%528 % 457 W D= = S
2008 4F 7 A ACTA OPTICA SINICA

Vol. 28, No.7
July, 2008

SR E . 0253-2239(2008)07-1307-06

HeFine/b AR Al T SR8 B

kER FRA RIi% N £ * &
CBUHRHG 2 062 TR G G PUJI AR 610041)

FE O T MO 5B BT AT AR R T R T RN AR 2 R T W RS0 A . MR PR I A RS
B D 3L 30 2o e /0N 3T 3% ARV At SR AR B 4 XU T T A% S0 14 S B AE B8 (8, DA T ME 8 b 4 IBCT- M RIS 2% T TR M
JEE AL S AE B . BT EAE R YA B (A /M 25 ONT 0. 2 rad) B 8 3 10 3R 3% A K A5 48 47 1 i {5
(PV)iR2E 4 0. 005 rad, ¥ 5 MR (RMS) iR 2 0. 002 rad, Wi #1 Okada 3% A9 PV #2254 0. 512 rad , RMS {254
0.103 rad, SEHE5RINUE T 1258 2096 50k

EEE MRS T, Soh TRk 2RE T AL TP

RESEE  0436.1 XERARIRED A doi: 10. 3788/A0S20082807. 1307

Multiple-Surface Interference Fringes Analysis Based on

Least-Squares Iteration

Xu Jiancheng Shi Qikai
(Fine Optical Engineering Research Center, Chengdu , Sichuan 610041, China)

Chai Liqun Deng Yan Xu Qiao

Abstract To accurately profile transparent elements with parallel surfaces, a method based on least-squares
iteration is presented to extract the phase information from multiple-surface interference fringes. According to the
principle of wavelength-tuned phase shifting, the least-squares iteration is applied to obtain the actual phase shifts of
the different two-beam interference fringes in each frame. Therefore, it allows extraction of front surface, back
surface and thickness variation from multiple-surface interference fringes with high precision. The simulation results
show that when the phase-shifting error is less than 0.2 rad, the proposed algorithm needs only 10 iterations and
reduces the residual phase errors from 0.512 rad (peak value, PV) and 0.103 rad (root-mean-square, RMS) obtained
by Okada's algorithm to 0.005 rad (PV) and 0.002 rad (RMS). Its validation is also demonstrated by the experiment

of three-surface fringes analysis.
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Fig. 1 Schematic of wavelength-tuned Fizeau interterometer (a) and three-surface interference (b)
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of Okada's algorithm (¢)



1310 B %

o 1 28 %

H/NZRERITE G AR AN 1 iR SR 1A
fF @ HIRZE A AR & 2(b) ff k. #5% A Okada 54
PoRAFAAN. @ IR ZE A NE 2O iR, WFPE
PR AT & A A AL S5 A 1 0 (PV) 1% 25 F1 34 J5 i
(RMS)ER 2 s, @& 2.8 1 Ff4 2 Al A1, A

AR Mg 22 UNTF 0. 2 rad) , 2 EH Rl T Okada
BB IR B (PV. 0. 512 rad; RMS; 0. 103 rad) ,
i 10 IR LUE ( SKRAFAHFSAE 5 92 BRAHFS fin 22
/NTF 0,003 rad, PTI 2 R T AH AL AR ARG BE (PV
0. 005 rad; RMS.0. 002 rad),

R 1 WIRAARS 5L PR AR RS MR A A RS 1 LA

Table 1 Comparison among initial phase shifts, actual phase shifts and obtained phase shifts

On 02 013 O B O 017
Initial phase shifts /rad 0 1.5708 3.1416 4.7124 6.2832 7.8540 9.4248
Actual phase shifts /rad 0 1.4048 3. 2451 4.7221 6. 2806 7.9369 9.3716
Obtained phase shifts /rad 0 1. 4029 3. 2440 4.7232 6.2806 7.9345 9. 3704
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Table 2 Comparison of residual errors between least-squares fitting and least— squares iteration

PV(A®D) RMS(A®,) PV(A®,) RMS(A®,) PV(A®D;) RMS(AD;)
Presented algorithm 0. 0043 0. 0001 0. 0048 0.0011 0. 0058 0.0012
Okada algorithm 0. 3890 0. 0808 0. 3490 0.0750 0.5117 0.1026
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Table 3 Results obtained by least-squares fitting (initial phase shifting and calibrated phase shifting) and least-squares iteration
Front surface Back surface Thickness
PV /rad RMS /rad PV /rad RMS /rad PV /rad RMS /rad
Initial phase shifts 0.2236 0.0354 0. 2586 0.0461 0.2625 0. 0489
Calibrated phase shiftis 0.1827 0.0353 0.2320 0. 0444 0.2610 0. 0483
Least-squares iteration 0.1726 0.0319 0.2309 0.0431 0.2607 0.0481
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