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Light trapping in solar cells: simple design 
rules to maximize absorption: supplement 

This document expands on the methods discussed in the primary article, while providing 
more details on the calculations and their analysis. 

1. Details and additional notes regarding the methodologies
The Finite Difference Time Domain (FDTD) computations are performed in one period of

the square array of the structures. Therefore, we delimit such a unit cell with specific 
Boundary Conditions (BCs) in each side. On the sides, we use periodic BCs to model the 
infinite periodicity of the structures and the normally incident plane wave source. On the 
upper boundary, an artificially absorbing, perfect-matching layer is applied (to absorb all 
outgoing waves) and a perfect metal BC on the front surface of the rear mirror (to simulate a 
perfect reflecting layer). To simulate solar illumination, we place a plane wave source in the 
air medium above the structure. The source bandwidth is 315-1150 nm, because the solar 
photon flux of the AM1.5G is small outside this wavelength range. We thus focus on the most 
significant portion of the photocurrent spectrum of Si-based photovoltaic devices. 

We use the 3D FDTD numerical software from Lumerical Inc. to model the optical 
effects of the grating structures on thin-film silicon absorbers. The method solves Maxwell’s 
equations in arbitrary geometries and materials. As such, it is one of the preferential 
approaches to tackle electromagnetic problems in the wave-optics regime, particularly for 
photovoltaic light management, because of its conceptual simplicity and versatility. Since it is 
a time-domain method, the solutions can also cover a wide frequency range with a single 
simulation run. However, our end results are cross-checked with a Rigorous Coupled Wave 
Analysis (RCWA) to confirm our findings with a different method. 

The optical properties of the c-Si material composing the structures are given by its 
complex refractive index function (E.D. Palik, Handbook of optical constants of solids, 
Academic Press, 1998). The power absorbed per unit volume in each element is calculated 
from the resulting electric field distribution in the photoactive material, allowing the 
calculation of the photocurrent density: 	 = 	 ℎ ∙ λ ∙	nm

	nm d .dλ 	λ ∙ dλ 

where e is the electronic charge, h is the Planck constant, c the speed of light in free space, 

A the photon absorption, .   the AM1.5G solar spectrum and λ the wavelength. We use 

the spectrally integrated quantity J as the figure-of-merit to optimize the performance of our 
structures. It is the maximum achievable photocurrent density of the device and can be 
regarded as an upper limit, corresponding to the ideal case of no electrical losses. 

From the electric-field distribution in the simulated structures we also calculate the total 
number of photogenerated charge carriers as a function of the absorber depth, which we call 
the current-depth-profile. We therefore cut the 1 μm slab into 10 nm thin slices before 
integrating over all three dimensions. The resulting histogram is shown in Fig. 4. Note that 0 
nm depth refers to the silicon volume between 0 and 10 nm depth, measured from the top 
surface.  
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Figure S4. Spectral responsivity curves for the simple grating lines (top left), crossed grating 
lines (top right), checkerboard (bottom left) and supercell design (bottom right). The 
unstructured, planar reference of a 1 μm thin slab (bold grey lines) and of a perfect 100% 
absorber (light grey lines) are included in each graph. 

 

Figure. S5. The maximum photocurrent (solid line) for the checkerboard (left) and the quasi-
random supercell design (right), as a function of the height of the patterned features, i.e. 
etching depth. The bulk current (dashed line) refers to all the charge carriers generated only 
beyond the etching depth. The optimum etching depth is around 180 nm. Yet, in the present 
study, we chose 190 nm for the etching depth, indicated by the vertical grey line, to allow a 
better comparison with literature data. For shallower depths, the bulk current increases to 24 
mA/cm2 for the checkerboard but drops to 22 mA/cm2 for the supercell approach.  
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Figure S11. Diffraction pattern of various textures. Top left: 1D grating with 242 nm line 
width and 575 nm grating period. Top right: 2D Photonic Crystal of 400 nm holes arranged in 
a square lattice of 600 nm period. Bottom left: The farrago design of Fig. 2e. Bottom right: A 
quasi-random supercell designed to suppress all diffraction beyond the 7th order, resulting in a 
disk-shaped ED. 



