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While investigating measurement method of phase objects with the retardation-modulated
differential interference contrast (RM-DIC) microscope, we found two problems. One of them is
that smaller measured values than the actual phase are obtained when phase objects are beyond
the weak phase approximation range. The first problem is improved by the new analysis “three-
image self phase-correction (SPC) method” that we developed. The second problem is that the
measured relief shape flips by RM-DIC microscope, when the object phase passes half a wave-
length. In order to overcome the second problem, we developed a new phase unwrapping tech-
nique “Multi wavelength method” for beyond the half-wavelength phase difference. We confirm
the effectiveness of our methods in experiment with beyond half-wavelength phase objects and
show that our new methods can extend the measurement range of the RM-DIC microscope over

the half-wavelength phase difference.
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Fig. 1 Components of light passed through a phase object
with vector representation.
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Fig. 2 Image components of a DIC image with vector
representation.
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Fig. 3 Expression of phase distribution. The phase distri-
bution ¢, is shown by P-V value of sample profile.
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Fig. 7 Block diagram of our equipment for surface
metrology. A modulating retardation unit is built into the
illuminating optics of a conventional microscope. Using a
halogen lamp, it is possible to select the observation wave-
length by varying the interference filter. We can control the
retardation of the DIC microscope using the phase modula-
tor. The phase modulator is controlled by a desktop com-
puter to within +1° accuracy. The CCD camera is a 1/3”
(B/W) VGA type and is connected to a frame grabber in
the desktop computer.
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Fig. 8 Shape of the sample. The sample is a silicon wafer
with grating patterns made using a semiconductor process.
The grating patterns have line widths L ranging from 0.5
umto 10 gm and are covered with an aluminum film to give
phase objects with depth d.
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Fig. 9 Calculation result and measurement result by RM-
DIC microscope based on the weak phase approximation.
Horizontal axis is depth of sample. Vertical axis is mea-
surement value.
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ence. Horizontal axis is depth of sample. Vertical axis is
measurement value.
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Fig. 11 Measurement results by 3-image SPC method. (a) is the result of 200 nm depth sample in 2 zm line-width region,
(b) is the result of 50 nm depth sample in 2 ym line-width region.
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