
 
Figure 6.12 CHO-Tubulin cells (Green) were attached on the protein sub-micro 

patterns (red).Figure (a) shows 0.6 um solid lines, figure (b) shows dash-lines ,figure (c) 
and (d) shows the cells attached on vertical solid lines and T-shape patterns  
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(b)(a) 

(c) (d)

Figure 6.13 3T3 fibroblast cells (Green) were attached on the protein sub-micro 
patterns (red).Figure (a) shows 0.6 um small dash lines with solid line (3A) of protein 
micropatterns and figure (b) shows T-shape (4C) of protein micropatterns . The figure (c) 
and (d) shows the cells attached on horizontal and vertical solid lines (2C and 2D) 
(fluorescence image).  

 

 

 

 



6.4.4 Macrophage cells 

 

In this chapter, the motility dynamics of cells is also observed in sub-micro scale. 

The Macrophage cells will be put on 0.3 um line patterns (Left) and homogenous 

substrate (Right) and observed. From figure 6.14, we could observe that the 

Macrophages have migrated and rotated on these positions by fluorescence microscope 

in these two conditions. In 0.3 um sub-micro patterns, the cells are individually located 

on the surface with a low-speed rotate velocity. But in homogeneous substrate, the cells 

are closely located on the surface with a high-speed rotate velocity. We suppose the 

sub-micropatterns will reduce the adhesion between cells and surface and cause the 

migration and rotation speed down. 

 
Figure 6.14 The Macrophage cells were put on 0.3 um line patterns (Left) and 

homogenous substrate (Right) 
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Chapter 7 Conclusions 

 
In this thesis, we propose our idea —fabricating protein micropatterns with 

accuracy of sub-micro resolution by DUV photography and Micro Contact Printing (μ

CP) method, comparing the pattern accuracy with variable size ,pitch and different 

shape in each steps of μCP method and observing the neuron and cell outgrowth in 

these successfully fabricated sub-micro protein patterns.  

We successfully demonstrated the realization of fabricating protein sub-micro 

patterns for cell biology applications. To successfully generate the protein sub-micro 

patterns, some new designed procedures were involved into the DUV photolithography 

with micro contact printing process, such as TEOS film, RIE etching and AR3 coating. 

For the requirements of flexible aspect ratio, TEOS film was added as a hard mask 

between photoresist and substrate for increasing the etching selectivity. According to 

our experimental results, the aspect ratio could be offered from 1.5 to 4.5 by RIE recipe 

tuning. When the pattern size is into sub-micro level, the sticking issue between silicon 

and PDMS will be getting worse. Besides, sticking problem also has very strong 

dependence with pattern sizes, pitches and shapes. We analyze the chemical 

mechanisms and select suitable material to be used as the buffer layer to avoid the 

crosslinking from these two materials. The AR3 layer was employed to be a buffer layer 

and successfully reduce the issue of pattern sticking. 

Several test patterns with different shapes; variable sizes, and pitches were 

designed and fabricated. In each steps, the patterns were measured and analyzed. By the 

accuracy comparison Table 6.1, almost all test patterns could be generated into protein 
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patterns except 1:1 0.3 um line and space. That might be due to the size and pitch 

dependence with resolution thus causing the patterns fail. 

The results demonstrate that protein sub-micro patterns have been fabricated by 

DUV photolithography with micro contact printing. It provides a stable, accurate and 

workable platform to generate functional surfaces for cell biology investigations. 
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