3. Supplemental tables 

Table S1. The Fourier-series of a surface structure defines a diffraction pattern in k-space. Here, the energy 
distribution (ED) quantifies the components’ contribution to the total diffracted energy. We list the contribution by 

the strong components as EDstrong and the contribution of the inner k-region as EDk<21/µm with = + . A 

strong component contains at least 15% of the global peak value. The surface area factor (SAF) quantifies the 
increase in surface area compared to the unstructured slab while respecting the periodic boundary conditions. The 
bulk- and surface-current refer to the carriers generated only beyond and within the etching depth d of a textured 
crystalline silicon slab with 1 µm total thickness, respectively. The X-factor is given by Eq. 1. 

*peak height *surface area factor - - - - - - - - mA/cm2 - - - - - - - - 

Name 
# strong 

components EDstrong EDk<21 SAF* X bulk surface total 

≥15% PH* strong only �k < 21 factor factor d > 190nm d < 190nm 1 µm 

Planar Ref     0.98 10.10 4.63 14.73 

2D-0.96 1 0.992 0.993 1.053 1.00 10.20 4.70 14.90 

2D-0.92 1 0.970 0.972 1.106 1.01 10.25 4.72 14.98 

2D-0.88 1 0.942 0.948 1.159 1.01 10.47 4.78 15.25 

2D-0.84 1 0.894 0.915 1.211 1.03 10.83 4.90 15.74 

2D-0.80 1 0.846 0.888 1.264 1.06 10.31 6.03 16.35 

1D-0.04 1 0.834 0.849 1.661 1.08 14.86 0.58 15.44 

1D-0.96 1 0.834 0.849 1.661 1.08 11.85 5.14 16.99 

2D-0.76 1 0.777 0.861 1.317 1.10 11.83 5.17 17.00 

1D-0.08 1 0.682 0.741 1.661 1.12 14.95 1.05 16.00 

1D-0.92 1 0.682 0.741 1.661 1.12 12.84 5.34 18.18 

2D-0.72 1 0.714 0.845 1.370 1.16 12.51 5.33 17.84 

2D-0.04 1 0.689 0.716 2.269 1.16 16.16 1.17 17.33 

1D-0.12 1 0.572 0.685 1.661 1.17 14.96 1.84 16.80 

1D-0.88 1 0.572 0.685 1.661 1.17 13.55 5.61 19.16 

PhC_a300_0.1 1 0.896 0.901 2.791 1.19 10.57 4.83 15.41 

2D-0.08 1 0.445 0.545 2.216 1.24 16.52 2.02 18.55 

2D-0.68 1 0.629 0.834 1.423 1.25 13.30 5.57 18.86 

1D-0.48 2 0.807 0.809 1.661 1.26 15.98 3.99 19.96 

1D-0.52 2 0.807 0.809 1.661 1.26 15.76 4.40 20.16 

1D-0.44 2 0.785 0.798 1.661 1.28 15.80 3.92 19.72 

1D-0.56 2 0.785 0.798 1.661 1.28 14.70 5.61 20.31 

1D-0.42 2 0.757 0.785 1.661 1.29 15.95 3.57 19.52 

PhC_a300_0.2 1 0.605 0.674 3.228 1.29 12.44 5.53 17.97 

1D-0.24 5 0.854 0.652 1.661 1.30 15.51 2.70 18.21 

1D-0.76 5 0.854 0.652 1.661 1.30 15.29 5.43 20.72 

1D-0.28 5 0.870 0.674 1.661 1.30 15.34 2.97 18.32 

1D-0.72 5 0.870 0.674 1.661 1.30 15.71 5.45 21.16 

PhC_a300_0.4 4 0.624 0.312 4.276 1.30 14.83 5.76 20.59 

1D-0.40 2 0.733 0.773 1.661 1.31 15.52 3.92 19.45 

1D-0.60 2 0.733 0.773 1.661 1.31 15.76 4.78 20.54 

1D-0.20 5 0.824 0.640 1.661 1.33 15.90 2.33 18.23 

1D-0.80 5 0.824 0.640 1.661 1.33 14.81 5.45 20.27 

1D-0.32 5 0.873 0.709 1.661 1.33 15.73 3.13 18.86 
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verse 
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0.54 17 

