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Abstract- This paper presents a method for the fabrication of 
submicron structures on transparent quartz glasses to improve 
optical properties. In this work, the submicron structures were 
fabricated by two-beam dual exposure laser interference 
lithography (LIL) and inductively coupled plasma-reactive ion 
etching (ICP-RIE). The reflectance of less than 5% and the 
transmittance of more than 95% were achieved in the visible 
and infrared range of light from 490nm to 1100nm. The 
experiment results have shown that this method is simple and 
efficient for the large-area fabrication of submicron structures 
on transparent quartz glasses with improved optical properties 
for many applications such as optical components and devices in 
optical engineering. 
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I. INTRODUCTION 
With the development of optoelectronic technologies, 

the demand for functional materials is significantly increased. 
The quartz material with high transmittance has attracted 
widespread attention. The optical properties of quartz glass 
need to be improved for innovative optical applications. 
Many studies have been carried out toward the objectives of 
improving the transmittance and reducing the reflectance. To 
gain high transmittance and low reflectance, a common 
method is to make the coating of multilayer films on optical 
substrates. It is a good approach to achieve the objectives. 
However, the films would suffer from the disadvantages such 
as mechanical deforming, cracking and shedding, particularly 
in the high temperature or low temperature environments. 

In recent years, inspired by “moth eye” effect, a number 
of technologies have been developed for the fabrication of 
submicron structures on the surfaces of materials, including 
e-beam lithography [1,2], nanoimprint lithography [3,4], 
colloidal lithography [5-7], focused ion beam patterning [8,9], 
and laser interference lithography (LIL) [10,11]. 

Among the technologies, e-beam lithography and 
colloidal lithography have been used to fabricate the 
submicron structures on the transparent quartz glass surfaces 
[12, 13], and laser interference lithography is promising for 
large area 3D fabrication of submicron structures. 

In this paper, a method for the fabrication of submicron 
dot arrays by two-beam multi-exposure LIL is presented. 
With the two-beam dual-exposure LIL and ICP-RIE, 
submicron dot array structures were fabricated on the 
surfaces of transparent quartz glasses to improve the optical 
properties of transparent quartz glasses. The details are 
described in the following sections. 

II. EXPERIMENT 

A. Principle 
The basic equation of the multi-beam interference can be 

written as 
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where m
A  is the amplitude, mp



 is the polarization vector, 

2 /k π λ=  is the wave number, mr


 is the position 

vector, mn


 is the unit vector in the propagation direction, 

m
φ is the initial phase, and υ  is the frequency. 

For two-beam interference, the pattern isa grating(as 
shown in Fig.1(a)).The interference intensity I can be 
expressed as 

                   0
=2 [1 cos(2 sin )]I I kx θ+                  (2) 

where 0
I  is the intensity of the two beams, and θ  is the 

incident angle. From Eq. (2), it is evident that the peak 

intensity of interference pattern 0
4I is greater than the sum of 

the intensities of the two interfering beams. The period of the 
array pattern P  can be calculated by 

                            2 sin
P

λ
θ

=
                                 (3) 
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For two-beam dual exposure, the light intensity 
distribution of the interference can be written as  

0
2 [2 cos(2 sin ) cos(2 sin )]I I kx kyθ θ= + +          (4) 

 
Fig.1 Simulation results of two-beam single exposure and two-beam dual 
exposure energy distributions. 
 

Figure 1 shows the simulation results of two-beam single 
exposure (Fig.1(a)) and two-beam dual exposure (Fig.1(b)) 
by MATLAB.As shown in Figure 1,the period of the dot 
array is determined by the incident angle and the laser 
wavelength. The two beams of coherent light are 
superimposed to redistribute the energy. The red areas 
represent the place where the energy is high and the blue 
areas represent the place where the energy is low. 

