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Abstract. It is presented a study of the dependence between the free spectral range (FSR) and the cavity
length in Fabry-Perot interferometers. Furthermore, the effect of frequency modulation on the FSR is studied
when an optical spectrum analyser (OSA) is used as an interrogator. For low frequency range it is possible to
observe this behaviour in the OSA and using an appropriate processing signal it is possible to use the white

light interferometry technique.

1 Introduction

The  first  Fabry-Perot interferometer  was
accomplished by the work of Charles Fabry and Alfred
Perot in 1887 [1]. Essentially, a traditional Fabry-Perot
(FP) interferometer consists in a cavity enclosed by two
parallel reflecting surfaces. Since then, there has been a
significant development of this interferometer and in 1993
after the invention of the optical fiber, the first in-fiber FP
interferometer was demonstrated [2]. The importance and
subsequent investigation of this type of structure is due to
several features such as low cost, easy manufacturing, and
immunity to electromagnetic interference.

The FP sensor can be used for many applications
namely to measure strain [2-3], magnetic field [3-4],
salinity or temperature [5]. Thus, in order to quantify the
variation of the optical path length of the interferometer,
which is defined as the product of the refractive index and
the physical length of the cavity, the typical instrument
used is an Optical Spectrum Analyzer (OSA).

In the present work, the study of the dependence of the
FSR of an FP cavity with the frequency modulation is
demonstrated. Also, the effect of frequency modulation
observed in an OSA was explored using white light
interferometry technique.

2 Free spectral range dependence with
cavity length

The first test consists in the measurement of the optical
spectrum of the FP cavity. An optical circulator was used
to read the signal in reflection of the FP, using a
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broadband source (Optronics Tech ASE CL) with a
bandwidth of 75 nm centred around 1565 nm to illuminate
the fibre device.

Initially, the distance of the FP cavity was increased in the
range of 50 to 600 um by means of a micro-translation
stage. An OSA (Yokogawa AQ6370C) was used to read
the reflection spectrum of the increasing FP cavity and the
correspondent FSR was measured. In Fig. 1 it is presented
the optical spectrum of the FP cavity, with a cavity length
of ~ 250 um and high visibility.
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Fig. 1. Optical spectrum of the FP cavity.

In Fig. 2 it is observed the linear relationship between
the FSR and the inverse of the cavity length, as predicted
by the following equation [6]:

_ M1
FSR = e (D
Where d is the cavity length, n is the refractive index of
the air cavity (n~1) and A, is the operation wavelength.
The slope obtained is of 1167.06+4.81 nm-um™.
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Fig. 2. FSR dependence with the inverse of the FP cavity
length.

3 Frequency modulation of the
correlation signal between two
cascaded FP cavities

In this experiment, the setup (Fig. 3) relies on a
broadband optical source with a bandwidth of 75 nm
centered at 1565 nm and a four-port optical circulator.
Two cascaded FP cavities are connected in independent
ports of the optical circulator.

A piezoelectric stack (Thorlabs PK4GA7P1) was
attached to one of the FP cavities and a high voltage
amplifier (TEGAM Model 2350) was used to promote the
mechanical variation of the PZT.
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Fig. 3. Experimental setup for the characterization in frequency
of the optical signal of two cascaded FP cavities.

An arbitrary wave function generator (Hewlett
Packard 33120A) was used to apply a triangular electric
signal to the linear PZT. The length of one cavity was
continuously varied, while the other cavity length was
kept constant. Therefore, the first cavity acted as an
interrogator of the second cavity. The range of
frequencies used was 0.5 Hz to 100 Hz and the reflected
spectrum of the cascaded cavities was registered, for each
frequency, in the OSA.

In Fig.4 it was observed the beat phenomenon,
predicted by [7], for 0.5 Hz. When using low frequencies,
the beat is generated between two cavities and the
resulting modulation of the cavity variation is observed.
In this case, the OSA has enough speed to keep track of

the FP cavity length variation and a beat is observed
(Fig.4a). However, when applying high frequency signals
(above 5 Hz), the cavity length changes rapidly and the
OSA is no longer able to keep track of this variation. In
this case, the OSA reads the spectral response of the cavity
with a background noise along the spectrum. Finally, with
an appropriate signal processing it is possible to simulate
the white light interferometry technique (see Fig. 4b).
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Fig. 4. Beat of the modulation signal of an FP cavity for 0.5
Hz: a) optical spectrum and b) time response.

4 Conclusion

In conclusion, it was determined that for low
frequencies the OSA can be used to observe signal
modulation, and with a suitable signal processing, it can
been read by means of white light interferometry
technique. Thus, in order to overcome this challenge for
high frequency, an alternative solution involves the use of
a fast detection system such as a single photodetector
connected to an oscilloscope.
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