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Abstract—The wide application of metal nanoparticle arrays
has attracted much attention in the field of nanotechnology.
Such as quantum dots, structural colors, sensors,
metamaterials. In this work, we fabricated periodic micro-and
nanostructures through the interference of two beams with the
same frequency and vibration direction. By controlling the spot
energy and light field energy distribution of Gaussian
interference lithography, the various surface characteristics of
Ag-Si material system (Ag@Si) are optimized, and the mass
transfer brought by Oswald ripening is used to control the
Rayleigh instability in the thermal dewetting process. To
achieve the purpose of the periodic gradient Ag nanoparticle
arrays (AgNPs) pattern can be controlled. The experimental
results show that the periodic micro-and nanostructures can be
obtained by optimizing the spot energy and the number of
pulses.
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I. INTRODUCTION
In the field of micro-and nano-manufacturing, laser

interference lithography has attracted a lot of attention
worldwide in recent years. This technology has the
advantage of manufacturing micro-and nano-structures with
a wide range of potential applications.

The metal nanoparticle array system can provide
convenience for studying the optical properties, magnetic
properties, catalytic properties, thermodynamic properties,
electronic transport and other properties related to particle
size. And it has potential application prospects in information
storage, flat panel displays, quantum dot lasers, sensors, and
single-electron transistors [1]. Notable applications include
high-sensitivity signal detection, high-sensitivity optical
sensing, and the generation of harmonics in nonlinear optics
[2]. Baba A provided a direction to realize optical and
magnetic metamaterials based on a thick metal rectangular
nanohole array through a simple process [3]. Shan from
Fudan University uses the plasma-enhanced local field of
metal nanoparticles to lightly control the surface anchoring
effect and liquid crystal molecular orientation of liquid
crystals [4]. The periodic micro-nano structure has shown
good application prospects in many fields [5-9]. The usual
methods for making such micro-nano structures include
electron beam lithography(EBL) [10], focused ion beam
etching(FIB) [11], laser interference lithography(LIL) [5],
and other methods [9, 13-15]. Electron beam lithography or
focused ion beam etching is used to fabricate mcro and nano
structures, with high resolution, no masks, and micro-nano
patterns of any shape can be produced. However, these two

technologies have low efficiency and expensive equipment,
which cannot meet the requirements of large-scale
production, so they are mostly used in laboratory scientific
research. Laser interference lithography is the use of laser
interference to generate periodic or quasi-periodic light field
distribution, and interact with materials to produce
nanostructures [12]. The micro-nano structures produced by
interference can be zero-dimensional metal nanoparticles,
one-dimensional nanowires or two-dimensional structure
arrays. The interference pattern can be recorded on the
photoresist [5], and transferred to the sample by processes
such as etching or growth, electroforming [6], it can also be
directly ablated on the surface of the sample by a high-power
pulsed laser to produce a micro-nano structure [7]. Because
of the good coherence of the laser, LIL has the characteristics
of large field of view and large depth of field. The use of this
technology is expected to realize the production of low-cost,
high-efficiency, large-area micro-nano structures.

In this study, due to the effect of Oswald ripening, the
silver film on the silicon surface was first melted into small
silver particles along the interference light and dark fringes
under laser interference, then the cluster becomes larger.
This spontaneous process occurs because large particles are
more advantageous than small energies. While the formation
of many small particles is kinetically favored, large particles
are thermodynamically favored. This is because small
particles have a larger surface area to volume ratio and are
consequently easier to produce. Molecules on the surface are
energetically less stable than the ones already well ordered
and packed in the interior.A larger surface area represents a
lower energy state. Hence, when small particles are
transformed into large ones, they will obtain a low-lying
state, which is what we see in Ostwald maturity.

II. EXPERIMENT
For the fabrication of micro-and nanostructures, a

Nd:YAG laser was used. The laser interference experiment
was carried out by the laser (SAGA Nd:YAG) at a
wavelength of 355nm and a repetition frequency of 10hz. In
the experiment, the AgNPs@Si was patterned.

