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Measuring Method of Planar Displacement Referring to The Double
Linear Patterns

Sung Jun Park’, Kwang Suk Jung"”
]Depaltment of Mechanical Engineering, Korea National University of Transportation
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Abstract Two-dimensional displacements are obtained from the sandwiched patterns, which superpose two
linearly-periodic patterns orthogonally, respectively. The transparent top pattern is identified by deflection of the laser
beam due to a difference of refractivity and the opaque bottom pattern is identified by deviation of the beam intensity
due to a difference of reflectance. In the sample setup, the top pattern made up of build-up film is manufactured by
UV laser machining and the bottom pattern is manufactured by ultra-precision trench machining and deposition for
aluminum plate. The proposed decoding method is verified experimentally using the 10um equally spaced sample
patterns and the devised optical system. The Korea Academia-Industrial cooperation Society.
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Fig. 1. Reference patterns for surface encoding
(a) two orthogonal linear patterns
(b) two-dimensionally periodical pattern

a) (b)

Isolated . .
perspective view _Transparent top layer

Repeated bottom layer

Fig. 2. Concept of surface encoding for multi-layer
pattern composed of a transparent top layer
and an opaque bottom layer
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Fig. 3. Variation of the returned beam due to the
difference of refractivity and reflectivity of the
target pattern

LD : Laser diode
CM : Collimator
CL: Concave lens
OL : Object lens
MR : Mirror

PD : Photodiode
TP : Two-sectional PD
BS : Beam splitter
CY : Cylindrical lens
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P

e S e e B e B e B e B

Fig. 4. Optic system for measuring the deflection and
power deviation of the return beam
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Fig. 5. Schematic diagram of laser patterning system

Fig. 6. SEM image of 10um pattern by laser machining

Micro milling ¢10um

Deposition

Buffing

Fig. 7. Manufacturing process for bottom patterning
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Fig. 8. Overall system layout for verifying feasibility of
the proposed measuring method
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Fig. 9. Optical encoding system for the superposed
patterns
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Table 1. Specifications of optical layout used in the
encoding system
ITEM Specification

LD A(635nm), SmW, $5.6mm

AN(670+£20nm), NA : 0.3, Acrylic material
Eff/Back focal length : 10.46, 8.86mm

A\(632nm), ¢$5Smm, BK7
Eff/Back focal length : 29.311, 27.671mm

PR | A(633nm), 8x8x8mm, BK7
BS A(633nm), 8x8x8mm, BK7

PD | A(320~1100nm), 0.45A/W(at 660nm)
TP 1281, 400DPI, to SMHz

CL

OL

Wuli(in-plane)  &&° 7§ 5

(interferometer)i Bl He](out-of-plane) 52 7
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