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Table 1 Parameters of high—order aspheric surface
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Parameters Value
Vertex curvature radius R/mm —491.14
Conic constant K 1.43
4th coefficient A, 9.09x10 "
6th coefficient A 4.73X10°"
8th coefficient Ay 8.46X10 *
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Fig. 2 High order aspheric surface testing with three—piece lens null compensator
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Table 2 Structure data of null lens compensator

Surface No. Radius/mm Thickness/mm Material Semi-diameters/mm Focal length/mm
0 Infinity 59.89 — — —
1 16.225 5.65 9.08
HKI9L —272.70
2 12.823 75.52 8.28
3 —106.66 8.16 26.07
HKIL —448.74
4 —203.2 0.54 28.47
5 58.08 9.00 32.40
HKI9L —7450.73
6 54.20 396.18 31.93
Wavefront function
7.91x103
5.00x10° 6.95x10?
—~ 5.99x103
z 5.04x10?
g 4.08x10%
=) 3.12x10?
0 075 2.16x10?
3 ~ 1.20x10%
e = 2.45%103
0 - 5 WG
X-Pyp: 0.5 & —Lo6/x
upil (Rel. Units) Lo & Waves
0.6328 um at 0.0000 (deg)
200 mm Peak to valley = 0.0089 waves, RMS = 0.0012 waves
Surface: Image
Exit pupil diameter: 67.627 millimeters
(a) Optical layout (b) Residual wave aberration

"S5 #ERERARITER
Fig. 5 The final design results of three—piece lens compensator
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Table 3 Tolerances and error budget for null lens compensator

Parameter Units Design value Tolerance Wavefront(RMS@632.8 nm)
Reference surface irregularity
of interferometer(RMS) 4 a 0.009 0009
Alirspace mm 59.89 0.01 3.92X10°7
Lens 1:
Radius 1 Fringe 16.225 1 2.24X10°°
Thickness mm 5.65 0.01 4.37X107°
Radius 2 Fringe 12.823 1 2.97X10°°
Surface 1 irregularity (RMS) A — 1/80 1.29X10*
Surface 2 irregularity(RMS) A — 1/80 1.29x10°*
Index of refraction — 1.516 85 0.000 1 6.31X1077
Index inhomogeneity — — 2X10° 3x10°°
Airspace 1 mm 75.52 0.01 7.22X1077
Lens 2:
Radius 1 Fringe —106.66 1 1.43x107°
Thickness mm 8.16 0.01 2.31X10°7
Radius 2 Fringe —203.2 1 1.27X107°
Surface 1 irregularity(RMS) A — 1/80 1.29x10°*
Surface 2 irregularity(RMS) A — 1/80 1.29x107*
Index of refraction — 1.516 85 0.000 1 1.3x10°°
Index inhomogeneity — — 2X107° 4.5X107°
Alirspace 2 mm 0.54 0.01 1.75x10°°
Lens 3:
Radius 1 Fringe 58.08 1 2.83X10°°
Thickness mm 9 0.01 3.69X107°
Radius 2 Fringe 54.2 1 3.44X1077
Surface 1 irregularity (RMS) A — 1/80 1.29x107*
Surface 2 irregularity(RMS) A — 1/80 1.29X10°*
Index of refraction — 1.516 85 0.000 1 3.4X1077
Index inhomogeneity — — 2X10°° 5X10°°
Airspace 3 mm 396.18 0.02 8.44X107°
Residual Wavefront A — — 0.001 2
RSS 0.017

x4 EHRREE

Table 4 Tolerances of null lens compensator

Parameters Tolerance
Radius of curvature/ Fringe +1
Surface irregularity (RMS) /24 1/80
Lens thickness/mm +0.01
Alirspace/mm +0.01
Index of refraction +0.000 1
Index inhomogeneity 2X10°
Decenter/mm +0.01
Tilt/ (%) +0.005
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Table 5 Parameters of ZYGO transmission spheres for testing surface irregularity of null lens compensator

