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Precision Profiling Method Insensitive to Vertical
Vibrations (Ist Report)
—A Proposition of an Optical Skid Method—

Masaaki Apachi, Hideshi Miki, Yasuhide Nakar and Itaru Kawacuchi

A novel optical profiling method is proposed, which is nearly insensitive to vertical vibrations
and able to measure the roughness of supersmooth surfaces on a long track. This method makes
simultaneous height measurements of both a measurement position and its surroundings and
perform subsequent digital subtraction of the latter from the former to obtain the roughness
data. An instrument incorporated with this method is shown to have a height sensitivity of 0.1
nm under normal vibrational circumstance (0.4 cm/s?). Data obtained from measurements of
a disk substrate, a mirror, an optical flat and a silicon wafer are included.

Key words : precision roughness measurement, optical method, supersmooth surface, interfer-
ence microscope
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Xo = hD-(hA‘hsohC)/3

Fig. 1 Principle of the measuring method
Q is a surface should be measured. R is a static plane.
hi(i=A, B, C, D) is the distance between them. V (#) is
distance fluctuation caused by vibrations. Xp is the
output of the optical skid method and is insensitive to
146
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Fig. 2 Optical system of a profiling instrument

(D extra-high-pressure mercury lamp. The light from
this is interference filtered (A=546 nm), @ Mirau objec-
tive, @ piezo positioners whose stroke is 25 #m, @ linear
actuator whose moving velocity is 26 zm/s, ® specimen
table, ® sensor head which is composed of a center light
detector and three surrounding light detectors, @ image
plane
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Fig. 3 Schematic diagram of an attachment for the

Mirau objective and the piezo positioners
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Fig. 4 Light intensity change at the image plane that
is brought by the drive of piezo positioners
which can vary the optical-path-difference
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Fig. 5 Noise under the vibrations
(a) data of Xp, (b) data of (Oat O+ 0c)/3 and O..
Both (a) and (b) are measured during the vibrations of
2-4 gal by rapping, (¢) data of X, measured during the
steady vibrations of 0.4 gal
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Fig. 6 Double-scan data of an optical flat
(a) is under the condition that the interferometer is
controlled near the point P. (b) is under the condition
that the interferometer is controlled near the point P’
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Fig. 7 Double-scan data of an uncoated silicon wafer
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Fig. 8 Measured profiles of some precision products
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