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Precision Displacement Measurement with Nanometer Resolution Based on
Transmissive Laser Air-Wedge Interference

Wang Zixuan™", Ji Cong, Wang Jing, Yang Gang, Wang Xiaolong”, Lin Qiang ™
Center for Optics and Optoelectronics Research, College of Science, Zhejiang University of Technology,
Hangzhou, Zhejiang 310023, China

Abstract A micro-displacement measurement system is established based on transmissive laser air-wedge
interference. The system realizes displacement measurement in one dimension with nanometer resolution. We use an
image processing method, applying an extra small displacement and calculating the light intensity difference, to
extract the interference patterns buried in stray light and noise, and effectively improve the signal-to-noise ratio of
the laser interferometric images. Results show that the relative displacement resolution of the system is better than
10 nm and the absolute displacement measurement uncertainty is better than 5% . The measuring system is compact
in structure, easy to install and use, and the measuring resolution reaches the nanometer level. It realizes fast,
convenient and stable measurement, and is suitable for temporary demand of high resolution and precision
displacement measurements.

Key words measurement; micro-displacement measurement; laser interference; image processing; high-resolution;
air-wedge interferometer
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Fig. 1 Schematic of micro-displacement measurement apparatus

based on transmissive laser air-wedge interference

WP 1R AR Y A TR B AT O
Lo AT BT R A ST AE S B 7 AL T A
— RO Ry DG Ry Bl A S fE UT &
T 2R RS R ROE Ry, R G A RS
AT T 77 A 9 OR B IR 10 Ol 27 B8 2 T 220 W
TN B RCS R 3 SO 3 A T R

27
Li=1, +Ig +2 IIIIRZCOS(AL), (D

AL #0 T 20000 A6 T MRS R, B9
W0 MR GG A e ASE L MR SR R,
ZIE BT 2 54 WA SRR K,

X T ARG e B MR A T > T, (D
AT faj bRy

270
L~ +2, /1 Iy, COS(TJ’ (2)
A 6=2n(dx) /L sn A BHHR, 2 A B
Prop R 1, L s SR 2 S B E . d
ML
(2) b 22 A2 1 58 B s /N 1 DR B Ol v
T R 2 2 3098 5O A HOE ™ = TR
MELUIE G AR 5 2 B . O T S IR BOLSE
RS TR AL RS bt — PO B B A Ad
A it fon 7 ke RS RAG 0 R B AR AR IR, i 2
it Ad S5 L AR Y 35 S O 8 B8 43 A1 A2 Sy

L) =1, +2, /T, Ty, cos[4zlnx(d + Ad)} .
(3)

B (20 M C3) AAH I, 7T A5 325 D't i B2 22 (R B9
oA N

Idi[<I) :I/ int~ Iim -

2m{005{4nn(d/1+ Ad) %:'_ cos(4n;d %j } _

2nn(2d + Ad) 1':| . (ZnTtAd 1]
sin —

2 [Ty T sin HHECEAD 1 rL

4
M Ad K d B, WA 2d + Ad =~ 2d H
sin[ 2nmx Ad /(ALY Tt 1Y =5 8] 45 b F 1 i Kk F
sin[2nmx (2d +Ad) ]/ (ALY . Y5 3 ) X 38 AR /)N
B Bl IAH sin[ 2n e (2d + Ad ) ]/ (AL) Tk # 8 i%
SPOGCEREE 2 T A MM o (d) =4nnd /(AL) R
5d MC T B kAT AR R i s
AR AL AT S GO AH R TH BR 1 SOt AR ROR S
RUIRE = H T WAER.
22 EHEKE
FE T bR G R I AR 5 T R A RS
W S a2, i 2 pros . T B i R4 3
AL A oy A Ak 3 43, H o 2E Ay
AR MO R G0 3 B O A R TR G A
BERG.
S H R YO 2% R e A i AR T AR, 28 I
KR 780 nm PIFE K 5 mW ARG B B0k SR
WO AR VRN T 6 IR 25 AR A R B R Y

0904006-2



h |
(a)
laser system electrical control
‘ system
optical :
interference dlsplaieﬁent
system syste
L data processing
imaging system || system

1: semiconductor laser;

2: optical wedge;

3: PZT actuator and contact pin;

4: reflecting mirror;

5: optical path;

6: objective lens and CMOS camera;

T7: computer;

8: optical wedges with the supporting frame;
9: fixing ball screw
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Fig. 2 Micro-displacement measuring instrument. (a) Schematic of measurement and test apparatus; (b) schematic of

interferometric micro-displacement measuring instrument; (c) optical interferometer structure
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Fig. 3 Displacement of the piezo-type nanometer translation

stage as a function of applied voltage
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Fig. 4 Experimental image and image after image processing. (a) Raw measured image; (b) image obtained by

intensity subtraction and normalization
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Fig. 5 Measured and fitted laser interference fringes
in micro-displacement measurements
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