
Areas of improvement could be suggested including the 
manner of comparing the quality of beads, as just described. 
Similarly, it is considered that a higher energy density heat 
source was used in the fourth quadrant where the brightness 
was high and the number of pixels was low. In this study, 
no converging weld was confirmed in the fourth quadrant. 
 Numerical evaluation was performed on the quality of an 
average backside bead. The distance between the advanced 
welder’s convergence value and the convergence position 
of each welder in Fig. 6 was determined via Equation (7). 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = �(𝐵𝐵𝐵𝐵′𝑚𝑚𝑚𝑚𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 − 𝐵𝐵𝐵𝐵′𝑖𝑖𝑖𝑖)2 − (𝑃𝑃𝑃𝑃′𝑚𝑚𝑚𝑚𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚 − 𝑃𝑃𝑃𝑃′𝑖𝑖𝑖𝑖)2 (7) 

This distance (Di) was substituted into Equation (8), and the 
difference from the advanced welder was taken to obtain 
the score of a novice’s average backside bead quality (Qi). 

Q𝑖𝑖𝑖𝑖 = �𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚−�𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖
�𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚−�𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

× 100  (8) 

  The training results are shown in Fig. 7, which include a 
comprehensive evaluation of the GTAW torch movement 
skill points and the score for the average backside bead 
quality. The novices were taught the torch movement skills 
for obtaining a smaller dispersion within the backside weld 
pool range, beginning with practicing obtaining a straight 
surface bead. Next, they were able to acquire the skills to 
perform penetrating welds by practicing converging to 
brightness values of 15 pixels and 15,000 pixels, similar to 
advanced welders. By applying the brightness map of the 
backside weld pool capable of visualizing the weld state to 
solve each problem, they were able to make progress in 
training while reviewing their own level and areas of 
improvement. 
 
 
4. SUMMARY 
 In this study, weld states were visualized, and skills were 
numerically assessed to develop the skills needed to form 
back bead welds for inexperienced novices in GTAW. 
Below is a summary of the results obtained. 
(1) The brightness map of the backside weld pool is able to 
visualize the weld state and can be used to train how to form 
back bead welds. 
(2) It was possible to visualize and numerically evaluate 
torch movement skills to obtain a back bead weld with 
sufficient penetration. 
(3) It was possible to visualize and numerically evaluate the 
quality of the backside bead. 
(4) It was possible to simplify and indicate the areas of 
improvement with results to be expected in the novices’ 
voluntary training. 
(5) It was possible to train while clearing the following 
issues one at time in the order of: practicing torch 
movement in the weld pool range while referring to the 
brightness map of the backside weld pool, improving one’s 
score in torch movement skill, and improving one’s bead 
quality evaluation score. 
 Based on these results, the training, which used 
brightness maps of backside weld pools as a reference, 
clarifies the issues among GTA welders, is a method to 
improve efficiently the novices’ welding abilities, and can 
be expected to contribute to the passing down of welding 
skills to the next generation. 
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Investigated are asymmetric redirection waveguides that are to couple to a solar-cell unit placed at 
the end, converting 3D-photons of sunlight to 2D-photons. The redirection waveguide is equipped 
with two functions, the first of which is to make the 3D-photons coming from various directions 
go vertically with respect to a 2D-waveguide. The second function is to change the vertically going 
photons into lateral photons propagating in the 2D waveguide. The redirection waveguide can 
harvest photons coming in wide area and convey them to the solar-cell unit located at the 
periphery of the 2D waveguide, as a key element of concentrator solar-cell with high conversion 
efficiencies as well as of optical wireless power transmission systems.  
Key words: Solar cell, Waveguide, Asymmetry, Concentrator, Optical power transmission 

 
1. INTRODUCTION 
  In an approach to achieve potentially lower cost in solar 
photovoltaic generation [1], developed are luminescent 
solar concentrators (LSC) [2], to edges of which solar cells 
are attached. We have been investigating a new type of 
waveguide, a redirection waveguide, for concentration 
solar-cell systems. Although our approach and the LSC 
share a common goal to receive sunlight, confine it in a 
planar waveguide, and convey it to a solar cell unit placed 
at the periphery of the waveguide, the basic concept for 
accomplishing this goal, however, is different. With the 
redirection waveguide, we are pursuing to harvest photons 
with reflection-based optical system to deliver the sunlight 
to a multi-striped orthogonal photon-photocarrier- 
propagation solar-cell (MOP3SC) [3, 4] in which photons 
propagate in the direction orthogonal to that of the 
photocarriers having either spiral [3] or planar [4] structures. 
Photovoltaic systems are also of importance for optical 
power transmission [5,6]   

