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Abstract. Adding a dielectric Secondary Optical Element (SOE) to a Concentrating Photovoltaic (CPV) system provides 
several advantages. Besides increasing the concentration-acceptance angle product attainable by the system, a more 
uniform irradiance on the solar cell can also be achieved. The most common solution to glue the SOE and the solar cell 
consists in using an elastomer such as silicone. In this case, the silicone is acting both as an optical coupler to reduce Fresnel 
losses and as a mechanical bond. In this paper, we present a new approach to fix the thickness of the silicone in order to 
ensure a good adherence. 

INTRODUCTION 

Today, concentrating photovoltaic (CPV) systems are proposed as a strategy to achieve high efficiency 
photovoltaic (PV) systems by using lenses or mirrors to concentrate sunlight on high-efficiency solar cells [1]. A CPV 
system is composed of a Primary Optical Element (POE), a Secondary Optical Element (SOE), and a solar cell (Figure 
1). The role of the POE is to concentrate the irradiance on a large area (the optical aperture of the system) into a 
smaller solar cell. Furthermore, the SOE is added to achieve higher optical efficiency, lower sensitivity to tracking 
errors, and improved uniformity of irradiance distribution on the solar cell. [2-5]. 

Using only a POE in a CPV system, no-uniformity of the concentrated irradiance distribution on the solar cell 
surface is observed, resulting in a localized hot spot or even damage of the solar cell. Keeping the power production 
of a CPV system in real operation conditions and minimizing the influence of wind and vibrations is important. 
Therefore, precise orientation to the Sun of the CPV system is required. One of the strategies for lowering the effect 
of the inaccurate orientation on the CPV system efficiency and for improving the irradiation uniformity on the solar 
cell surface is the application of the SOE located before the solar cell  

SOEs can use either reflection or refraction to redirect light coming from the POE to the solar cell. Refractive 
SOEs show better performance (for the same concentration, they show a wider acceptance angle) than reflective SOE 
[4]. When including a SOE in the CPV module we have to think about the gluing between the SOE and the solar cell. 
This bonding is particularly challenging for the case of dielectric SOEs where the light must travel through the 
coupling material.  Hence, when coupling a SOE to a solar cell, the optical coupler must have the following 
characteristics. First, it must show low absorbance for the spectral bandwidth that can be converted into electricity by 
the solar cell. Second, it must show good adherence to both, the material of the SOE and the solar cell. Third, it must 
show long-term stability under thermal cycling and concentrated light. 

One of the classic proposal to bond dielectric SOEs and solar cells consists in using a silicone. In this case, the 
silicone is acting both as an optical coupler to reduce Fresnel losses and as a mechanical bond. In order to act as 
mechanical bond, it is necessary to use a minimum thickness of silicone. In this paper, we propose a strategy to ensure 
the silicone thickness. It consists in mixing the silicone with transparent glass balls to ensure the thickness of the 
optical coupler.  
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FIGURE 1. Schema of a CPV System where the optical coupler is shown. 
 

EXPERIMENTAL METHOD 

In this work, a new optical adhesive was investigated. This new adhesive is a mixture of silicone and transparent 
glass balls in order to ensure that the adhesive thickness is enough to provide a good adherence and obtain long-term 
stability. One of the objectives of the experimental part is to choose the best size of glass balls with the suitable 
proportion of the weight of glass balls compared to that of silicone. To analyze this problem, ten samples were 
manufactured for every category of glass balls and weight ratio (see Table 1 and Table 2). Glass ball sizes between 
100 and 1,100 μm, and weight ratios between 1 and 10% were analyzed. For every sample, 2 gr of silicone elastomer 
(Sylgard 184) were mixed with 0.2 gr of curing agent. For each category of glass balls, four proportions were mixed 
with the silicone. The resulting mixture is placed between two thin (1 mm) flat glasses. Then, vacuum is applied to 
extract air bubbles from the silicone. The silicone can be cured in an oven (20 minutes) or at room temperature (48 
hours). To analyze the role that different sizes/concentrations play, the thickness of every sample was measured. The 
transmittance of every sample was also measured. 

