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Abstract 

Concentrator photovoltaics (CPV) is a type of renewable energy and has set a record efficiency of 47.6% under 665 suns [1]. 

Nonetheless, CPV modules manufacturing has historically been challenging and expensive due to the sequential nature of 

wire bond interconnections and the need for multiple pick and place processes. To simplify the assembly process, a novel 

technique based on Surface Mount Technologies (SMT) has been developed [2]. The efficient heat dissipation is important 

in preventing premature degradation of solar cells (SC). Cell manufacturers recommend to operate below 100°C to 120°C, 

and recent research [3] suggests that a temperature below 80°C could minimize early failure. The heat dissipation in a module 

depends on the geometry and thermal properties of its materials. Finite Element Modeling (FEM) serves as a predictive tool 

for optimizing the design and projecting temperatures for various solar module technologies [4]-[6]. In this study, thermal 

performances of such an assembly was investigated and optimized using FEM. To compare experimental and FEM predicted 

temperatures, a 4-solar-cell CPV SMT module was fabricated. Thermal simulation results for the 4-cell module and the IR 

camera experimental measurements of backsheet temperature are shown in Fig. 2-a and 2-b. The numerical model's 

maximum temperature (38.3°C) closely aligned with the IR camera's measurements of the module one (37.9±2°C). 

Nevertheless, discrepancies were noticed at specific points, for example, for numerical model minimum temperatures 

(30.4°C) and IR camera (20.5±2°C), attributable to lamination bubbles and connecting wire effects. These issues can be 

mitigated through specialized lamination techniques and suitable PCB designs. So, the experimental data of the 4-cell module 

prototype validates the simulation model.. To emulate the large-scale SMT-based CPV module, the model was expanded to 

an infinite number of SC after being validated. The optimal dimensions were determined by identifying the module 

parameters that affect cell temperature: 1) area and thickness of the metal ribbon on the backside of the SC, 2) metal coverage 

on the transparent glass Printed Circuit Board (PCB) on the frontside of the SC. Fig.3 show the parametric studies using the 

FEM model extended to conditions of a large-scale CPV module, which indicates that the choice of the thickness-surface 

area dimension pair of the metal ribbon on the back of the solar cell and the metal coverage ratio of the PCB is crucial to 

limit the maximum temperature of the solar cell to 80°C or less. 
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Figure 2. a) Results of the thermal simulation of the 4 solar cell 

model, b) experimental measurements of the backsheet 

temperature using the IR camera. 

 

 

Figure 3.  Evolution of the maximum temperature of the solar cell as a function of the thickness and the surface of the 

Cu and Al ribbon. The simulations were performed for a metal coverage of the PCB of 0% and 100% i.e., 0 or 100% of 

the PCB surface is covered with metal except for the active area of the solar cell which is 9 mm2. a): Al (0%), b) Al (100%), 

c) Cu (0%), Cu (100%). The red curves represent the 80°C levels for each simulation case. The yellow stars mark the 

simulation points corresponding to the lowest maximum temperatures for the solar cell. 
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