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This paper describes a nanofabrication method for an antireflective nanodome array with high packing density. The master for
the close packed nanodome array was fabricated by industrially well-established photolithography and physical vapor deposition
processes to realize uniform and defect-free nanostructure in large area. The nanodome array was formed on the surface of a glass
plate by a nanoimprinting process using the replicated mold from the master with the aim of reducing the Fresnel reflection of the
glass surface. The replication fidelity was verified using scanning electron microscopy and the nanodome structured glass substrate

showed ~3% increase in optical transmittance.

1. Introduction

Recently, the development of an antireflective surface to
reduce the reflection that occurs at the interface between
materials with different refractive indices had attracted
research interest [1]. Antireflective surfaces have been applied
to many applications, such as illumination, display, and
imaging systems, as reflection can lead to performance issues
in many optical and optoelectronic systems [2]. In particular,
reflection is a very important issue for solar cell applications.
Optical loss due to reflection at the optical interface of the
solar cell is one of the most critical factors limiting the photo-
voltaic efficiency of solar cells [3]. To improve the conversion
efficiency of solar cells, an antireflective surface is required.

Antireflection coatings (ARCs) made up of single- or
multistacked layers with different refractive indices are widely
used [4]. However, some of the limitations of these coat-
ing materials include optical bands and thermal mismatch
between the film and substrate. As an alternative to ARCs, the
use of antireflective nanostructures on optical interfaces has
attracted intense interest [5]. The periodic subwavelength-
patterned surface enables continuous changes in refrac-
tive index that remove the optical interface [6]. Consider-
able research efforts have sought to develop antireflective

nanopatterns on large optical surfaces for solar cell applica-
tions [7, 8].

Many studies evaluated the effect of the geometric shape
of the nanostructure to the antireflection efficiency. Tapered
shapes and pyramidal structures have been reported to be
the most efficient design [9]. However, these nanostructure
geometries have disadvantages in solar cell applications. To
fabricate a sharp edge nanostructure on a large area at low cost
is very challenging. Moreover, since the operation conditions
of solar cell modules are relatively harsh, a linear tapered
geometry can be easily damaged.

In this study, we propose an antireflective nanodome
structure with high packing density and a cost-effective
fabrication method using a nanoimprinting process. The
nanoimprinting process is one of the most promising tech-
nologies for production of nanostructures at low cost [10,
11]. The most important element of the nanoimprinting
process is a mold that has a negative shape of the final
structure. Han et al. fabricated the mold for dome-shaped
structured antireflection layer by polymer replication of
electroformed master from the laser interference lithography
[7] and Liu et al. fabricated the mold by electroforming of self-
assembly nanosphere lithography [12]. The laser interference
lithography and nanosphere lithography can be a promising



method to fabricate master pattern for the mold of dome-
shaped antireflective nanostructure. However, this method
has limitations to fabricate large area master pattern without
any defects. In practical operation, it is difficult to fabricate
uniform and defect-free dome-shaped nanostructure with
more than 100 mm diameter size by the laser interference
lithography or nanosphere lithography. In this study we fabri-
cated replicated polymer mold from the dome-shaped master
which was basically prepared by a photolithography and
a physical vapor deposition process. The photolithography
and physical vapor deposition process are industrially well-
established techniques and can provide a large area uniform
dome-shaped pattern (up to 300 mm diameter) without any
defects. Finally, a nanodome array was replicated on a glass
substrate using a UV imprinting process. As a result, the
transmittance of the glass substrate was increased from 88-
89% to 91-92% for a single-sided, patterned glass substrate in
the spectral range of 350 to 850 nm.

2. Materials and Methods

A polymeric mold was fabricated using UV imprinting and
physical e-beam evaporation processes, and then the antire-
flective nanodome-patterned structure was replicated on a
glass substrate using the UV imprinting process. An overview
of the fabrication procedures is presented in Figure 1.

