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Abstract.  We report a new method for manufacturing a Fabry – Perot 
interferometer in the form of a microcavity in the optical fibre core. 
The method is based on the use of the process of electric discharge 
fusion splicing of a conventional optical fibre and a special compos-
ite fibre having a core with a high content of phosphorus oxide. The 
possibility of using this interferometer as a sensitive element of a 
strain sensor with high temperature stability is shown.

Keywords: Fabry – Perot interferometer, strain sensor, composite 
optical fibre.

1. Introduction

Among the wide variety of proposed sensors based on 
Fabry – Perot interferometers (FPIs), designs integrated dire­
ctly into the optical fibre structure in the form of a cavity are 
of great interest. Such structures are quite simple, compact, 
and can be located away from the recording equipment. 
Currently, there are various methods for the formation of 
microcavities in the optical fibre core: by micromachining of 
optical fibre with femtosecond laser pulses [1, 2], through the 
use of hollow microstructured optical fibres [3 – 6], by fusion 
splicing conventional optical fibres [7 – 9] and fibres with a 
high content of aluminium oxide in the core [10].

2. Formation of microcavities (FPI)

This paper proposes a new method for the formation of a 
microcavity in the optical fibre core representing a Fabry –
Perot interferometer, and also shows the possibility of using 
this interferometer as a sensitive element of a strain sensor. 
The method of FPI formation described in this paper is bas­
ed on the process of electric discharge fusion splicing of a con­
ventional optical fibre and a special composite fibre with a 
silica glass cladding and a core with a high content of phos­
phorus oxide. A special composite fibre was made by sinter­
ing of phosphate glass in a silica glass tube (Fig. 1).The mate­
rial for core fabrication was phosphate glass [11] containing 

65 mol % P2O5, 7 mol % Al2O3, 12 mol % B2O3, 9 mol % Li2O, 
and 7 mol % Re2O3. A hollow cylindrical diamond drill was 
used to drill out a cylinder in a bulk phosphate glass (Fig. 1a), 
which was then inserted into a silica glass tube (Fig. 1b). Next, 
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Figure 1.  ( a – d ) Scheme of manufacturing a composite optical fibre 
and ( e ) photograph of the end face of the resulting fibre.
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the resulting preform was sintered in the furnace at a tem­
perature of ~2000 °С and drawn into rods with a diameter of 
~1 mm (Fig. 1b). To ensure the required ratio of the core and 
clad diameters, the resulting rods, after placing inside an 
additional silica glass tube, were subjected to jacketing on a 
glass working lathe equipped with a burner (Fig. 1c). Then, 
an optical fibre was drawn from the preform obtained 
(Fig.  1d).

A photograph of the end face of the resulting fibre is 
shown in Fig. 1e. The fibre core diameter was ~10 mm, and 
the diameter of the silica glass cladding was 125 mm. In the 
process of drawing the fibre, of phosphate and silica glasses 
mutually diffused, leading to a decrease in the concentration 
of phosphorus oxide in the core glass, amounted to 
~35  mol %. The measurements were conducted by X-ray 
microanalysis using a JSM-5910 LV scanning electron 
microscope (JEOL) and an INCA X-ray spectrometer 
(Oxford Instruments). The obtained concentration level was 
higher than one, which could be obtained   using conven­
tional vapour deposition methods. The high concentration 
of phosphorus oxide caused a significant difference in the 
physicochemical properties of the core and cladding glasses, 
in particular, a lower temperature of the formation of vola­
tile components and a higher thermal expansion coefficient 
(TEC) of the core.

A Fabry – Perot interferometer in the form of a microcav­
ity in the optical fibre core was obtained by electric discharge 
fusion splicing of a fabricated composite fibre and a conven­
tional SMF-28 telecommunication optical fibre. Figure 2a 
shows a photograph of microcavity 1 obtained on a Fujikura 
FSM80 fusion splicer with an arc power of 50 units (only rela­
tive values are provided by the fusion splicing machine manu­
facturer) and a discharge duration of 300 ms (the composite 

optical fibre is located to the right of the junction point of the 
optical fibres).

Apparently, the mechanism of the microcavity formation 
involves the following. At the very beginning of the fusion 
splicing process, when the electric arc is turned on, the core 
glass evaporates from the end-face surface of the composite 
fibre, since it has a lower temperature of the formation of 
volatile components than the undoped glass of the cladding. 
As a result, an open cavity is formed on the surface of the 
fibre end face in the core region. Beyond that, the formation 
of a cavity on the end-face surface of the fibre in the core 
region can be stipulated by the relaxation of mechanical 
strains arising in the process of fibre drawing due to the 
large difference in the TEC between the core glass and the 
composite fibre cladding during the heating of the fibre end 
face at the start of splicing. The resulting open cavity is con­
verted into a microcavity embedded in the fibre core when the 
end faces of the optical fibres are fusion spliced in the process.

