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Measurement Performance of Simultaneous Phase-Shifting Interferometer

ZUQO Fen'?, CHEN Lei', XU Chen!

1 School o f Electronic Engineering and Optoelectronic Technology »
Nanjing University of Science and Technology, Nanjing, Jiangsu 210094, China
® Huaiyin Teacher’s College , Huai’an, Jiangsu 223001, China

Abstract The structure of a simultaneous phase-shifting interferometry system based on two-dimensional (2D)
orthogonal grating diffraction is analyzed in detail, including components of interference, spatial beam splitting,
polarizing phase-shifting element, and image sampling and processing. The four diffraction-order beams of the 2D
orthogonal transmission grating are taken as the testing beams. Both the theory and the experiment show that the
beam splitting of the system function well. A polarizing array, consists of four linear polarizing elements of which
transmitting directions change 45° in turn, acts as the phase-shifter. According to the requirement of spatial
consistency, the four independent interferograms with 90° phase shift are divided. High phase-shifting precision is
obtained. The repetitive experimental results show that, when the amplitude-frequency product of environmental
vibration does not exceed 100 Hz A, the peak to valley of testing repeatability is less than 0. 021, so the advanced
system can be used in on-line testing and dynamic measurement,
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Fig. 1 Simultaneous phase-shifting interferometer

based on a 2D orthogonal grating
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Fig. 2 Structure schematics of a rectangular grating



1684 G E| ¥ ¥ 34 %
U om = 0B}
Co = pei¢1 +QA _[O)ehéz ’ (3)
770 = |Co|2 =CO'C0* zl_p(l_p)'2C05A¢9 (4)
M4 m £ 0 B}
17 4 2= 17 2 1
Cm — TJei?Sl e—T"(mz) dx + Tjeiviz e——}“(mz) dx = ani(ei¢l — eiséz)(e—zmnpi -1, (5)
0 oT
= C.12=C, - C; ==;%;5(1——COSA¢)(1——cosZmpn), 6)

K« NEIFERFS X ke, AT LU D 3 # — 4k 1E SOOGHE AT 5 3

777/:71 =X

1

[1—p (1 —p)2cosA$, [1— p, (1 — p;)2c0sA$; ]

[1—p(1—p1)2cosA$, ] [Tt2—1712(1 — cosA$ ) (1 — C052n77017r)j|
(1= (1 — p)2eosa, 1] 2 (1 — cosads) (1= cosZupem) |

m[(l — cosA$; ) (1 — cos2mp; ) ][ (1 — cosA$,) (1 — cos2np; ) |

m=n=20
n=0,m=%=0

s (1)
m=0,n+%0

m=%=0, n+%0

K myn 533 WA E S T5 1) B B AT 5 RO, Ty,
T, ﬁ%ﬂﬁﬂﬁﬁ‘ﬁﬁ?ﬁfﬂiﬁ@%%%%ﬂ,pl 202 ﬁ%’]
WA IE SR I o] B EHE B & 2 B, Ady L A, g3 5
WA TE ST 1) b B AL 22 o B o kT 3 A — 4k
IER M, Bk EE AT IR E s rns
v > P WO ZELATT 59 205 28 A2 24 X AH SR 8 XX T A<
RGP THLEMEREFER. ¥ TRERET
wEyR MR, EERA,D,d,—D,(—1,D,(—1,—
1) DU A5 SR S T 3 030 B, BE AR UE T M0 4006
HIAT SRR AR SE , AR T T ¥ B e RO R .
2.3 BHEBE

RGN BBARGE 1 R — R 2 BT, i
Fr w4 R RE [R) LA 4R O 1) AR RO 45° B9 D 9% B 2H
VO SR AR AT SO 43 0 38 5 0O R O i . AT DAAR 3
POHRAR IR AR 90 R T3 B, N S A AH. B H
BEMIE BRSO RARARNNA, 5% BT
ARG B AE 7 28 i A A I A 5 7 6L M R SE
B, N I 8 AN JBE Y 4 1 2 L — MR RO B SR A A T
B AP K B0 P R, 3 (PZT) A5 A TRy B AT 52 5 HL WK, 4%
BRI — OB 5 & B, MR N A7
EERFBEAGERFAE, BB AT
B AR P IR Bl P R RS R B, B R B S R
M) A B ML B S T T 00 LS T Bk Y 3 0T AR e O D
BREH AR .
2.4 BEBIXERBY

o T RS R R E— R BGH AT DL BK 2 5
BERAARTEN2HEE, A FEROTLRY
A& » ELYTHRAE 77 59 R/ Bk T B 2k A B9 CCD 48 Bl

A BROEIT R) . R GERE T T e bR 7D A ] AT 9 A9 41K BR
B w AT R B B AL MTV-1881EX, R[] i [H)
S5 F Y 9 1/10000 s, 36 £ A [ B B 06 B 1], AT
DIEAF B a T T B W47 Mg A T W &,
MM SEBLBLIR 49 B B .

3 RGLMEREM LRI

3.1 4srieiEse

N T A RGP IR SO B R,
HTHALE., H—HLRERARLNREZERA
B OL RS, 2R A B B89 e Ik A I — A 1, 2%
3k - LB AP DU A IR B D7 7 A 1R 2 T A E
JEFA R 17, RER = B B AT W EmE 3 pr
AN SR H L — A K O A2 R AR AR LR
Gt P 9 AR A 2 L PO SRR B D6 R 42 ) B Ol g
A i o LAl A 1) 0 4 D7 82 45 7K 05 1) AR 0, @ i
WK 3l (AR 45°) =T SE B 26 % A8, 43 5
R Bt IR & R B , R 5 #5184
5P 5 5 — 2 SE R A S R A A AR B R R
BT HEAT HOBE, U0 SR e B A 2 6 BT ot — BT
EXANR P AGRBR—B . B4 NE AL
BB 20 YA U EE B AT R RREE T E
EAMHEIC 1 RGN T W E, [ % R 7
] 4R R A 4 N HLTC 2,354,

MA BB L LB RO RAER, X T
B 3 F i =S (B A A T 30 B R E] 4 A PG A BT G B
6] %% A0 3 R RE AT AL 3 m mT LA 2 531 A 280 0 00 90 TG Y



12 84 E ¥ % AEBHTHERNEMEE 1685

B3 =EBMTHE

Fig. 3 Spatial phase-shifting interferograms
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Table 1 Retrieved wavefront parameters of temporal phase-

shifting of four channels and spatial phase-shifting, 4
=632.8 nm

Celll Cell2 Cell3 Cell 4 Spatial
phase-shifting

RMS/A 0.0275 0.0286 0.0307 0.0304 0.0304

PV/Xx 0.1671 0.1596 0.1884 0.1845 0.1803
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