%44 % 5 3H1/2024 &£ 2 B/ SR

K EHIK

AT PR 5 B Dl K5 7
9%, FCE, R2R, BR, A, 2R

AU TR B R S R BE, VIR M At 210094

WE RN TR Z A S B T R ko e RO TR S P I B R A 0 2 R T R
BEAT BAGHTTE s 85, LURRAE 1A AE 22 00 50 98 O SERE BT — Rl A 22 20 it (KRS AR SR 06, 7 X P Al i SR T T R Ol
PR ARG LA R S 2 Y S VAR B AT SR BT B, O T 3 B AR B 1 A TP A R R S LA B A XU TR T SR X R 22 B
PRI s B M ISR S OPLBA AT O L o 5 SRR WY, T 4R J5 6 A0 S [ 5 2 P A7 P AR 27 149 2 e oy 6 1 JF A el e

R BE T 0 $
KR WA WRBH; fHE2ma; s
FESES 0436 XEKFRER A

1 5 5

A S MR SR G2 M R G B AL R, R
YERES B G R e R AR DL KOk 2E 5
P JEEMERES BN A —BOK 51 B B AT AR 1k, A
M AR G 24 2R GE i MERE IR L S R S 22 bR 22 2
A e T v R AR A A

ik L IUAER R KR T — sl 5% I
M2 M BB 10 Jr s, A DG T B Ik DA R
U P KA vk A L o ORI
MR RS B UL SR AL AR B RN B B B B WL
SEREHE B BRI, O SR AL AR BRI ZE 1 em LAWY 6
M 25 00 2 vk R G A A, AR 5 A B HOG
BO RSN ELE R EIER R Wi, ARE
SRV R T o kT B A A T 2o R
T A5 5 WA B o B A7 . R X Rl B R AT
il — Xt T #6122 18] ALK BT LS T S
TR 45 2R B Eb ], AT AR $i AR T S B AR A7 I A
Sk S BT - B 2 2 B0 i RS R A, LN A
WRR B V100 & g o [RIA, 38 ik B8 AR B vk a8 mT DL il
2R T AR AR B DN A 2 R ol () 1R 22, B R D R
e I JLAR R O 3 TR 2E 0 B 2l X AR % A T
KRB MM NUFFTY  OPLY 8 8k, I H T F47F
B 2 25 A P B I e (HL 2 5k 26 Ty 9k AR TR R
FOREREN TR, REER B IR SCRMK . BR
IE2Z A0, 25 50K 24 ) Kim J A X S 47 3 #2250
AT T RS, P — S I T A R R Y 1% 2 M

DOI: 10.3788/A0S5231468

B 36 DET 53k NBCE A J il 178
AR IER 19 REART L IN—6 BB ", L K&
TON—9 53! Hiip 10N — 9 B340 1 1 4% il B2
MR B AR 22 (R BRI T RS
BZ mAE R, W I Kim B BATE 2020 4 F1 2021 4¢
A3 AR T T B A 5 2 1 AR AR T I Ry kR 3
I U A T R AR A R 22 19 D5 R SR, Kim 41 BA
I = 2 1T 95 0 a5 5 v AN o 5o 44 1Y) 3R T DR
Tk TT A G2 B S v OF Hooo R B B /MU BE
K F) 10 mm A2 A7, 1 A 0 2 09 S A7 S bR Y IR
/N AR 5 mm, PRI AR SORE PR 5 — Bl i TR AIE £ T
K24 PR B AL, LA SE BT R R & B B 17
W 027 2 B8 0 R v A R D

B kB o S b O I By TR R N
PEAT 5T 5 SR 5, DAARAE 22 100 X B N S b 15 1T
W77 A R TR AT RO 2 S R A
P E BT A AL TR T W RIS B T e
SRV B A b S ORGSR LR oR B A 4B I
U B ST 1 43 B0 2 A4b B /NS 2 B B HLUAT DA
BMIR 22 AR 22 5 | B il 0 22 ) R A 1R 25
DA K5 B ) i R o) RN A R 38 A R 22, O R Ak B0t
Fb B B K A5 1, DA 3k 2104 = DU 0005 8 0 5 i s B
W% 7 A A5 2 B T2 56 45 R OPL B3k iy 25 S ik 17 L
B, VT AR OCVE M 48 b B R FI K 0y ik A 4, A bt
W22 AR, BT I A AE AN AR B AT O 2
A7 Pk i D | B R R PR RS BE e R A

