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Development of High-precision Three-dimensional Encoder                  

Based on Stabilized Grating Interference Method 

In the development of semiconductor manufacturing equipment, thinning of integrated circuits 

is required to improve the performance of semiconductor exposure equipment. For the requirement, 

the accuracy and reproducibility of the displacement detection of the wafer surface to the XY axes 

as well as the displacement detection to the Z axis must be constantly improved. Nevertheless, the 

required performance for the displacement detection to the Z axis cannot be achieved by the 

methods proposed in the past. In this paper, two types of high-precision, three-dimensional 

encoders based on the principle of interference using a diffraction grating are proposed as 

measurement means to realize the high-precision stage control to the XYZ axes and their basic 

performance of the proposed encoders is confirmed. In addition, the advantages and issues of each 

encoder are clarified by the feasibility analysis on these two types of encoders. 

In Chapter 1, the background of this research and the conventional technology on displacement 

detection are outlined. The reason to require a grating interferometer instead of a light wave 

interferometer for semiconductor exposure equipment is described. In addition, it is also indicated 

that no grating interferometer encoder exists for accurate detection of displacement to the Z axis in 

displacement measurement to the XYZ axes. 

In Chapter 2, the existing grating interferometer is evaluated for displacement detection to the 

XY axes. Superiority of the grating interferometer on the resolution, stability, and linearity of 

displacement detection to the XY axes are verified.  

In Chapter 3, a newly proposed grating interferometer for displacement detection to the Z axis 

is prototyped and its performance is evaluated. The resolution, stability, and linearity on 

displacement detection to the Z axis are confirmed. The performance of the proposed grating 

interferometer in high resolution and excellent stability is presented. 

In Chapter 4, the newly proposed grating interferometer for displacement detection to the XZ 

axes is prototyped and its performance is evaluated. The realized advantages of the proposed 

grating interferometer are that the detecting point on the scale and the optical path length do not 

change with respect to the movement of the scale to the Z axis. 

In Chapter 5, the performance of the three-dimensional encoder configured by combining the 

grating interferometers to the XY axes and the Z axis, and the three-dimensional encoder 

configured by combining the grating interferometers to the XZ axes and the YZ axes are compared 

and considered. It is confirmed that the three-dimensional encoder combining the grating 

interferometers to the XY axes and the Z axis achieves the targeted performance in all respects and 

that the three-dimensional encoder combining the grating interferometers to the XZ axes and the 

YZ axes has low linearity. However, it is indicated that the low linearity problem can be solved by 

minimizing the distance between the incident beams on the scale placed. As a result, it is 

understood that the two types of the three-dimensional encoders can be put into practical use. 

In Chapter 6, the contents described in each chapter were summarized as a conclusion. 

 


