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Abstract: Demonstrated is a tapered-waveguide-based example of Two-Dimensionally connected PhotoRecepto-Conversion Scheme 

(2DPRCS), in which photo-harvesting/photoreception is spatially decoupled from, but two-dimensionally (2D-) connected to, 

photoelectric conversion by thin waveguide. The 2DPRCS would serve, from now on, as a key technology not only for high efficiency 

solar- cell systems but also for robust optical wireless power transmission or laser power beaming.  

 

1. Introduction 
So far, many types of photovoltaic devices [1-3] have been 

reported, and solar cells that can achieve a high conversion 

efficiency have long attracted much attention. In coming years, 

not only high efficiency solar cells but also optical 

wireless power transmission (OWPT) systems are of 

importance. In conventional solar cells or photovoltaic 

devices, the place where photo-harvesting 

(photoreception) occurs is exactly the place where the 

photoelectric conversion is taking place. Thus, when the 

conventional photovoltaic devices are exploited as the 

photo-converter for OWPT systems, the efficiency of 

OWPT heavily suffers from fluctuations [4,5] in the 

position that the laser beam arrives at in the photoelectric 

converter. We have proposed 2D-PhotoRecepto-

Conversion Scheme (2DPRCS) in which photo-

harvesting/photoreception part is spatially decoupled 

from, but two-dimensionally connected to, photoelectric 

conversion (photo-conversion) part by thin (2D) 

waveguide [6]. This system can be very compact in 

volume, in marked contrast to conventional bulky 

concentrator systems [7-9], for which aforementioned two 

parts are connected 3-dimensionally by photons [7,8]. To 

make 2DPRC scheme possible, we utilize redirection 

waveguide (RWG) which turns 3-dimensionally 

propagating photons (3D-photons) into 2-dimensionally 

guided photons in thin waveguide until they hit photo-

electroconvertor, or solar cell, located at the end of the 

RWG. 

2. Two Dimensionally connected PhotoRecepto-

Conversion Scheme 

Solar power density on Earth is a little bit too low. 

When it is concentrated, the efficiency of solar cells can 

be improved due the increase in operation voltage. 

Actually, concentrator solar-cell systems as well as solar 

thermoelectric power generation have been of importance. 

In those systems sunlight is concentrated using mirrors [7] 

and/or parabola antennas [8]. In this sense, those systems 

can be regarded as the primary light-harvesting part is 

decoupled from the place where photoelectric or 

thermoelectric conversion is conducted. In other words, 

the aforementioned spatial degeneracy of light-harvesting 

and photoelectric conversion is lifted, although those 

concentrator systems are very huge in volume, because the 

light passes three-dimensionally from the place of light-

harvesting to that of power conversion. Now, it would be 

a sort of revolution if we could connect those two parts, 

i.e., the place of light-harvesting and photo-electro-

conversion, not three-, but two-dimensionally. Once this 

is done, the situations depicted in Fig. 1 become possible, 

i.e., on one hand this new scheme serves as a concentrator 

solar-cell system, and on the other hand it can function as 

a robust OWPT system. Note that the light harvesting, or 

integrating, capability is not only for uniformly distributed 

photons like sunlight but also for-function like profile of 

laser beams, which leads to robustness of OWPT system 

against spatial beam fluctuations. 

3. RWG composed of periodic parabola mirrors and 

tapered WG in 2DPRCS 

In realizing a system in 2DPRCS, we once had 

fabricated an asymmetric waveguide (WG) having 

periodic parabola mirrors (PPM) [10] but this time we try 

the concentric PPM configuration as shown in Fig. 4. The 

right hand-side is a picture of the real PPMs, made by 

acryl-based 3D-printing. The rectangular parallelepiped 

shown in Fig. 4 containing the PPM is 20-mm wide along 

x, 55-mm along y, and 6-mm along z. On this 3D-printed 

structure, Ag metal is vacuum-evaporated to make it serve 

as parabolic mirrors. The mirror shape is carefully 

designed so that it never blocks the incoming light and that 

 
Fig. 1. Systems with 2D-connected PhotoRecepto-Conversion scheme 
(2DPRS), which provides us with concentrator solar-cell systems (top 
figure) as well as an efficient OWPT system that is quite robust against 
spatial beam-fluctuations as illustrated in bottom two figures. 
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the focus is located 0.6mm below the bottom xy-plane of 

the rectangular parallelepiped. We have simulated the 

light propagation in a RWG that is composed of the PPM 

described above and a tapered thin WG. In this simulation, 

we have assumed that PPM is in xz-plane and for the sake 

of simplicity that translational symmetry holds along the 

y-axis. Translational or rotational, whichever the 

symmetry is, the cross-section is the same, and thus we 

believe the essential feature of PPM-Tapered WG system 

is not lost even in this assumption. The analysis is 

performed with finite difference time domain [FDTD] 

method [11] and the result is shown in Fig 3, where the 

3D-to-2D conversion efficiency is plotted as a function of 

the arrival position of the 3D light in the RWG composed 

of the parallelly placed PPMs and a tapered thin (2D) WG. 

In Fig. 3, the lateral position is normalized by the taper 

thickness so that a scaling holds. Roughly, a high 

conversion efficiency of ~76% is obtained in this PPM-

Tapered WG system. 

Cutting a flat transparent cone with apex angle of 166o 

and refractive index of 1.6 into a rectangle that fits the 

PPM shown in Fig. 2 to be used as the thin tapered WG 

with rotational symmetry, we have measured the optical 

field at the edge of the PPM-Tapered WG system (the top 

inset of Fig. 4) with the PPM immersed in water. Then we 

put a Si-solar cell at the edge of the tapered WG and 

measured the I-V characteristics of the solar cell as a 

concentrator system. As depicted in the bottom inset, with 

the PPM being so designed as not to block the incoming 

light, concentration factor of ~4 is obtained in this 

experiment, demonstrating the high potential of 2DPRCS.   

4. Conclusion 

We have investigated a PPM-Tapered WG system as an 

example of 2-Dimensionally connected PhotoRecepto-

Conversion Scheme (2DPRCS), in which concentrator 

system is naturally built. This photon harvesting, or 

integrating, ability is not only for uniformly distributed 

photons like sunlight but also for-function like beam 

profile of lasers, leading to robustness of OWPT system 

against spatial beam fluctuations. The 2DPRCS would 

serve as a key technology for high efficiency solar cells as 

well as for robust highly efficient optical wireless power 

transmission or laser power beaming. 
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Fig. 4. I-V and P-V characteristics of a Si-solar cell placed at 
the edge of RWG composed of PPMs and a tapered thin WG 
in 2DPRC scheme. Top inset is the measured optical field at 
the edge of RWG, and the bottom is the schematic cross-
section of the system. 
 

 
 
Fig. 3. Optical field simulation for the RWG composed of PPM and 
tapered thin waveguide. The insets show the images of light 
propagation at different positions in RWG. Coming from beneath, the 
light is reflected and focused by PPM (lower part of the image) and 
goes into the tapered thin waveguide (upper part).  

   
 

Fig. 2. Concentrically placed periodic parabola mirrors (PPMs): 
(left) the target structure design, and (right) a real sample made 
with 3D-pringting.  
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