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Precision Profiling Method Insensitive to Vertical Vibrations (2nd Report)
—A Method Need not a Perfect-flat Plane—

Masaaki ApacHi, Hideshi Miki, Norio Suzuki,
Yasuhide Nakar and Itaru Kawacuchi

When one will measure the precision profiles of super smooth surfaces using an optical
interferometer, a perfect-flat reference mirror should be used. However, it is impossible to
obtain such a mirror. For the case using a stylus method, a perfectly-straight-moving slide table
should be used. It is impossible to obtain that table too. In this paper, We propose the optical
precision profiling method which does not need a perfect-flat plane. This method is developed
on the optical skid method previously reported (the 1st report). For the surface data obtained
using the optical skid method, the amplitude of low spatial-frequency components were
attenuated noticeably and the data were used as the roughness profiles. This paper will make
it clear that : (1) One can theoretically calculate the exact attenuation rate of frequency
component from the positions and the sizes of the photo-detectors used in the sensor head of the
optical skid method. (2) One can completely retrieve the surface profile by the digital filtering
using the calculated attenuation rate. In an experiment, a profile of a step height standard is
retrieved using the method mentioned above. And a waviness profile of a mirror obtained using
this method is compared with the profile measured using Talystep.
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Fig. 1 Principle of the profile measurement for the
optical skid method. Q is a surface vibrating
with the amplitude V (¢). R is a static plane. %
(i=A,B,C,D) is the distance between them.
Xp is the output of the optical skid method
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Fig. 2 Schematic illustration about a cutoff effect of
low spatial-frequency components due to the
optical skid method : 4p is the surface profile
and Xp is the output of the optical skid method
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Fig. 3 Arrangement of photo-detectors in a new sen-
sor head. A lower curved surface is a
sinusoidal surface model which is used to cal-
culate the exact attenuation rate for the opti-
cal skid method
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Fig. 4 The areas of a sinusoidal surface measured by
photo-detectors in the new sensor head. (a)
new sensor head. 2W is the lateral size of the
photo-detectors and 2S is the space between
them. (b) sinusoidal surface of wavelength Aw.
¢ is the phase of the sinusoidal change. @ and
B are phase differences for W and S
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Fig. 5 A filtering function 7 (Aw) calculated from the
space S=186 um and lateral size W =88 um
for the photo-detectors, whose values are
converted at the surface plane
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Fig. 6 A schematic block diagram for the method of
obtaining the profile Ap(x) from the output
Xp(x) of the optical skid method
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Fig. 7 Optical system of a profiling instrument
@ extra-high-pressure mercury lamp. The light from
this lamp is interference filtered (A1=546 nm), @ Mirau
objective, @ piezo positioners, @ linear actuator, ®
specimen table, ® new sensor head which is composed
of a center photo-detector and three surrounding
photo-detectors, @ image plane
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Fig. 8 Profiles by a step height standared
(a) Xo(x) measured using the optical skid method, (b)
hp(x) obtained using the digital filtering of 7'(Aw)
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Fig. 9 The waviness profile derived from proposed method
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