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Design and Error Analysis of the Computer-Generated Helogram

Used for Concave Aspheric Surface Testing
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In order to test concave aspheric surfaces precisely, a multifunctional computer-generated hologram
(CGH) which can compensate wavefront in null test, adjust the relative position between CGH and interferometer and

adjust the relative position between CGH and the tested aspheric surface is proposed and designed. It consists of three

090.1760; 090.2880; 120.2880; 220.4840

segments, called main CGH, alignment CGH and fiducial CGH. The principle of testing aspheric surfaces is reviewed
=]

and the design method is introduced. The pros and cons of the auxiliary CGH adjustment method and the common
adjustment method are compared. Then a design example for testing a paraboloidal mirror ($187.72 mm, F number
is 1.71) is presented. The effects of CGH fabrication errors on the accuracy of interferometric measurements are
analyzed. The accuracy of using a CGH to measure the surface is 4. 47 nm. The designed CGH meets the
requirements of high precision aspheric surfaces testing.
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Fig. 1 Phase compensation principle of main CGH
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Fig. 5 Design layout of fiducial CGH
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Table 1 Parameters of CGH

Main CGH

Parameters

Alignment CGH Fiducial CGH

Hologram type Binary phase hologram

Binary phase hologram

Binary phase hologram

Material Fused silica Fused silica Fused silica

Operating mode Transmission Reflection Transmission

Diffraction order First Third First

Grating groove depth 0. 351 0. 351 0. 351

Smallest grating spacing /pum 28.8 2.4 2.0

Duty cycle 0.5 0.5 0.5

Radius /mm 8. 60 8. 60 4,18

Fringe number 201 209 1057

Visibility 0.568 0. 849 0. 457

# 2 CGH & WiARNL R 2L
Table 2 Phase coefficients of the CGH
Phase
C C, Cs C, Cs Cs (& Cs Co Cr
coefficients
5.667X  —2.431X 1.619X 5,267X —8.631X —6.356X 1.549X —1.026X 2.833X
Main CGH 0. 002 ‘ .
107° 1071 1077 101 101 1071 107" 107" 10°%
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Table 3 Varied error sources affecting detection accuracy

Wavefront errors Wavefront errors
Sources of error Sources of error
(RMS) /nm (RMS) /nm
Residual wavefront error of main CGH 0.164 Pattern distortion of fiducial CGH 0

) ) o Map registration error when correcting
Pattern distortion of main CGH 2.18 . . 3
spherical aberration

Phase depth errors of main CGH 0.2 Measurement noise in the 0" order 0.5

1l

Duty-cycle error of main CGH 0 Measurement noise in the return optic 0.

4 Map distortion when eliminating
Amplitude error of main CGH 0.01 1.0
substrate errors

) ) ) Fabrication non-uniformities when
Pattern distortion of alignment CGH 0 o 2.5
eliminating substrate errors

Uncertainty in test surface measurement 1 Root-sum-squares error 4.75
4+ A
5 4 e
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