P2 L3 20069 FAGEUWY =L pp. 25~26

Hs|ld pointel Mt

ZHAE ol 8%
Hohelxl 5%

KSPE 065090

FX|H 20| &

2 7|A BT, Y

HEE=AAEI|&H

Absolute position measurement by lateral shearing interferometry
of point-diffracted spherical waves

J. Chu(Mecha. Eng. Dept., KAIST), S. W. Kim(Mecha. Eng. Dept., KAIST)

ABSTRACT
The method measuring the absolute position of a point diffraction source emitting a spherical wavefront in three-
dimension is proposed. Two-dimensional interference of spherical wavefronts is used to overcome ambiguity of phase order.

The spherical wavefront is explicated by Taylor series expansion, from which a radius of curvature of a spherical wavefront

and its center position in three-dimension are obtainable. The spherical wavefront is reconstructed by a modified lateral

shearing interferometer, which uses single-mode fiber as a point diffraction source.

Key Words: Absolute distance (At AE]), Spherical wave (T-H3}), Zemike polynomial (Zernike TH&H4]), Lateral

shearing interferometry (2 @2+ Al)
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Table 1 Zemike coefficients for a spherical wavefront in
terms of its source coordinates

Zernike coefficients Meaning
2 2
A, p+R+L—~1—;—i‘T— y‘3 Constant term
4R 24R° 8R° 8R
A T X Tilt about y axi
-—= ilt about y axis
2 R 3R y
As -2 + }’_¢3 Tilt about x axis
R 3R
A X, ¥y, Astigmatism  with
2R} axis at +45°
2 2
As i —L—L e Defocus
4R 16R* B8R® 8R®
A X, z Y. 2 Astigmatism  with
6 4R® 4R} axis at 0° or 90°
A X Third-order  coma
8 6R’ along x-axis
A Ye Third-order  coma
i 6R® along y-axis
A _ 1 Third-order
13 48R? spherical aberration
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Fig. 1 Schematic diagram of modified lateral shearing
interferometer to measure absolute distance and

position.
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Fig. 2 Measurement results of target moving along z-axis

2 R 29 Aguc J2d AL x, vt R
ool Rzkal7] wWEolch,

4. 4B
B dFdAE Ag A6 Edg 7us
o FAARe FAsde EAL ojRdld SHE
AR ] dAY A2AYAE SAsE PHPe
Aoyt HEE F3 AgH Pyo) g§IFde A
Ea =

EIpnECY|
1. F. Bien, M. Camac, H. J. Caulfield, and S. Ezekiel,
Appl. Opt., 20(3), 400-403 (1981)

2. René Dandliker, Kurt Hug, Jacob Politch and Eric
Zimmermann, Opt. Eng., 34(8), 2407-2412 (1995)

3. Hisao Kikuta, Koichi Iwata and Ryo Nagata, Appl.
Opt., 25(17), 2976-2980 (1986)

4. Hyug-Gyo Rhee, Seung-Woo Kim, Appl. Opt., 41(28),
5921-5928 (2002)

5. Daniel Malacara, Optical Shop Testing, 2nd ed. (John

Wiley & Sons, Inc., New York, 1992), Chap. 4, 13