Surface No. Radius/mm F number Clear aperture diameter/mm
1 16.225 0.75 64.0
2 12.823 0.75 64.0
3 —106.66 1.5 82.0
4 —203.2 3.3 91.0
5 58.08 1.5 82.0
6 54.20 0.75 64.0
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Fig. 6 High-order aspheric surfaces testing with three—piece lens compensator
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Fig. 7 High-order aspheric surface imaging with null lens compensator
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F/0.78 High Order Aspheric Surface Testing with Null Compensator and
Mapping Distortion Correction

HAO Sanfeng'”, ZHANG Jian"’, YANG Jianfeng'
(1 Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Science, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Xidian University, School of Mechano—electronic Engineering, Xi'an 710071, China)

Abstract: Compared with traditional spherical surfaces, aspheric surfaces own more degrees of freedom,
which is beneficial to the light weight, integration and aberration correction of an optical system. In recent
years, with the development and progress of high—precision optical manufacturing technology, aspheric
surfaces have been widely used in the optical systems design in aerospace, space telephoto and other fields.
Meanwhile, the testing of aspheric surfaces, especially high—order aspheric surfaces, is more difficult and is
a prerequisite for guiding optical deterministic manufacturing. That is to say, it is not only necessary to
realize the testing of aspheric surfaces, but also to be able to give correct guidance for manufacturing based
on the testing results. At present, aspheric surfaces testing can be achieved with null lens compensator, but
for high—order aspheric surfaces with a small F-number, traditional two—piece lens compensator cannot
meet the testing accuracy requirements, and the structure of null lens needs to be further optimized. What's
more, the shape of interfermetric image obtained with null lens compensator is inconsistent with that of the
mirror under test, that is, mapping distortion. It is worth noting that deterministic manufacturing
techniques such as Computer-Controlled Optical Surfacing (CCOS) , Magnetorheological Finishing
(MRF) , and Ton Beam Figuring (IBF) all require accurate guidance and feedback from interfermetric
image, position errors caused by mapping distortion will seriously affect manufacturing efficiency, and even
lead to a failure. Therefore, the mapping distortion correction is crucial for the interferometric image to
correctly guide deterministic manufacturing. In this paper, not only the design method of high—order
aspheric null lens compensator is discussed, but also the mapping distortion correction of interferometric
image. Firstly, based on third-order aberration theory and PW method, the initial structure calculation
formula of the high—order aspheric three—piece lens compensator is deduced, and the above formula is
programmed, which facilitates the null lens compensator design. For an 8th—order even—order aspheric
surface with an effective diameter of 314 mm and F/0.78, the initial structural parameters of null lens
compensator were obtained by using the calculation formula. Then, it is substituted into the optical design
software for scaling and optimization, and finally the design result with PV=0.00961, RMS=0.0012A
(A=632.8 nm) can be obtained, which can meet the high—precision testing requirements. Furthermore, a
correction method is proposed to solve the problem of mapping distortion in the interferometric image
obtained with null lens compensator. This method combines imaging distortion of null lens and an algorithm
for solving null distortion point coordinates, which can conveniently realize the rapid mapping distortion
correction. On the one hand, null lens imaging system with high—order aspheric surfaces as object can be
obtained by reversing the testing light path, and the imaging distortion is consistent with the mapping
distortion, which can be used for mapping distortion correction. On the other hand, since the null distortion
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point is also the geometric center of the interfermetric image, the least squares method is used to fit the
circle boundary in combination with the boundary data of interfermetric image, and then the null distortion
point can be obtained. Then, The correction method is used to correct the mapping distortion of the
interferometeric image obtained by null lens compensator. After 6 times of magnetorheological finishing
based correction results, the surface RMS reduced from 0.2702 to 0.0194, which verifies the validity and
efficiency of this correction method.

Key words: High order aspheric surface; Null testing; Compensator design; Mapping distortion correction;
Optical deterministic polishing
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