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We present a controlling technique of microporous structure by laser irradiation during self-organization process. Self-
organization process is fabrication method of microstructure. Polymer solution was dropped on the substrate at high humid
condition. Water in air appears dropping air temperature below the dew point. The honeycomb structure with regularly aligned
pores on the film was fabricated by attaching water droplets onto the solution surface. We demonstrate that it was possible to
prevent forming pores at the region of laser irradiation and flat surface was fabricated. We also demonstrated that a combination
structure with two pore sizes and flat surface was produced by a single laser-pulse irradiation. Our method is a unique
microfabrication processing technique that combines the advantages of bottom-up and top-down techniques. This method is a
promising technique that can be applied to produce for photonic crystals, biological cell culturing, surface science and electronics

fields, and so forth.

1. Introduction

Microfabrication techniques have been studied by many
researchers with the developments of nanotechnologies
[1]. Microfabrication techniques are categorized as top-
down or bottom-up fabrication techniques. The top-down
fabrication technique creates nanoscale and submicron scale
devices by using externally controlled equipment to direct
their assembly. One of typical top-down methods is pho-
tolithography. The advantages of the top-down methods
are high precision and high reproducibility in the fabrica-
tion process [2]. The top-down method, however, requires
expensive equipment, long processing time, and complicated
procedures.

On the other hand, the bottom-up fabrication technique
builds smaller components to more complex assemblies. The
bottom-up techniques are known as self-organization pro-
cess. The bottom-up methods have the advantages of short
process time and low cost. They easily produce a uniform

pattern in large area, while the arbitrary structures are
difficult to be produced by bottom-up techniques.

It has been reported that microporous films are formed
by the cast on the glass substrate under high humid condition
by self-organization process of solution casting method [3—
17]. The microstructures by self-organization process are
expected to be used in many applications as follows. The
microporous structure of regular aligned pores is made of
polystyrene, and the line defect in this microporous structure
is applied for photonic crystal [18, 19]. Micropatterned
substrates by self-organization process are used as potential
scaffolds for regeneration of cardiac and fibrous tissues [20—
25]. Pincushion films are prepared by peeling off the top
layer of the self-organization honeycomb film, and metalized
pincushion films are fabricated by electroless plating. These
metalized pincushion structures are expected to application
of field emitter arrays [26].

We propose controlling self-organization process by laser
irradiation in order to produce arbitrary structures. It is a
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F1GURE 1: Optical setup for controlling of self-organization process.

unique technique that combines top-down and bottom-up
techniques.

2. Laser Control of Self-Organized Process

2.1. Fabrication of Self-Organized Microporous Films. It has
been reported that honeycomb microporous films are fab-
ricated by self-organization process [3—17]. The mechanism
of fabrication process of honeycomb structure on a film is
explained as follows.

Polymers with hydrophilic group are dissolved in highly
volatile solvent. This solution is dropped on a glass substrate
in high humid air. Air near the solution surface is cooled
because the solvent draw heat during evaporation. Because
the air temperature drops below the dew point, the water
droplets are generated near the solution surface and they
attach on the surface. Water droplets on the solution surface
are packed as honeycomb structure by capillary force. Finally,
the solvent and the water droplets are completely evaporated
and microporous droplets are produced at the position that
the water droplets are attached on the solution surface.

We used a solution of polystyrene which was mono-
carboxy-terminated (weight-average molecular weight:
50,000, Scientific Polymer Products, Inc.) in chloroform
(Kanto chemical co., Inc.). This polymer has carboxyl group
as hydrophilic group. The polystyrene chloroform solution
of 25-50 uL was dropped onto the cover glass (24 X 40 mm,
Matsunami glass Ind., Ltd.) at high humid condition of
relative humidity 75%. Herewith, the polystyrene layer of
about 15um thickness with microporous structure was
fabricated. The fabricated microporous films were observed
with scanning electron microscope (SEM; JSM-6390, JEOL
Ltd.) after sputtering of gold of 20 nm thickness.

2.2. Laser Control of Self-Organization Process. Figure 1
shows the optical setup to control self-organization process
by laser irradiation during fabrication of microporous film.
A Q-switched Nd: YAG laser is used as a light source.
Wavelength, pulse width, and repetition frequency of the
laser are 532 nm, 3-5 ns, and 1 Hz, respectively. Laser light is
focused into the solution on the cover glass by an objective
lens. The solution thickness decreases because of solvent
evaporation, and the solution surface is moved in the optical
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Laser-irradiated area

Ficure 2: SEM image of controlling self-organized microporous
polystyrene film by laser irradiation from below. Scale bar: 20 ym.

axis direction during self-organization process. Therefore we
tracked the solution surface with moving the glass substrate
in the optical axis direction by the 3-axis stage. The solution
droplet surface is observed by a CCD camera with the
illumination of an LED light.

3. Experimental Demonstration of Laser
Control of Self-Organization Process

3.1. One Pulse Laser Irradiation from Bottom Side of the Solu-
tion. The surface of solution was laser-irradiated from bot-
tom side after 53 seconds from the solution being dropped
on the cover glass. The solution concentration is 40 g/L
and drip amount is 25 yL. Numerical aperture of objective
lens is 0.4. Laser pulse energy is 15uJ. Figure2 shows
SEM images of self-organization microporous polystyrene
film with irradiation of a laser pulse. The figure shows
that the plane surface without pores was fabricated by the
laser irradiation in the microporous structure during self-
organization process. If laser light is irradiated after finishing
self-organization process, the self-organization microporous
films are damaged by the laser pulse.

