight and  efficiency at grain size 25 nm. 

 
Fig. 4: Nanoparticale weight and  efficiency at grain size 50 nm. 
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Fig. 5: Nanoparticale grain size and efficiency at weight 0.1 wt. 

 
Fig. 6: Nanoparticale grain size and efficiency at weight 0.2 wt. 

 
Fig. 7: Nanoparticale grain size and efficiency at weight 0.3 wt. 

 

3-Effect of LSC films thickness on the solar cell: 

The effect of thickness of QD nanoparticale LSC film on the solar cell performance has been studied for the 

optimum -dye concentration and weight, grain size of nanopartical- sample. The results indicate as shown in 

table (5), that the Vmax, approximately, constant while the Imax and thus the Pmax levels and also Voc and Isc 

increase with decrease of LSC film thickness. This behavior can be explained as follow: high thickness means 

long optical path and thus high percent of attenuation of incident radiation due to absorption and vice versa. 

Consequently, at low film thickness (0.25)mm there is high incident power and high output power that is mean 

high conversion efficiency of the cell. 

 
Table 5: I-V characteristics of Si solar cell with LSC consist of R6G dye and (50 nano) Grain size and weight 0.1wt of Tio2 doped epoxy at 

different thicknesses. 

LSC 

Thicknesses 

(mm) 
 

Voc 

Volt 

Isc 

mA 

Pmax 

mW 

Vmax 

Volt 

Imax 

mA 
η % FF 

0.25 5.54 3.30 16.53 5.01 3.30 4.69 0.90 

0.5 5.45 2.90 14.30 4.93 2.90 4.06 0.90 

1 5.36 2.30 11.75 5.11 2.30 3.33 0.95 

1.5 5.31 2.00 10.05 5.02 2.00 2.85 0.94 

2 5.31 1.40 6.906 4.93 1.40 1.96 0.92 

2.5 5.20 1.00 4.955 4.95 1.00 1.40 0.95 

 

Conclusions: 

From the results of R6G dye dissolve directly in Epoxy resin. Epoxy material has been used at first time in 

form of plate doped and un-doped with R6G dye to improve the efficiency of solar cell. Then the LSC plate at 

concentration 1*10-5 mol/L with grain size 50 nm and weight 0.1wt of TiO2 and thickness (0.25mm) gives the 
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highest conversion power efficiency of solar cell. where was the value of the ∆η=28.8% ,where (∆η= ηLsc+nano- 

ηbare / ηbare). 
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