0.57 17 

0.51 21 

0.48 21 

0.60 5 

0.45 25 

0.42 24 

0.873 

0.538 

0.798 

0.798 

0.295 

0.860 

0.860 

0.462 

0.477 

0.824 

0.769 

0.776 

0.698 

0.702 

0.535 

0.615 

0.771 

0.677 

0.810 

0.664 

0.786 

0.761 

0.741 

0.786 

0.610 

0.779 

0.551 

0.735 

0.763 

0.765 

0.748 

0.452 

0.762 

0.751 

0.709 1.661

0.831 1.476

0.648 1.661

0.648 1.661

0.472 2.163

0.747 1.661

0.747 1.661

0.832 1.529

0.033 3.884

0.442 3.752

0.443 2.110

0.457 2.057

0.504 2.005

0.556 1.952

0.020 4.756

0.444 4.713

0.627 1.899

0.831 1.582

0.810 1.687

0.826 1.634

0.786 1.740

0.761 1.765

0.741 1.793

0.694 1.846

0.387 2.993

0.783 2.478

0.087 3.634

0.769 1.822

0.802 1.822

0.754 1.822

0.748 1.822

0.861 1.514

0.753 1.822

0.763 1.823

1.33 15

1.35 14

1.36 15

1.36 14

1.38 17

1.39 15

1.39 15

1.45 15

1.47 18

1.47 13

1.50 18

1.50 19

1.52 18

1.53 18

1.55 16

1.56 13

1.62 19

1.64 16

1.65 18

1.65 17

1.65 18

1.65 19

1.66 18

1.66 19

1.68 19

1.70 19

1.76 18

1.78 20

1.78 19

1.78 21

1.79 22

1.79 18

1.80 22

1.81 22

5.86 5.24 

4.10 5.69 

5.71 2.18 

4.37 5.55 

7.20 3.50 

5.95 3.27 

5.77 5.02 

5.20 5.91 

8.23 6.44 

3.79 5.85 

8.94 3.98 

9.43 4.23 

8.86 4.76 

8.87 5.15 

6.50 6.45 

3.51 6.60 

9.39 5.45 

6.33 6.12 

8.44 6.14 

7.52 6.19 

8.78 6.27 

9.31 5.91 

8.69 6.28 

9.43 5.61 

9.50 5.03 

9.87 6.05 

8.40 6.32 

0.83 6.15 

9.86 6.23 

1.52 6.17 

2.18 6.04 

8.61 6.09 

2.44 5.95 

2.66 5.76 

21.10 

19.79 

17.89 

19.93 

20.69 

19.21 

20.79 

21.11 

24.67 

19.64 

22.92 

23.66 

23.62 

24.02 

22.94 

20.11 

24.84 

22.45 

24.58 

23.71 

25.05 

25.22 

24.96 

25.04 

24.54 

25.92 

24.72 

26.98 

26.09 

27.69 

28.22 

24.70 

28.39 

28.42 



CBx2-0.39 22 0.734 0.771 1.823 1.81 22.91 5.38 28.29 

CBx2-0.36 23 0.747 0.783 1.822 1.81 22.86 5.21 28.07 

CBx2-0.30 23 0.740 0.780 1.822 1.81 22.73 4.57 27.30 

CBx2-0.33 23 0.744 0.784 1.822 1.81 22.94 4.87 27.81 

QR8b-V 13 0.554 0.822 1.716 1.84 22.29 4.18 26.47 

QR32_E0-E3_Real 

29 0.719 0.785 1.914 1.85 21.50 4.64 26.14 

CBx3 24 0.603 0.742 1.850 1.85 22.81 5.37 28.18 

QR32_E3-Einfi 

514 0.500 0.085 4.529 1.87 19.01 6.88 25.89 

QR8b 58 0.632 0.667 2.219 1.90 21.83 6.86 28.70 

QR8b-VI 47 0.605 0.751 1.861 1.90 22.16 6.18 28.34 

QR32b 

128 0.640 0.473 2.925 1.91 22.85 6.67 29.52 

QR32_E0-E7 

131 0.676 0.559 2.502 1.92 23.03 6.18 29.21 

QR32_E0-E6a 

137 0.682 0.569 2.479 1.92 22.78 6.17 28.95 

QR32_E0-E6b 119 0.668 0.640 2.503 1.93 22.98 6.00 28.97 

QR54-Random 

967 0.447 0.097 4.472 1.93 19.33 6.71 26.04 

L Limit 2.24 23.28 10.38 33.65 
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