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Periodic nonlinear error and its compensation method in heterodyne
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Abstract; Due to the periodic nonlinear error, heterodyne laser interferometer cannot meet the requirements of the
sub-nanometer and even picometer measurement accuracy of the next generation of ultra-precision equipment
manufacturing and major scientific engineering. Aiming at the problem, this paper analyzes two types of periodic
nonlinear errors in heterodyne laser interferometer and investigates their compensation methods. Results show that
the first type of periodic nonlinear error is caused by optical mixing due to the incomplete separation of dual-
frequency lasers, whose amplitude ranges from several nanometers to tens of nanometers. The second type of
periodic nonlinear error is induced by multi-order Doppler frequency shift ( DFS) ghost beam generated by the ghost
reflection of measurement beam at the optical interface, whose amplitude ranges from several picometers to several
nanometers. For the first type of periodic nonlinear errors, the current nonlinear error compensation methods, such
as ellipse fitting method, can suppress them to 0. 1 nm level. In particular, the spatially separated heterodyne laser
interferometers proposed in recent years can completely eliminate the first type of nonlinear error in principle. As
for the second type of error, by reducing ghost reflectivity and spatial filter, the error can be reduced to tens of
picometers or hundreds of picometers, while the residual error is still too large to meet the accuracy requirements of
picometer measurement. Thus, it is urgent to develop new error suppression or compensation technologies.
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Fig.1  Schematic of optical mixing in heterodyne laser interferometer
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Fig.2  Schematic of optical mixing errors and spectra of measurement signals
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Fig.3 Curves of nonlinear errors caused by optical mixing

1.2 ShEHETFHMBRE 2 XERIELMIRE
PR (AL I RS B EOROB TS B0k 2=
B KRG WA IR UE Tl KA S AR A6 2 R o 22
HOET WA A — R R IR 5 R BUE XEA R T
5 1 KRR LA R 22 B A SR IR L e iR 25—
55 2 KFAMIAEL R 2. WFFE RIS 2 KR L
PEIR 2RI T AR 22 RO T WAL h il SO R AR 5t
T AR B 7 AR A 20 ME BT AR 22 By 2235 i A%
HE AR FIR S AP 22 BOL T WA T3 6% th
ZAC IR R, AR R R B R B . BRIE |
FEM L ARG A E A AR R S
IR, K 4 R Z ¥y 2B ( Doppler frequency
shift, DFS) SE P i 7s KL K 4 (a) Jy E2EN &
JCHR LR A, SEHTE B AR R R 1K,
WA~ 28 W s I 4 (b) b, E2 D6 R
2P PBS, 1 1/4 Y1 (QWP) S ik A= KA, 7
A= FR B 220 RS R S S AR TBT 4 (e) (4 (d) 4331
FOREA ZWM =B 25 RS 4 R S S R AE

4 sMELTHmBEALRREER

Fig.4 Schematic of multi-order Doppler frequency shifting™
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Schematic of nonlinear errors caused by multi-order DFS ghost beam and spectra of measurement signals
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Fig.6  Corves of nonlinear errors caused by multi-order DFS phase mixing
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Fig.7  First-type nonlinear error compensation method
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Fig.8 Structure of spatially separated heterodyne laser interferometer'
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Fig.9 Eliminating second-type nonlinear error by adjusting ghost reflection angle and spatial filter and corresponding error curve
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