| $£49% F 21 H/2022 F 11 A/HEEE

T REVRS XL S T30 0 1 2R MU B AR B 5

BRUC, B0 RVT XAV BN FRAEYY AREN, 2EED
SR B LGB BB 5 B G2 15 00 B R 9% . B 2018004
R B bR S EHLBFIE  JE3E 100049

B WL RGO A A B R AR L M R AR G AR 22 A8 TN AR A By 2 AN T M B BT 5L A
P A 0 T — A 28 0 41 ) 25 AR RS B9 RO 2T s AT 53 T W R T Tt 2 AR R 8 U R 22 R SE I S A0 . iR
SR AR T4 B2 D R 55 AR O Al D6 2F 7 AR TR A R 3 TR s R T LU e T B8 2 i R0 5 ZE DG B o AL U 43 2 —
e Jr o SR TRV § 9 ) AH AL S2 B T 2 B0 T 0 0 % 2 ) 20 A RS 3 e Dl 08 R TS 7 SR A D B L, T LS B
T AR EO LB BT . B T T IR EOR B SR  EIF R A X SX ST A A S B R R AT T
DL PSP AR 223 7 AR (RMS) 2 10. 49 nm, 7EARAR 3h M A A58 T 64T T 32 YCE S PR & o 520 00 G
90,17 nm, SEHLT I AR ) B AR 2 B e R B S S AR . SEER A5 R IRIE T BT $RAG T B AR B A R

XA M SRS WRAR s BRI TR

FESES 0436, 1 XEARER A

1 5l G

PR E RN F R ARG RN E LS.
F IR F AR R PE & R B2 R G R &R
e iP5 25 $ T MOk B R A TR L MR A AT At
TWAL(PS/PDD) 2 =5 4 BE A I 5 22 AR &R S B 15 2
AR L e B AR A v A B R SR = g R
W1, PS/PDI (1) £ il 4§ B ¥ J57 AR (RMS) /] DLk T
0.1 nm""" . 7 PS/PDI H, #4045 43 4 AH #% il ]
MRS Hop A MRS R )R A 1 AR B 2 1 Al
A7 I8 s A X R 9 L BRI 51 SO [R] B 2 ) 22
W AR AL I 5[] 25 A RS 1 52 807 2k A2 8 — > CCD ALY
0 SR I 1T 43 ) K 22 A L O AR BB S LT S 2 R
AFEMBETHRGFERC R hEB R L
NG B WU 58 T 38 1 T — P MG £F i A 4 T
A ZALARTE R G2 UG OG B A0 A1) 1 25 1 5K 2l 52 30 43 25
HERS o W S B0 80 0 e i A S L R A 2 AR A T
TR BRI RIS L B 32 B R I BR B iR 3l AR
B e, XE LA 2 22 5 58 T AT 5 R 2ok 1
B2/ 7R 2/

A AT B 0% i 41 AH S s A0 569 1 95 e A At 4% [+
AR AR T ROGER ;ST 3 T 2 AR P A
U R IE AR LR . FEOGEE TR A Sy 2 — U R,
ST AR FH 00 A [ 20 AR ATL S 80 5 1 B 1 00 [ G s
B [0S . 28 ) 6] 20 AH 75 3 R B X)) 22 PR gl fnzs

DOI: 10.3788/CJL202249.2104001

SRS BURA S AT AP TIxOR 8 T 5080
P IR P 12 5 502 X I R R AT T AR 2
&Rl ke p AT R S5 & N URC R S i

2 FEAEH

2.1 RIEEBETHTHEGERNERE

B 1A AR SCHE 1 O I 4 RS 0520 5 1 0 A5 25
R, BIERH TAER KN 532 nm @ HT K
FEWOLES R A T K BEC IR AT LA B 1% R G h
WO Z ST A A TR . BOE R R HOE o R
ARG R P L 4 i) Ao R R G £F B B i R A o
JEI T VAR . G B I R U AR O T R e e ]
LA ) 95 1 R B8 O 1) i 1

Yy 181 S 2T R 51 o AR LR A ' £F 1 BBk 1) A B
LRI RT A T AR O IR A IR AR A e m PR e . PR
AW R RN AR R B2 )5 B8 AR R G AR .
G A A A A I i G B AT B AL — IR AT e
Ja ¥ A B R G AR 2= S B (FER IR, 5 —
FOEZ AT I EH L= A S % 0 OG5 B a8 i
SR A, PROGE Zad Y W R G0 iR 25 T i
B, WFOCL G A s, & — A
5 =B 0w R 7 1w 45769 U 4 2 — % R AR BT A
HOE AE 1) 22 T i A1 O R A [ A B O T 28 0 iR
R RSEE CCD AR o0 RSF M R B — — X 5 19 64 i
JRFES 5 . CCD SR 4E il + ¥ IR

WA BEHEE. 2021-12-28; f&E HEA: 2022-02-19; A HEHH: 2022-03-11
BB, EXAKRRI¥IA (61971406, 81927801) . rf E Bl 2% Bt 75 4% A 1 2 ¥ & W B ©

