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High-Precision 3D-Shape Measurement Using Interferograms Exposured Under Vertical Vibration

Masaaki ADACHI, Tatuyo SABUTA and Yasuto NIWA

Vertical-scanning shape-measurement interferometry using white light could not be used under vertically vibrating
environment. Because, it is required to repeat predefined-length vertical movement with nanometer accuracy and
interferogram capturing just after the movement. We developed the technology which can measure changes of optical
path difference (OPD) of an interferometer at around 20-ps interval and can trigger interferogram exposure at even the
moment when predefined-length movement complets irregularly due to external vibrations. But vibration during
exposure does change interferogram intensities captured. This changes result in phase extraction errors and then shape
measurement errors. Then we developed the phase-extraction method which utilizes the history of OPD change during
exposure and might remove the above errors. In this paper, validity of this method is estimated by shape-measurement

experiments using pulse-like vertical vibrations.
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Fig.1 Ideal start-points of exposure for phase extraction in vibrating and non-
vibrating environments. The points in non-vibrating are shown with white
circles which are equi-spaced with Az. The points in vibrating environment
are shown with black circles and must be triggered by a real-time OPD
meter
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Fig.2 Signals recorded at a pixel of CCD camera having a certain exposure
time under vibrating or non-vibrating environment. Both exposures start
at a black circle point. But the signal intensities are different, because
they are proportional to hatched areas. This different causes errors
of phase extraction and modulation calculation
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Fig.3 Interference microscope equipped with OPD meter. Optics of the
meter is composed of a DPSS laser, a line CCD camera and a
sharp-cut filter. Wavelength of the laser is 473nm, and the sharp-
cut filter blocks for laser light to enter 2D-CCD camera. A high
frame rate of the line camera makes real-time OPD measurement
possible. Two different color LEDs are used to measure 3D shape
of an object with 6m+m/2 phase shift
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Fig.4 Timing chart of control signals. These signals are coincident with
OPD changes drawn on the upper part. This OPD change is assumed
to be not under vertical vibration. Values are used in the experiment
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Fig.5 Intentionally generated height change signal Ak, which is
added in only one orange-light exposure for the nearly-zero
OPD among many exposures during vertical scanning
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Fig.6 An interference image of the used step-height standard specimen of
50nm. The specimen is inclined so that height measurements of the
center area are affected by vibration and those of the right and left
areas are not affected. The vibration was generated at the timing when
the height of reference mirror becomes Refo level during vertical
scanning
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Fig.7 Pulse_like vibration generated during the exposure of an orange-LED
interferogram. Unit of X axis is frame number of a line CCD camera
during exposure. Values of Ak are peak values and are used to
designate one curve from others
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Fig.8 Intensity changes of Ci and Si calculated from OPD changes during
exposures. X axis is order number of interferogram captured through
a vertical-scanning. Y axis is intensity normalized to 1,6000 of its
maximum value. Solid lines are of Si and broken lines are of Ci for
orange interferograms. Doted lines are Si and doted and a broken lines
are Ci for blue-green interferograms. The 25-th orange interferogram
is exposured under intentionally generated pulse-like vibration
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Fig.9 Measured cross-section profiles of the step-height standard. Parameters on two profiles indicate
peak heights of pulse-like vibrations which are intentionally generated during the 25th exposure
of orange interferogram. Upper profile is calculated by the correction technique of vibrational
effect with using Ci and Si changes shown in Fig8. Lower profile is calculated by an ordinary
technique using interferogram intensities
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