Figures 2b and 2c show photographs of microcavities 
2 and 3 obtained by additional heating of the original mic­
rocavity 1 by an arc discharge with a duration of 600 and 
2300 ms, respectively. It is seen that under the vapour pres­
sure of evaporated glass, the volume of microcavities increa­
ses in the longitudinal direction along the low-melting core, 
and in the case of longer heating, also in the transverse direc­
tion due to the expansion of a more refractory silica glass 
cladding.

3. Study of FPI characteristics. Discussion  
of results

A scheme for studying the reflection spectra of microcavities 
(Fabry – Perot interferometers) is shown in Fig. 3. A Super­
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Figure 2.  Photographs of microcavities in the fibre core: ( a ) original cavity at the arc discharge duration of 300 ms and ( b, c ) cavities from the 
original cavity after additional heating by the arc discharge of ( b ) 600 and ( c ) 2300 ms duration, and also ( d – f ) reflection spectra of interferometers 
( d ) 1, ( e ) 2 and ( f ) 3.
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lum SLD-76-MP semiconductor superluminescent diode (SLD) 
with a spectrum width of 50 nm (at a level of 3 dB) with a 
centre near l = 1550 nm was used as an optical source. The 
reflected signal was recorded using an ANDO AQ6317B opti­
cal spectrum analyser (OSA). The SLD radiation was fed to 
the input of the fibre-optic circulator, and then passed into 
a standard single-mode optical fibre, at the junction of which 
with a composite optical fibre an FPI was located, formed 
by two gas – glass interfaces, as shown in the inset of Fig. 3. 
The radiation (signal) reflected from the FPI was supplied 
to the OSA input by means of a circulator. Figures 2d – 2f 
show the reflection spectra of interferometers 1, 2 and 3.

Since the reflection coefficient at the glass – gas interface is 
small (~ 4 %), the resulting interferometers can be described 
using a two-beam model. Then, the reflected signal intensity 
represents an oscillating function with wavelength l:

I = I1 + I2 + 2 I I1 2 cosj,

where I1 and I2 are the intensities of the waves reflected from 
two FPI mirrors (see Fig. 3); j = 4pnL/l is the phase differ­
ence of these waves; n » 1 is the refractive index of the gas 
medium inside the interferometer cavity; and L is the inter­
ferometer length. Note that a decrease in the intensity of the 
reflected signal at the edges of the reflection spectra in Figs 
2d – 2f is due to the shape of the SLD spectrum. In the process 
of mathematical processing of the experimental results given 
below, the reflected signal was normalised to the source spec­
trum.

The FPI length can be calculated from the difference in 
wavelengths of adjacent minima (maxima) in the reflection 
spectrum:

L = l1l2 /2n(l1 – l2),

where l1 and l2 are the wavelengths of adjacent minima. The 
lengths of interferometers 1, 2 and 3, calculated from the 
period of the reflected signal spectrum (see Figs 2d – 2f), con­
stituted 40, 93 and 172 mm, respectively. The modulation 
amplitude of the reflected signal decreased with increasing 
interferometer length. This is due to an increase in optical loss 
caused by the beam divergence in the interferometer when 
increasing its length [12].

We should note that the process of microcavity formation 
is well reproducible. Thus, with the same electric arc parame­
ters, the microcavity length variations did not exceed 5 %.

The fabricated FPIs were investigated for the effect of 
temperature and fibre strain on the reflection spectrum. A 
tensile force to ensure the fibre strain was applied to the fibre 
section with the interferometer at points 1 and 2 located at a 
distance of several tens of centimetres from each other (see 
Fig. 3). For a fibre section with the interferometer having, for 
example, a cylindrical surface of the side walls, as shown in 
the inset in Fig. 3, the applied force F, in accordance with 
Hooke’s law, determines, firstly, the relative elongation of 
the interferometer DLI /LI = F /(ESI) (SI is the cross-sectional 
area of the side walls of the silica glass interferometer in plane 
I, E is Young’s modulus of silica glass, LI is the interferometer 
length, and DLI is the increase in interferometer length), and 
secondly, the relative elongation DLF /LF = F /(ESF) of the 
optical fibre outside the interferometer (SF is the cross-sec­
tional area of the optical fibre in plane F, LF is the fibre length 
between points 1 and 2 minus the interferometer length, and 
DLF is the increase in the fibre length within this section). It is 
assumed that Young’s modulus is the same for the core glasses 
and fibre cladding. Since LI << LF, and SF and SI are compa­
rable in magnitude, the relative elongation of the entire fibre 
section between points 1 and 2 is
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Thus, the relative elongation of the FPI is linearly related to 
the applied force F (or relative elongation of the entire optical 
fibre between points 1 and 2).