So far, many types of photovoltaic devices [1,7-9] have 
been reported, and solar cells that can achieve a high 
conversion efficiency have long attracted much attention. 
However, it seems not easy for the conventional solar-cells, 
including tandem solar cells or others, to convert the full 
sunlight spectrum into electricity. In this paper, we will 
examine several configurations for asymmetric waveguides 
(WGs) for multi-striped orthogonal photon-photocarrier-
propagation solar cells (MOP3SC) as well as for 
conventional tandem solar cells [1,7-9]. The WG we 
propose is asymmetric to achieve better confinement of 
photons in the waveguide resulting in more photon 
harvesting. In general, the efficiency of solar cells that 
convert the sunlight into electricity is not high enough, 

when we intend to utilize the solar energy as highly as to 
the thermodynamic limit 
  In conventional solar cells, on one hand the sunlight 
impinges upon the solar-cell plane perpendicularly, and the 
photon’s propagation is vertical to the pn junction [7]. The 
photocarriers generated by the sunlight, on the other hand, 
move along the largest gradient of the built-in electric 
potential at the pn junction plane, in parallel to the incoming 
sunlight. In this situation, we are in a dilemma in that, we 
need thick a layer to fully absorb the sunlight, and at the 
same time we have to make the semiconductor layer thin 
enough to losslessly collect the photocarriers with a finite 
life time. Therefore, the conventional solar cells, especially 
those with low carrier mobility such as organic 
semiconductors, suffer from the compromise, or the severe 
trade-off, in determining the semiconductor layer thickness 

 
Fig. 1. Waveguide-coupled multi-striped orthogonal 
photon-photocarrier-propagation solar-cell. The Cross-
section in xz-plane (top), and the top view (bottom) . 
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with respect to the light absorption and photocarrier 
collection. For solving this problem we had reported a solar 
cell consisting of multi-stripes of semiconductors in which 
the sunlight propagates orthogonally to the photocarriers 
[3,4]. Concentrator solar cells, on the other hand, have also 
been of interest because their conversion efficiency can be 
higher thanks to the fact that the ratio of photocurrent to 
dark current can be larger, leading to a higher open circuit 
voltage. Drawbacks of those concentration systems, 
however, are that the apparatus to follow the Sun is 
expensive, and that, if the concentration is performed with 
lens, the system cannot be effective for diffusive light of 
cloudy and/or rainy days. Speaking of a yield in producing 
those new solar cell systems, versatile clean systems 
[10,11] are to play an essential role. 
 
2. DESIGNS, STRUCTURES and FUNCTIONS 
  A top view of a prototype of our new concentration solar-
cell system is shown at the bottom of Fig. 1. This structure 
consists of the waveguide (WG) region and the MOP3SCs, 
or conventional cells also, are placed at the right-side edge 
of the waveguide, the cross-section of which is depicted at 
the top of Fig. 1. As shown there, 1) the sunlight coming 
from various directions are led to go vertically first, in the 
region denoted as ① in the top of Fig. 1, and then 2) they 
are adjusted to go laterally, toward right-side only, along 
the planar waveguide in the region denoted as ② . The 
sunlight, eventually, goes into the solar cell units placed at 
the right edge of the waveguide. We call this whole 
waveguide system a redirection waveguide (RWG). The 
sunlight coming from various directions depending on 
when it is in a daytime, i.e., morning, noon, or evening, and 
how the weather is, i.e., fine or cloudy, is redirected to the 
solar cell unit sitting at the end of RWG. In setting the solar-
cell unit at the edge of RWG, the surface, or facet, of the 
solar-cell is to be treated with H2O2 plus HF solution so that 
ultralow reflectivity is achieved at the surface [12]. The low 
reflectivity is very important as discussed later in Section 3. 
In our MOP3SC, as shown at bottom left of Fig.1, the 
photons propagate in the direction orthogonal to that of the 
photocarriers, the aforementioned trade-off seen in the 
conventional solar cells can be lifted, i.e., we can make the 
stripe-width large enough to absorb all the photons and 

