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Abstract: According to the requirements of absolute flatness detection of optical elements for rotation
accuracy by using high-accuracy rotation method based on a Fizeau interferometer, a rotary error
correction model was proposed to correct the rotationally asymmetric deviation in the detection.
Firstly, on the theoretical basis of the classical N-step rotation average method, a mathematical
expression of surface deviation was given by Zernike polynomials. Then, the Zernike coefficient was
corrected according to the error caused by the rotation angle and the rotationally asymmetric deviation

was corrected. Finally, the correctness of the calibration model was verified by numerical simulation
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method and an actual experimental test. In the conditions in rotation error of 0.1°, the simulation
shows that the absolute detection error (Root Mean Square, RMS) is 10. 13% by using the N-step
rotation average method, and it can be promoted to 6. 79% after being corrected. Moreover, the
experiment shows that the detection error (RMS) is 10. 28% by using the same method, and it is
promoted to 5. 77% after being corrected. These results demonstrate that the proposed calibration
model is accurate and reliable, which improves the detection accuracy of the rotational averaging method and
reduces the rotationally asymmetric deviation to the proportion of 27.2%.

Key words: Fizeau interferometer; rotational averaging method; rotationally asymmetric surface

deviation; absolute flatness detection; Zernike polynomial
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(b) Surface of support rotation —89. 9°

Fig. 2 Absolute flatness of optics
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Fig. 3 Surface deviation caused by support
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Fig. 6 Simulation results after correcting
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Fig. 7 Accuracy analysis of calibration model
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Fig. 10 Results after correcting

7T SR 1 U7 s FU RS G S 45 R
i PE 5 A M OO R 2 45 S B R SR AT R I L A
W45 AR Ry G2 ST 8 ) FL 52 DR, fa il 45 28 4n &1
11 Fr s, X W Zernike W B id A S, WA 12
iz

Bl P TET & SR 45
Fig. 11 Detected surface supported by flat plane

12 BLIE 5 45 R v e f A Xof Bk 0 I O 15 22
Fig. 12 Rotationally asymmetric surface deviation

after correcting

189 it I g R E 10 RIER 4R S
Kl 12 BFR 890627 oo 058 TP AH 980, N 2D Jig §%
V-3 B A5 TP 5 A SE A A R e
Sko-~o s B IE J5 HE 55 H 52T B A 045 R0
Sep-np s A AR ANE 13 Fi7R

G5 R T IE Sroowo B9 RMS {H J2& B S

Y 10.28% ,JANE Scp—np ) RMS {E%E;’;Eﬂé
M 5. 77% ., R 13 AT LLAR R IE B RY o B

AJEE,

(a) ﬁﬂ/; Srp-—ND

(a) Surface of Sgp-np

(B Sep o
(b) Surface of Scp—p

Bl 13 e AR Y o 4 5 AT

Fig. 13 Accuracy analysis of calibration model

AR SCHE T — B e 12 25 45 TE AR LUE A T
T 2 S A6 0 v 5 7 A X AR IR 2% T e N
JE R A W5 AT A TR 46 AT . AR B e
Z IR N A i i 7 4376 0 390 S 82: 3Rk X
T TR 2R 2 X B 05 57 2 3k A 1
REHRY 5 Jo FH 52 56 19 325 B0 I T A I A A 1 o B
PSR REE . BOE D7 FA5 R W L 78 e % R IR
2200 0. 1°BF , N 2P e % °F- 34 15 B 459 18 B 5 5052 1H
TE FH U T A5 18 F2 RMS o BLSE B A9 10.13%
1 IE J5 Y 5 ESE DY AR A5 102 RMS {528
BB 6. 79 % . SCEUEM], N D ERe 7 ¥k
JF AR TEE 55 LS Y AW A3 18 RMS (B 158
T4 10. 28 %6 K 1F I T B 5 B S T T AR 0 BT 15
[ RMS B8 B SLE B Y 5. 77% . BT 4 i A%
T Tf T L B R T T S AR 9 ARG TR



5 5 ]

A S 45 P RN JEE B ok 9 T 9 SCRR I 2% 22 A I

1303

S Z k-

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

HARIHARAN P. Interferometric testing of optical
surfaces: absolute measurements of flatness []].
Optical Engineering,1997,36(9) :2478-2481.
GRECO V, TRONCONI R, VECCHIO C D, et
al.. Absolute measurement of planarity with
Fritz’s method: uncertainty evaluation[J]. Ap-
plied Optics.1999,38(10):2018-2027.

