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Novel light trapping structures for 40 um silicon solar cell

The photovoltaic industry has long relied silicon as the dominant absorber material due to its abund
ance, no toxicity, and advanced fabrication infrastructure. However, conventional wafers with stand
ard thicknesses of 150—-180 um contribute substantially to material costs. Reducing wafer thicknes
s has been identified as a critical pathway toward cost reduction and higher sustainability in future
photovoltaics [1]. Moreover, thin silicon also provides potential benefits in applications where lightw
eight devices are crucial, such as flexible electronics and space application [2].

Despite these advantages, there is a trade off of thinning silicon. They are reduced optical path len
gth and consequently reduced absorption, especially in the near infrared region due to the indirect
bandgap nature of crystalline Si. Therefore, the creation of efficient light trapping techniques that c
an make up for the reduced thickness is essential to the realization of extremely efficient thin silico
n solar cells.

Among several strategies, hyperuniform disordered (HUD) structures is a promising solution. Unlik
e conventional periodic texturing, HUD patterns suppress long range order while maintaining short
range correlations, enabling broadband and angle independent scattering [3,4]. Previous studies d
emonstrated significant absorption enhancement in HUD patterned thin silicon films with thickness
es around 1 um [5]. Nonetheless, it still remains unclear how such concepts perform when we appl
y it to practical thickness such as 30 ym.

In this work, we investigate HUD based light trapping layers fabricated on 30 um silicon wafers. Th
ree different HUD patterns were realized through lithography and etching processes; hole, honeyco
mb, and spinodal as shown in figure 1. For comparison, a bare thin wafer without any surface modi
fication was also characterized. Scanning electron microscopy (SEM) confirmed the uniform format
ion of each structure across large areas, with characteristic feature sizes of few hundred nanomete
rs.

The optical performance was evaluated by measuring absorption spectra of 300 — 1200 nm wavele
ngth. Figure 2 summarizes the absorption curves of all samples, while Table 1 lists the integrated a
bsorption percentages. Notably, the bare thin silicon wafer achieved only 40.35% integrated absor

ption, consistent with its limited optical thickness. In stark contrast, the HUD patterned wafers exhib
ited substantial improvements: 61.26% for the hole, 58.16% for the honeycomb, and 61.57% for th

e spinodal pattern. These results correspond to ~50% relative enhancement over the bare silicon r
eference, confirming that HUD structures are highly effective for boosting absorption in 30 pm silic

on.

Such enhancement is significant for two reasons. First, it demonstrates that HUD structures retain t
heir light trapping benefits not only in ultra thin (<2 ym) membranes, as previously reported, but als
o in moderately thin wafers more compatible with industrial application. Second, the absorption ach
ieved in our study surpasses that of conventional pyramid textures, which are optimized for thicker
wafers but more complicated to fabricate. This suggests that HUD could serve as a universal and s
imple light trapping strategy for thin silicon.

The implications of this study extend beyond cost effective photovoltaics. Thin, lightweight silicon s
olar cells are increasingly sought after in specialized applications where mass is a critical paramete
r, such as in aerospace and satellite power generation [6]. While [lI-V materials dominate high effic
iency space solar cells, silicon offers an attractive low cost alternative if absorption limitations can b
e overcome. Our findings indicate that HUD patterned 30 um silicon is capable of achieving absorp
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tion levels compatible with such advanced applications, making it a potential candidate for future s
pace solar cells.

We will investigate the performance of HUD patterns against conventional random pyramids under
identical conditions, as pyramidal texturing remains the industrial standard for thick Si wafers. Furth
er optimization of HUD structures, such as correlation length and fill factor, will also be pursued to
maximize absorption across the solar spectrum. Finally, integration of HUD structures with passivat
ing contact technologies such as silicon heterojunctions will be explored to translate optical input in
to electrical performance metrics including short circuit current and overall device efficiency.

In conclusion, this work demonstrates that hyperuniform disordered structures enable substantial li
ght trapping enhancement in 30 um thin silicon wafers, achieving ~50% higher integrated absorptio
n compared to bare silicon references. HUD structure provides a pathway toward cost effective, lig
htweight, and high performance thin silicon solar cells, applicable both for terrestrial power generati
on and for emerging lightweight applications such as space solar cells.

Table 1 Integrated absorption (%) under the spectral of 300-1200 nm for thin silicon
with and without HUD patterning.

HUD pattern hole honeycomb spinodal No pattern
Integrated
Absorption 61.26 58.16 61.57 40.35
(%)

Figure 1. SEM images of three different types of HUD patterns. a) holes, b) spinodal,
and c) honeycomb.
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Figure 2. Absorption curves of all HUD patterned and no pattern silicon wafer.
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