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Abstract— In this paper, we demonstrate a new method of fabricating large-area well-ordered
nano-cones using colloidal lithography and inductively coupled plasma (ICP) dry etching, and
discuss the anti-reflectance performance. In the fabrication, we use SiO2 nano-particles as the
mask. Its selectivity in different reacting gases in ICP can result in different shapes of nanostruc-
tures. Before the etching, we use methanol-assisted self-assembly at the air/water interface to
form the patterns. Different ICP etching recipes are used to form rod-shaped and cone-shaped
nanowires with the same height and period. The resultant nano-cone structures are well-shaped
with smooth side walls. After the fabrication, the anti-reflection performance is measured and
compared, which shows that cone-shaped nanowires can reduce the surface reflection to lower
than 4% over the wavelength range of 400–900 nm, while nano-rods can only keep this value at
approximately 6%. Theoretical simulations are also carried out using Comsol, which confirm that
nano-cones provide better anti-reflectance performance.

1. INTRODUCTION

Semiconductor nanostructures have attracted great attention for photovoltaic applications. Solar
cells with surface modified by nanowires are demonstrated to have much lower reflectance, and thus
higher absorption of photons. The improved light harvesting will result in a comparatively higher
power conversion efficiency (PCE).

Abundant researches have been made on Si substrates. However, considering the promising
application of GaAs nanowires for solar cells [1, 2], low cost and practical nanostructuring methods
on III-V materials are in great demand. Generally, III-V compound semiconductor nanowires are
fabricated via chemical vapor deposition (CVD), molecular beam epitaxy (MBE), and vapor-liquid-
solid (VLS) mechanism [3, 4]. However, these methods require complex procedure and expensive
equipment, which have prevented the technology from wide application and mass production. Col-
loidal lithography is a very appealing alternative choice for patterning nanostructures without using
sophisticated equipment and is far less time consuming. In our earlier work, we succeeded in fabri-
cating nano-rods on GaAs substrates using colloidal lithography and ICP dry etching [5]. However,
in practical use, the cylindrical shape makes it difficult to fill the gaps between adjacent nano-rods
with other materials to form electrodes [6] or p-n junctions [1, 2]. Hence, in this paper, a cone-
shaped nanostructure is introduced to mitigate this problem. As for the patterning, we also present
a new method of fabricating large-area well-ordered patterns using methanol-assisted self-assembly
at the air/water interface instead of spin-coating. The fabricated patterns are uniformly-distributed
and the area can be as large as 2× 2 cm2, or even larger. Lower reflection is obtained as compared
to nano-rods with the same period and height.

2. FABRECATION METHOD

We use methanol-assisted self-assembly [7, 8] to form a large-area uniformly-distributed SiO2 nano-
particle mask, as shown in Figure 1. First, we treat the cleaned GaAs substrate with oxygen plasma
in ICP to improve its hydrophobicity. Then deionized water is dropped onto the wafer surface to
form a 2 mm-thick water film, into which we continuously and slowly inject the well-mixed aqueous
suspensions with SiO2 nano-spheres. The methanol-water mixture carries the SiO2 spheres to
water film surface, which quickly disperse. After the sample is dried up, the nanoparticles are left
self-assembled at the sample surface.

In order to obtain a well-ordered monolayer of nano-spheres, it is essential to inject an appropri-
ate amount of the suspension liquid. The SiO2 nano-sphere number n in unit volume of suspension
liquid is given by

n = 6w/
(
πQD3

)
(1)

where w is the SiO2 sphere content (in weight) in unit volume, and Q and D are the density and
diameter of the SiO2 spheres, respectively. The needed volume V of the suspension liquid should
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Figure 1: (a) Photo of a self-assembled SiO2 nano-spheres sample showing iridescent color, and (b) the top
view by SEM.

Figure 2: Different procedure of fabricating nano-rods and nano-cones.

satisfy
πSQD

6w
< V <

2SQD

3w
(2)

where S is the area of the wafer.
After the self-assembly process, etching of GaAs is performed by ICP (Oxford Plasmalab System

100) using Ar/ BCl3 chemistry. BCl3 is the main reactive gas for etching GaAs, while the accelerated
Ar plasma provides a non-selective etching on both SiO2 and GaAs. The two gases, with a ratio of
1 : 3, result in the cone-shaped nanostructure, as shown in Figure 2.

Figure 3 shows the SEM images of the fabricated nano-cones. For nano-rods, we use a BCl3/Cl2/
N2 chemistry instead to obtain vertical side walls. BCl3 and Cl2 provide high selectivity in etch-
ing GaAs under SiO2 mask, while N2 generates a passivation layer to improve smoothness and
verticality [9].

3. RESULTS AND DISCUSSIONS

Figure 4 shows the simulated and measured reflectance of the nano-cone sample, compared with
those of a nanorode sample and a GaAs substrate. For comparison, the etched nano-rods have the
same period and height as the nano-cones. The simulation was performed using the finite element
method [10]. Both the simulation and experimental results show that the nano-cone sample has
lower reflectance compared to the nano-rod sample, while both exhibit significantly lower reflection
compared to the GaAs substrate. The valleys of both nano-rod and nano-cone curves at 500 nm
in the calculated spectra are due to the grating effect resulted from the assumption of perfect
periodicity, which are absent in the measured spectra. The oscillations in the nano-rod reflection
spectra are due to Fabry-Perot effect inside the cylindrical structure, with a flat top playing the
role as the cavity mirror. The fact that the nano-cones exhibit better anti-reflectance performance
than nano-rods can thus be attributed to the non-reflective sharp tips. In the measured spectra of
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Figure 3: (a) Top view and (b) side view of fabricated nano-cones by SEM.

(a) (b)

Figure 4: (a) Simulated and (b) measured reflectance of nano-cone and nano-rod modified surfaces.

Fig. 4(b), the reflectance increases after 870 nm, for which the substrates become transparent, are
due to artifact of back reflection from the sample holder.

4. CONCLUSION

In conclusion, we fabricated a large-area uniformly-distributed GaAs nano-cones by colloidal lithog-
raphy and ICP dry etching. The nano-cone structure has smooth side walls and provides anti-
reflectance performance better than that of nano-rod structure.
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