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Abstract To realize the horizontal positioning of a reticle stage with three degrees of freedom and high accuracy, it
needs to establish an accurate multi-degree of freedom decoupling measurement model in the reticle-stage-
measurement system. In this study, a two-dimensional diffraction planar grating is used to establish a reticle stage
degree-of-freedom position measurement system, and the main reasons for the deviation in the position of the reticle
stage are analyzed in terms of the multiple installation errors that are caused by the planar grating and read head.
Firstly, the displacement model of the three degrees of freedom of the reticle stage is designed according to the
installation layout; then, the installation errors of the planar grating and read head are combined to analyze the cause
of the Abbe and cosine errors generated by the position of the reticle stage. A compensation algorithm is designed to
reduce the position error of the reticle stage and then the model is simulated using MATLAB software, observing
the convergence of coupling coefficient. Finally, a calibration error method is proposed. Using the dual-frequency
laser interferometer measurement system as the benchmark and using the least squares method, the coupling
coefficient of the degree of freedom of the planar grating position model is determined. Experimental results show
that the proposed algorithm can effectively compensate the Abbe and cosine errors of the reticle stage; thus, the
uncertainty in the measurement system reaches 5 nm.
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Fig. 1 Schematic of measurement optical paths of planar grating and laser interferometer
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Fig. 2 Installation layout of planar grating and laser interferometer of reticle stage
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Fig. 3 Analytical diagrams of model errors. (a) Abbe error; (b) cosine error
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Fig. 6 Error analysis diagrams of degree of freedom R, with respect to degree of freedom in y direction
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Table 2 Coupling coefficients of three degrees of freedom of planar grating
Degree of freedom coefficient /(mm ¢ mrad™') 1 2 3
ERJ.’Z.I —0.381 —0.365 —0.367
5Ryzi —55.667 —55.653 —55.496
ER:L —22.860 —22.843 —22.849
Cr o —0.128 —0.090 —0.115
&k 2 43.853 43.850 43.834
gRyb‘ 3.943 3.922 3.924
€k 2 —7.063 —7.049 —7.069
Cr .y —14.843 —14.758 —14.764
ERng 1.636 1.773 1.773
5R;2R_V 0.607 0.682 0.682
gR;Zz 3.622 3.965 3.965
§k‘,.y2R1, —2.966 —4.096 —4.096
3 WOLT WG VT G HE R i A B X L
Table 3 Comparison of position accuracy between laser interferometer and planar grating mm
Physical location
Instrument 30
—120 —60 0 60 120
Laser interferometer —119.999 —59.999 —1.04485X 107 60.000094 120.000092 1. 818 X10°*
Planar grating 1 —120.000009 —59.999998 —4.811X10 ¢ 60.000013 120.000004 3. 812X10°°
Planar grating 2 —120.000003  —60.2312021 —1.316X10"° 60.000006 120.000003 3. 897 X10°°
Planar grating 3 —120.2312021 —60.2312021 —1.429X10"7 60.000001 120.2312021 4. 892X10°°
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