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Ultra-Precision and High-Speed Laser Interferometric Displacement
Measurement Technology and Instrument
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'Institute of Ultra-Precision Optoelectronic Instrument Engineering, Harbin Institute of Technology,
Harbin 150080, Heilongjiang, China;
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Abstract To meet the ultra-precision and the high-speed displacement measurement requirements of high-end
equipments, such as microelectronic lithography machine, the research group from Harbin Institute of Technology
has thoroughly explored the traditional heterodyne laser interferometry with coaxial beams and new heterodyne laser
interferometry with non-coaxial beams. The group has achieved continuous breakthroughs in many key
technologies, including the high-precision laser frequency stabilization, precise suppression of optical nonlinear
errors, and high-speed and high-resolution interference signal processing. The group has also developed a series of
ultra-precision and high-speed laser interferometers with a vacuum-wavelength relative accuracy up to 9.6 X 107",
displacement resolution of 0. 077 nm, minimum optical nonlinear error of 13 pm, and maximum measuring speed of
5.37 m/s. Currently, these interferometers have been successfully used in integration development and performance
test of lithography machine prototypes with nodes ranging from 350 nm to 28 nm and have provided important
technical support and measurement methods for high-end equipments in China.
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Fig. 1 Basic principle diagram of coaxial beams based dual-frequency laser interferometer
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Table 1 Internal measurement error analysis of coaxial

beams based dual-frequency laser interferometer

Specific error Error generating Error model or

source factors error magnitude

Laser frequency

Af/fX AL
(wavelength)
Dual-frequency
Dual-frequency laser
laser )
ellipsometry, 1 nm level
non-orthogonal
Polarization leakage 1-10 nm
Optical thermal drift 10-100 nm/K
Interferometer

Multiple optical axes  (107°=107°)< AL

Interference signal Displacement
0.01-1nm
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Fig. 3 Schematic diagram and effect of high precision laser frequency stabilization method based on offset correction of frequency

stabilization point. (a) Principle of double longitudinal mode thermal frequency stabilization; (b) comparison of relative

frequency accuracy; (c) frequency accuracy calibration certificate
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Structural drawing and frequency difference stability of dual-frequency laser source based on dual-acousto-optic

modulation. (a) Structural drawing; (b) frequency difference stability
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Schematic diagram and frequency difference stability of dual-light source locked dual-frequency laser. (a) Schematic

diagram; (b) frequency difference stability
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Self-developed interferometer group with multi-axis based on coaxial beams. (a) 3D design drawing of typical

interferometer group; (b) photo of multi-axis interferometer group
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Fig. 12

Self-developed interferometer group with multi-axis based on non-coaxial beams. (a) 3D design drawing of typical

interferometer group; (b) photo of multi-axis interferometer group
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Fig. 17

Photos of self-developed series ultra-precision high-speed laser interferometers. (a) Ultra-precision high-speed laser

interferometer with more than 20 axes; (b) uniaxial sub-nanometer laser interferometer; (c) triaxial sub-nanometer laser

interferometer
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Fig. 18 Schematic diagram of application of ultra-precision high-speed laser interferometry system in lithography machine and
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National quantized mass standard and integrated

sub-nanometer interferometer
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