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Error-sensitive factors analysis and verification for optical element in-situ
measurement device based on phase measuring deflectometry
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Abstract: Based on optical element’s high precision in-situ measurement requirements, this paper carries out
the sensitive factor simulation analysis, studies the influence of systematic structural errors and temperature errors on
the measurement results, and designs and builds an in-situ measurement device to carry out measurement experiments
of system temperature change, system repeatability and system stability. The results show that the simulation detection
model can be used for plane/spherical/aspherical/free surface, the influence on the measurement results is mainly
reflected in the low frequency error, the high frequency error is relatively small, the maximum PV value of the
measurement surface shape error does not exceed 68nm (about 4/10), and the maximum RMS value does not exceed

15 nm (about 4/40).
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Fig. 3 Different k values correspond to the measurement surface shape error
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Fig. 6 De-skewed surface shape error caused by the image generator offsetting 0.01 mm along the positive direction of Z axis
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Table 1 Influence of image generator’s positioning error on the measurement results

maximum surface shape error/nm corresponding to Zernike coefficients

direction
PV RMS number of terms  number of main items main types
along the X axis 77.2 10.1 2.5.8.15 45° primary astigmatism
along the Y axis 88.9 18.1 4.6 defocusing and 0° primary astigmatism
along the Z axis 152.7 30.6 4.6 defocusing and 0° primary astigmatism
180 2.5
—— PV r—
160 \ —+— RMS y 20+ X4
140 | / Y 2.20261::*05‘
£ hY / 15t
S 120+ /
E / 1.5}
2 100 £ S o5l
=] — .
2 80 / =
o / 0F 1] ¥ S
2 60+
k= \
2 40} \\ 051
20f ) ~1.0}
i \ //P//Av/
0 . T - -1.5 - . . - - . -
—0.010 —0.006 —0.002 0.002  0.006 0.010 0 5 10 15 20 25 30 35 40
pinhole aperture Z axis offset/mm X
Fig. 9 Size of the surface shape error caused by the Fig. 10 Zernike coefficients corresponding
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Table 2 Effect of pinhole diaphragm positioning error on measurement results

to surface shape error
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maximum surface shape error/nm corresponding to Zernike coefficients

direction
PV RMS number of terms  number of main items main types
along the X axis 81.8 10.8 2.5.8.15 5 45° primary astigmatism
along the Y axis 94.2 19.1 3.4.6.7.9 4.6 defocusing and 0° primary astigmatism
along the Z axis 161.9 324 3.4.6.7 4.6 defocusing and 0° primary astigmatism
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Fig. 12 k>0, slope and surface shape error caused by detector lens distortion
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Fig. 13 Surface shape error caused by lens distortion of detector
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Table 3 Effect of detector lens distortion on measurement results

maximum surface

corresponding to Zernike

. . shape error/nm coefficients
influencing factor number of number of main
PV RMS .
terms main items types
) . . . 3.4.6.11.12.28  4.6.11. 12 defocusing, 0° primary astigmatism
det.ector.lens pin-cushion distortion 155.3 24.9 V4.6, 11, 12, V6,11, and higher-order aberrations
distortion defocusing, 0° primary astigmatism
— -3 . . >
(Jky[=1>107) barrel distortion 155.3 24.9 3.4,6,11,12,28 4,6,11,12 and higher-order aberrations
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Table 4 Effect of temperature change on measurement results

maximum surface shape error/nm

corresponding to Zernike coefficients

influencing factor ber of ber of
PV RMS fumber o nu{n .er © main types
main items

. . defocusing, 45° primary astigmatism,
image generator expansion 416.9 85.3 3.4.5.6.7 3.4.5 0° primary astigmatism

detector expansion 99.7 20.4 3.4.6.7 4 focusing out

defocusing and 0°
support structure expansion 4.9 1.0 3.4.6.7.9 4.6 . & .
primary astigmatism
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Fig. 16 Change of measurement results with time
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Table S Detection system parameters

measurement serial number PV/nm RMS/nm measurement serial number PV/nm RMS/nm
1 19.2 3.1 16 46.6 9.6
2 18.4 2.9 17 46.7 9.6
3 21.7 4.0 18 47.7 10.0
4 28.3 5.4 19 493 10.3
5 29.7 4.8 20 44.9 9.3
6 27.7 52 21 42.6 8.8
7 33.7 6.6 22 455 9.5
8 34.4 6.6 23 43.5 8.7
9 31.3 59 24 41.7 7.3
10 343 6.6 25 41.3 6.6
11 37.4 7.1 26 50.1 9.0
12 40.5 8.1 27 60.6 10.9
13 445 9.3 28 45.7 9.0
14 48.2 10.0 29 37.6 6.3
15 48.1 10.1 30 39.9 7.1
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Fig. 17 Measurement results of surface shape error and temperature variation with time
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