A silicon master pattern with 500 nm pitch, 0.5 duty,
and 100 nm grating height was fabricated via KrF scan-
ner photolithography and reactive ion etching processes. A
bottom antireflection coating (BARC) with a thickness of
58 nm was spin-coated on an 8-inch wafer and a photoresist
was spin-coated with 580 nm thickness. Photolithography
was conducted using a KrF step and repeat scanner (NSR-
S203B, Nikon Co., Ltd., Japan), and the reactive ion etchings
of the BARC layer and silicon substrate 110 nm in depth
were performed using a poly etcher (TCP 9400DFM, Lam
Research Co., Ltd.). The silicon master pattern was fabricated
by the fab foundry service institute (National NanoFab
Center, Daejeon, Korea). The fabricated silicon master wafer
was subsequently treated with a self-assembled monolayer
(SAM) coating to prevent adhesion of the cured polymer to
the wafer. The SAM film was applied by dipping the wafer
into a 2% solution of dimethyldichlorosilane dissolved in
octamethylcyclooctasilane (Repel-Silane ES, GE Healthcare
Co., Ltd., USA). The fabricated silicon master was replicated
using the UV imprinting process on polyester (PET) film
(SH34, SKC Co., Ltd., Korea) to prepare the polymeric master.
The UV imprinting processes were performed using a UV
curable urethane acrylate based photopolymer (UP088, SK
Chemicals Co., Ltd., Korea) with a refractive index of 1.52
and a UV curing system (2000 Flood, Dymax Co. Ltd., USA).
Since the polymeric master has a cylindrical nanocavity
structure, it was replicated once more to produce a nanopillar
pattern array (Figures 1(a) and 1(b)). In order to form a
nanodome structure, SiO, was deposited over the fabricated
nanopillar pattern by e-beam evaporator (Modified SEE-7,
Ultech Co., Ltd., Korea) with a deposition rate of 0.3 A/s at
a vacuum level of 6 x 107° Torr, as shown in Figure 1(c).
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FIGURE I: Schematic flow chart of nanodome pattern array fabrica-
tion.

The cylindrical pedestal structure evolves into a dome
structure and the diameter of the dome structure increases
with the deposition thickness of SiO, [13]. To evaluate the
effect of the SiO, thickness on the geometric properties of the
nanodome array, three different thicknesses of the SiO, layer
(50, 100, and 150 nm) were tested. The fabricated nanodome
structure was subsequently replicated by UV imprinting to
form a polymer mold with a nanodome cavity array. Finally,
the nanodome structure was fabricated by transferring the
pattern of the mold to a glass slide substrate (Duran Group
Co., Ltd.,, Germany) using UV imprinting. To improve
the adhesion between the polymer and glass substrate, an
adhesion promoter (ZAP-1020, Chemoptics Inc., Korea) was
deposited on the glass substrate, which form an optically
transparent amine monolayer on the glass substrate.

An optical grade urethane acrylate based photopolymer
(UP088, SK Chemicals Co., Ltd., Korea) was used for the
series of UV imprinting processes, and the UV imprint-
ing processes were performed using a UV curing system
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FIGURE 2: SEM of (a) silicon master, (b) polymeric master, and (c) replicated nanopillar pattern. (d) Profile comparison of the silicon master
and replicated nanopillar and 3-dimensional surface profiles of (e) silicon master and (f) replicated nanopillar pattern.

(2000 Flood, Dymax). To prevent the replica adhering to the
mold, a SAM coating was applied for each of the replication
processes. Since a SAM treatment directly on the polymer
surface can damage the polymeric structure, a thin film
layer of 10 nm SiO, was deposited on the surface of the
polymeric replica by e-beam evaporation at 6 x 107° torr and
a 0.3A/s deposition rate, and it was subsequently dipped
into a 2% solution of dimethyldichlorosilane dissolved in
octamethylcyclooctasilane (Repel-Silane ES, GE Healthcare

Co., Ltd., USA). After 20 minutes, the sample was rinsed with
deionized (DI) water and dried at 30°C.

3. Results and Discussion

Figures 2(a)~2(c) show the scanning electron microscope
(SEM) images of the silicon master, polymeric first replica of
the silicon master, and the nanopillar pattern replicated from
the polymeric master. A field emission-SEM (SIGMA, Carl
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FIGURE 3: SEM images of the fabricated nanodome master with deposited SiO, thicknesses of (a) 50, (b) 100, (c) 150, and (d) 200 nm; EHT

of 5kV was used for (a) and (b) and 16.29 kV was used for (c) and (d).

Zeiss Co., Ltd., Germany) was used for SEM measurement
with an EHT of 5.00kV (for Figure 2(a)) and an EHT
of 16.29kV (for Figures 2(b) and 2(c)). Figures 2(e) and
2(f) show the 3-dimensional surface profiles of the silicon
master and the replicated nanopillar obtained by atomic force
microscope (AFM) measurements. The AFM measurement
was conducted by XE-100 (Park Systems Co., Ltd., Korea)
with a noncontact scanning mode and a speed of 0.3 Hz
using a noncontact AFM tip (PPP-NCHR-50, Park Systems
Co., Ltd., Korea). Figure 2(d) shows the comparison of AFM
measured cross-sectional surface profiles of the silicon master
and the replicated nanopillar. According to Figure 2(d), the
pattern sizes on the replica were slightly smaller than those
on the silicon master wafer due to shrinkage of the imprinting
material during polymerization and the thin film of SiO,
(thickness of 10 nm) deposited for SAM treatment.

