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Light trapping with 3D CdS NPL array

I ’\/\/\
50

[ | =Blank AAM on Al substrate
40 | | =0 nm exposed NPL height

= 80 nm exposed NPL height
— 163 nm exposed NPL height
— 231 nm exposed NPL height

w
o
—

N
o
—

Reflectance (%) o<

200 500 600 700 800
Wavelength (nm)

Figure S6: (a) SEM image of ordered CdS NPL array after partial etching of AAM. The
inset is a photograph of four substrates with exposed CdS NPL heights of 0, 60, 163 and
231 nm (left to right, respectively). (b) Reflectance spectra of the four substrates shown
in the inset of (a). Compared with blank AAM on Al substrate, the reflectance is greatly

reduced, with 231 nm exposed NPL height, resulting in a reflectance minima of ~1.6%.
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Temperature dependency of the SNOP-cell performance

Temperature dependent cell performance measurements were performed under ambient
conditions. The device was gradually heated up from 297K to 333K, during which dark
and light /-V curves were acquired at various temperatures (Fig. S7). To reduce additional
heating caused by illumination from the solar simulator, 0.2 sun (20 mW/cm?) intensity

was used for the measurements.
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Figure S7: (a) Dark and light (b) I-V curves of the solar cell obtained at 5 different
temperatures from 297K to 333K. (c) Open circuit voltage (V,.) decreases with

temperature.
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Simulation of the performance of SNOP-cells and planar cells

The conversion efficiencies of the SNOP-cell with varying NPL embedded length
in CdTe, H, was simulated by using Sentaurus. Since the goal of the simulation is to
qualitatively verify the trend of experimental data shown in Fig. 4b instead of obtaining
precise cell performance characteristics, the electrodes are assumed to be transparent to
both photon and charge carriers. The materials properties of this simulation were adopted
from references 1-3 as summarized in Table S1. The carrier life times for CdTe were
purposely chosen to be smaller than that of CdS since the CdS NPLs are single crystalline
while the CdTe films are polycrystalline. The Shockley-Read-Hall (SRH) model was

chosen as the primary recombination mechanism.

Table S1. Materials parameters used for modeling
Property CdTe CdS
Eq (eV) 1.5 24
7. (ns) 0.1 2.5
7, (ns) 0.1 2.5
1 (em?*V's™ 40 25!
s (cm®V7's™) 100 100"
N (cm™) 1x10'° 5x10'°

The simulation results shown in Fig. 4b&d suggest that it is beneficial to have
CdS NPLs extend into the CdTe film as much as possible to maximize the carrier
collection efficiency. However, due to the processing limitations, a maximum H~640 nm
was utilized in the experiments, which corresponds to ~6% efficiency extracted from the

simulation result shown in Fig. 4b with a CdTe thickness of 1 pm. Additional simulation
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results using the same material parameters but with a CdTe thickness of 700 nm show a
conversion efficiency of ~12 % (results not shown), which suggests a potential direction
to improve cell efficiency with even less CdTe material.

To further explore the optimal NPL dimensions, the SNOP-cell performance was
simulated as a function of the NPL radius while keeping the NPL pitch constant at 500
nm. As shown in Fig. S8, the maximum efficiency was obtained with ~100 nm NPL
diameter, which corresponds to the actual NPL dimension used in our experiments. The
smaller NPL radius results in reduced carrier collection region. On the other hand, the
NPL radius of >100 nm results in a loss of CdTe filling factor, which effectively lowers

the absorption efficiency.
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Figure S8: Simulation of SNOP-cell efficiency versus the radius of CdS NPL. The

material parameters are adopted from Table S1 and the device structure is shown in

Figure 4d.

In order to compare the performance of the SNOP-cell with conventional planar
structured CdS/CdTe cell, further simulations were carried out based on the structures

shown in Figure S9a and b in which the material parameters are adopted from Table S1,
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except that the minority carrier diffusion length, L, is varied from 50 nm to 50 pm.
Figure S9c shows the efficiencies of SNOP and planar cells as a function of L,. It is
evident that the SNOP-cell is superior to the planar cell due to the improved carrier

collection, especially when L, is smaller than the device thickness (2pum).
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Figure S9: Structures of (a) SNOP-cell and (b) conventional planar cell used for
Sentaurus simulation. (c) Conversion efficiencies of the SNOP and planar cells versus the
minority carrier (electron) diffusion length of the CdTe film. The total device thickness is
fixed at 1.3 pm including electrodes. The inset shows their ratio, depicting the advantage

of SNOP-cell, especially when the minority carrier life times are relatively low.
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