keep the distance between the pn electrodes (or the 
semiconductor layer thickness) small enough to allow most 
of photocarriers to reach out to the contact metals 
simultaneously, thanks to the orthogonality[3,4]. Further, 
by placing the multiple semiconductor stripes, neighboring 
to each other, with different band-gaps in such an order that 
the incoming 2D guided-photons go into the widest gap 
semiconductor first, medium-gap semiconductors next, and 
the narrowest last as shown at bottom right in Fig. 1 
resulting in virtual full solar-spectrum conversion. For the 
solar cell units, GaInN would be a promising candidate 
among many inorganic semiconductors because it can 
cover the whole solar spectrum by controlling its 
composition [13]. The planar type structure shown in Fig. 1 
is of interest because of its capability of handling rigid 
inorganic semiconductors. 
. 
2.1 The first layer of the redirection waveguide  
  The function of the first layer of the redirection 
waveguide is to make the sunlight coming with various 
incident angles go perpendicularly into the 2D waveguide 
as indicated by vertical downward arrows in the top inset of 
Fig. 1 (denoted by ①). This function is fulfilled quite well 
by a structure that has a parabola cross-section [14,15], as 
shown in the insets of Fig. 2, where simulated light-
propagation is shown for the planar slab whose bottom 
surface is covered with the parabola structure being 1-m 
high and 1-m wide. With eigenmode-expansion method 
[16], performed is the simulation, in which the refractive 
index n is set to be 1.52, and glasses or transparent resins 
can be used for fabricating the parabola structure. Thanks 
to the parabola structure the light propagation across the 
slab is, to a good approximation, perpendicular to the slab 
face even for the incident angle ~ 30o (left inset) and ~60o 
(right inset). This is because the refracted light, virtually 
being set to go through the focus of the parabola, propagate 
along the axis of the parabola after being reflected at its 
surface. We also note that the reflectivity of the slab with 
parabola is single digit for the incident angle o <30o with 
respect to a wide range of wavelength, 0.5m≤≤m. 
Especially form, the low reflectivity extends for o ≤
60o, i.e., the sunlight between 8 am and 4 pm if the 
waveguide face is set normal to the sunlight at noon.When 
optimization is done in the parabola structure, further 
reduction in reflectivity would be achieved. 
 
2.2 The second layer of the redirection waveguide 
  The function required for the second layer of RWG is to 
change the vertical direction obtained in Section 2.1 of 
incoming photons to lateral direction along the 2D 
waveguide as shown by the horizontal arrows in the top of 
Fig. 1 (denoted by ② ). There are a couple of ways to 
achieve this directional change. One way is to use a 
periodically modulated index structure [14, 17]. But this 
approach as well as other approaches utilizing a spatially 
symmetric structure, in common, contains a rather profound 
difficulty [4] as discussed in detail in Section 3. 
 
2.2.1 RWG with tapered waveguide 

Thus we propose asymmetric RWG in which the second 
layer, i.e., the structure that follows the first structure 
discussed in Section 2.1, is spatially asymmetric. In this 
structure, incoming photons are controlled to propagate in 
one direction only, for example, from left to right in a 2D 

 
Fig. 2. Reflectivity of a slab with parabola structure on  
its bottom plane as a function of the incident angle for 
wavelength 0.5 m ~ 2.0 m. The insets show light-
propagation simulation for incident angle of 30o (left) and that 
for 60o (right). Here, w and h are width and height of the 
parabola, respectively.  
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with respect to the light absorption and photocarrier 
collection. For solving this problem we had reported a solar 
cell consisting of multi-stripes of semiconductors in which 
the sunlight propagates orthogonally to the photocarriers 
[3,4]. Concentrator solar cells, on the other hand, have also 
been of interest because their conversion efficiency can be 
higher thanks to the fact that the ratio of photocurrent to 
dark current can be larger, leading to a higher open circuit 
voltage. Drawbacks of those concentration systems, 
however, are that the apparatus to follow the Sun is 
expensive, and that, if the concentration is performed with 
lens, the system cannot be effective for diffusive light of 
cloudy and/or rainy days. Speaking of a yield in producing 
those new solar cell systems, versatile clean systems 
[10,11] are to play an essential role. 
 
