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Subaperture Testing Technique of Aspheres Based on
Counter-Rotating Phase Plates

Song Bing Chen Shanyong Wang Guilin
(College of Mechatronic Engineering and Automation , National University of Defense Technology ,

Changsha » Hunan 410073, China)

Abstract Subaperture stitching interferometry in combination with null test can extend the lateral and vertical
dynamic range of measurement, which is applicable to surface figure measurement for large aperture and high-
departure aspheres. By employing a pair of counter-rotating Zernike phase plates as near-null optics, variable
aberration is generated to balance most of the aberration for subapertures at different locations on various aspheric
surfaces. The residual aberration is hence reduced within the vertical dynamic measurement range of a standard
interferometer. The subaperture aberration of two test aspheres is calculated to solve the phase function of the
Zernike plates. Meanwhile, the four-step etching process and power carrier are introduced to double the efficiency of
diffraction and isolate the disturbance orders of diffraction. Finally the flexibility of the near-null optics is well
demonstrated by applying it to the convex hyperbolic secondary mirror of stratospheric observatory for the infrared
astronomy (SOFIA) telescope and a concave asphere. All subaperture aberrations are successfully reduced by the
near-null optics. which shows its good adaptability to surface shape.
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Fig. 1 Counter-rotating phase plates
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Fig. 2 Subaperture layout of near-null position of a

convex hyperbolic mirror
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Fig. 3 Aberration calculating model of aspheric

subapertures
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Table 1 Diffraction efficiency of each orders of four-step CGH
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Fig. 4 Test pattern and assisted alignment pattern of counter-rotating phase plates
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Fig. 5 Residual aberration of subaperture of the convex hyperbolic mirror
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Fig. 6 Residual aberration of subaperture of the higher order convex asphere mirror
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Table 2 Residual aberrations of subaperture of SOFIA’s secondary mirror

Subaperture First ring Second ring Third ring
d,/mm 50. 0040 100. 1672 150. 6498
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Table 3 Residual aberrations of subaperture of the concave asphere

Subaperture First ring Second ring Third ring
d,/mm 80 160 240
7./ 0. 8505 3.0965 6.9197
Residual aberration /A PV 4.49; RMS 0. 77 PV 4.40; RMS 0. 74 PV 3.95; RMS 0. 49
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