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Investigation of Measurement Uncertainty of Aspheric Surface Based on

Null-Computer-Generated Holography

Gao Zhishan' Ma Jun! Shen Hua! Ma Yun!

' Institute of Electronic Engineering and Optoelectronic Technology ,

Wang Xiaopeng'**

Nangjing University of Science and Technology ., Nanjing. Jiangsu 210094, China
2 Xi"an Institute of Applied Optics, Xi'an, Shaanxi 710065, China

Abstract Aspheric surface acts as an important role in optical system. Because of its high precision, large data
information and easy alignment, interferometric measurement method based on null computer-generated hologram
(CGH) element is widely emphasized in the field of optical metrology and optical manufacture. A paraboloid acting as
a special aspheric surface sample is measured in auto-collimated interferometric path by using flats and transmission
spheres. Then error data are obtained by means of measuring the same sample with null-CGH in interferometric path.
By the calculation of major error data, a conclusion that the measurement uncertainty can reachA/10(x = 0. 6328 pm)
which meets the requirement of optical metrology if null-CGH is made in a flat of fused silica with enough thickness.
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Fig. 1 Diagram of null-testing optical path
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Fig. 2 Diagram of auto-collimating optical path
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Fig. 3 Diagram of division area of CGH element
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Table 1 Phase function results of CGH element

Area D(p) M Vinax / (1p/ mm) Grating type Operating mode
—2.2070 —1.353X10 o' +
Null 1 45 Phase type Transmission
7.449X10 "' —4. 178X 10 14
Focus —9.7550" +2.85X10 °p' —2.0X10 "¢ 3 262 Phase type Transmission
Return —28.03p" —3.429 X 10" 3 101 Amplitude type Reflection
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Fig. 4 Results of CGH element by (a) step-profiler and (b) scanning electronic microscope
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Table 2 Theoretical errors between null test and auto collimating test

Method Wavefront error /A
Null test 0.034 0.102 0. 170 0.272 0. 340 0.68
Auto-collimating 0. 030 0.091 0.153 0. 244 0.305 0.61
Theoretic error 0. 004 0.011 0.017 0.028 0.035 0.07
Relative error /% 13 11 11. 4 11.4 11.5 11.5
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Fig. 5 Wavefront of reference flat with central hole. (a) 3-D wavefront, (b) interferogram
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Table 3 10-times measured values of null CGH test

Times 1 2 3 4 5 6 7 8 9 10 Average /Standard deviation
Resul PV 0.138 0.135 0.139 0.137 0.134 0.136 0.135 0.141 0.135 0.134 0.136/0.0022
esult
RMS 0.021 0.021 0.022 0.021 0.020 0.022 0.021 0.021 0.022 0.022 0.021/0. 0006
F4 AUEEIE 10 R & 251
Table 4 10-Times measured value of auto-collimation test
Times 1 2 3 4 5 6 7 8 9 10 Average/Standard deviation
Resul PV 0.135 0.135 0.138 0.136 0.134 0.136 0.138 0.137 0.134 0. 140 0.136/0.0018
esult

RMS 0.020 0.022

0.020 0.020 0.020 0.022 0.020 0.020 0.020 0.022 0.021/0.0009
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Table 5 Comparison results of null CGH and

auto-collimation test

Wavefront i
Null CGH test  Auto-collimation test
error
PV 0.136+0.0022 0.13640.0018
RMS 0.02140. 0006 0.021=20. 0009
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Fig. 7 Results of paraboloid tested by auto-collimating
in double path
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