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Comparison of vibrational displacements of piezoelectric

devices with polished surface by laser speckle
interferometer and laser Doppler vibrometer
measurements
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1. Introduction

The Laser Speckle interference method is
used to visualize the surface of a piezoelectric device,
and various techniques are used’"®). In recent years,
piezoelectric devices with mirror-finished surfaces
enabled portable devices to operate at higher
frequencies. For a quartz crystal resonator, for
example, the interference method is used to test its
polished surface for unevenness.

In past research, Laser Speckle
interference was obtained by incidence at a 16-
degree incidence angle using a red laser (A = 630 nm)
to accurately measure a polished surface .
However, it is not possible to make the incidence
angle horizontal to measure in-plane vibrations. The
technology to accurately measure for the pulse laser
method the absolute vibrational displacement of
Laser Speckles has not been studied, and it must be
achieved during Laser Speckle interference.

In this study, we attempted to measure the
absolute displacement of a polished surface using a
laser Doppler vibrometer and "scan" the surface for
laser speckle interference with an external ceramic
resonator. A 377-nm ultraviolet laser was used as the
laser speckle interferometer.

As a result, it was confirmed that the laser
Doppler vibrometer and the laser speckle
interferometer are related through image correlations.

2. Experimental system

Fig. 1 shows our proposed measurement
system. First, a glass-paneled device is installed as a
substitution for piezoelectric material, and the center
of the device is measured by a laser Doppler
vibrometer. Fig. 2 shows an outline of the measuring
system in a block diagram with a 377-nm ultraviolet
laser.
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Fig.2. Laser speckle measuring system

A vibration device is observed by a CCD
camera, and vibrate, multiplied by On and Off
frequencies, and finally treated as an image
correlation value. Formulas for obtaining the image
correlation value are shown below and Fig. 3 shows
an example of the image correlation.

The image is generally calculated using
reciprocals and are represented as white and black
for parts that move and does not move, respectively™.
A large part of the image is relatively equivalent to a
slide vibration in a sample.
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Fig. 3. Example of correlative image of speckle
pattern.

3. Experimental results

The measurement results of the laser
Doppler vibrometer are shown in Fig. 4. The
horizontal axis is the signal generator voltage (V),
and the vertical axis is the absolute displacement
(nm). In the same figure, as regards the laser Doppler
vibrometer, it is considered that a voltage of 0.005 V
(5 mV) or less is effective for the piezoelectric
vibrator because the maximum amplitude is 100 nm.

Fig. 5 shows the measurement results of
the mirror surface. In this case, the incident angle
was 30.4 degree. The reason is that speckle
interference has as much reflection as possible. The
measured value is obtained 400 times and the
average is obtained. Fig. 6 was another sample
showing that the incident angle was 5 degree for the
pulse laser methods®.

From these Fig. 4, 5 and 6, it can be seen
that the responses are close to the straight lines.

4. Conclusion

When this was simply considered for the
Laser Speckle interferometer, it was predicted that
the vibration displacement could be measured
reliably although it was an average prediction. It
wants to experiment successively in the future.
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