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Abstract: A novel fabrication process for micro patterns with curvature was introduced. The curved structures were made by 
compensating rectangular micro structures with liquid photoresist layer. Because of the surface tension of the liquid in micro scale, 
various shapes of meniscus can be made on the micro channels. The micro channels were made on the silicon substrate in advance, 
and then the liquid layer was coated on the micro channels. From the nature of liquid behavior, the curved patterns with smooth 
surface are obtained, which cannot be made easily with the conventional mechanical machining, as well as with the microfabrication 
processes, such as wet and dry etching. With this principle, it is expected that the smooth and curved surfaces can be made by simple 
processes and the results can be applied widely, such as optical patterns. 
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1 Introduction 
 

The microfabrication processes for MEMS have 
been originated from the semiconductor production 
techniques. However, more advanced processes have 
been developed with new purposes and principles. Using 
the photoresist layer for structural materials, rather than 
photo mask, is a good example for it. A lot of researchers 
have studied the photoresist layers for forming or etching 
targets. Such works have focused on the photoresist 
layers as pattern masters for making molding stamps of 
non-ferrous metals. Furthermore, various studies were 
conducted to control the geometries of photoresist 
structures, such as micro lenses and slopes [1−7]. 
Another approach is a study on making micro molds for 
forging thin non-ferrous metal films [8]. A study has 
focused on making slopes using light scattering during 
develop process [2]. 

The fabrication principle in this study is spin 
coating of photoresist onto the rectangular structures on 
silicon substrate, which has been made in advance with 
DRIE process. Similar principles have been studied with 
dispensing technique [9] or spray [10] of photoresist on 3 
dimensional structures. However, the purpose of these 
studies are not to control the geometries, but to maintain 
uniform thickness of photoresist layer. This study focuses 

on the method to control the geometries of photoresist 
structures by changing process conditions, by which, a 
new geometry, different from that of mechanical or 
chemical machining techniques, can be obtained. 
 
2 Experimental 
 
2.1 Experimental setup 

The major working principle of this study is spin 
coating technique of liquid photoresist onto a silicon 
substrate, where micro structures have been machined in 
advance. Fig.1 shows the schematic diagram of the 
fabrication process. The rectangular micro channels of 
40 μm depth have been etched with DRIE process. Two 
kinds of channels have been made according to their 
widths, which are 10 μm and 100 μm, respectively, while 
their length is 5 mm. After preparing micro structures on 
the silicon wafers, the spin coating was carried out with 
liquid photoresist (P4620, AZ). Due to the centrifugal 
force of spin coating, the liquid photoresist flows toward 
outside of the wafer. But some of photoresist tends to 
remain within the channels because of the viscosity and 
surface tension of the liquid. Furthermore, the surface of 
the photoresist will be curved, or sloped because of the 
meniscus. After the spin coating process, the photoresist 
and silicon wafer were heated on a hot plate at 80 °C for  
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Fig.1 Schematic diagram of working process 
 
100 s so that the liquid was solidified. And the polymer 
replica (RepliSet-F5, Struers) was poured and spread on 
the photoresist surface. Then, the replicas were cut 
across the micro channels in order to examine the cross 
sections. This procedure is shown in Fig.2. 
 
2.2 Experimental 

A major process condition in this study is the spin 
speed for the coating process, which affects the 
centrifugal force of the liquid photoresist layer. 
Therefore, tests were done by changing the spin speed, 
such as 1 000, 1 500, 2 000 and 2 500 r/min. Then, the 
photoresist on the silicon wafer was soft baked instantly. 
The soft bake process enabled the photoresist layer to be 
fixed, or solidified. Since the photoresist is not hard 
enough, a stylus profilometer cannot be used on it. So, 
the replica was made on top of the photoresist layer and 
it was cut across the channels and the cross section area 
was observed by an optical microscope. It was also 
examined that there was no diffusion or mixing between 
the photoresist and the replica. 

