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Vertical-Scanning Shape-Measurement Interferometry Applicable under Vibrating Environment
Masaaki ADACHI, Yuuki HIRANO, Masanori KAWAMURA and Yuuta IWAO

Vertical-scanning shape-measurement interferometry using white light is widely used to measure 3D shape of objects having

step-like shape. This interferometry however cannot be used under vibrating environment. Because, it is required to accurately

repeat predefined-step movements over vertical measurement range. We developed new technology which can measure the

changes of optical path difference (OPD) of an interference microscope with nanometer resolution. This uses a line camera and

a FPGA device and can measure OPD changes with around 20-ps interval. We built this technology onto a vertical-scanning

interferometer and estimated performance of the developed technology using some vibration conditions.
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Fig.1 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 2D-CCD camera
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Fig.2 Z scanning stage which can vertically vibrate a specimen. A base
Z-stage is Newport M-MVNBSO and is powered by 850G-LS actua-
tor in Z scanning. An objective nanopositioner is placed on the
stage and used to vertically vibrate a specimen. In an experiment
the Z-axis stage in Fig.1 is displaced with this stage and this makes
Z-axis scanning and vertical vibrating in parallel
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Fig.3 Timing chart of control signals. These signals are assumed to
coincident with OPD changes drawn on the upper part. Values are
used in the experiment of this paper. Values in parentheses were
used in the experiment of the published paperl)
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Fig.4 Interference patterns of the measured step-height standard. Both
patterns are captured around OPD of zero. (a) shows the pattern
of blue-green light (A; =501nm). (b) shows the pattern of orange
light (A =585nm)
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Fig.5 Light intensity changes along captured images at a certain pixel of
2D-CCD camera. Dotted curve is of orange light and broken
curve is of blue-green light. Solid curve is sum of the modulation
intensities regarding each light. All the images are captured with
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Fig.6 Distribution curves of fractions for the argument in int’ function
of Eq(1). The fractions are calculated at all the 2D-CCD pixels.
Solid curves is of the interferograms captured with FPGA triggers.
Broken curve is of those captured with 22.3Hz pulses
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Fig.7 3D output shape of the step height standard( 85nm). This is mea-
sured without FPGA trigger. No intentional vibration is added,
but unavoidable vibration affects interferograms captured
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Fig.8 Light intensity changes along captured images at a certain pixel of
2D-CCD camera. Dotted curve is of orange light and broken curve
is of blue-green light. Solid curve is sum of the modulation inten-
sities regarding each light. All the images are captured with FPGA
triggers
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Fig.9 (a) generated vibration in the interferometer. (b) Interval time
changes of interferogram capturing. Vibration frequencies are all
10Hz, but vibration amplitude are different. The base Z-table is
scanned at 10um/s by the 850G-LS actuator
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Fig.10 3D output shape of the step height standard(85nm). Used
interferograms are captured with FPGA triggers under 10Hz vi-
bration of 100-nm amplitude
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