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A B S T R A C T

A new type of fiber interferometer based on two short thin-core fiber insertions with a section of standard fiber in
between is proposed. The thin-core fiber insertions excite cladding modes and provide energy exchange between
different fiber modes. We have simulated and measured transmission through a single thin-core fiber section.
The standard fiber section is used to accumulate phase differences between core and cladding modes propagating
through the structure. Transmission spectra are measured for various lengths of the interferometer. Separate
control of thin-core and standard fiber insertions adds flexibility in obtaining spectra desirable for sensing ap-
plications.

1. Introduction

Fiber structures with various insertions of nonstandard fibers,
gratings, and tapers that are used to excite cladding modes have at-
tracted considerable interest in recent years due to their compactness,
simplicity of fabrication, and good sensitivity to parameters of external
medium [1–3]. These structures find application in fiber sensors of
humidity [4], temperature [5], refractive index [6–9], and liquid level
[10–12]. Insertions of multimode [7,13], thin-core [4,8–10,14–16],
coreless [11,17,18], depressed cladding [19–21], and microstructured
fibers [22] are spliced with the standard fiber to provide coupling from
the core mode to cladding modes.

In order to enhance sensitivity of fiber structures employing clad-
ding modes, interferometers are created by combining two elements
that couple different fiber modes. For example, it can be two sections of
multimode fiber [7,13], pair of tapers [12,14] or taper and grating
[2,23], etc. For sensors working in reflection, an interferometer can be
made using just one element that is passed by the modes twice
[9–11,18]. A modal interferometer is formed by a section of thin-core
(TC) fiber spliced between standard fibers [4,15,16,21,24]. In such a
structure, the cladding modes are excited at the junction of two fibers
due to strong dissimilarity of their refractive index profiles.

Although the interferometer based on a section of TC fiber is a good
sensing element, it has a drawback of difficulty to control in-
dependently coupling strength between modes and the length of the

interferometer. If narrow spectral peaks are desirable, the inter-
ferometer should be long, which may result in very small amplitude of
the core mode and high losses in the transmission of the whole struc-
ture. So, separate control of coupling strength and interferometer
length is needed.

In this paper, we propose a new type of fiber interferometer based
on two short TC fiber insertions separated by a section of standard fiber.
The coupling strength between modes can be tuned to optimal value by
changing the length of the insertions, while the phase difference is
determined by the length of the standard fiber between the TC inser-
tions. We study the dependence of transmission spectrum on the length
of the TC fiber insertions in experiment and compare with simulation.
We measure the spectrum for different lengths of the standard fiber and
describe how it depends on parameters of the structure.

2. Fiber structure

The interferometer fiber structure is formed by two sections of TC
fiber spliced by a conventional fusion splicer. As a section of TC fiber,
we used SM600 from Fibercore. Standard SMF-28 fiber from Corning is
placed between the two TC insertions and works as a base of inter-
ferometer (Fig. 1). Its length can vary from 1 to 30 cm.

The TC fiber is cleaved to obtain sections of length of about 1 mm
and shorter. Since such fiber length cannot be produced directly by
standard cleaver, we employ the following procedure: SMF-28 is
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cleaved in a fixed position in the cleaver. Cleaved ends of SMF-28 and
SM600 are spliced. SMF-28 fiber with SM600 at its tip is placed in the
cleaver in the same position as before splicing and is shifted by the
required length of the TC section, so that the blade is under SM600.
SM600 is cut in this shifted point, and a short section of it is left at the
end of SMF-28. Then, this fiber structure is spliced with another SMF-28
fiber.

Light from a broadband source is launched into the structure from
SMF-28 fiber, passes the interferometer, and is transmitted through the
same type of fiber to an optical spectrum analyzer. SM600 fiber of the
TC insertion is designed for single-mode operation at wavelengths
630–780 nm; therefore, this fiber has a small core: rco ~ 2.2 µm
(NA = 0.12, λcutoff ~ 550 nm). Its cladding has standard radius
rcl = 62.5 µm. The polymer jackets of the TC fiber insertions and SMF-
28 fiber of the interferometer base are removed to avoid losses of
cladding modes due to coupling into the jacket.