 

 

Fig.2 Fabrication procedure for curved micro patterns of liquid 
layer 
 
3 Results and discussion 
 
3.1 Characteristic of 100 μm-width channel 

The centrifugal force increases as the spin speed 
increases, so the round structures of the replica in Fig.2 
are expected to become large. Fig.3 shows the cross 

 

 

Fig.3 Test results of 100 μm-width and 40 μm-depth channels at various revolution speeds: (a) 1 000 r/min; (b) 1 500 r/min; (c) 2 000 
r/min; (d) 2 500 r/min 
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section of replica from channels with 100 μm width at 
various spin speeds. The bright side of the figure is the 
replica, so the dark side, or cavity, can be considered the 
photoresist layer which is upside down. The results show 
that there are no sharp edges on the surface because of 
the surface tension of the liquid, which may be a good 
characteristic for an optical application. The result also 
shows that the volume of cavity in the channel increases 
as the spin speeds. Accordingly, the corner is rounded 
more at a low speed while it becomes sharp at high speed. 
This means that the curvature radius of the photoresist 
surface becomes small and the overall thickness of the 
photoresist layer decreases. 
 
3.2 Characteristic of 10 μm-width channels 

The narrower channels were also tested with the 
same test method. The channels with 10 μm width and 
40 μm depth have higher aspect ratio. It has been well 
known that viscosity and surface tension become more 
dominant factors for fluid flow as the size decreases, and 
vice versa. Therefore, the photoresist in the narrower 
channel is expected to be hard to remove from the 
channels under the same condition. The spin coating was 
conducted at the same spin speed. Fig.4 shows the results 
of 10 μm-width channels at various spin speeds. As 
expected, a large amount of photoresist was trapped in 

the channels at a slow speed. And the photoresist on the 
neutral, or flat, area was also rounded. Consequently, the 
wavy patterns were fabricated at 1 000 and 1 500 r/min. 
From this result, it has been investigated that wavy 
structures, which cannot be fabricated easily with the 
conventional machining processes, can be formed simply 
because of the liquid surface tension. Furthermore, the 
surface roughness is expected to be favorable because it 
is made from the liquid surface. At faster spin speeds, the 
depth of the trenches increases, so that round and deep 
structures have been made. While the structures become 
more rectangular, the corners and edges are still rounded. 

The structures at high speeds seem to be bent after 
being cut because the replica is soft and flexible while 
the aspect ratio is too high. Therefore, the surface 
geometries have been inspected with confocal laser 
scanning microscope (LSM5 Pascal, Carl Zeiss). Fig.5 
shows the scanning results of replicas coated on the 10 
μm-width channels. Since, the replicas are not cut, the 
original shape of the replicas can be measured. And in 
these tests, the surfaces are inverted so that the 
geometries of the photoresist layer can be observed, 
rather than those of the replicas. The scanning results are 
in good agreement with those from the optical 
microscope. The results also show that the geometries of 
the trenches are uniform along the channels, which is an 

 

 
Fig.4 Test results of 10 μm-width and 40 μm-depth channels at various revolution speeds: (a) 1 000 r/min; (b) 1 500 r/min; (c) 2 000 
r/min; (d) 2 500 r/min 
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Fig.5 Surface geometries of photoresist layer on 10 μm-width 
and 40 μm-depth channels measured with confocal laser 
scanning microscope: (a) 1 000 r/min; (b) 2 500 r/min 
 
important characteristic for application to industries. 
 
4 Conclusions 
 

1) This principle is a non-contact process without 
any tools, which can minimize surface roughness. 
Therefore, this process can be used for a lot of optical 
and microfluidic devices. And this process is also 
controlled by various working conditions, such as spin 
speed, photoresist properties and process temperature. 

2) The structures of photoresist have been widely 
used for micro features, such as mold masters. So, the 
controllability of the geometries will provide wide 
flexibility in designing precision molds. 

3) Therefore, a lot of future works are remaining, 
including optimization process for various fluid 
temperatures and properties. The precise measurement of 
surface roughness is required to evaluate optical 
characteristics. And the same process can be applied to 
diverse structures on substrate. For example, micro lens 
array can be fabricated if the photoresist is coated on the 

circular holes. The advanced process for larger substrate 
is also required for commercial application. 
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