B. Material and Equipment 
In this work, the quartz glass (JGS-1) was employed. The 

material has an average transmittance of 92% in the 
wavelength range of 185~2500nm.The positive photoresist 
AR-P3740 (Allresist GmbH, Germany) was used as a spin-
coated material. The light source is a solid-state laser (MSL-
FN-360-S, CNI, China) with the wavelength of 360nm.The 
material etching was carried out using ICP-RIE, (SENTECH 
SI500, Germany) to perform a pattern transfer from the 
positive photoresist to the substrate. 

The sample structures were measured by scanning electron 
microscope (SEM, FEI Quanta 250 FEG, USA). The 
reflectance and transmittance measurements were made 
using a UV-vis-NIR spectrometer (Cary-5000, Agilent 
Technologies, USA) 

C. Experiment 
Figure 2 shows the schematic setup of the two-beam dual 

exposure LIL system. The output laser beam is first reflected 
by a high reflective mirror and then divided into two beams 
by a beam splitter. The beams are recombined on the sample 
surface at the sample stage by two high reflective mirrors, 
and the periodic interference fringe patterns were generated. 
The sample stage is rotated to the 90°position, and the 
second exposure is done under the same conditions. The dot 
array is then generated on the photoresist layer. In this 
interference system, the functions of the lens and the pin 

holes are to expand and filter the beam. 

 
Fig.2 Schematic setup of the two-beam dual exposure LIL system. It consists 
of a laser, three high reflective(HR) mirrors, one beam splitter(BS), two 
lenses, two pin holes and a rotatable sample stage. 
 

Fig.3 shows the flow chart of the experimental process 
and the fabrication steps are described in the following. 

 
Fig.3 Flow chart of the experimental process. 

 
(1) The transparent quartz glasses were ultrasonically 

cleaned with acetone, anhydrous ethanol and deionized 
water. 

(2) The surface of the quartz glasswas coated with the 
positive photoresist for different thicknesses. The 
photoresist(AR-P 3740 1:3) layer with a thickness of 
200nm was spin-coated onto the quartz surface at 
2000rpm for 60s and the photoresist(AR-P 3740 1:0.5) 
layer with a thickness of 750nmwas spin-coated onto the 
quartz surface at 3000rpm for 60s. 

(3) Placed the quartz wafer with the photoresist on the hot 
plate for tempering of 1minat 100 ℃ to remove the 
solvent. 

(4) Placed the quartz wafer with the photoresist on the 
sample stage for the first exposure, then rotated the 
sample stage to the90° position for the second exposure. 

(5) The exposed samples were put in the developing 
solution(AR 300-26 1:3) to remove the photoresist 
which decomposed by the interference light. 

(6) Put the sample on the hot plate and post-bake at 115℃ 
for 1min to improve its resistance to etching. 

(7) Etching the thin film of photoresist with ICP-RIE, the 
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resist pattern was transferred to the surface of the quartz 
glass. The main parameters of the ICP-RIE process were 
set to 0.2Pa pressure, 90W RF power and 230W ICP 
power. The recipes of CHF3 and Ar2 were set to be a 
constant (CHF3:20, Ar2:5). 

(8) After the etching, the surface of the sample often left 
behind some photoresist, so acetone and anhydrous were 
employed again to clean the sample. 

(9) The transmittance and reflectance of the quartz samples 
were measured by the UV-vis-NIR spectrometer. 

III. RESULTS AND DISCUSSION 
The SEM image of dot pattern on a photoresist layer is 

shown in Figure 4. It was exposed for 1.5s by two-beam dual 
exposure LIL, then developed for 5s in the developer. In the 
LIL system, the incident angle was 37°. According to Eq. (3), 
the period of the pattern is 300nm. The morphology of the 
pattern is conformed to the simulation results (Fig. 1(b)). 

 
Fig.4SEM image of submicron dot array structures on photoresist. It was 
exposed by the two-beam dual exposure LIL system for 1.5s, then developed 
for 5s using the developer (AR-P 300 26 1:3). 
 