3. Experimental spectra

For obtaining maximum modulation amplitude in the transmission
spectrum, two interfering modes should have equal amplitudes.
Therefore, we need to prepare such an insertion of TC fiber at one side
of the interferometer that the power of one cladding mode is equal to
the power remaining in the core mode. Besides, some power is dis-
tributed between unwanted cladding modes. Thus, the optimum power
in the core mode after single insertion of TC fiber should be 30–50%.

If the fiber core is not quite thin compared to the standard fiber,
then the mode profiles of the spliced fibers are similar and coupling to
the cladding modes is not strong enough. We experimented with several
different TC fibers from Fibercore: SM800, SM750, and SM600. We
found that a 3-mm insertion of SM800 fiber with 5.6-μm core couples
less than 20% of core mode power to cladding modes. An insertion
made of SM750 fiber couples up to 40% to cladding modes. In cases of
these fibers, it is not possible to enhance coupling to cladding modes by
increasing the length of the insertion. SM600 fiber has a core thin en-
ough to convert more than 50% of core mode, and it is suitable for our
interferometer.

On the other hand, it is desirable to excite modes with amplitudes
that almost independent of wavelength. Therefore, we studied the
wavelength dependence of transmission on the insertion length of
SM600 fiber. The results of measurements are demonstrated in Fig. 2.

The length of TC fiber was changed from 2 mm to 0.1 mm by
consecutive cleaving and subsequent splicing with the standard fiber.
When insertion length increases from 0.1 to 1.5 mm, transmission goes
down demonstrating some descent of curves at longer wavelength. For
length longer than 1.5 mm, transmission discontinues smooth de-
creasing and becomes a nonmonotonic function of insertion length and
wavelength, because an interferometer is formed by the TC insertion
between two splices [1,8]. For the purpose of creating one side of in-
terferometer, the optimum length of TC insertion made of SM600 fiber
is 0.3–0.8 mm.

Using a fusion splicing machine, we created an interferometer with
two TC insertions of SM600 fiber having lengths 0.3 and 0.5 mm. The
initial length of SMF-28 fiber between TC insertions was 194 mm. Then,

SMF-28 fiber was cleaved in the middle and shortened by several
centimeters. This procedure was repeated nine times. Each time trans-
mission spectrum was measured. The final length was 21 mm. The re-
sulting transmission spectra of the interferometer for some lengths of
the base SMF-28 fiber are shown in Fig. 3. The spectrum curve oscillates
between 0.05 and 0.40. The period of oscillations in wavelength is in-
versely proportional to the length of the interferometer. So, the period
is about 2.8 nm for L = 194 mm and 21 nm for L = 21 mm.

The dependence of the number of peaks in the transmission spec-
trum of TC fiber structure as a function of interferometer length is
demonstrated in Fig. 4. We can see that the dependence is quite linear

Fig. 1. Structure of fiber interferometer with two TC insertions and scheme of
light propagation.
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Fig. 2. Transmission of a single TC insertion for various lengths of SM600 fiber
(indicated in mm).

Fig. 3. Transmission spectra of TC fiber structure for different lengths of the
interferometer.
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and the number of peaks is proportional to the interferometer length,
which is in accordance with the relation describing the wavelength
spacing of interference spectrum in the case of two-mode interference:

=

− − −

λ λ L
dn dλ dn dλ λ n n

Δ
( )

2

2 1 2 1 (1)

where n1 and n2 are the effective refractive indices of two interfering
fiber modes.

In reality, there are more than two interfering modes; therefore, the
transmission curve is not a perfect sinusoidal function, but it has irre-
gular phase and amplitude changes. From Fig. 3, we can also notice that
the oscillation period changes with wavelength. To analyze the de-
pendence of this period on wavelength, we depicted in Fig. 5 a spec-
trogram of the transmission spectrum of TC interferometer with 194-cm
section of standard fiber. As can be seen, the frequency decreases with
wavelength, and the period increases, which agrees with Eq. (1). Irre-
gularity of oscillations results in a tangled spectrogram, indicating that
it is produced by multimode interference.