@15 1E4 : *lizhongliang@siom. ac. cn

2104001-1



R’

£ 49% £ 21 H/2022 £ 11 B/ EEHE

Xif SR B B IR 9 IR RE REAT AR LA of T e
T 5 A A [ AR RS i B0 {5 3R B G R IO R, it mT AR

T 181 5 BRI AR 52 22 70 51 2 0 /2 o Al 3c/2 1Y 4 I AH
BT WERE.

laser spliter adjustable ; fiber array

attenuator

0=45° a=0°

0=90° a=135°

1/4 wave plate N\

/)

optics under test

mask
pattern

T~

-

micropolarizer

array

CCD

P T AR B a5 A0 S T 5 ) JE

Fig. 1 Principle of polarization phase-shifting point diffraction interferometry
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Fig. 2 Restructuring interference patterns
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Fig. 3 Schematics of system errors calibration. (a) Point diffraction measurement mode; (b) system errors measurement mode
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Abstract

Objective Wavefront aberration is a crucial parameter for describing the properties of an imaging optical system. With
the quick development of optical technology, the requirement for aberration quality of imaging systems is increasing.
Phase-shifting point diffraction interferometer (PS/PDI) is a high-precision instrument for detecting wave aberration in an
optical imaging system. A recent study from the Lawrence Berkeley National Laboratory demonstrated that the root
means square (RMS) of PS/PDI detection accuracy could be better than 0.1 nm. The PS/PDI classical technique is to
change the reference light’ s phase step by step and record the interferograms to achieve high-precision detection.
However, because of its dependence on the external environment, the conventional phase-shifting measurement approach
is susceptible to interference from ambient vibration and airflow. Thus, its application in high-precision detection in a
complicated environment is challenging. In this paper, we report a polarization phase-shifting point diffraction
interferometer that has the benefit of being insensitive to mechanical vibrations and air disturbances. We hope that our
study will aid wavefront aberration detection in complicated scenarios with interference, including optical workshops and

telephoto imaging systems.

Methods A polarization phase-shifting point diffraction interferometer (PPS/DHPDI) was proposed in this study. The
polarization synchronous phase-shifting technique was employed in double fiber point diffraction interferometry. A multi-
longitudinal mode diode-pumped solid-state laser operating at 532 nm was employed. The coherence length of the laser
was several centimeters. It produced two orthogonal linearly polarized lights from two beams. The two beams passed
through the imaging system under test, and the object points were imaged on the image plane. The image mask comprised
a measurement window and a diffraction pinhole. The measurement light was generated by one beam passing through the
window, whereas the reference light was generated by the other beam passing through the diffraction pinhole. After the
two beams passed through the mask, they passed through a 1/4 wave plate whose principal axis direction is 45° to the
polarization direction of the two beams, and they became left and right circularly polarized light. Subsequently, they
passed through a micro polarization array of the same size as a charge-coupled device (CCD) pixel unit, and the CCD
collected a single interference pattern. Four phase-shifting interference images with fixed additional phase differences
(0, n/2, =, and 3n/2) were achieved by sampling a combination of the single interference patterns. Two measurement
modes, point diffraction, and a system error measurement mode were designed based on the interferometer. Two beams
passed through the window form the point diffraction measurement mode. One beam passed through the window, and the
other beam passed through the pinhole form the system error measurement mode. The measurement findings of the point
diffraction measurement mode included geometrical path error of the test light and point diffraction light, system error
introduced by the wave plate, and detector tilt error. These systematic errors can be calibrated quickly and conveniently

using system error mode measurement.

Results and Discussions A dual-fiber point diffraction interference system based on a polarization phase-shifting system
was built for assessing the wavefront aberration of a 5X demagnification transmission projection objective lens. The
measurement findings and experimental error were examined. With high vibration noise at low frequencies, 32
repeatability tests were conducted in a vibration environment. Among the 37 Zernike fitting coefficients, the
measurement repeatability (RMS) of Z; to Z, was less than 0.5 nm. These findings reveal that the system has good

vibration resistance and repeatability in a vibration environment.

Conclusions We investigated a dual-fiber point diffraction interference approach based on polarization phase-shifting to
measure the imaging system’s wavefront aberration. Single-mode polarization-maintaining fiber is employed to generate
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ideal spherical waves whose polarization states are perpendicular to each other on the object plane. On the image plane,
we employ a pinhole to produce the reference light. A 1/4 wave plate and a CCD camera with an integrated micro
polarization array is employed to form and collect a single image and obtain four phase-shifting interferograms. The
interferometer’s antivibration performance is enhanced and realized in the high-precision real-time detection of the
imaging system’s wave aberration. The transmission microprojection objective lens verifies the validity of the detection
technology proposed in this study.

Key words measurement; point diffraction; polarization phase-shifting; wave aberration detection; interferometry
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