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Abstract The power of reference flat (RF) in interferometer is difficult to be calibrated accurately. It leads to
stitching error accumulation effect in sub—aperture stitching interferometer for flat optics, and becomes the major
restriction factor for improving stitching accuracy. A quantitative equation is deduced for calculating the power
of RF from stitching accumulation error and stitching numbers. Then the power of RF is calibrated and removed
in the process of stitching. The error Accumulation is reduced. A flat mirror with aperture of 450 mmx60 mm is
tested by 8 sub- apertures. Compared with the test result of a large aperture interferometer, the stitching
measurement error is reduced from A/10 peak—valley value to A/30 PV with power compensation. The stitching test
accuracy is improved effectively. Using absolute flatness test, the high order surface figure of the RF is also
calibrated. It is verified that the power is the main source of the error accumulation in stitching. Removing the high
order surface figure of the RF cannot improve the stitching accuracy significantly.
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Fig.1 Principle of sub—aperture stitching
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Fig.5 Power coefficient @;=0.001A. (a) Stitching result without tilt alignment; (b) sample line; (c) stitching result with tilt alignment;

(d) stitching result with power removal
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Fig.6 Power coefficient @s=0.005A. (a) Stitching result without tilt alignment; (b) sample line; (c) stitching result with tilt alignment;
(d) stitching result with power removal
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Fig.7 Power coefficient @s=0.010A. (a) Stitching result without tilt alignment; (b) sample line; (c) stitching result with tilt alignment;
(d) stitching result with power removal
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Table 1 Simulation result of different power coefficients

Power /A Accumulation Calculated Without power removal With power removal
error /A power /A PV /A RMS /A PV /A RMS /A
0.001 0.1472 0.0015 0.1538 0.0319 0.1102 0.0216
0.005 0.5044 0.0053 0.2706 0.0647 0.1160 0.0228
0.01 0.9745 0.0102 0.4170 0.1078 0.1189 0.0234
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Fig.9 Directly stitching result. (a) Stitching result without tilt alignment; (b) sample line; (c) stitching result with tilt alignment;

(d) stitching result with power removal
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PV /A PV error /A RMS /A RMS error /A
Stitching without high order 0.2292 0.0934 0.0414 0.0160
Stitching without power 0.1661 0.0303 0.0344 0.009
Stitching without high order and power 0.1640 0.0282 0.0333 0.0081

FO R A R A B AR S PR 2 B E TN L W RS W TR AR 25 0E N A AR A
PR TRE B
4 45 i

ASCHE T — RO T T AL DB R G DE B BABLR 22 (0 v . %07 1 e R R A 5 % T T 1
2 (DRGSR BB AR T 5 00 BB 5B B0 C R F kTSI FE DR 45 D R B T
BRI, FISH SR R R, B A RS RS BRI BN, R A AR R S
BRI AR 22 068 A6 B SR B B MURE FE A5 7 v RE RS M bR 5 B 0 4 I I BB 2% R o BRI i
7E 450 mm —ZE 5 Y, 5K 1172 T 35 00K T 45 50 Ho et , DEEE I B 92 PV I MA/10 /N A /30, 3 HL, it iy
(95 5 AL ek S 432 50 P B A 0 B T 52 B0, 7 8 040041 0 0 D 0 s P L LA 5 S R B 7
ARHE N F Ge AR 1R

0708006-7



bR Wt
& E x M

1 Yunjun Lu, Feng Tang, Xiangzhao Wang, et al.. A high accuracy subaperture stitching system for nonflatness measurement of wafer
stage mirror|C]. SPIE, 2014, 9276: 927617.
2 C Kim, J Wyant. Subaperture test of a large at on a fast aspheric surface[J]. J] Opt Soc Am, 1981, 71(12): 1587.