Subsequently, the SiO, deposition process was performed
on the replicated nanopillar structure to form a dome-shaped
structure with 4 different thicknesses (50, 100, 150, and
200 nm) using e-beam evaporation. Figure 3 shows the SEM
images of the prepared nanodome master (Figure 1(c)). To
evaluate the detailed geometrical properties of the nanodome
master, the prepared nanodome samples were measured by
AFM. Figure 4 shows the measured profiles of the nanodome
master. For deposited SiO, thicknesses of 0, 50, 100, and
150 nm, the diameters of the nanodome base were 246, 300,
353, and 436 nm, respectively (Figure 4). Since the pitch of the
pattern was 500 nm, the separation distance of the nanodome
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FIGURE 4: AFM of the nanodome master with different SiO,
deposition thicknesses.

decreased when the thickness of the SiO, layer increased.
As shown in Figure 3(d), when the separation distance is
smaller than 0, the structures can evolve into a square shape,
which can act as SiO, thickness limitation for forming dome
structures. Although the initial pillar pattern has a rectan-
gular cross-sectional shape (Figure 4, black line), it is found
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FIGURE 5: SEM images of (a) fabricated nanodome mold with a dome-shaped cavity array and (b) replicated polymeric nanodome on a glass

substrate; EHV of 5kV was used for both measurements.

that the edge of the pattern was rounded as increasing the
deposition thickness of the SiO,. At the SiO, layer thickness
of 150 nm, we can confirm that the cross-sectional profile of
the structure was well matched with dome shape, which can
provide gradual refractive index change and good antireflec-
tion characteristics. 150 nm was selected for the thickness of
the SiO, layer to ensure an improved dome shape.

The fabricated nanodome master was then replicated on
a PET film to create a nanodome mold by the UV imprinting
process. For the next UV imprinting process, the SAM was
coated with the same manner as the previous replication
processes with a polymeric mold. Figure 5(a) shows the
prepared nanodome mold with a 10 nm SiO, layer and SAM.
The nanodome mold was employed to fabricate nanodomes
on a glass substrate by the UV imprinting process. The
adhesion promoter treatment was performed on the glass
substrate. Figure 5(b) shows the fabricated nanodome array.

To evaluate the antireflective performance of the fabri-
cated nanodome array, the transmission spectra through the
sample were measured using a spectrophotometer (UV-670
UV-Vis, Jasco Inc., USA) in the wavelength range of 350 to
850 nm. Figure 6 shows the measured transmittance of the
flat and nanodome featured glass substrates. While the flat
glass substrate showed 88-89% transmittance in the visible
range, the transmittance of the nanodome featured glass sub-
strate increased to 91-92%. Since the antireflective nanodome
structure was applied to only one side of the glass substrate,
the transmittance can be improved up to ~95% when the
developed structure is applied to both sides of the glass
substrate, because additional antireflection effects can be
obtained from the nanodome structured backside surface [7].

4. Conclusions

In this paper, we demonstrated a fabrication method for
antireflective nanodome patterns on a glass substrate. A
series of UV imprinting processes were performed. First, a
polymeric nanopillar array was fabricated by a UV replica-
tion process using a silicon nanomaster produced by KrF
lithography and reactive ion etching processes. Subsequently,
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FIGURE 6: Transmittance of the flat and nanodome featured glass
substrates.

a150 nm SiO, layer was deposited on the polymeric nanopil-
lar array to form a nanodome master, and then it was
replicated once more to create a nanodome mold. Finally, the
antireflective nanodome structure was fabricated using the
prepared mold. The SAM coating was applied for each of the
replication processes. The dome shape was controlled by the
thickness of the SiO, layer. The optical transmittance of the
fabricated sample was measured to evaluate the antireflective
performance. The transmittance increased by approximately
3% compared to the bare glass substrate with a single-sided
feature sample. Although we deposited SiO, layer on the
nanoimprinted pillar array to examine the effects of shape
change while preserving the expensive silicon master pattern,
the proposed nanodome master fabrication method by the
deposition of SiO, layer on the pillar pattern can be directly
applied to the photolithographed silicon pillar array. We
believe that the nanodome master fabrication process using
photolithographed silicon pillar array and physical vapor



deposited SiO, layer can provide a uniform and defect-free
nanodome master pattern in large area (up to 300 mm),
because the photolithography and physical deposition pro-
cesses are the industrially well-established techniques. This
fabrication method can be used to create antireflective sur-
faces for various applications such as solar cells, illumination,
and imaging optics.
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