KRB 2023-08-24; fEEIBH: 2023-10-19; RABH: 2023-11-19; WEEHAXBHH: 2023-12-12

ELmB.: EHEARP¥IE4 (62171225, U2031131, 6197507)

BEIEE . “grh@njust.edu.cn

0312002-1


https://dx.doi.org/10.3788/AOS231468
mailto:E-mail:grh@njust.edu.cn
mailto:E-mail:grh@njust.edu.cn

2 BRI

2.1 mOEREFHMUEHEAK

T A A2 A0 T w8 AT I 1 AR P A AT
PG T W A AN TR T O Y B AR
ARTR] A, R IHE A T] A T D' 9 45 32 A2 At AN A TR, 76 A )
B PR B BN EATEB AR AR A AR o n] LU
{5 7 0 MBS HEAT 4 E AR AR5 B4R L, LT B 5 2=

CCD

laser

driver

a4 % F3H/2024 £ 2 B/FER

e

VU TE T R SRR E N LR o bR TR
S BE B R TS 2 5 B R Ja R, LR R U ST A i
Ja F i S [ b i — AU R T ARG He 1T
P HT R T AL PR S R EHC O B AT R S 2
B e R Z 8] A B R IC O Lo, Je 3R AR v A
BT BT A T 2 6] A BE B IC N L, AT AR A IR D
BIECETE IS

reference mirror standard mirror
~ .
P V. % V
% % 7 4
L, t L,
computer

F1 pORm RS R

Fig. 1 Diagram of four-surface interference system
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Fig. 2 Schematic of two-step absolute measurement method of surface interference flat plate optical parameters. (a) With flat plate;

(b) cavity structure
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Fig. 9 Comparlson of actual non-uniform sampling intervals with the ideal uniform samplmg interval for different parallel plates.
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Fig. 11 Four continuous cavity interference sampling plots for different parallel plates. (a) 40 mm parallel plate; (b) 5 mm parallel plate
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Fig. 12 Optical parameter wave surface diagrams of 40 mm parallel flat panel. (a) Comparison of surface shape information on the front

surface; (b) comparison of optical thickness change information; (¢) comparison of optical uniformity
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Fig. 13 Optical parameter wave surface diagrams of 5 mm parallel flat panel. (a) Comparison of surface shape information on the front

surface; (b) comparison of optical thickness change information; (c) comparison of optical uniformity

F4 OPLBEEMTT LB ARFIE BT R 45 R XTI
Table 4 Comparison of calculation results of OPL algorithm and 77-step phase shift algorithm

Thickness of ) Front surface shape W, Thickness change Optical uniformity An
parallel flat Algorithm W,
panel /mm PV/A RMS/2 PV/2 RMS/2A PV RMS
10 OPL algorithm 0.0943 0. 00980 0.276 0.0512 0.330 X 10°° 0.514 X 10°*
77-step phase shift algorithm 0.0916 0. 00940 0.267 0.0499 0.300 X 107° 0.487 X 107°
OPL algorithm 0.414 0.0759 0.737 0.113 1.47 X 107° 0. 656 X 107°
77-step phase shift algorithm 0.416 0.0764 0.733 0.111 1.48 X 1077 0.671 X 107°

F5 TR AR DA OPL L B X

Table 5 Comparison of running time between 77-step phase shift algorithm and OPL algorithm

Running time /s

Thickness of parallel flat panel /mm

77-step phase shift algorithm OPL algorithm
40 9.45 29.9
5 18.2 66.3
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Fast and High-Precision Measurement Method of Optical Parameters of
Parallel Flat Plates

Qian Yu, Guo Renhui, Jiang Jinwei, Xue Liang, Liu Yang, Li Jiangxin
School of Electronic and Optical Engineering, Nanjing University of Science & Technology, Nanjing 210094,

Jiangsu, China
Abstract

Objective As an important part of optical materials, optical transmission materials are widely employed in optical display
and optical communication, and their optical properties play a key role in the whole optical system. The optical properties
of optical transmission materials mainly include optical uniformity, optical thickness, surface shape, fringes, and bubbles.
The optical parallel plate is strictly controlled by its design parameters. If the optical uniformity, optical thickness, surface
shape, and other optical parameters of the plate are inconsistent, the optical wave front will be changed when the light
wave passes through, thus degrading the optical system performance. Therefore, the optical uniformity, thickness, and
surface shape of optical materials are significant performance indicators for high-precision optical systems. To solve the
problem of slow speed, low efficiency, and small measurement range of optical parameters of parallel plates with different

thicknesses, we propose a wavelength phase-shifting interferometry method based on characteristic polynomial.