We can recognize clearly that plane surface without pores
area was produced by the laser irradiation. The result shows
that we can prevent forming pores at the laser irradiated
area. In fact, we may say that self-organization process can
be controlled by a pattern of the laser irradiation and planar
surface of arbitrary pattern such as line is fabricated in the
microporous structure.

We discuss the mechanism that the water droplets on the
solution surface are removed by the laser irradiation. Figure 3
shows the illustration of mechanism of laser controlling of
self-organization process. We believe that the shock wave is
main factor to remove the water droplets. When the laser
light is irradiated to a solution and the irradiation intensity
exceeds the threshold value, the shock wave is induced with
the laser ablation pressure [27]. The shock wave exceeds
the solution surface tension, and the water droplets are
removed at the laser-irradiated region. Because the solution
is irradiated by a laser pulse just before it is completely
evaporated, there no enough time water droplets are attached
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FIGURE 3: Side view pattern diagram of solution surface with laser
irradiation.
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FIGURE 4: SEM image of two pore sizes and plane surface
polystyrene film by laser irradiation from below focusing inside
solution. Scale bar: 50 ym.

again in this area and the plane surface without pores is
generated.

3.2. Fabrication of Microporous Structure by Focusing Laser
Light inside Solution Droplet. We found that it was possible
to produce a combination of large and small pore sizes and
plane surface without pores by focusing laser light inside
the droplet solution. The solution thickness is about 50 yum
when the laser light is irradiated. The laser light is focused
at the point of below about 15 ym from the solution surface
after 110 seconds from solution being dropped on the cover
glass. The solution concentration is 35 g/L and drip amount
is 25 yL. Laser pulse energy is 300 p].

Figure 4 shows SEM image of the combination structure
produced by focusing laser light inside of solution and the
optical axis is also shown in this figure. In the area near
the optical axis plane surface without pores was produced.
The small pores were fabricated at the region surrounding
the plane surface area and regularly aligned pores with
honeycomb structure also surround the area of small pores.

Figure 5 shows the illustration of mechanism of fab-
ricating small pores and plane surface by the laser irra-
diation. The reason that the small water droplets were
produced is described as follows. On self-organization
process, polystyrene chloroform solution is evaporated and
temperature at the solution surface is decreased by solvent
evaporation. Because of temperature decrease at the solution
surface, the convection occurrs in the solution by temper-
ature difference between surface and inside of the solution.
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FIGURE 5: Side view pattern diagram of inside solution with laser
irradiation.

Some water droplets on the solution surface are entered
inside the solution by convection flow. The water droplets
on the solution surface are grown due to constant moisture
supplying, but the water droplets in the solution are not
grown because no moisture was supplied to the droplets and
small water droplets are kept in small size.

When the laser was focused inside the solution, the
small water droplets inside the solution were pushed to the
surface by the shock wave of the laser pulse irradiation. All
water droplets were removed near the optical axis because
the shock wave was strong enough. Because these two
phenomena occurred at about the same time, the central area
of the laser irradiation was the plane surface without pores
and the surrounding area is small pores structure. Unaffected
area by the laser irradiation is large pores structure.

3.3. One Pulse Laser Irradiation from the Top Side of the
Solution. The surface of solution is irradiated by the laser
from the top side after 90 seconds from the solution being
dropped on the cover glass. Solution concentration is 40 g/L
and drip amount is 50 L. Numerical aperture of objective
lens is 0.42. Laser pulse energy is 15uJ. Figure 6 shows
SEM images of self-organization microporous polystyrene
film with irradiation of a laser pulse. This picture shows
that the plane surface without pores was fabricated in the
microporous structure. Compared to the result of Figure 2,
the plane surface area of Figure 6 is narrower. The plane
surface area is reduced to about one-sixth. We may say that
the irradiation of laser from the top side reduces the laser-
controlled area.

The reduction of controlled area by the laser irradiation
from the top side was attributed to spherical aberrations.
In the case of the laser irradiation from the bottom side,
the laser light transmits the polystyrene chloroform solution,
so the laser spot is aberrated during the propagation in the
solution [28]. However, in the case of the laser irradiation
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FIGURE 6: SEM image of controlling self-organized microporous
polystyrene film by laser irradiation from above. Scale bar: 20 ym.

from the top side, there are no aberrations and the laser spot
is well-focused on the solution surface.

4. Conclusion

We demonstrated that the microporous structure was able
to be controlled by the laser light irradiation during self-
organization process. The plane surface area without pores
was produced by removing the attached water droplets
from the surface with a shock wave induced with a laser
pulse. When the laser light was irradiated the polystyrene
chloroform solution from the top side of the solution, the
area where the water droplets were removed was reduced.
We also demonstrated that in the case of the laser irradiation
from the bottom side of the solution, the combination
structure of two pore size and plane surface was also
fabricated by focusing inside the solution. In this case, the
small water droplets inside the solution were pushed to the
surface with the shock wave and the small water droplets
on the solution surface were removed. Our method has a
potential that combines the processes of bottom-up and
top-down methods. It is a promising technique that can be
applied to produce photonic crystals, biological culturing
process, water repellent materials, electronic, and so on.
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