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High Resolution Linear Encoder Using Interference Fringe
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resolution.

The main scale of linear encoder greatly effects on the precision of displacement measurement. Especially when needing
the long range measurement, the length of main scale should be increased accordingly. In this paper, we propose a linear
encoder that uses laser interference pattern as main scale for long range measurement. The linear encoder is similar to
Michelson interferometer excepting that the reference mirror is tilted so as to obtain interference fringe pattern and a grating
panel is attached on a quadratic photo diodes. Four kinds of grating having phase differences of 0, #/4, z/2, 37/4 are

The experimental results show that signals of quadratic photo diode A, B, A and B are cosine wavelike and
successive signals have phase difference of 7/4 each other. So the proposed method can' achieve improved measurement

Keywords : optical linear encoder(38}4] 2lyo] dlszt), length measurement(Z2 o] Z4), Michelson interferometer
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Fig. | Schematic diagram of optical system
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Fig. 2 Configuration of experimental setup

LS:Laser Source, BE: Beam Expander, BS:Beam Splitter,
Mt:Tilting Mirror, Mm:Moving Mirror,

SMM:Straight Motion Mechanism, GI: Index Grating,
QPD: Quadratic Photo Diode, LIS:Linear Image Sensor

Fig. 3 Overview of experimental setup
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Fig. 4 Index grating and photo-diode
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Table 1 Specification of S5106

Photo Short
Active RSpectral Sensitivity Circuit CDarkt
esponse urren
(Area) Ra pO( , (at 660nm) Current (A)
mm e(nm n
" (A/W) ()
0.9(Typ)
10x10 | 320 to 1100 0.45 110
10(Max)
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Table 2 Specification of OPASI2T vatEE 98 TOKINALY PZT(Piezoelectric
Transducer - AE0505D16)7F AF&EA 1, v4
fiem Symbol| Spec | Unit W9 542 ANt ADEAS FHEIY BAA
Number of photodiodes o1z (ADE-2102)7} AH&EIgied, 4d 75719 Al
Photodiode pitch. z. o £ Table. 39 EAISo} glom wel Mash Y=
Light-sensing width 25 40
Photodiode sensitivity 3 oA/ 1.0 V/me £8% 7152 23 8gt.
Uniformity(overall) U +8 %
Uniformity (partial) U £10 % 3.2 &8 20 ¥ 1&
Dark current ratio Id/Isat | MAX 5 %
Saturation exposure Esat TYP 1.5 |lux - sec
Saturation charge Qsat 4 p Coul Intensity
Clock frequency fo 1 to 1000 kHz |

= AWAWANA
o /r“\\ Awas \\\ H
” \/ Y % v % \/! pixel
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Fig. 6 Output of linear image sensor
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Fig. 5 Moving stage using PZT and leaf spring a) signals of the quadratic photo diode
gt q p
Table 3 Specification of AE0505D16 1200
- S T 1000 /’r/
tem pec. nit =
— E 800
Driving Voltage(DC) TYP. 100 , MAX. 150 v El /
g 600 |-
Displacement TYP. 6.1*15max. 91*15| m g /
£ 400
Generated Force 850 N g 200 A///
° .d
Resonance frequency 69 kHz 0 -
Rensile strength 100 N -200 -—rt t 4 + t t ——t t step
Young's modulus 44% 10 N/m? 0 10 20 30 40 S0 60 70 80 80 100

(b) signal of the gap sensor
Fig. 7 Signal outputs of QPD and gap sensor
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Fig. 8 Measured displacement by gap sensor and conuter
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