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1. 서론 

Roll patterning for mass production is a hot 

issue in a field of optical film researches. In 

case of a roll with nanometer scale patterns high 

precision positioning is extremely important.  

In order to achieve high accuracy alignment 

we propose a dual grating method for roll 

positioning. Key point of this method is that 

when the normal incident laser is projected on 

dual grating system +1st and −1st order 

diffraction lights are induced and their 

difference is used for lateral alignment. The 

benefit of this technique is that we can achieve 

nanometer scale alignment by using micro-size 

marks. In this instance dual grating system 

consists of a linear grating on the photo mask 

and a double-pitch linear grating on the roll. 

 

2. Alignment System Configuration 

 

Alignment system consists of optical and 

dual grating systems. Fig.1 shows the first 

component of the dual grating system. It 

includes two motorized rolls and one of them is 

mounted on the XY stage. Using the XY stage 

allows adjusting distance between the rolls and 

their lateral displacement. Both rolls have 

micro-scale linear pattern which is used as an 

aligning mark. This pattern was fabricated by 

using laser patterning which utilizes black ink 

coating on a metal surface. Another component 

is a photo mask which also 

 

 
Fig. 1 Schematic Diagram of Roll Aligning System 

 

have micro-scale linear pattern on its glass 

substrate. It must be considered that the roll 

grating pitch should be twice larger than the 

mask grating pitch. This allows avoiding 

interference between their diffraction lights and 

therefore reducing the influence of the gap 

fluctuation. Designed optical system consists of 

a He-Ne laser, optics and photo detectors. It is 

installed over the dual gratings so that the center 

axis of the roll intersects the optical axis and 

adjustment is performed by using XYZ and Tilt 

stages which supports the optical system. Next 

an accurate computer simulation of diffraction 

light beams behavior was done.  

 
Table 1.Simulation Results 

Input laser beam 
diameter 

1.5mm 2.0 mm 

Diffraction light 

beam diameter 

4.5mm 6.0mm 

Diffraction light 
beam distance  

7.0mm 7.0mm 

Total diameter 18.2mm 20.0mm 
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Fig. 2 Optical Configuration of Alignment System 

 

During manufacturing and assembling of 

optomechanical parts simulation result’s data 

such as distances between optical components, 

diffraction light beams diameter and distance 

was obtained. Input and calculated parameters 

are shown in Table 1. Fig.2 shows the alignment 

system diagram. Since periods of dual gratings 

are significantly larger than wavelength of the 

laser required diffraction lights travel nearly 

parallel. By using optical system the angle 

between +1st and −1st order diffraction light 

beams is increased enough for further readout 

by photo detectors.  

 

3. Experiments 

 

Fig. 3 shows intermediate experimental 

results: roll reflected diffraction light without 

cylindrical lens (a) and with cylindrical lens (b); 

roll and mask reflected diffraction lights are not 

aligned (c); roll and mask reflected diffraction 

lights are aligned (d). 

 

4. Conclusions 

 

We propose the dual grating method to align  

 
Fig. 3 Experimental Results 

 

the roll patterning system. This method requires 

the optical system which was successfully 

designed and fabricated. Accurate values of the 

distances between optical components have 

been calculated by means of the optical 

simulation The intermediate experiment results 

were obtained and presented. Analysis of the 

experimental results shows that the optical 

system is properly designed and fully aligned. 

During further theoretical and experimental 

works the key parameters will be investigated. 

Alignment errors due to specificity of the roll 

system, applied optical scheme for detecting the 

aligning signals and fabrication errors will be 

examined. 
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