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A new method for displacement measurement is proposed. Displacement of a target is
obtained from optical frequency of a laser diode which shifts according to the displacement
due to optical feedback. The method is implemented by using optical heterodyne technique to
determine small changes of the light frequency. Because the oscillation frequency of an ex-
ternal cavity laser diode depends on the cavity length, displacement of the target is trans-
formed into the frequency shift of a laser diode in the external cavity configuration. In the
present paper, we show experimental results on displacement measurement of a PZT with an
accuracy of 4nm. One of advantages of the method is that a small displacement such as
fractional fringe order of conventional interference methods can be easily obtained without any

complex numerical computation.
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Fig. 3 Heterodyne beat spectra of LD oscillating in multiple external cavity modes
for different external cavity length L, (a) L=50cm, (b)L=100cm, (c)L =200 cm.
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Fig. 2 Longitudinal modes of external cavity
laser diode, (a)solitary LD mode (without optical
feedback), (b)external cavity mode (with optical
feedback).
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Fig. 4 Experimental setup.
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Fig. 5 Self-beat spectrum between external
cavity modes.
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Fig. 6 Heterodyne beat spectrum under single
mode operation.

Fig. 7 Oscilloscope trace of the optical hetero-
dyne beat signal.
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Fig. 8 PZT displacement vs. applied voltage.
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Fig. 10 Histogram of the fluctuation date in
Fig. 9 for the closed loop.
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