Before the experiment, the Si (Resistivity 1-10Ωcm,
diameter100±0.4mm, thickness 500±10µm, Crystal
orientation P<100>, cz) samples were sonicated sequentially
for 5-10min by acetone, alcohol (Changchun Chemical
Works) and deionized water, and dried in the air. Ultrasound
in absolute ethanol to remove organic impurities on the
surface of the material. Use a numerically controlled
ultrasonic cleaner (KQ-600DE, ultrasonic power 600W,



frequency 40KHz) to clean the base material. One is cleaned
with oxygen plasma (obviously hydrophilic) , the other is
rinsed with hydrofluoric acid (obviously hydrophobic) , and
then plated with silver respectively. The laser beam was split
into two beams, and the two beams were guided by high-
reflective mirrors to interfere on the sample surface.

The laser beam was split into two beams, and the two
beams were guided by high-reflective mirrors to interfere on
the sample surface. One method is to use a single pulse of the
laser to observe the pattern changes; the other method is to
use a continuous pulse of the laser.The test equipment used
in this experiment is Quanta FEG 450 Scanning Electron
Microscope (SEM) produced by FEI Company. record the
exposure time by observing the spot size, and observe the
experimental results with SEM. Form a group of control
groups, and analyze the effects of different wetting
characteristics on the Oswald ripening process.

III. RESULTS AND DISCUSSIONS
A layer of silver film with a thickness of 20nm is plated

on the silicon surface and a laser with a wavelength of 355nm
is used to control the number of pulses through a single shot.
Control the laser exposure time by controlling the number of
pulses. The variables controlled in this experiment are the
energy of a single laser beam and exposure time.

Fig. 1. (a) Two-beam interference system schematics. (b)and (c) are the
2D and 3D diagrams of the interference light intensity distribution
simulated by the dual-beam single exposure MATLAB.

Among them M represents high reflectors, BS represent Spectroscope, W
and Prepresent half-wave and polarized sheets respectively.

Fig. 1(a) shows the schematic diagram of two-beam
interference optical path were used when light
wavelength=355nm. The two-beam interference pattern is a
periodic and equidistant straight fringes, and the period equal
to λ/2sinθ where λ is the wavelength of light, and θ is half the
angle between the two beams. The laser comes out of the
ejection hole propagating in the horizontal direction, light
incident in the middle of the mirror, adjust the position of the
mirror, fine tune the horizontal knob and pitch knob of the
mirror, and keep the incident light parallel to the gas floating
platform, when the light axis is on the horizontal plane. Light
changes the propagation direction through the mirror, and
then enters into the spectroscope, so that the reflected light
and the transmitted light energy are roughly equal. Then, two
high reverse mirrors are placed in the direction of the
reflected light and the transmitted light, respectively, to
adjust the position of the two reflectors to maintain the same
distance from the spectroscope. The two reflected light is

gathered on the substrate surface to form an interference
pattern directly on the substrate surface. Fig. 1(b) and (c) are
the 2D and 3D diagrams of the interference light intensity
distribution simulated by the dual-beam single exposure
MATLAB. Among them, the red-brown area represents the
place where the interference light intensity is relatively
strong, and the blue area represents the place where the
interference light intensity is relatively weak. When laser
interference lithography is performed on the surface of the
substrate, the red-brown area of the interference light will
eventually form a groove due to the strong exposure energy,
and the place where the interference energy is weak will
eventually form a grating due to the weak exposure energy.

Fig. 2. The SEM images obtained by laser interference. (a)and(c)are the
substrate material after oxygen plasma treatment and hydrofluoric acid
rinsing, respectively. (b)and(d)Enlarged SEM images of interference
structures. The period marked in the figure is about 2µm.

Fig. 2 is the SEM image obtained by laser interference,
First, the energy of a single laser beam is controlled to be
10mJ, and the exposure time is 5s (ten pulses per second).
and Fig. 2a and Fig. 2c are the SEM images obtained by
interference of the substrate material after oxygen plasma
treatment and hydrofluoric acid rinsing, respectively. Fig. 2b
and Fig. 2d are high resolution SEM images of interference
structures in Fig. 2a and Fig. 2c.

From the SEM image, it can be seen that the substrate
material after the oxygen plasma treatment interferes with
this parameter, and the silver film on the silicon surface
begins to melt, forming a regular light and dark stripe
structure with a period of about 2 microns. At this time, the
silver film on the surface has just begun to melt, and small
particles have not yet formed. Compared with the
interference of the substrate material after the oxygen plasma
treatment, after being rinsed with hydrofluoric acid the over-
substrate material interferes under this parameter, and the
molten part of the silver film on the silicon surface forms
silver particles. However, the silver particles formed are
irregular in shape, and part of the silver is not melted to form
small particles, indicating that the pulse time is short or the
energy of a single pulse is low, and the Oswald ripening
process has not been completed.

