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Abstract To meet the stringent overlay requirements. it is desirable to select appropriate elements to compensate

and adjust the magnification of the projection lithographic lens with double telecentricity. A simple and practical

method to tolerance the magnification is presented. This method uses the commercial optical design software and the

A

finite difference algorithm to calculate the magnification sensitivity for some tolerances. and then selects the optimal
220.1000; 110.6770; 220.3620

magnification compensator with the consideration of the wave aberration sensitivity. By using this method, the
OCIS codes

magnification tolerance is analysed and the magnification compensator is selected for a projection lens with the

optical design; magnification; tolerancing; projection lithographic lens

working wavelength of 193 nm and numerical operture of 0.75. The results show that the lens achieves 50 X 10 °

magnification adjustment, and the root-mean-square degradation of lens wavefront aberration is less than 1.5 nm.
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Fig. 1 Layout of the projection lithographic lenses. (a) Lithographic lens with image-side telecentricity (numerical

aperture 0. 42); (b) lithographic lens with double telecentricity (numerical aperture 0. 75)
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Table 1 Specifications of the projection lithographic lenses

Lithographic lens with Lithographic lens with

Parameter

image-side telecentricity double-telecentricity
Central wavelength of spectral band /nm 365.5 193. 368
Numerical aperture 0.42 0.75
Field of image /mm 12X 12 step and repeat 26 X 33 step and scan
Wavefront aberration (nominal design, RMS) /nm 28.8 0.8
Resolution /nm <700 <100
Magnification 0. 20 0.25
Magnification adjustment /107° +100 +50
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Table 2 Magnification adjustment through the displacement of reticle

Image-side telecentricity lens

Double-telecentricity lens

Magnification Displacement of

adjustment /107° reticle /mm

RMS change in

wavefront error /nm

Displacement of RMS change in

reticle /mm wavefront error /nm

100 0.3554
50 0.1776

0 0
—50 —0.1776
—100 —0.3550

0.

0
0
0.
0.67

22

23

—0.4328 111. 41
0 0
0.4330 111. 38
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Fig. 2 Cumulative probability of the magnification
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Fig. 3 Effects of elements’ axial displacement on the magnification and wave aberration
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Table 3 Magnification adjustment of the double-tele

centricity lithographic lens

RMS change in

Magnification Displacement of

adjustment /10" % element 4 /mm wavefornt error /nm

50 0.0718 1.47
40 0.0573 1. 11
30 0.0429 0.77
20 0.0284 0. 44
10 0.0140 0.17
0 0. 0000 0.00
—10 —0.0149 0.03
—20 —0.0293 0.09
—30 —0.0438 0. 34
—40 —0.0582 0. 66
—50 —0.0727 0.99
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