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Integration Single-Frequency Laser Interferometer Used to
Nanometer Measurement

Li Liyan Wang Jian Han Chunyang Yuan Yonggui Wu Bing Yang Jun Yuan Libo

(Photonics Research Center, School of Science, Harbin Engineering University . Harbin , Heilongjiang 150001, China)

Abstract An integrated single-frequency laser interferometer is researched based on polarized light theory. A four-
subdivision configuration of the interferometer is achieved by using method of polarization states conversion which can
improve the precision of the system. A four-orthogonal detection system is built up and the passive polarization
modulation is accomplished which can expand the range of measurement. The integration of the interferometer is
achieved by integration optical path. The vibration measurement experiments of the laser interferometer are carried
out under laboratory condition. The error of the static displacement measurement is less than 0.3 nm, and the
resolution of the vibration measurement reached is up to 10 pm/Hz"?. The results show that the integrated interferometer
has advantages of high accuracy, good stability, large measurement range and resistance to environment effect.
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Therefore, the integrated interferometer can be widely used in various fields of nano measurement.
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Fig.1 Schemes of single-frequency polarized laser interferometer with a four-subdivision configuration
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Table 1 Position requirement of optical components

No. Device name Label Position requirements Requirements of the position deviation
1 Polarization beam splitter PBS1  Bottom in the x, z plane Plane of incidence perpendicular to the
direction of light incident
2 Cube-corner prism RAP1 Bottom in the x, z plane, Coplanar with the underside of PBS1
adhesive on the PBS1
Cube-corner prism RAP2  With the requirements of 2 Coplanar with the underside of PBS1
Quarter wave plate QW1  Bottom in the y, = plane, Along the direction of S, fast axis and y-axis
adhesive on the PBS1 clockwise rotation as 45.0°+0. 2°
5 Quarter wave plate QW2  With the requirements of 2 Along the direction of P, fast axis and y-axis
counterclockwise rotation as 45.0° £ 0. 2°
6  Half wave plate HW With the requirements of 4 Along the direction of light, fast axis and y-
axis clockwise rotation as 22.5° £ 0. 2°
7  Non-polarization beam splitter =~ NPBS  Bottom in the x, = plane, Coplanar with the underside of PBS1
adhesive on the HW
8 Polarization beam splitter PBS2  Bottom in the x, %z plane, Coplanar with the underside of PBS1
adhesive on the NPBS
9  Quarter wave plate QW3  Bottom in the x, y plane., Along the direction of light, fast axis and y-
adhesive on the NPBS axis clockwise rotation as 45.0° + 0. 2°
10 Polarization beam splitter PBS3  Bottom in the x, z plane, Coplanar with the underside of PBS1

adhesive on the QW3
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Fig. 2 Schemes of polarized laser interferometer

integrated optical circuit
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Fig. 6 Chart of REL20 and integrated interferometer dynamic measurement experiment. (a) chart of time domain integrated

interferometer and Renishaw dynamic measurement, (b) chart of frequency domain integrated interferometer dynamic

measurement, (c) chart of frequency domain Renishaw interferometer dynamic measurement
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Table 2 Data of stability test measurements

Time /min Backgroundnoise /dB Signal amplitude /dB Load displacement amplitude /nm Measuring displacement amplitude /nm

0:00 —49.00 50. 9714
0:20 —49.00 50. 9699
0:40 —49.00 50. 9699
1:00 —49. 00 50.9692
1:20 —49. 00 50. 9698
1:40 —49.00 50.9713
2:00 —49. 00 50. 9704
2:20 —49. 00 50.9712
2:40 —49.00 50. 9703
3:00 —49.00 50. 9702
3:20 —49.00 50.9713
3:40 —49.00 50. 9706
4:00 —49.00 50. 9720

1000. 000 1000. 114
1000. 000 999. 941
1000. 000 999. 941
1000. 000 999. 860
1000. 000 999. 930
1000. 000 1000. 102
1000. 000 999.999
1000. 000 1000. 091
1000. 000 999. 987
1000. 000 999. 976
1000. 000 1000. 102
1000. 000 1000. 022
1000. 000 1000. 183
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