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Abstract In order to extend the depth of field and enhance the resolution of microscopy system, a phase pupil
filter with Zernike polynomials is proposed. Through analysis of intensity distribution near the focus point, its
improvement for optical imaging system is demonstrated. Results show that depth of field is extended 4.15 times
as well as resolution is increased 1.3 times. In addition, the performance of Zernike phase pupil is compared with
the other phase pupil filters manifesting its advantages. This new type phase pupil with Zernike polynomials has
practicability and applied value in flaw detection with microscopy.
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Table 1 First 16 terms of Zernike polynomial

No. Expressions No. Expressions
1 1 9 6p'—6p  +1
2 pcosd 10 p’ cos3p
3 psind 11 p'sin 3¢
4 20" -1 12 (4p> = 3)p” cos 2¢
5 pcos 2¢ 13 (4p* = 3)p* sin 2¢
6 psin 2¢ 14 (10p* = 12p* + 3)p cos ¢
7 (Bp*=2)pcos 15 (10p* = 12p° + 3)p sin ¢
8 (Bp>-2)psin¢ 16 20p°-30p* +12p° - 1
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Fig.2 Axial distribution of intensity (a) without and (b) with phase pupil filter
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Fig.3 Radial distribution of intensity (a) without and (b) with phasepupil filter
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Fig.4 Comparison of normalized axial intensity distribution at

focus point for different phase pupil filters and clear pupil
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Fig.5 Comparison of normalized radial intensity distribution at

focus plane for different phase pupil filters and clear pupil
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Table 2 Comparison of criterion parameters for different phase pupil filters

Clear pupil Zernike Single-ring Gaussian
Dyos 1 4.15 3.03 1.62
G 1 0.76 0.79 0.84
M 1 0.10 0.15 0.09
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