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Abstract—In order to realize a high power conversion 

efficiency, a solar cell should effectively utilize most of the 

incoming photons. Here, we demonstrate a spherical shaped solar 

cell that is capable of capturing direct, diffuse and background 

reflected light without the need for a mechanical sun-tracking tool. 

The spherical cell is based on monocrystalline silicon with an 

efficiency of 19% ad is developed using a corrugation technique to 

achieve flexibility in otherwise rigid silicon. The obtained 

spherical cell is large scale with a diameter of around 4 cm. 

Theoretical calculations in addition to experimental results 

confirm the merits of the spherical solar cell which shows an 

increase in instantaneous power output by 14.8% and 39.7% with 

respect to a traditional flat cell with the same ground area when 

sand and white paper are used as reflective background materials, 

respectively. Finally, the spherical shaped cell shows advantages 

in terms of lower dust accumulation rate due to its downward 

orientation. 

Keywords—silicon, corrugation, light management, background 

reflection, PV. 

I. INTRODUCTION  

Silicon is still considered as the material of choice in PV 
industry due to its good efficiency and excellent reliability in 
solar cells, mature and low-cost manufacturing processes, in 
addition to its natural abundancy [1-2]. However, the 
commercially available silicon solar cells are approaching the 
theoretical limit. Consequently, research on silicon PV is mainly 
focused on developing lower cost manufacturing processes, 
novel light trapping and integration schemes, in addition to 
efficient material utilization methods. Unconventional 
architectures to further exploit silicon in PV research are 
valuable in this context [1-7].  

Previously, spherical silicon solar micro-cells with an 
efficiency of 10% were demonstrated in an attempt to capture 
direct, diffuse and reflected light more efficiently. However, the 

micro-cells were fabricated on a planar substrate, which hinders 
the absorption of the reflected light from the background [8-9]. 
The results presented in this work show that a large-scale 
spherical shaped solar cell is capable of increasing the power 
output with respect to a conventional flat cell with an identical 
ground area, thanks to its capability to naturally track the 
sunlight during the day and throughout the year in addition to 
being able to collect the background reflected light.  

II. FABRICATION 

The spherical solar cells is developed using a corrugation 

process where alternating grooves are patterned using a CO2 

laser and etched in a deep reactive ion etching system (DRIE) 

to achieve flexibility in otherwise rigid 170 µm-thick solar cells 

(Fig. 1) [10-13]. The method is applied on wafer-scale silicon 

photovoltaic devices with interdigitated back contacts (IBC). 

The process results in flexible cells with negligible decline in 

the electrical performance (efficiency of 19%).  

 

 
Fig. 1. Illustration of the corrugation-based process of the spherical solar 

cell.  
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Polydimethylsiloxane is then used to encapsulate the 
corrugated cell. Finally, the obtained flexible and flat solar cell 
is wrapped into a spherical shape to achieve a 4-cm diameter 
spherical solar cell. Due to the corrugation technique, the loss 
of active silicon area within the grooves is around 20% 
compared to its rigid version. 

III. RESULTS AND DISCUSSION 

A. Theoretical Calculations 

The total incident radiation on a solar cell is generally 

expressed as the summation of three components: direct beam, 

diffuse beam and reflected beam. Using the isotropic diffuse 

model, the total incident radiation (IT) on a tilted solar cell can 

be expressed as: 

IT = Ib.Rb + Id.Fsky+ I.ρground.Fground               (1) 

where Ib is the direct beam radiation, Rb is the geometric factor 

defined by the ratio of the beam radiation on the tilted surface 

to that on a horizontal surface at any time, Id  is the diffuse 

radiation, Fsky is the sky view factor, I is the total radiation on a 

horizontal surface, ρground is the diffuse reflectance of the ground 

and Fground is the ground view factor.33-34 

In terms of direct beam, a spherical solar cell behaves as a 

flat light-tracking solar cell with an effective area equal to one 

fourth of the total spherical area (i.e. πR2). While in terms of 

diffuse and reflected beam, it acts as a horizontal and vertical 

flat solar cell, respectively, with an effective area equal to half 

the total area of the sphere as shown in Figs. 2a-c. This clearly 

shows the advantages of a spherical solar cell over a flat one 

with the same ground area (i.e. πR2) in terms of total solar 

insolation.  