3 Tilman W Stuhlinger. Subaperture optical testing: experimental verification[C]. SPIE, 1986, 656: 118-127.
4 M Bray. Stiching interferometer for large plano optics using a standard interferometer[C]. SPIE, 1997, 3134: 39-50.
5 Marc Tricard, Greg Forbes, Paul Murphu. Subaperture metrology technologies extend capabilities in optics manufacturing[C]. SPIE,
5965: 59650B.
6 Christopher W King. An automated metrology workstation for the measurement of large diameter convex surfaces[C]. Optical
Fabrication and Testing, 2014: OTh3B.
7 Christopher W King, Matthew Bibby. Development of a metrology workstation for full-aperture and subaperture stitching measurements
[C]. Proc CIRP, 2014, 13: 359-364.
8 Mingyi Chen, Weiming Cheng, Cunwu Wang. Multi—aperture overlap—scanning technique for large aperture test[C]. SPIE, 1991,
1553: 626-635.
9 Bai Jian, Chen Shangyi. Objeet funetion analysis for suba perture testing and connection[]J]. Optical Instrument, 1997, 19(4-5): 36-39.
M8, R gk LA KGRI K BF 4 H AR R ATIR (D], S6oE {XAR, 1997, 19(4-5): 36-39.
10 Zahng Rongzhu, Shi Qikai, Cai Bangweli, et al.. Study on the experiments of the stitching interferometer[J]. Optical Technique, 2004,
30(2): 173-175.
SRBEAT, AL, IR, 45 FALARPHE TR SR B ST [J]. Y6 EH R, 2004, 30(2): 173-175.
11 Chen Yiwei, Wang Fei, Wang Gaowen, et al.. New sub—aperture stitching algorithm based on transformation[J]. Acta Optica Sinica,
2013, 33(9): 0912004.
Me—#i, T 8, T, % & TR P LA PR RE D], 6253, 2013, 33(9): 0912004,
12 Wang Xiaokun. Testing large SiC mirror by subaperture stitching interferometry[J]. Laser & Optoelectronics Progress, 2013, 50(5):
051202.
FFHh . R AR A R S5 BRI L AR PRE T R[], Ot 5ot R 22 B, 2013, 50(5): 051202.
13 Zheng Ligong, Yan Lisong, Wang Xiaokun, et al.. Research on sub—aperture stitching testing technology based on iterative gradient
algorithm[J]. Laser & Optoelectronics Progress, 2014, 51(1): 011202.
KOS Dy, E Iy, T2, 45 3k AUBE B 55 0k 1 1 FLAR DR AT I LR BT 52 (0], WO 5 0 17 L, 2014, 51(1): 011202.
14 Michael Bray. Stitching interferometry and absolute surface shape metrology: similarities[C]. SPIE, 2001, 4451: 375-383.
15 Michael Bray. MBO-metrology, stitching interferometry: the practical side of things[C]. SPIE, 2009, 7426: 74260Q.
16 Peng Su, James H Burge, Robert E Parks. Application of maximum likelihood reconstruction of subaperture data for measurement of
large flat mirrors[J]. Appl Opt, 2010, 49(1): 21-31.
17 Donald Golini, Greg Forbes, Paul Murphy. Method for Self—Calibrated Sub—Aperture Stitching for Surface Figure Measurement|[P].
US 6956657, [2005-10-18].
18 Zhou You, Wang Qing, Liu Shijie. A method to modify systematic errors in the stitching[J]. Laser & Optoelectronics Progress, 2014,
51(5): 051202.
JdE, EH, KA. A L LR DR T R G R2E I BRI WOL SOt H A, 2014, 51(5): 051202.
19 Wu Shixia, Tian Ailing, Liu Bingcai, et al.. System error correcting method in sub—aperture stitching[J]. Journal of Applied Optics,
2013, 34(4): 639-643.
S, B, NNA, . FARPHE P REIRZE B IE IR DG, 2013, 34(4): 639-643.
20 Miao Erhong, Su Dongqi, Peng Shijun. High precise absolute flat calibration[J]. Laser & Optoelectronics Progress, 2014, 51(5):
051203.
W, IRARAT, B2 A A R T T 4 X AR E )] WOG E G T R, 2014, 51(5): 051203.
21 L Rayleigh. Interference bands and their applications[J]. Nature, 1893, 48(1235): 212-214.
EERE: T34

0708006-8



