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Abstract—In order to achieve standalone wearable and 

foldable electronics, the integration of high efficiency stretchable 

energy harvesting devices is essential. Here, we demonstrate the 

development of ultra-stretchable solar cells based on 

monocrystalline silicon with interdigitated back contacts and high 

efficiency (19%). The stretchability of the photovoltaic devices is 

achieved by encapsulating the originally rigid solar cell with an 

elastomer followed by applying a deep-reactive ion etching based 

corrugation technique. Two different corrugation patterns are 

investigated: linear and triangular. The results show that, due to 

the ability of the triangular designs to relieve the generated strain, 

the cells can be stretched by up to twice their original size with no 

noticeable decline in the initial performance.  

Keywords—silicon, corrugation, stretchable, flexible, PV. 

I. INTRODUCTION  

The global market of portable electronics has been growing 
over the past years with expanding demands on functionality and 
portability [1-9]. Specifically, wearable and foldable electronic 
devices which seek to enhance the human’s quality of life have 
experienced rapid growth. To achieve portability of such 
devices, it is crucial to integrate high efficiency stretchable 
energy harvesting and energy storage devices. Nevertheless, 
previously demonstrated stretchable solar cells have been either 
very inefficient (organic based, efficiency < 8%) [10-15] or high 
cost with complicated fabrication processes [16-18]. In fact, 
previously shown inorganic stretchable solar cells have been 
mainly based on III-V materials and require transfer-printing of 
the thin-film based cell onto a pre-strained and patterned 
elastomer.  

In this work, an ultra-stretchable silicon based solar cell with 
19% efficiency is developed via a corrugation approach applied 
on large scale rigid cells. The encapsulation of the solar cell with 
a bio-friendly elastomer and the subsequent corrugation process 
result in a stretchable cell with no need for transfer-printing. The 

results show that the corrugation pattern is critical in relieving 
the generated strain during the application of the tensile stress 
and thus in increasing the stretching capability of the cell [19-
22].  

II. FABRICATION 

Stretchability in rigid silicon solar cells is achieved using a 

combination of elastomer encapsulation and corrugation 

process. In fact, the backside of a large scale rigid solar cell 

based on monocrystalline silicon is first coated with an 

elastomer (Ecoflex) and cured at room temperature for 2 hours. 

It is worth to note that the rigid solar cells have an efficiency of 

19% and are based on the interdigitated back contacts 

technology. The front side of the cell is then coated with a hard 

mask which was next patterned using CO2 laser ablation. The 

silicon areas are then completely etched using a deep reactive  

 

 
Fig. 1. Process flow of the corrugation approach for developing stretchable 

photovoltaic devices.  
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ion etching (DRIE) system. As a result, ultra-stretchable solar 
cells are obtained. The fabrication process flow is illustrated in 
Fig. 1. 

III. RESULTS AND DISCUSSION 

Two different corrugation patterns are investigated: linear 

and triangular designs. In the case of the linear patterns, a 

spacing of 2 mm is used between the rectangular islands while 

a spacing of 1 mm is used in the case of the triangular patterns 

which leads to a reduced loss of silicon area as shown in Table 

I. Nevertheless, the additional diagonal patterns shown in the 

triangular patterns contribute to relieving the caused strain by 

the application of the tensile stress. This results in an extended 

stretchability of the cell. In fact, the linear patterned cell can be 

stretched up to 55% while the triangular can be stretched up to 

almost twice its original size (Table I).   

The stretchable solar cells show ultra-flexibility as well as 

shown in Fig. 2 where a triangular patterned cell is depicted in 

its relaxed and stretched states. It is also worth to note that the 

solar cells can be stretched out asymmetrically as shown in Fig 

2 (bottom) where a tensile stress is applied asymmetrically 

around the edges of the wafer-scale solar cell. This confirms the 

potential of the demonstrated solar cell in wearable electronic 

devices where asymmetrical stretchability is crucial. 

The solar cells can also be stretched out in an out-of-plane 

manner as shown in Fig. 3 thanks to the design of the corrugated 

pattern where rectangular islands can shift and stretch 

perpendicularly to the plane of the solar cell. It is important to 

note that the initial performance of the solar cells is maintained 

after stretching the cells up 500 cycles (ƞ of 19% and FF of 

around 75.8% as shown in Table II). This is due to the ability 

of the elastomer to completely absorb the generated strain while 

the rigid area remain intact. Moreover, the triangular stretchable 

solar cells show an ultralight weight of 0.67 kg/m2 which is 

promising for portable electronics applications. It is also 

important to note that the linear corrugated cells with 17% loss 

of active area show a specific weight of 0.64 kg/m2. Thus, 

depending on the application requirements, in terms of 

stretchability, mass and power yield, the corrugation pattern can 

be optimized accordingly. 

 

 

TABLE I 

STRETCHABILITY OF SOLAR CELLS 

 Linear Triangular 

Loss of active 

area 
17% 13.5% 

Stretching 

Capability 
55% 95% 

 

 

 
Fig. 2. Triangular shaped stretchable and flexible solar cells. The cells can 

be stretched by up to twice their original size.  

 

 

 
 

 

 



TABLE II 

SUMMARY OF RIGID AND STRETCHABLE SOLAR CELLS 

CHARACTERISTICS 

 Rigid Stretchable 

Jsc 39 mA/cm2 38.8 mA/cm2 

Voc 0.64 V 0.64 V 

ƞ 19% 18.8% 

FF 75.85% 75.74% 

Specific weight 0.78 kg/m2 0.67 kg/m2 

 

 

 
Fig. 3. Out-of-plane stretching capability of the corrugated solar cells.      

 

IV. CONCLUSION 

In conclusion, ultra-stretchability in rigid solar cells is 
demonstrated using an elastomer encapsulation followed by the 
application of a corrugation technique. The corrugation process 
uses CO2 laser ablation followed by DRIE etching. Different 
corrugation patterns are investigated such as linear and 
triangular which result in various stretching capabilities but with 
a preserved efficiency of 19%. In fact, the triangular solar cell is 
shown to relieve the generated strain during the tensile stress 
which enables a higher stretchability. However, the linear 
corrugated cell with a wider loss of silicon area enables a smaller 
overall mass. Therefore, the corrugation designs can be tailored 
to achieve the application requirements in terms of 
stretchability, specific weight and output power. Finally, the 
solar cells show the capability of stretching asymmetrically and 
out-of-plane which confirm their potential in wearable and 
foldable electronic devices.  
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