 

 
Fig. 2. (a) Spherical solar cell representation in terms of direct beam, the 

spherical cell behaves as a flat cell with the same ground area and that is 

constantly tracking the light. (b) Spherical solar cell representation in terms of 

diffuse beam, spherical cell behaves as a horizontal flat cell with twice the 

ground area. (c) Spherical solar cell representation in terms of reflected beam, 

spherical cell acts as a vertical cell with twice the ground area.  

Theoretical calculations have been conducted on the hourly 

direct beam received by a spherical solar cell vs. flat solar cell 

with the same ground area (1 m2) using I, Ib and Id data 

published by NREL.35 The total area of the spherical solar cell 

is assumed to be reduced by 20% due to the corrugation 

technique. It is also important to mention that the effective area 

of the flat solar cell varies throughout the day as the orientation 

of the sun changes resulting in non-perpendicular incident 

beams on the surface of the cell according to the following 

equation: 

Aeff = A × cos θ                                (2) 

where A is the actual area of the flat solar cell and θ is the 

incidence angle of the direct beam, while the effective area of 

the spherical cell remains constant  (Figs. 3a). The results 

confirm that, even though the flat solar cell shows a higher 

direct beam insolation around noon due to its larger effective 

area, however, the total integrated direct beam insolation 

received by the spherical cell per day is 31.8% higher than that 

collected by the flat cell with the same ground area (Fig. 3b). 

This is due to the capability of the spherical solar cell to track 

the sun during the day and therefore capture the direct beam 

with the highest efficiency.  
 

 
 
Fig. 3.  (a) Effective area of both spherical and flat solar cells throughout 

the day, the corrugation technique is assumed to reduce the total area of the 

spherical solar cell by 20%. The effective area of the flat solar cell is equal to 

its actual area multiplied by the cosine of the beam angle of incidence. The 

effective area of the spherical solar cell is fixed due to its symmetrical shape. 

(b) Theoretically calculated hourly direct irradiation received by the spherical 

and flat solar cells with the same ground area (1 m2) using NREL data.      

 

 



 

B. Experimental Results 

The developed spherical solar cell is characterized under a 

solar simulator in air (AM 1.5 Global Spectrum with 1000 W 

m−2 intensity and spectral mismatch correction at the room 

temperature). The initial temperature of the cell is 

preconditioned at 21°C. The cell is then held at a height of 

around 2 cm while different reflective background materials are 

used including white paper and sand to study the albedo effect 

as shown in Fig. 4. A circular rigid solar cell with the same 

ground area (11.34 cm2) is also characterized under the same 

conditions. The results show that the spherical cell provides an 

increase in instantaneous power output by 14.8% and 39.7% 

with respect to the traditional flat solar cell with the same 

ground area (11.34 cm2) when sand and white paper are used as 

reflective background materials, respectively. The increase in 

power output is due to the increased surface area of the solar 

cell that is exposed to light.  

It is also worth to note that due to the downward orientation 

of a spherical cell, the rate of dust accumulation is lower than 

in the case of a flat cell with the same ground area. As a matter 

of fact, accumulated dust particles contribute to photons 

scattering instead of their absorption by the solar cell leading to 

a deterioration in the device efficiency. 

 

 
 
Fig. 4. Measurement setup with white paper and sand reflective 
backgrounds. 

IV. CONCLUSION 

In order to capture light more efficiently from the same 
ground area, a silicon based spherical shaped solar cell with an 
efficiency of 19% is demonstrated. The solar cell is developed 
using a corrugation technique that results in flexible cells with 
no noticeable deterioration in the original performance. 
Theoretical calculations show that the spherical cell enables 
light-tracking and thus, the harvesting of direct and diffuse 

beams with a higher efficiency compared to a conventional flat 
cell with the same ground area. As a result, an increase in the 
power output by around 31.8% per day is calculated. Finally, 
experimental results confirmed the merits of a spherical shaped 
cell where background reflected light from sand and white paper 
increase the instantaneous power output by 14.8 % and 39.7%, 
respectively. 
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