RHEE H G. Self-calibration of high frequency er-
rors of test optics by arbitrary N-step rotation [ J].
International Journal of the Korean Society of
Precision Engineering ,2000,1(2) :115-123.
EVANS CJ, KESTNER R N. Test optics error re-
moval [ J]. Applied Optics, 1996, 35 (7):
1015-1021.

RABLL AR I AR L T T B8 e 11 B i 26 %
KB AR5 B A A7 L] %ok 58 F &, 2011,23
(12) :3229-3234.

SONG W H, WU F, HOU X, et al..

analysis on absolute testing of spherical surface with

Simulation

shift-rotation method [J]. High Power Laser Par-
ticle Beams, 2011, 23(12):3229-3234. (in Chinese)
ICHIKAWA H, YAMAMOTO T. Apparatus and
method for wavefront absolute calibration and meth-
od of synthesizing wavefronts [P]. U S. Patents
5982490,1999.
OTAKI K, YAMAMOTO T, FUKUDA Y. et
al.. Accuracy evaluation of the point diffraction
interferometer for extreme ultraviolet lithography
aspheric mirror[J]. Journal of Vacuum Science
and Technology B: Microelectronics and Nanome-
ter Structures,2002,20(1) :295-300.
SONG W, WU F, HOU X. Method to test rota-
tionally asymmetric surface deviation with high ac-
curacy [ J 1. Applied Optics, 2012, 51 (22):
5567-5572.
SONG W, WU F, HOU X, et al..

bration of a spherical reference surface for a Fizeau

Absolute cali-

interferometer with the shift-rotation method of it-

erative algorithm [J]. Optical Engineering., 2013,
52(3):033601-6.
EZ R A :

EHE1987—), B, H AL L
WEFEE , TN T AT WAy 1 i oF
5% . E-mail: 281054872@qq. com

[10]

[11]

[12]

[13]

[14]

[15]

[16]

GUENTHER S, WOLFGANG O. Method for the
interferometric measurement of non-rotationally sym-
metric wavefront errors [ P]. U S; Patents 7277186,
2007.

WOLFGANG O. Method for the interferometric
measurement of non-rotationally symmetric wave-
front errors [P]. U S: Patents 6839143,2005.
Wk R ST IR HTORZIRE W) A D
RIS BRI T AR 2Z B [T]. F Bk,
2010,37(8) :2029-2034.

MIAO E L, ZHANG J, GU Y Q. et al.. Meas-
urement error analysis of high precision fizeau in-
terferometer for lithography projection objective
[J]. Chinese J. Lasers, 2010, 37(8): 2029-2034.
(in Chinese)

X S, F= Ak, — BB A AR RS ST O T AL R S iR
ZhnE ¥ LJ] & F F W, 2010, 30 (10):
2923-2927.

LIU K, LTI Y Q. A new calibration method of sys-
tematic errors in phase-shifting point diffraction
iterferometer [J]. Acta Optica Sinica, 2010, 30
(10):2923-2927. (in Chinese)

RAES.GFA FRE.F. BTIEEEN T L
FaginEmE]]. ke T42,2011,38(12):69-74.
ZHANG J F,CAO X D,JING H W, et al.. Rota-
tion method for system error calibration of interfer-
ometer [J]. Opto-Electronic Engingeering, 2011,
38(12) :69-74. (in Chinese)

B B WL B R E L RO DG 3R R AR
BIELT]. k5 # % T42.2009,17(8) :1859-1864.
SHI F, DAI Y F, PENG X Q, et al.. Magneto-
rheological finishing for high-precision optical sur-
face [J]. Opt. Precision Eng. ,2009,17(3) :1859-
1864. (in Chinese)

EF @A, kA CE. RS I LR T TR
Mk FefF 22 [J]0 & % 5 W, 2011, 31(8):
126-134.

WANG P, TIAN W, WANG R D, et al..
ting chuck test for removing chuck error of optical
surface [ J]. Acta Optica Sinica, 2011,31(8):
126-134. (in Chinese)

Rota-

M BT(1966—), % , HHRKEFEN IR
B LR A S, EE N TR
ALY O H I 1R A S O T A F Y

E-mail: hexin6627@sohu. com

(AEB%E.§ £
(R KRZTER AEBEH)



