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Real-Time Changing-OPD Measurement Technique Applicable to a Scanning White-Light Interference Microscope
Masaaki ADACHI, Kenta FUIIMOTO and Yuuki HIRANO

We propose changing-OPD (optical path difference) measurement technique which can be built in a scanning white-light

interference microscope. The technique uses a laser beam introduced around an optical axis of the interference microscope.

The laser beam reflected by a reference mirror in an objective lens and the laser beam reflected by a specimen surface make

interferograms at an observing plane. These interferograms are continuously captured by a high-speed CCD line camera during

a vertical scanning. Changing light intensities at two pixels having different phase and different modulations are normalized

as having unity amplitude, and then subtraction and sum of them are calculated. From the calculated values changing phase is

calculated and then change of OPD is also calculated after every interferogram capturing. To check accuracy of the proposed

technique we carried out an experiment using a precision vertical scanning stage. After a 96ym vertical scanning, total changed

OPD at different portions on the specimen surface are calculated and estimated having less than 10 nm in difference.
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Fig.1 Interference microscope equipped with changing-OPD meter. Op-
tics of the meter is composed of a diode 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 changing-OPD
measurement possible. Two different color LEDs are used to fast
measure 3D shape of an object with 2D-CCD camera.
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Fig.2 Interference pattern of a measured step-height standard. (a) shows
the pattern of the standard whose surface is 48pym low from a
focus plane of the objective. (b) shows the pattern of the standard
whose surface is just at the focus plane. (c) shows the pattern of
the standard whose surface is 48um high from the focus plane. (d)
shows positions of pixels used to measure changing-OPD.An
area of (d) is shown as a black box at a center of the pattern (b).
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Fig.3 Modulation changes over 96um-Z scanning. Upper curves in each figure mean changes of maximum intensity of interference light and lower curves
mean changes of minimum intensity of light. (a) is changes measured at point A and B in the figure 2(d). (b) is changes measured at point C and D

in the figure 2(d).
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Fig4 Interference light intensity changes measured at the point A and
the point B. Changing is of a start portion of 96-pum scanning.
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Fig.5 Measured displacement over 96um Z-scanning. Measurement
are carried out at four different areas and measured values are
plotted with different offset for easy viewing.
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Fig.6 500-times enlarged plots about left side portion of Fig 5. The left

side is starting point of 96y m scanning. The curves are plotted
with different offset (10nm in space) for easy viewing.
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Fig.7 500-times enlarged plots about right side portion of Fig 5. The
right side is an ending part of 96um scanning. Offset of each
curves are the same as those in Fig.6.
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Fig8 Deviation errors from the linear change at each Z position.
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