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Abstract: Due to the large numbers of lenses, it is impossible for the complex refractive system to use a com-
pensator only to compensate the corresponding misalignment. Based on the aided alignment technology, this
paper proposed a method to reduce the range of compensator selection by building a sensitivity matrix and find-
ing the internal relations between decenter disalignments and tip/tilt ones. Then, a method by using only four
compensators to compensate the whole optical system was proposed by analyzing the sensitivities of misalign-
ments, and the feasibility of the selected compensators was proved by a simulation. After finishing assembling

of the whole optical system, the tested wave front errors were induced into the sensitivity matrix in the form of
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36 items of Fringe Zernike polynomials to calculate the values and the moving directions of compensators driv-

en by precision actuators. The test results show that the wave front errors (RMS) have reduced to 25. 993 nm

from 50. 864 nm, which is better than the qualifications and proves that the selected four compensators are

right and effective.
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Tab.1 Specifications of small scale projected objective for lithography

Wave Focal Image Total Designed wave front Expected wave front
Specifications Index
length/nm  length/nm NA length/nm error( RMS) /nm error( RMS) /nm
values 632.8 30 0.5 1.457 021 220 10 40
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Fig.2 Image qualities of optical system by theoretical design
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Tab.2 Tolerance distributions of optical system

Index Wavefront Radius Thickness Wedge Decenter Tip/Tilt
Tolerance
error/ x 10 error(PV/A)  error/mm error/ mm error/ (") error/ mm error/ (")
Max value 5 0.1 0.2 0.1 25 0.02 60
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Fig.3 Distributions of Zernike coefficients for wave front errors of edge fields of view
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Tab.3 The first nine coefficient distributions of Zernike
Items Z, (Bias) Z, (Tilt X) Z,(Tilt Y) Z, (Power)
Values(A) -0.289 0.197 -0.286 0.436
Ttems Z (Astig X) Z,(Astig Y) Z,(Coma X) Z,(Coma Y) Z, ( Spherical )
Values(A) -0.013 0.003 0.137 0.020 0.142
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Fig.5 Image qualities after compensating
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Fig.6 Wave front error testing results after compensa-

ting
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