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(57) 
A process for producing an article With a microstructure 
includes the steps of forming a primary relief structure on a 
surface of a substrate, applying a photo resist on the sub 
strate, exposing part of the photo resist using a photo mask 
so as to form a microstructure pattern, developing the 
microstructure pattern in the exposed photo resist, thereby 
allowing access to a part of the primary relief structure from 
the photo resist, and thereby forming a patterned surface 
With a microstructure relief that is bounded by the exposed 
part of the primary relief structure and by remainder of the 
photo resist on the substrate, and forming a metal layer on 
the patterned surface to form the article having the micro 
structure With a pro?le corresponding to the microstructure 
relief on the patterned surface. 
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PROCESS FOR PRODUCING AN ARTICLE WITH 
A MICROSTRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a process for 
producing an article With a microstructure, more particularly 
to a process Which permits production of an article having a 
microstructure With a relatively complex pro?le, With a 
relatively high degree of form accuracy, and With high 
surface smoothness, and to an article produced by the 
process. 

[0003] 2. Description of the Related Art 

[0004] Many methods are available in the art to produce 
an article, such as a light transmitting plate, having a 
patterned surface With a relief microstructure. This article is 
formed using a stamper or a mold having a reversed pattern 
of the relief microstructure. US. Pat. No. 5,776,636 dis 
closes a method for manufacturing light-transmitting plates, 
Which method includes the steps of forming a photo resist 
layer on a ?at substrate, exposing the photo resist so as to 
form a de?ection pattern in the photo resist, developing the 
exposed photo resist to form a topographical relief in the 
photo resist corresponding to the de?ection pattern, metal 
liZing and electroforming the surface of the photo resist to 
thereby form a stamper, and injection molding the light 
transmitting plate using the stamper. It is possible to expose 
the de?ection pattern using parallel light beams irradiated on 
the photo resist layer through an over-laid photo mask. In 
this case, the sectional con?guration of the topographical 
relief is usually rectangular or trapeZoidal. It is also possible 
to directly draW the pattern on the photo resist using an 
optical beam. In this case, the con?guration of the topo 
graphical relief can be modi?ed by adjusting exposure 
conditions and/or by adding a baking step betWeen the 
developing and metalliZing steps. This results in added 
procedures in the manufacturing process of the light trans 
mitting plate. Moreover, it is difficult in the aforementioned 
method to form a topographical relief With a complex pro?le 
and With high surface smoothness and a relatively high 
degree of form accuracy. 

SUMMARY OF THE INVENTION 

[0005] Therefore, the main object of the present invention 
is to provide to a process for producing an article With a 
microstructure having a relatively complex microstructure 
pattern and high surface smoothness and at a relatively high 
degree of form accuracy, and to an article produced by the 
process. 

[0006] Accordingly, the process of the present invention 
includes the steps of forming a primary relief structure on a 
surface of a substrate, applying a photo resist on the sub 
strate, exposing part of the photo resist using a photo mask 
so as to form a microstructure pattern, developing the 
microstructure pattern in the exposed photo resist, thereby 
alloWing access to a part of the primary relief structure from 
the photo resist, and thereby forming a patterned surface 
With a microstructure relief that is bounded by the exposed 
part of the primary relief structure and by remainder of the 
photo resist on the substrate, and forming a metal layer on 
the patterned surface to form the article having the micro 
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structure With a pro?le corresponding to the microstructure 
relief on the patterned surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Other features and advantages of the present inven 
tion Will become apparent in the folloWing detailed descrip 
tion of the preferred embodiments With reference to the 
accompanying draWings, of Which: 

[0008] FIG. 1 is a ?oW chart illustrating the process 
according to the present invention; 

[0009] FIGS. 2(A)~2(I) are perspective vieWs illustrating 
substrates formed With recessed primary relief structures for 
use in the process of the present invention; 

[0010] FIGS. 3(A)~3(D) are perspective vieWs illustrating 
substrates formed With projecting primary relief structures 
for use in the process of the present invention; 

[0011] FIG. 4 is a top plan vieW illustrating a substrate 
formed With a parallel set of linear relief structures that are 
displaced from one another at equal distances; 

[0012] FIG. 5 is a top plan vieW illustrating a substrate 
formed With a parallel set of linear relief structures that are 
displaced from one another at different distances; 

[0013] FIG. 6 is a top plan vieW illustrating a substrate 
formed With ?rst and second sets of linear relief structures 
that intersect each other; 

[0014] FIG. 7 is a top plan vieW illustrating a substrate 
formed With a set of concentric circular relief structures; 

[0015] FIG. 8 is a top plan vieW illustrating a substrate 
formed With a set of curved relief structures; 

[0016] FIG. 9 is a cross-sectional vieW of the substrate 
shoWn in FIG. 2(A); 

[0017] FIG. 10 is a cross-sectional vieW shoWing the 
substrate of FIG. 9 When applied With a photo resist 
according to the ?rst preferred embodiment of the process of 
the present invention; 

[0018] FIG. 11 is a perspective vieW illustrating an expo 
sure step of the process of the ?rst preferred embodiment; 

[0019] FIG. 12 is a perspective vieW shoWing the result 
after a developing step of the process of the ?rst preferred 
embodiment; 
[0020] FIG. 13 is a cross-sectional vieW of FIG. 12; 

[0021] FIG. 14 is a cross-sectional vieW shoWing the 
result after a metalliZing step of the process of the ?rst 
preferred embodiment; 
[0022] FIG. 15 is a cross-sectional vieW shoWing the step 
of electroforming a metal product according to the process 
of the ?rst preferred embodiment; 

[0023] FIG. 16 is a perspective vieW illustrating the metal 
product formed in the step of FIG. 15; 

[0024] FIG. 17 is a perspective vieW illustrating the 
substrate of FIG. 2(I) after being applied With a photo resist 
according to the second preferred embodiment of the present 
invention; 
[0025] FIG. 18 is a perspective vieW illustrating an expo 
sure step of the process of the second preferred embodiment; 