TABLE 1. Different sizes of glass balls used in the experiment 

Category Glass Balls Diameter 

A < 106 µm
B 150-212 µm
C 212-300 µm 
D 425-600  µm 
E 710-1180 µm 

 

TABLE 2. Proportions of the weight of glass balls compared to that of silicone in the different samples. 

Proportion Glass ball weight/ 
silicone weight 

1 1%
2 2%
5 5% 

10 10% 
 

Transmittance Measurement 

Optical measurements were performed using a visible-near-infrared spectrophotometer (VIS-NIR-1 SPECTRO 
320 from Instruments Systems). Instrument measurement accuracy is ±3% and reproducibility is ±0.3% STD. All the 
optical measurements were performed two times. Transmittances were measured from 250 to 1000 nm.  
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Absorbance Calculation 

Based on the Beer-Lambert law, the optical transmittance of samples () is related to its absorption coefficient 
() and to its optical path-length x as [9]: 

τ(λ) = exp(-α(λ) . x) (1) 
 

Where  is the wavelength. However, the measured transmittance τ() using the spectrophotometer is the total 
value of the sample layer. Therefore, using only silicone samples as the reference, if we obtain two measured 
transmittance τi(λ) (transmittance of samples with glass balls of different sizes) and τref(λ) (transmittance of samples 
with only silicone), xi corresponding to different sizes glass balls and  xref corresponding to only silicone, the absorption 
coefficient of the samples i() can be determined from: 

i() = [-1/(xi – xref)] ln[τi(λ) / τref(λ)]  (2)  

RESULTS AND DISCUSSIONS 

Thickness Measurements 

For every category and proportion, 10 samples were measured and the mean (μ) and standard deviation (σ) were 
calculated. Figure 2 shows the thicknesses measured for the different samples. The mean value of the thickness for 
categories A and B are very similar and do not depend on the proportion of the glass balls.  
Figure 3 summaries the dispersion among the different samples. The normalized standard deviation (σ/μ) is used as 
an estimation of the error in thickness. Categories A and B attained the best repeatability, in particular for proportions 
5% and 10%. 
 

 

FIGURE 2. Measured thicknesses for different categories; (a) A with 1%, 2%, 5% and 10% of glass balls, (b) B with 1%, 2%, 
5% and 10% of glass balls, (c) C with 1%, 2%, 5% and 10% of glass balls, (d) D with 1%, 2%, 5% and 10% of glass balls
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FIGURE 3. Dispersions on the measured thickness. The normalized standard deviation (σ/μ) estimated based on the 
measurement of 10 samples is shown for every category and proportion of glass ball 

 

Transmittance Measurements 

Figure 4 shows that the transmittance of the samples belonging to different categories. In all cases, the 
transmittance with is very similar to the transmittance of the sample including only silicone and used as a 
benchmark. The presence of glass balls decreases transmittance only for wavelengths between 300 and 350 nm.  
Since both the solar irradiance and the spectral response of the solar cell is very low at those wavelengths, no 
efficiency drop is expected due to the presence of the glass balls. The absorbance of the glass ball is also shown 
in figure 5.  

 

 

FIGURE 4. Transmittance measured for different categories of glass balls. The transmittance of a sample containing only 
silicone used as a benchmark is included. Superimposed the direct solar spectrum (AM1.5D) is shown.  
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FIGURE 5. Absorbance of the samples with different glass balls categories 

 

CONCLUSIONS 

A new strategy has been proposed to ensure the thickness of the optical coupler used to glue the Secondary 
Optical Element (SOE) to the solar cell in a CPV system. Ten samples for every category of glass balls and 
weight ratios have been manufactured by encapsulating the mix of silicone and glass between two thin films. 
The thickness of the samples, as well as their transmittance, were measured.  

From the transmittance measurements, we can conclude that the presence of glass balls only decreases 
transmittance for wavelengths between 300 and 350 nm. Hence, no efficiency drop is expected due to the glass 
balls. Furthermore, the measured thickness of the encapsulated samples showed a good repeatability. Although 
categories A and B attained the best repeatability, further research is needed to select the best proportion and 
size of the glass balls. Adherence, as well as stability under thermal cycling and concentrated light, must be 
analyzed to help the selection. 
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