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Design and Kinematic Analysis of the Reticle Stage for Lithography Using VCM

Min-tack Oh’, Mun-su Kim', Jung-han Kim*

} Abstract }

This paper presents a design of the reticle stage for lithography using VCM(Voice Coil Motor) and kinematic analysis.
The stage has three axes for X,Y,0,_, those actuated by three VCM’s individually. The reticle stage has cross coupled
relations between X,Y,0, axes, and the closed solution of the forward/inverse kinematics were solved to get an accurate
reference position. The reticle stage for lithography was designed for reaching both high accuracy and long stroke,
which was 0.1um (X,Y)/ lurad(6,) accuracies and relatively long strokes about 2mm (X,Y) and 2 degrees(6,). Also
this research presents a rotational compensation algorithm for the precision gap sensor for the stage. Simulation results
show the overall performance of the whole algorithm and the improvement quantity of the rotational compensation

algorithm.
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Fig. 1 Design of the reticle stage
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Fig. 4 Gap changes according to X directional movement
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Table 1 Sensor outputs according to plate rotation

A B C

deg Output | Dist. |Output | Dist. |Output | Dist.
V) | (mm) | (V) | (mm) | (V) | (mm)

-2.0 | 5.892 | 1.178 | 5.791 | 1.158 | 4.920 | 0.984
-1.6 | 5939 | 1.187 | 5.812 | 1.162 | 4.945 | 0.989
-1.2 | 6.006 | 1.201 | 5.857 | 1.171 | 4.992 | 0.998
-0.8 | 6.081 | 1.216 | 5911 | 1.182 | 5.059 | 1.011
-0.4 | 6.153 | 1.230 | 5960 | 1.192 | 5.111 | 1.022
0.0 | 6.223 | 1.244 | 6.001 | 1.200 | 5.167 | 1.033

04 | 6.289 | 1.257 | 6.042 | 1.208 | 5.214 | 1.042

0.8 | 6.353 | 1.270 | 6.080 | 1.216 | 5.261 | 1.052

1.2 | 6420 | 1.284 | 6.123 | 1.224 | 5.312 | 1.062

1.6 | 6490 | 1.298 | 6.164 | 1.232 | 5.362 | 1.072

2.0 | 6.559 | 1.311 | 6.207 | 1.241 | 5410 | 1.082
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Table 2 Comparison error result of inverse kinematics
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Table 3 RMS improvement of the compensation

Trans. X | Trans. Y Rotation
(mm) (mm) (Deg)
RMS error of 0.01364 0.00900 0.00092
not compensated
RMS error of 0.00048 0.00058 0.00011
compensated
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