2. DESIGNS, STRUCTURES and FUNCTIONS 
  A top view of a prototype of our new concentration solar-
cell system is shown at the bottom of Fig. 1. This structure 
consists of the waveguide (WG) region and the MOP3SCs, 
or conventional cells also, are placed at the right-side edge 
of the waveguide, the cross-section of which is depicted at 
the top of Fig. 1. As shown there, 1) the sunlight coming 
from various directions are led to go vertically first, in the 
region denoted as ① in the top of Fig. 1, and then 2) they 
are adjusted to go laterally, toward right-side only, along 
the planar waveguide in the region denoted as ② . The 
sunlight, eventually, goes into the solar cell units placed at 
the right edge of the waveguide. We call this whole 
waveguide system a redirection waveguide (RWG). The 
sunlight coming from various directions depending on 
when it is in a daytime, i.e., morning, noon, or evening, and 
how the weather is, i.e., fine or cloudy, is redirected to the 
solar cell unit sitting at the end of RWG. In setting the solar-
cell unit at the edge of RWG, the surface, or facet, of the 
solar-cell is to be treated with H2O2 plus HF solution so that 
ultralow reflectivity is achieved at the surface [12]. The low 
reflectivity is very important as discussed later in Section 3. 
In our MOP3SC, as shown at bottom left of Fig.1, the 
photons propagate in the direction orthogonal to that of the 
photocarriers, the aforementioned trade-off seen in the 
conventional solar cells can be lifted, i.e., we can make the 
stripe-width large enough to absorb all the photons and 

keep the distance between the pn electrodes (or the 
semiconductor layer thickness) small enough to allow most 
of photocarriers to reach out to the contact metals 
simultaneously, thanks to the orthogonality[3,4]. Further, 
by placing the multiple semiconductor stripes, neighboring 
to each other, with different band-gaps in such an order that 
the incoming 2D guided-photons go into the widest gap 
semiconductor first, medium-gap semiconductors next, and 
the narrowest last as shown at bottom right in Fig. 1 
resulting in virtual full solar-spectrum conversion. For the 
solar cell units, GaInN would be a promising candidate 
among many inorganic semiconductors because it can 
cover the whole solar spectrum by controlling its 
composition [13]. The planar type structure shown in Fig. 1 
is of interest because of its capability of handling rigid 
inorganic semiconductors. 
. 
2.1 The first layer of the redirection waveguide  
  The function of the first layer of the redirection 
waveguide is to make the sunlight coming with various 
incident angles go perpendicularly into the 2D waveguide 
as indicated by vertical downward arrows in the top inset of 
Fig. 1 (denoted by ①). This function is fulfilled quite well 
by a structure that has a parabola cross-section [14,15], as 
shown in the insets of Fig. 2, where simulated light-
propagation is shown for the planar slab whose bottom 
surface is covered with the parabola structure being 1-m 
high and 1-m wide. With eigenmode-expansion method 
[16], performed is the simulation, in which the refractive 
index n is set to be 1.52, and glasses or transparent resins 
can be used for fabricating the parabola structure. Thanks 
to the parabola structure the light propagation across the 
slab is, to a good approximation, perpendicular to the slab 
face even for the incident angle ~ 30o (left inset) and ~60o 
(right inset). This is because the refracted light, virtually 
being set to go through the focus of the parabola, propagate 
along the axis of the parabola after being reflected at its 
surface. We also note that the reflectivity of the slab with 
parabola is single digit for the incident angle o <30o with 
respect to a wide range of wavelength, 0.5m≤≤m. 
Especially form, the low reflectivity extends for o ≤
60o, i.e., the sunlight between 8 am and 4 pm if the 
waveguide face is set normal to the sunlight at noon.When 
optimization is done in the parabola structure, further 
reduction in reflectivity would be achieved. 
 
2.2 The second layer of the redirection waveguide 
  The function required for the second layer of RWG is to 
change the vertical direction obtained in Section 2.1 of 
incoming photons to lateral direction along the 2D 
waveguide as shown by the horizontal arrows in the top of 
Fig. 1 (denoted by ② ). There are a couple of ways to 
achieve this directional change. One way is to use a 
periodically modulated index structure [14, 17]. But this 
approach as well as other approaches utilizing a spatially 
symmetric structure, in common, contains a rather profound 
difficulty [4] as discussed in detail in Section 3. 
 
