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Virtual-real combination interferometry for aspheric surface
parameter error measurement with

cat-eye-wavefront positioning (invited)
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(Beijing Key Laboratory for Precision Optoelectronic Measurement Instrument and Technology, School of Optics and Photonics,

Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aspheric surfaces are widely used in optical systems. Aspheric surface parameters, including vertex
radius of curvature, conic constant, and high-order aspheric coefficients participate in optical design, manufacture,
measurement, alignment and assembly. Precision measurement for aspheric surface parameters is the basis for
manufacture, alignment and assembly. A partial compensation measurement system is proposed based on virtual-
real combination interferometer for aspheric surface parameter error measurement. In this measurement system,
residual wavefronts are measured by partial compensation interferometry. The interferometer is multiplexed in
cat-eye-wavefront positioning method to measure the compensation distance which is the distance between
compensator and aspheric surface under test. Aspheric surface parameter errors are calculated by virtual-real
combination iterative algorithm. The system only needs to introduce a converging lens into the optical path of
partial compensation interferometry, which is easy to align and assemble, and has high measurement accuracy.
The effectiveness and accuracy are verified through the measurement of a 4th-order aspheric surface.
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Virtual interferometry systems
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Fig.l Virtual-Real partial compensation interferometry system based on cat-eye-wavefront positioning. PC: partial compensator; SUT: surface under

test; CL: convergent lens
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Fig.2 Schematic of cat-eye-wavefront positioning
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Fig.3 Aspheric surface parameter errors measurement system
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Tab.1 Nominal parameters of SUT

Parameter R/mm K Ay

Designed value 35.8256 -0.6291 1.4398x1077
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Tab.2 Designed parameters of PC

Surface 1 2 3
Radius/mm 58.86 —41.54 -1074.58
Thickness/mm 15.3 20 —
Aperture/mm 46 50.8 —
Glass ZF4 ZF7 —
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Tab.3 Parameters of CL

Surface 1 2 3
Radius/mm 92.233 —66.841 —-196.175
Thickness/mm 4 25 —
Aperture/mm 25.4 25.4 —
Glass H-K9L H-ZF2 —
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Fig.4 Residual wavefront and deviation. (a) Real compensation wavefront; (b) Initial virtual compensation wavefront; (c) Deviation between the real and

initial virtual compensation wavefront; (d) Rotationally symmetric component of the deviation
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Fig.5 Deviation of cat’s-eye wavefront with the position
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Tab.4 Measured result of compensation distances

No. [/mm d,/mm
1 45.1666 16.1898
2 45.1688 16.1904
3 45.1714 16.1910
4 45.1639 16.1892
5 45.1626 16.1888
6 451622 16.1887
7 45.1588 16.1879
8 45.1545 16.1868
9 45.1568 16.1874
10 45.1604 16.1883
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Fig.6 Iteration results of parameter error calculation
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Tab.5 Calculated result of aspheric surface parameters

Parameter R/mm K Ay
Real value by UA3P 35.7569 —0.6291 —4.741x1077
Proposed method 35.7482 —0.6286 —4.883x1077
Error —0.0083 0.0005 —1.42x10°%
Relative error 2.3219%c0 7.948%co 2.995%
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Fig.7 Residual error in virtual-real combination interferometer. (a) real compensation wavefront; (b) optimized virtual compensation wavefront;

(c) deviation between the real and optimized virtual compensation wavefront; (d) rotationally symmetric component of the deviation
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Fig.8 Error analysis
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