Fig. 5 shows the surface morphology and cross-section 
SEM images of the submicron dot array structures with 
different depths. The morphology of the left side 
corresponding to the cross-section of the right side. 
Compared Fig. 5 with Fig. 4, it can be concluded that the 
ICP-RIE is excellent in transferring the pattern from the 
photoresist layer to the quartz substrate. 

As shown in Figs. 5(d), (e) and (f), there are three different 
cross-section depths of 85nm, 188nm and 418nm 
respectively. They were fabricated through two different 
thicknesses of photoresist films. The photoresist film with 
the thickness of 200nm was exposed for 1s, and developed 
for 60s.The dot array structure with the depth of 85nm was 
obtained (Fig. 5(d)) by ICP-RIE for etching 90s.When the 
etching time is150s, the depth of the structure is 188nm (Fig. 
5(e)).In order to get deeper dot structures, the thickness of 
the mask is needed. The photoresist film with the thickness 
of 750nm was exposed for 5s, developed for 10s and the 
depth of 418nm (Fig. 5(f)) was obtained by etching for 265s. 

It can be seen in the picture that the submicron dot array 
structures are clear and tidy. All the structures are high 
uniformity and over large areas and the areas all are 5 cm². 

 
Fig.5SEM images of the nanodot array structures of quartz surface 
morphology and cross-section, etched by ICP-RIE. 

Fig. 6 shows the measured optical properties of the 
fabricated submicron dot array structures on the transparent 
quartz glass. It is clear that the transmittance of quartz with 
submicron dot array structure is higher than that of quartz 
without structures. The reflectance of quartz with submicron 
dot array structures is lower than that of the quartz without 
structures. From the measured transmittance of Fig. 6(a), it 
can be seen that there is an inflection point at about 
490nm.This inflection point also exists in the reflectance 
spectrum of Fig. 6(b).It is known that, d=λ0/n, where d is the 
period of the structure, n is the refractive index of quartz 
glass, andλ0 is the wavelength. In this study, the period of the 
structure prepared is 300nm for a great antireflection effect in 
the visible light region. According to the above equation, 
when the period is 300nm, the transmittance of the structured 
sample started to increase at the wavelength of 435nm.Good 
transmittance results were exhibited in the range from 490nm 
to 1100nm as shown in Fig. 6(a). In the meantime, the 
reflectance value also achieves a low and stable value in the 
visible spectrum(Fig. 6(b)). The usual principle is that the 
light reflection is generally suppressed when the height of the 
structure is increased [14-16]. Remarkably, as shown in Fig. 
6(a), the transmittance increases with the height of the 
submicron dot array structure. When the height of the 
submicron dot structure is 418nm, the average transmittance 
is 95.6%. Meanwhile the reflectance is suppressed with the 
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height of the submicron dot array structure. For the sample 
with the height of 418nm, it has a reflectance below 5% in 
the visible spectrum. 

 
Fig.6 Height-dependent optical properties of fabricated submicron dot array 
structure on the transparent quartz glass surface. (a) The measured 
transmittance, and (b) the measured reflectance. 

IV. CONCLUSION 
In conclusion, we provided a simple and rapid approach 

for large-area fabrication of highly ordered submicron 
structures on the surface of transparent quartz glass, which 
can help to improve the transmittance in the visible and 
infrared range. Two-beam dual exposure LIL and ICP-RIE 
were employed to fabricate the submicron dot array 
structures on quartz substrates. The effect of the height of the 
submicron dot array structures on the transmittance and 
reflectance of the transparent quartz glass was discussed. It is 
clear that the optical performance of quartz glasses with 
submicron dot array structures are improved. The 
transmittance is improved and the reflectance is reduced with 
the height of the submicron dot array structure increased. In 
the experiment, the average transmittance over 95% and the 
reflectance less than 5% in the visible and infrared spectrum 
were achieved. 
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