Using the minimum condition in the interferometer reflec­
tion spectrum j = 4pnLI /l = p(2m + 1), where m is an integer, 
we arrive at the following relation for the shift D l of the min­
imum position as a result of a change in the FPI length:

L
L

I

I

l
lD D
= .	 (1)

Thus, the ratio D l/l linearly depends on the relative elonga­
tion of the interferometer, which in turn is linearly related to 
the applied force F and the relative elongation of the fibre 
itself (fibre strain).

Figure 4a shows the reflection spectra of interferometer 1 
with DL12 /L12 increasing from 0 to 2160 mm m–1. The depen­
dences of the wavelength shifts D l of the signal minimum in 
the vicinity of l = 1550 nm in the reflection spectra of inter­
ferometers 1, 2 and 3 on the fibre strain, as well as on the 
applied mechanical load are shown in Fig. 4b. The sensitivity 
to mechanical deformation of FPIs 1 and 2 is ~1.7 pm  mm–1  m, 
and FPI 3 – 2.3 pm  mm–1  m (in the English literature, mm m–1 
corresponds to the measurement unit of fibre strain me). The 
sensitivity value obtained is comparable, for example, with 
the results of work [3, 4]. Note that for fibre Bragg gratings, 
which are in active use as sensitive elements of strain sensors, 
this value for l » 1.55 mm is ~1.1 pm  mm–1  m [13].

When applying a longitudinal mechanical load, the sen­
sitivity of FPI 3 slightly exceeds that of FPI 1 and FPI 2. 
As seen from Fig. 2, the cross-sectional diameter of micro­
cavity 3 exceeds that of cavities 1 and 2, while, in the longi­
tudinal section, microcavity 3 has the characteristic shape 
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Figure 3.  Scheme for recording reflection spectra. The inset shows a 
schematic representation of the interferometer.
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of an inflated bubble with curvilinear boundaries of the 
side walls. In accordance with Hooke’s law, a decrease in 
the cross-sectional area of the side walls could lead to an 
increase in elongation. However, the image analysis shown 
in Figs 2a – 2c does not indicate such a decrease. An addi­
tional increase in the sensitivity of microcavity 3 is most 
likely associated with a change in the cross-sectional shape 
of the microcavity in the longitudinal direction under ten­
sile forces.

To study the temperature sensitivity of interferometers, 
they were placed in a tubular furnace and heated from room 
temperature of 25 °С to a temperature of 500 °С with a step 
of 50 °С. The experimental data obtained for the minima in 
the reflection spectra closest to l = 1550 nm, and also the 
results of their approximation by a linear dependence are pre­
sented in Fig. 5. Note that the temperature sensitivity D l/DТ 
of the studied samples is quite small and only amounts to 
1.1 pm °С–1 for FPI 1 and FPI 3, and 0.9 pm °С–1 for FPI 2. 
The data obtained are in good agreement with the results 
of work [3 – 8]. The value D l/(lDT ) = DLI/(LIDT ) [see (1)] for 
a wavelength of 1550 nm at which the measurements were 
performed constituted about 6.5 ́  10–7 °С–1, which was close 

to the TEC value for silica glass, which, according to work 
[14], amounted to (4.17 – 5.92) ́  10–7 °С–1 in the temperature 
range of 50 – 500 °С. Therefore, the temperature sensitivity of 
the manufactured interferometers is mainly determined by 
the TEC of the side walls of the microcavities made of 
undoped silica glass. Such low FPI temperature sensitivity, 
due to the small TEC of silica glass, distinguishes it 
favourably from fibre Bragg gratings, in which this value is 
an order of magnitude greater [13], and allows for some 
tasks not to resort to additional temperature compensation 
of the sensor readings.

Heating of the FPI to a temperature of 500 – 600 °С was 
reversible, i. e., when the temperature decreased after heating, 
the positions of the minima and maxima in the reflection 
spectrum returned to the values corresponding to the initial 
temperature. However, when heated to a temperature of 
700 °С, an irreversible increase in the interferometer length 
was observed. This irreversible change can be used to accu­
rately select the interferometer operating point in the case of 
narrowband radiation.

Thus, we have proposed a new method for designing a 
Fabry – Perot interferometer integrated directly into the opti­
cal fibre structure. The method is based on the electric dis­
charge fusion splicing of a single-mode fibre based on silica 
glass and a composite fibre obtained by sintering phosphate 
glass in a silica glass tube. The possibility of using the devel­
oped interferometer as a sensitive element of the strain sensor 
is shown. Low temperature sensitivity in comparison with 
fibre Bragg gratings makes the described type of sensing ele­
ments of a strain sensor promising for practical applications.
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