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Measurement of transversal magnification for reduced projection system
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Abstract: As the imaging performance of an optical system is related to its transversal magnification,
this paper proposes a transversal magnification measurement scheme based on wavefront error
metrology for the optical system. On the basis of that the locations of image plane and object plane
satisfy the Newton’s and Gauss’s formulas in a given optical system, the defocus in wavefront error
was used to monitor the movement of image point. According to the minor movement of object point,
the longitudinal magnification could be calculated by the differential of Newton's and Gauss’s
formulas, and the transversal magnification was obtained finally. In order to validate the scheme, a
model of transversal magnification measurement was established, and the criterions of the object point
shift and the initial defocus were summarized. Then, the influences of geometric tolerance and
positioning accuracy of the image point on transversal magnification were analyzed. Finally, an
experimental platform based on a point diffraction interferometer was established for measuring the
wavefront error of a reduced projection system, and the transversal magnification of the system was
measured. It shows that the difference between theoretical and measured results is lower than 0. 24 %,
which verifies the feasibility and veracity of this scheme.
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Fig. 1 Theory of transversal magnification measurement
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Fig. 2 Optical design of reduced projection system
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Fig.3 Variation of AB with object plane moving distance
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Tab. 1 Influence of geometric tolerances on AS

Geometric tolerance/mm AR AR AR

Positioning accuracy
i +0.22
of object point

Distance between
+0.2
convex and concave
+2.6X107° £2.5X10° £2.5X10°°
Vertex radius of
+0. 07
curvature (convex)

Vertex radius of
+0.01
curvature (concave)

x2 BRREMBEI ARHIRIT

Tab. 2 Influence of positioning accuracy of image point

on AS
Positioning accuracy of image point ~ Af’, Y. A,
+2 nm +2X107* £1X107* £2X107*
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Fig.5 Experimental setup for transversal magnification

measurement of reduced projection system
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Fig. 6 Calibration result of raster ruler
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Tab. 3 Comparison of theoretical and measured

transversal magnification

Tl R B B B
i —0.201 69 —0.201 69 —0.201 69
FISH
+0.000 23 =+0.000 13 =+0.000 23
. —0.201 517 —0.201 697 —0.201 865
SENAE
4+0.001 95 =+0.001 96 =£0.001 96
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