At this coating thickness, it is necessary to extend the
pulse time and increase the single laser energy. Increase
energy control of individual laser beam to 10mJ to 20mJ,
exposure time from 5s to 10s.



Fig. 3. (a)and(c)are the substrate material after oxygen plasma treatment
and hydrofluoric acid rinsing, respectively. (b)and(d)Enlarged SEM images
of interference structures.

Fig. 3 is the SEM image obtained by laser interference,
the energy of a single laser beam is controlled to be 20mJ,
and the exposure time is 10s. It can be seen from the SEM
image that with the increase of laser energy and pulse
number, due to the effect of Oswald ripening and the
influence of Rayleigh instability, the small silver particles
that have been melted will again aggregate to form larger
particles. And all particles are arranged periodically.

It can be seen from the SEM image that the substrate
material after oxygen plasma treatment, the silver particles
formed by interference are not uniformly arranged, and the
particle size is not uniform. Of course, the influence caused
by unstable laser energy is not ruled out. Therefore, it is
hypothesized whether to extend the pulse time or increase the
single laser energy to make the particle arrangement more
regular. The particle size is more uniform. On this basis, we
increase the energy of a single laser to obtain the SEM
picture in Fig. 4.

Fig. 4. SEM image of the substrate material after oxygen plasma treatment

Fig. 4 is the SEM image obtained by laser interference,
the energy of a single laser beam is controlled to be 24mJ,
and the exposure time is 10s. It can be seen from the
scanning electron microscope image that after increasing the
energy of a single laser, under the action of Oswald ripening,
the melted small silver particles will reassemble to form
larger particles. And all the particles are basically uniform in
size and maintained in a controllable range, and the
arrangement of silver particles is more regular.

Under this parameter, we used the same method to
perform interference experiments on the substrate material

after being rinsed with hydrofluoric acid, and found that the
silver particles on the silicon surface had been completely
eliminated by the laser bombardment, indicating that under
this parameter, the threshold has been exceeded. So we use a
single second pulse to perform the interference experiment to
get Fig. 5.

Fig. 5. SEM image of the substrate material after oxygen plasma treatment

Fig. 5. is the SEM image obtained by laser interference,
The energy of a single laser beam is controlled to 24mJ, and
a single pulse interferes. It can be seen from the scanning
electron microscope image that under this parameter, when
the number of pulses is 10, the silver on the silicon surface
melts into small particles and melts again, forming a linear
structure along the interference direction. Can see the more
obvious interference fringe structure. The silver film in some
areas of the silicon surface has completely disappeared.

Fig. 6. Analysis of two treatment methods.

Fig. 6 is two treatment methods of cleaning with oxygen
plasma and rinsing with HF. Analysis chart corresponding to
the two processing methods. It can be clearly seen from the
chart that the two substrate materials treated with different
wettability have different particle diameters after interference
with the exposure time. The substrate material rinsed with
hydrofluoric acid reaches the threshold after the exposure
time exceeds 10s, and the silver particle structure is
destroyed.

It can be seen from the SEM image that with the increase
of laser energy and pulse number, due to the effect of
Oswald ripening and the influence of Rayleigh instability,
the small silver particles that have been melted will again
aggregate to form larger particles. However, if the pulse time
exceeds the threshold, the silver on the silicon surface will be
destroyed. By controlling a single laser energy and pulse



time, a regular and orderly large-area nanoparticle array can
be obtained.

It clearly shows that when the energy of a single laser
beam is controlled to 24mJ and the exposure time is 10s, the
arrangement of the silver particles is very neat, all the silver
particles are evenly arranged, and the size of the silver
particles is 500-600nm.

IV. CONCLUSIONS
In this work, the interference patterns generated from a 2-

beam laser interference lithography system can be used for
nano structuring of materials by direct writing or through a
series of processes. The interference patterns can be formed
as arrays or matrices of laser beam lines or dots. The
experimental results show that by controlling the energy and
exposure time of a single laser beam, a neat array of nano-
particles can be obtained. They are useful for patterning nano
structures in materials. When using such radiation to interact
with materials, feature sizes down to a fraction of the laser
wavelength could be created. The LIL technology provides a
way for the nano patterning of periodic and quasi-periodic
patterns that are spatially coherent over large areas, It is
useful to provide a reference for micro-and nanostructure
materials and applications.
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