2.2.1 RWG with tapered waveguide 

Thus we propose asymmetric RWG in which the second 
layer, i.e., the structure that follows the first structure 
discussed in Section 2.1, is spatially asymmetric. In this 
structure, incoming photons are controlled to propagate in 
one direction only, for example, from left to right in a 2D 

 
Fig. 2. Reflectivity of a slab with parabola structure on  
its bottom plane as a function of the incident angle for 
wavelength 0.5 m ~ 2.0 m. The insets show light-
propagation simulation for incident angle of 30o (left) and that 
for 60o (right). Here, w and h are width and height of the 
parabola, respectively.  

waveguide as shown in Fig. 1. This purpose is achieved, for 
example, by using periodic parabolic mirrors (PPMs) 
depicted in the left inset of Fig. 3. The right inset is a picture 
of real PPMs, made by acryl-based 3D-printing, being 6-
mm high, 15-mm wide, and 20-mm long. On this 3D-
printed structure, Ag metal is vacuum-evaporated to make 
it serve as parabolic mirrors. Figure 3 shows the result of 
focusing experiment with the PPMs. The mirror shape is 
designed so that the focus is 0.6mm below the xy-plane 
along the z-direction. Parallel uniform light is shed on the 
mirror and focused line width is measured setting a screen 
below the mirror. As shown in Fig. 3, the observed line-
width is lowest, 0.76±0.1mm to 1.0±0.1 mm, at z=0.6mm, 
the designed focal point, which corresponds to net line 
width of 0.56±0.1mm to 0.8±0.1 mm when oblique 
crossing of light through 120m thick opaque screen. 
  Now utilizing the structure shown in Fig. 3, we have a 
RWG as shown in the bottom right inset in Fig. 4. This 
RDG consists of the first layer (discussed in Section 2.1) 
followed by the PPM shown in Fig. 3 and the tapered 
waveguide (bottom right inset) in Fig. 4. Thanks to the first 
layer of the redirection waveguide, i.e., the sab with 
parabola structures, the sunlight is coming, to a good 
approximation, vertically to the PPM, which means that the 
incoming light is parallel to the axis of those parabola 
(whose cross-section is shown in the bottom left inset in Fig. 
4) and the incoming light focuses at the spot embedded 0.6 
mm deep, as seen from the position of the minimum in Fig. 
3, from the surface of the tapered waveguide. Simulation of 
light propagation in the new waveguide for MOP3SC is 
performed with eigenmode-expansion propagation tool [16]. 
The refractive index of the tapered waveguide is set to be 
1.58 and that of the part of PPM other than the mirror is 
1.35 with taper angle of 7 degree, those focused light-waves 
are fully reflected by the top and bottom planes in the 
tapered waveguide as is shown in the bottom right inset 
which is the result of the light-wave propagation simulation 
in which a plane wave is injected from the bottom in the 
inset. Thus, we can see the light-wave is fully guided to the 
right hand side to reach eventually the solar-cell units 
placed at the end of the tapered waveguide. The solar cell 
to be placed at the end of the RWG can be not only 

MOP3SCs but also the conventional solar-cells, especially, 
the conventional tandem solar-cells with photons injected 
normal to its surface. 
 
2.2.2 RWG with discrete translational symmetry  
  In speaking of the RWG, we are now able to propose a 
new waveguide, being inspired by the bottom left inset of 
Fig. 4. The new structure is shown in Fig. 5, which indeed 
seems similar to the bottom left inset of Fig. 4 in that it 
consist of periodic curves attached to the main 2D-
waveguide but the structure shown in Fig. 5 has discrete 
translational symmetry, in which the cladding layer, being 
periodically discontinued, tangentially touches the 
horizontal mainstream 2D-waveguide. Using the structure 
shown in the top of Fig. 5 for the second layer of the 
redirection waveguide, i.e., the region ② shaded with thin 
oblique lines in the top of Fig. 1, we have made simulations, 
in which, thanks to the translational symmetry along the y-
direction in Fig. 1 as well as the first function of the 
redirection waveguide, we can solve the light-propagation 
by considering only the electromagnetic field in xz-plane in 
Fig. 1 (and in the top of Fig. 5) without losing the generality. 
Simulation of light propagation in the new waveguide 
shown in Fig. 5 is performed with eigenmode-expansion 
propagation tool [16], and the result is also cross-checked 
with finite difference time domain [FDTD] method [18]. In 
the bottom of Fig 5, simulation result of light propagation 

 
Fig. 4. Waveguide-coupled multi-striped orthogonal 
photon-photocarrier-propagation solar-cell. The 
Cross-section in yz-plane of the redirection waveguide 
and solar-cell units located at the right end of the 
waveguide (top), and the top view (bottom) . 

