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Abstract: A solar cell is an electrical device that converts the energy of light directly into electricity by the photovoltaic effect, 

which is a physical and chemical phenomenon. In actual conversion, there will be various reasons that lead to unsatisfactory 

conversion efficiency. We propose a two-dimensional photoreceptor-conversion (2DPRC) scheme in which the photoreception 

part is spatially decoupled from, but is two-dimensionally connected to the photo-conversion part by a redirection waveguide 

(RWG). We expect the Polydimethylsiloxane may implement this system. 

 

1. Introduction 

Global warming urges us to think energy- and 

environmental issues in coherent manners. In this 

sense the current major power-generation approaches 

[1] including solar power [2] seem to need a drastic 

leap for substantial improvements in power 

conversion efficiency. Over 40% of solar power 

incident on a single‐junction solar cell is lost due to 

bandgap problems and thermodynamic problems [3,4]. 

In order to convert the full sunlight spectrum into 

electricity., we have come up with a new solution 

which may be potential for the development of solar 

cells industry and greatly improve the efficiency of 

solar cells [5]. Our new approach is that we make the 

photon and photocarrier absorbed orthogonally. The 

conventional solar cells suffer greatly from the light 

absorption and photo-generated carrier collection, in 

our propose, the multi-striped orthogonal photon-

photocarrier propagation solar cells can absorb more 

photons, meanwhile, the loss of photocarriers would 

be less. In our asymmetric waveguide coupled 

concentrating solar cells, how to make spatially 

propagating light efficiently convert into wave light is 

of vital importance for the research. 

 

2. 2-Dimensionally connected PhotoRecepto 

Conversion Scheme 

We found that the space inversion (left and right) 

[3] in symmetric structure, coupled with time-reversal 

symmetry, light that has been convert to two-

dimensional from three dimensions will go back to  

three dimensions. Realizing the aforementioned WG 

is, however, quite challenging because a good WG is 

supposed to convey light-waves/photons for a long 

distance from one end to the other without losing them 

in between, which means it is very hard to harvest 

photons into the core of the waveguide between the 

two ends. A top view of a prototype of our new 

concentration solar cell system is shown in Fig. 1. 

Photo harvesting or photo-reception part of 2-

Dimensionally connected PhotoRecepto-Conversion 

Scheme (2DPRCS), which is a kind of asymmetric 

redirection waveguide that could  manage those 

photons  to reach out to the multi-striped solar cells 

located at the end of the slab waveguide，is composed 

of redirection waveguide (RWG), in which the 

sunlight coming from the sky above with various 

incident angles results in 2D propagating light. The 

first layer of RWG, the bottom front in the left bottom 

inset of Fig. 1, is so designed as to make the sunlight 

coming with various tilt angles go perpendicularly 

upward in Fig. 1. The first layer is called photo 

propagation direction convertor (PDC). The sunlight, 

via PDC, eventually goes into the 2D waveguide, the 

light-wave merging can be fulfilled in the discrete 

translational symmetry waveguide (DTSWG) of the 

RWG, as shown at the top of the side view in Fig. 1.  

3. Experimental Results  

In order to get the structure, we proposed to use 

Polydimethylsiloxane (PDMS), because of the 

transparency and high material quality. We made 

experiment by using silicone elastomer and silicone 

elastomer curing agent, PDMS network samples for 

this research were synthesized with the same 

composition, these samples have different base/agent 

ratios, which mean different degrees of cross-linking. 

The lower the degree of PDMS network’s cross-

linking, the softer PDMS network is. Conversely, the 

higher the degree of cross-linking, the stiffer the 

Fig. 1. 2DPRCS realized by RWG that consists of PDC, 

DTSWG, and a planar (2D) waveguide. Middle is the top 

view and bottom is the side view of RWG. Bottom right is the 
simulation result for the PDC, top right is cross-section of 

photo-conversion part and middle bottom is the simulation 

result of photo propagation in RWG. 
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sample will be. Samples’ stiffness was varied by 

changing the ratio of crosslinker to base polymer in 

this work. For PDMS network, different base/agent 

ratio means different amount of cross-linking. For this 

research, a series of PDMS network samples with 

different base/agent ratios are used to explore the 

relationship between modulus changing and the 

different amount of PDMS network’s cross-linking, 

which are PDMS network 0.1:1, PDMS network 5:1, 

PDMS network 7:1, PDMS network 10:1, PDMS 

network 12:1. We have also done PDMS network 15:1, 

unfortunately, in this ratio a solid mixture cannot be 

attained. We pour silicone elastomer base into the cup 

and slowly pour the silicone elastomer curing agent 

into the same mix with spoon. Finally, we made 

testing force experiment to test the Young`s module of 

the mixtures. The ratio between the initial length L0 

and the diameter D of the sample is a pertinent 

parameter. In reference of ASM handbook -- 

Mechanical Testing and Evaluation, the 

length/diameter ratio for soft material compression 

sample should be less than 2 [6]. So punches with 3 

mm diameter were used to cut cylindrical PDMS 

network samples.  

Fig. 2. The suitable instrument to test PDMS network compression 

(top left) and the samples of PDMS (right top), Young's 
modulus of PDMS/hardener 5:1 (bottom)and10:1 (bottom top) 

The mixture we made is shown in the left side of 

Fig. 2, and the PDMS samples can be stored for 

months. Different rations of silicone elastomer base 

and silicone elastomer curing agent has been made and 

then a suitable instrument was designed for PDMS 

network compression testing based on the scale and 

displacement gauge. The Young`s module was been 

tested by this instrument and the result is shown in the 

right of Fig 2 (right). In Figure 2 (right), there shows 

the Young's modulus of PDMS/hardener 5:1 and 10:1. 

So, it means the PDMS network elastic modulus is 

linear with its amount of crosslinker.  

 

4. Conclusion.  

We have proposed 2D-PhotoRecepto-Conversion 

(2DPRC) scheme in which photo harvesting/ 

photoreception part is spatially decoupled from, but 

two-dimensionally connected to, photoelectric 

conversion (photoconversion) part by thin (2D) 

waveguide. Besides, we have designed a suitable 

instrument for PDMS network compression based on 

the scale and displacement gauge, and we find that 

PDMS can be potential material to fabricate 

waveguides. The new waveguide with the discrete 

translational symmetry would serve as a key 

component for excellent concentration photovoltaic 

systems with high conversion efficiencies. 
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