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Abstract: The lithography objective is the core component of the lithography machine, and its wave aberration
determines the resolution and overlay accuracy of the lithography machine. With the gradual improvement of the
performance of the lithography machine, the wave aberration requirement of the lithography objective lens has
been reduced to below 0.5 nm (RMS), which is a great challenge to the detection of the wave aberration. The
detection accuracy of current lithography objective wave aberration detection methods (such as Hartmann method,
shear interference method and point diffraction method, etc.) is often limited by its systematic error, and absolute
detection technology is a method that can separate the systematic error. The technology that came out finally broke
the limit of precision. This paper reviews the wave aberration detection method and surface absolute detection
technology of lithography objective lens system, combs the application and research progress of absolute detection
technology in wave aberration detection in detail, and summarizes the application of absolute detection technology
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development trend of the absolute detection technology of wave aberration of lithography objective lens is

1 51 &

in different wave aberration detection methods. At the same time, combined with these difficulties, the future
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Fig. 16 Wavefront aberration of lithography objective absolute detection technology
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Fig. 20 Wavefront aberration measurement of the objective lens using a plane mirror. (a) Without tilt; (b) With tilt angle A6.

A1 s EARAK

Table 1 Objective lens specific parameters

Wi NA ARSER/mm AR HAR TAFRE S /mm
A 0.14 40 11.2 mm/373pixels 34
B 0.65 45 5.9 mm/197pixels 0.6
C 0.9 1.8 3.3 mm/110pixels 1.0
A2 FEHNKLE R4 RMS 2 £
Table 2 Relative RMS error of different objective lenses test results

L7k FKI% $e/M% F31%

A 18.6 8.5 13.9

B 21.4 8.9 16.4

C 23.3 13.7 19.7
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Fig. 21 Schematic diagram of absolute detection principle based on random sphere method™

220001-13


https://doi.org/10.12086/oee.2023.220001

FRHWE, %, 6 TR, 2023, 50(5): 220001

https://doi.org/10.12086/0ee.2023.220001

ll I R
o WTEL ML

\/\/

~ e

Il B
HASHE /ML
Ve

~
\/\/

< -
II
>

B 22 B &A% kATNE f AR R

Fig. 22 Principle of self-calibration of Shack-Hartmann wavefront measurement”®
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Fig. 23 Classical structure of grating transverse shearing interferometer
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Table 3 Detection accuracy of different rotation angles

THER FBEN°) PV/mA RMS/mA
1) 29 32
135 42 a4
180 57 12.3
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Fig. 29 System error calibration of PS/PDI detection by rotating grating method”
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Fig. 30 Absolute detection based on optical fiber point diffraction measurement technology
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Review of absolute measurement of wavefront
aberration in lithography objective
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Overview: The lithography objective lens system is the core component of the lithography machine, and the detection
is the last process in the manufacture of the lithography objective lens system. The detection content includes the surface
shape detection of a single lens and the wave aberration detection of the entire lithography objective lens system. In
order to detect the surface shape of each surface of the lens, the wavefront is usually detected. The wave aberration of the
lithography objective is a comprehensive reflection of the errors of each lens. It is necessary to detect the transmitted
wavefront through all the lenses, which is related to the final accuracy of the lithography machine. Accurately detecting
the wave aberration of the lithography objective lens system is conducive to improving the lithography processing
accuracy of the lithography machine, and also plays an indispensable role in the development and manufacture of the
lithography objective lens. As the working light wave becomes smaller, the precision needs to be improved to sub-
nanometer precision, which has higher requirements for the detection of the wave aberration of the lithography
objective. ASML, Cannon and Nikon hold a lot of technical secrets for lithography machine manufacturing and
inspection, as does high-precision wave aberration inspection technology. We cannot know the high-precision detection
technology of wave aberration proprietary to these companies, but absolute detection technology is a method that can
effectively improve detection accuracy. The detection accuracy of current lithography objective wave aberration
detection methods (such as Hartmann method, shear interference method and point diffraction method, etc.) is often
limited by its systematic errors. The system error is separated, the wave aberration detection accuracy is further
improved, and the accuracy limit is finally broken. Different wave aberration detection techniques are suitable for
different absolute detection methods, but some other systematic error calibration ideas can be tried to develop new
absolute detection techniques for lithography objective lenses. This paper reviews the wave aberration detection method
and surface absolute detection technology of lithography objective lens system, combs the application and research
progress of absolute detection technology in wave aberration detection in detail, and summarizes the application of
absolute detection technology in different wave aberration detection methods. At the same time, combined with these
difficulties, the future development trend of the absolute detection technology of wave aberration of lithography
objective lens is prospected.
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