 
Fig. 3. Result of focusing experiment with periodic 
parabolic mirrors. The mirror shape is designed so 
that the focus is 6mm below the mirror along the z-
direction. The left and the right insets are, 
respectively, the design and 3D-printed version of a 
periodic parabolic mirrors (PPMs) being 6-mm high, 
15-mm wide, and 20-mm long. 

 
Fig. 5. The structure of the redirection waveguide of 
in yz-plane (the encircled region in Fig. 1), and the 
simulation result of light-wave propagation in this 
region (bottom).  
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in the redirection waveguide is shown, where the refractive 
index of the core of the mainstream and/or tributary curved 
waveguides is assumed to be 2.0 with high-refractive index 
glass as a candidate and that of the cladding layers 1.35 with 
transparent fluorocarbon resin in mind. In this simulation, 
as shown in the top of Fig. 5, the light source is set at the 
far end of the tributary waveguide. For the 2D waveguide 
(mainstream), we have set its bottom cladding to be discrete 
and to touch the mainstream core tangentially as shown in 
the top of Fig. 5. As a result, the light propagation is not 
affected much by the openness (discreteness) of the core 
(the bottom thin and thick cladding layers) as seen in the 
bottom of Fig. 5. While the structure shown in Fig. 4 does 
not have the translational symmetry because it is with 
tapered structure, the structure shown in Fig. 5 does have 
the translational symmetry, although it is discrete not 
continuous because the cladding layers are disconnected 
periodically to allow photons to be harvested with wide area.  
 
3. DISCUSSIONS 
  For RWG, the asymmetry is of importance. We note 
that more fundamental problem with this approach is 
foreseen. For structures having a left-right, i.e., spatial 
symmetry [12,14], the left-hand-side going photons (LGPs) 
are as many as right-hand-side going photons (RGPs). The 
fact that LGPs can be regarded as time-reversal version of 
RHGPs means that the refractive-index modulation 
structure that makes incoming 3D-photons go right-hand-
side in the 2D-waveguide, at the same time, puts the 2D 
LGPs back into the 3D propagating photons. Thus for the 
symmetric WG, the 3D-to-2D conversion efficiency could 
not be very high from this fundamental reason. This does 
apply for our previous diffraction-based structure [14] and 
would also for any LSC systems. Thus, for realizing the 
RWG that can lead to a high conversion efficiency, we 
believe that spatial asymmetry of WG is essential as in Figs. 
4 and 5. It is in this context that the low reflectivity of the 
facet of the solar-cell unit upon which photons impinge 
plays an essential role to suppress the left-hand-side going 
light in RWG. The RWG can be used not only for 
concentrator solar cells but also for optical wireless 
power transmission systems. 
 
4. CONCLUSIONS 
  Investigated are asymmetric redirection waveguides that 
convert 3D-photons to 2D-photons, first, by making the 3D-
photons coming from various directions go vertically with 
respect to the 2D-waveguide, and second by changing the 
vertical photons into lateral photons propagating in the 2D 
waveguide. We have proposed a new waveguide structure 
with discrete translational symmetry. The cladding layers 
on the photon-harvesting side of the 2D waveguide of the 
redirection waveguide are discrete and tangentially touches 
the 2D waveguide’s core which has an open geometry and 
is connected, through the tributary waveguides, to the 
bottom plane where sunlight comes vertically. Based on 
simulations, we have shown that good tributary-to-
mainstream propagation of photons could be obtained in the 
redirection waveguide. The new waveguide would serve, in 
near future, as a key component for concentrator 
photovoltaic systems with high conversion efficiencies and 
also for optical wireless power transmission systems in near 
future. 
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