Methods This method combines the two-step absolute measurement method to carry out theoretical research on multi-
surface interference technology. Then we design a weighted multi-step wavelength shift algorithm based on the feature
map and feature polynomial theory, which is employed to extract and calculate the surface shape, optical thickness
changes, and optical uniformity information of the plate. The specific process is as follows. The evaluation function and
Fourier expression of the phase-shifting algorithm show the immunity of the algorithm to the errors. Finally, the algorithm
is compared with the OPL algorithm. Firstly, the two-step absolute measurement method is combined with the theoretical
research on multi-surface interference technology. Then a weighted multi-step wavelength phase-shifting algorithm is
designed based on the feature map and feature polynomial theory, which is adopted to extract and calculate the surface
shape, thickness changes, and optical uniformity information of the plate surface. The evaluation function of the phase-
shifting algorithm and its Fourier expression are utilized to show the immunity of the algorithm to errors. Among them,
the weighted multi-step wavelength shift algorithm based on the characteristic polynomial theory is designed as follows.
First, the measured plate is placed in an interference cavity, and 77 interferograms are obtained by wavelength-tuned
phase-shifting interference. The superimposed interference region of each interferogram is composed of six groups of first-
order interference fringes. According to these interferograms, the feature graphs are designed and the corresponding
feature polynomials are written. The characteristic polynomial is polynomial expanded, and the sampling amplitude is
obtained by simultaneous solution combined with the relative frequency amplitude of the target information. The phase
information is obtained by taking the two into the phase calculation formula, and the corresponding wave front information
is obtained after the phase information is unpacked and de-tilted. Then, the measured plate is removed for cavity
measurement, and the cavity phase information obtained by cavity measurement is unpacked and de-tilted to obtain cavity
wavefront information. Finally, the optical uniformity of the parallel plate can be obtained by bringing the information of

the two wave fronts into the calculation formula.

Results and Discussions The proposed method features high speed and high precision in measuring the optical uniformity
of parallel plates with different thin thicknesses. The PV and RMS errors of the 77-step phase-shifting algorithm and OPL
algorithm are in the order of 107, and the PV errors of the surface shape and optical thickness changes are within 1/100.
The PV and RMS errors calculated for the optical uniformity of parallel plate are in the order of 10”7, and the PV errors of
surface shape and optical thickness are within A/100. The data show that the calculation results of the two methods are
basically consistent, and the measurement accuracy of 40 mm parallel plate is slightly higher than that of 5 mm parallel
plate (Table 4). However, the 77-step algorithm is much better than the OPL algorithm in computational efficiency and

speed because the required number of interference samples is much smaller than that of OPL algorithm (Table 5).

Conclusions We study a multi-step wavelength phase-shifting algorithm based on the characteristic polynomial theory.
Based on the conventional phase-shifting algorithm and the characteristic polynomial theory, three groups of 77-step
algorithms are designed according to the target requirements for measuring and calculating the surface shape, optical

thickness changes, and optical uniformity of parallel flat surfaces. Additionally, the evaluation function diagram of the
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algorithm is drawn to show the sensitivity and immunity of the algorithm to errors. The measurement results show that the

77-step phase-shifting algorithm can suppress harmonic errors, phase-shifting errors, and other coupling errors.
Meanwhile, the algorithm requires fewer interferograms with high detection efficiency, takes into account the
computational efficiency with high precision, and is suitable for optical parameter measurement of parallel plates with
different thicknesses. The problems are solved such as the large number of interferograms required by existing algorithms,

large computational amount, partial error compensation, and sensitivity to harmonic frequency mismatch or deviation.

Key words measurement; wavelength phase-shifting; characteristic polynomials; optical uniformity
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