55 50 45 9 1] T o Vol.50 No.9
2021 % 9 H ACTA PHOTONICA SINICA September 2021

5] H#% X : WEI Zhengjie, ZHANG Di, WU Guanhao. Development of Miniature Optical Encoder for Precise Displacement
Measurement| J |. Acta Photonica Sinica, 2021, 50(9):0912001

BLEZS ikl , SRESE . TR % A0 I et 1 SO 2 JE% 38 01 & [T 06241, 2021, 50(9) : 0912001

MEHEIR %

FH 45 2 L R I 1) Sl RS DG A TR T &

MIER, KB ZER
(B K A K AL Z R 5 D AR M A E RTS8 %, dbat 100084)

i OEATREM T F AR, d@d R ES M ERT Faf R b4 R B D BT L,
FRATERTHELBMNZOLMERZREHEN, BRABHN LR RACKER T HBLAR BB R
Fo B FTHBRED-SUBBE S ENGE T AR B AR, @i 15pnEomBwidF4525505V
M ESET  EZ0E SR TATEHEE A, Mk Ho9E AERSI22B D ERE N, TARGH
BRBEIEREMGR TR, AL EFEEE AR AMESE R B REFIEAT £30nmey £ 5
Ve, 3 2 10 mm/s 69 F ik B F K, 10 s ML A4S E M1k 2] 5 nm, 6 h 69 %K BF [ 42 2 Mk ) 70 nm.,
KR AR RSN E A S ENE
HES %S 0439 XERARIRAG A doi: 10.3788/gzxb20215009.0912001

Development of Miniature Optical Encoder for Precise Displacement
Measurement
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(State Key Laboratory of Precision Measurement Technology and Instruments , Department of Precision Instruments
Tsinghua University, Beijing 100084, China)

Abstract: Based on the principle of double grating interference scanning, the miniaturized development of
the interference scanning type grating encoder is realized by multiplexing transmission grating. A prototype
grating encoder was developed suitable for precision displacement measurement. The circuit system of the
sensor includes a signal conversion amplifier circuit and a signal processing circuit placed in the D-SUB
shell. The 15-pin interface outputs four analog differential signals with a level of 2.540.5 V, which can be
used for high subdivision to achieve high resolution, With RS422 interface adaptability, it can also improve
the anti-interference ability of the sensor in long—distance transmission. The capacitance sensor is used as
the displacement reference. The principle prototype of the grating encoder achieves a repeatability accuracy
of 30 nm, and meets the measurement speed requirement of 10 mm/s. The short—term displacement
stability of 10 s reaches 5 nm, and the long—term stability of 6 hours reaches 70 nm.
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Fig. 1 Schematic diagram of double grating diffraction
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Fig. 2 Schematic diagram of double grating interferometric scanning measurement system
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Fig. 3 Schematic diagram of the diffraction efficiency of the dual grating system
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Fig. 8 Principle prototype of grating displacement sensor
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Table 1 Displacement measurement results of grating encoder and capacitive sensor

Tests Displacement measured by grating encoder Displacement measured by capacitive sensor
1 4.956 4.847
2 4.928 4.812
3 4.998 4.870
4 4.953 4.841
5 4.921 4.839
Standard deviation/pm 0.0305 0.020 8
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Fig. 11 Comparison of measurement results of grating encoder and capacitance sensor
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Fig. 12 Displacement measurement stability of the sensor
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Fig. 13 The output signal of the encoder at a speed of 10 mm/s
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Table 2 Partial performance comparison between grating sensor and other systems

Performance Grating encoder LDGI system HEIDENHAIN LIP481
Size 32 mmX28 mm X 15 mm 50 mmX45 mm X 24 mm 28 mm X 18 mm X 24 mm
Grating pitch 1 pm 1 pm 4 pm
Signal period 500 nm 500 nm 2 pm
Repeatability +30 nm +10 nm +0.5 pm
Short— term stability 5nm — 2 nm
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