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Abstract Theoretical analysis and numerical simulation on the error accumulation in sub-aperture stitching for flat
optics show that the slope and piston difference of the surface figure of the reference flat in the overlap region lead to
error accumulation. In order to improve the measurement accuracy of the stitching interferometer for large aperture
flat optics, a simple and effective method is proposed to reduce the accumulated error of the sub-aperture stitching
measurements. The 4th and 6th Zernike aberration are used to synthesize the virtual reference flat. Sub-apertures
with the virtual reference surface figure removed are stitched together to obtain a full aperture surface figure. A flat
mirror with aperture of 450 mm X 60 mm is tested by 8 sub-apertures. The deviation between the stitching result
and the test result of a Zygo 24 inch (600 mm) interferometer peak-valley (PV) value is reduced from A/7 to A/100
after removing the virtual reference surface figure. The flatness of the virtual reference surface is 0.02 A (PV
value), which is comparable to the real figure of the reference flat. The influence of removing of virtual reference
surface on the measurement results of each sub-aperture can also be ignored. Experimental results show that the
accumulated error is controlled effectively and the measurement accuracy is evidently improved by the proposed
method.
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Fig. 3 Analysis of accumulated error in x-direction Fig. 4 1st and the 2nd sub-aperture after stitching
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Fig. 6 (a) 4th; (b) 6th; (c) 10th of Zernike aberration images; (d)-(f) corresponding local shape error of left and
right stitching overlap region of Zernike aberration
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Table 1 Slope and piston difference of the local shape

No. k., k, Piston
4th Zernike —0.0078 0 1.9483
6th Zernike 0 —0.0039 2.3353
10th Zernike 0 0 —0.3403
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Table 2 Different effects on stitching and corresponding Zernike aberration

Different effects on stitching Zernike polynomials

4,5,9,12,16,17,21,25,28,32,36,37
6,13,18,22,29,33
7,10,14,19,23,26,30,34
8,11,15,20,24,27,31,35

Slope in x-direction and piston
Slope in y-direction and piston
Only piston
No effect
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Fig. 9 Stitching results of synthetic figure using 5 th and 13 th Zernike aberrations (a) directly and

(b) with the local slope difference removed
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Fig. 11 Stitching result of the synthetic figure with the virtual reference surface removed
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Fig. 12 Stitching routine of sub-aperture Fig. 13 Measurement with large-aperture interferometer
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Table 3 Slope adjustment value of adjacent sub-apertures

Sub-aperture k, k,
1,2 —3.1936X10° —6.5980X10°
2,3 5.9680X107° —8.9759X107°
3,4 —4.,4554 X 10 ° —5.8576X10 °
4,5 —7.5903X10° —6.2201X10°
5,6 —3.3922X10°° —5.4277X10°°
6.7 3.3342X10 ° —6.2668X10 °
7,8 —3.8579X10°° —5.2214X107°

Mean value —1.8839X10°° —6.3668X10°

F 3 153 S X IR AR R b, =—1.883%¢ "k, =—6.3668¢ °, I X, FH ¢, =0.0024,
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Fig. 15 (a) Synthetic virtual reference surface; (b) difference of the local surface
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Fig. 16 Stitching result with virtual reference surface removed
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Table 4 PV and RMS values in Fig. 13, Fig. 14 and Fig. 16

Measurement method PV /A RMS /A

Directly 0.3180 0.0509

k. removed 0.2515 0.0345

Stitching result k, removed 0.2591 0.0434
k., and £, removed 0.1731 0.0220

Synthetic reference removed 0.1539 0.0213

Measured by large-aperture interferometer 0.1663 0.0335
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