4. Simulation

In experiment, we are not able to change continuously the length of
the TC fiber with a small step, because it is difficult to perform accurate

cleaving at a distance less than 0.2 mm from previous splicing point.
Therefore, we obtain the dependence of transmission through a single
TC fiber section on its length by simulation. We use the following
parameters of the TC fiber (SM600): rco = 2.2 µm, Δnco = 0.0034. The
TC fiber section is placed between SMF-28 fibers having core radius
rco = 4.2 µm and Δnco = 0.0054. The cladding radius is 62.5 µm for
both the fibers.

When light is launched into the interferometer, the core mode of the
standard fiber is coupled at the first splicing point to the core and
cladding modes of SM600 fiber. The power coupled to each mode can
be calculated as an overlap integral over the fiber cross section between
profiles of the field of the input mode of SMF-28 and the fields of modes
of the TC fiber. High order cladding modes have small overlap integrals
with the input core mode and get less power than low order modes;
therefore, we can neglect modes of very high orders. In our simulation,
we take into account first 50 modes of SM600 fiber.

The core and cladding modes propagate with different propagation
constants through the section of SM600 fiber. The modes come to the
second splicing point with different phases. At this point, the modes of
SM600 fiber are coupled to the core mode of the standard fiber. The
power coupled from each mode of SM600 fiber to the core mode of
SMF-28 fiber is determined by the same overlap integrals. The resulting
mode is an interference field of all the modes, which can be found by
summation of mode amplitudes with account of the phases accumu-
lated during propagation through the length of SM600 fiber.

The results of simulation of transmission through a single TC fiber
section for tree wavelengths as a function of its length are shown in
Fig. 6. It is seen that transmission decreases monotonically with length
increasing up to 1.2 mm. Transmission is lower for longer wavelength.
We can observe such behavior in experiment (Fig. 2). For lengths of the
fiber section larger than 1.2 mm, monotonic curves begin to oscillate
with increasing amplitudes. These oscillations are related to multimode
interference appearing, when the core mode and low order cladding
modes accumulate phase difference of about π. In addition, the de-
pendence of transmission on wavelength becomes stronger in this case.
At longer wavelength, the loss is higher for all lengths and the trans-
mission curve goes down, as we can also see in Fig. 2. The experimental
dots lie somewhat below the simulation curves, which is probably
caused by imperfect splicing of the two fibers. Precise cleaving and
splicing with accuracy of about 0.1 mm is needed for observing oscil-
lations on the TC section length.

So, simulation confirms that if one wants to create an interferometer
using a couple of TC fiber sections based on SM600, it is preferable to
use sections of length below 1.0 mm in order to avoid additional

Fig. 4. Number of peaks in transmission spectrum of TC fiber structure as a
function of interferometer length.

Fig. 5. Spectrogram of transmission spectrum of TC fiber structure with a 194-
cm base.

Fig. 6. Transmission through a single TC fiber section (SM600) for several
wavelengths as a function of its length: simulation (curves) and experiment
(dots).

O.V. Ivanov Optical Fiber Technology 55 (2020) 102146

3



interference in the TC section itself. On the other hand, the length
should not be too small (less than 0.2 mm), otherwise coupling strength
to cladding modes would be insufficient.

The interferometer proposed in this work can be used in various
sensing applications, for example, as a sensor of bending or refractive
index. The TC interferometer should be sensitive to the external re-
fractive index due to the fact that the cladding modes guided by the
outer surface of the cladding of SM630 fiber have their evanescent field
propagating through the external medium. The interference fringes
serving for observation of wavelength shifts can be made quite narrow
and sensitive to phase changes of the core and cladding modes that are
induced by changing various physical parameters.

5. Conclusion

We have presented a new type of fiber interferometer based on two
short thin-core fiber insertions with a section of standard fiber between
them. The thin-core fiber insertions excite cladding modes and provide
energy exchange between different fiber modes. The coupling strength
and phase difference between modes are determined by the lengths of
the insertions and the standard fiber, respectively. Separate control of
these parameters adds flexibility in obtaining spectra desirable for
sensing applications. We have simulated and measured transmission
through a single thin-core fiber section. The optimum length of this
section is 0.3–0.8 mm. Transmission spectra of the interferometer de-
monstrating oscillating behavior are measured for its various lengths.
The period of oscillations in the spectrum is inversely proportional to
the interferometer length and increases with wavelength.
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