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Shape Measurement of Rough Step Like Surface using a Lasér Diode
- The Method with Three-wavelength Phase Shifting -

Masaaki ADACHI, Youichi KITAGAWA, Tetsuya MATSUMOTO and Katsuyuki INABE

The authors propose a new method which can measure a shape of rough step like surface by means of a

speckle interferometry with a wavelength-changeable laser. A speckle phase available in the interferometry is

usually affected not only by an optical path difference but also by a random component associated with surface
roughness. The phase shifting method using two different wavelengths ( A |, A ,} is , therefore, limited to a
single phase map about the optical path difference, because of the random component which remains without

cancel. The single phase map is available only for the calculation of the shape of a continuous surface. In the

proposed method, the authors use three different wavelengths (A |, A ,, A ;) to obtain a double phase map,

which is capable of a discontinuous surface shape calculation by means of a fringe-counting two-wavelength
method. The validity of the method is experimentally demonstrated and discussion is extended to an accuracy

of the measurement and an extent of the measurement range.
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Fig.1 Optical arrangement for surface shape measure-
ment. B.S. means beam-splitter
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Fig.2 An enlarged geometry about the reflection point
O on an object surface
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Fig.3 Optical setup used in an experiment
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Fig.4 3D expression of a measured step-height speci-
men which has a step height of 3mm '
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Fig.5 Phase values calculated by Egs. (4),(5) and a
the measured profile of the step-height speci-
men along the y-axis
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Fig.8 Averaged area dependence of standard devia-
tion about the measured profile
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Fig.7 Numerical simulation result for measurable
range. X axis means the standard deviation of
phase measurement divided by Z w. Y axis
means long wavelength divided by short wave-
length. Z axis means measurable range divided
by short wavelength.
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