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Tapered fiber sensor in the near infrared wavelength
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Simulated transmission spectra for tapered fibers with no taper, one taper and two tapers in the near infrared wavelength
range, calculated by Finite-Difference-Time-Domain method are currently presented. Transmission peak positions tend to shift
to the shorter wavelength when the taper deformation is added to the fiber or the taper width gets narrower. The thickness
sensitivity for the tapered structures with different taper thicknesses is about 2.28e-3 nm·µm−1. There is an interference structure
in the electric field distribution images, which reveals in the fiber structures. The transmission spectra for the fiber without taper,
one taper and two-tapered structures were simulated in near infrared wavelength by FDTD. The transmission spectra for tlated
in near infrared wavelength by FDTD. The sensitivity of the fiber was about 50 nm × RIU−1 and it had better refractive index
detection. The tapered fiber can be applied to the bio-chemical sensors and physical deformation testing.
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1. Introduction

There are many fiber optical sensors used in
bio-chemical detection [1, 7–11, 16–18], environ-
ment monitoring [12–15] and physical tests [2–
5]. The fiber optical sensors are used in transmis-
sion or reflection measurement setups. Depending
on application requirements, the fiber optical sen-
sor may measure transparent [19–21, 34] or tur-
bid media [35, 36]. A simple fiber optical sensor
construction requires standard fiber modification to
enable environmental impact on light propagation
parameters. Such modification may be performed
by modification of fiber material parameters, for
example long period gratings [14], or fiber shape
modification by taper [16–18, 20] or D-shape [29]
forming. The fiber sensor may be developed us-
ing experimental results [12–15] or mathematical
modeling [16–18] approximation. The fiber optics
may be made of polymer or silica. The forming of
plastic fiber is relatively simple [31], while silica
fibers shape modification requires advanced pro-
cessing technology [32]. The processing technolo-
gies for tapered fiber are under development [33].
The tapered fiber diameter can achieve about 1 µm
and microfiber with diameter 500 nm has been
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fabricated [20–23]. 90 % of incident light can be
coupled to the second microfiber connected par-
allel with first microfiber [19, 20]. Due to nar-
rower width of the tapered fiber diameter, the ta-
pered structure is more sensitive to refractive in-
dex change of surrounding environment [27–30].
A fiber optical sensor made by bending optical
fibers can detect the refractive index of low-fat milk
with excellent linearity between concentration and
normalized response of the sensor [28]. A D-type
sensor detects the liquid type by using intensity
method for the sample [24–26, 29, 30]. The optical
properties of the microstructure and thus those of
the entire waveguide, depend on the optical prop-
erties of constituent materials as well as relative
amount and arrangement of each.

In this paper, we have simulated transmis-
sion spectra for the tapered fibers without ta-
per, one taper and two-tapered structures in
near infrared wavelength by FDTD method. The
transmission peaks and dips in the transmis-
sion spectra are sensitive to the taper num-
ber and taper parameters. The thickness sensi-
tivity is defined as k = ∆λpeak/∆d and is about
2.28e-3 µm−1 for the tapered fiber [31]. The sensi-
tivities of one taper and two-taper structures to the
surrounding refractive index, simulated by FDTD,
are different. The two-tapered fiber is more
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sensitive than the one-tapered fiber and its sensi-
tivity is about 50 nm × RIU−1. The refractive index
sensitivity is defined as k = ∆λpeak/∆n, and for the
one-tapered fiber it is about 16.5 nm x RIU−1 [31].
Light self-focusing occurs at the outlet of the fiber
and interference structures exist in the electric field
distribution images for the tapered fibers. The elec-
tric field at the focus is about 20 times greater
than the incident electric field and the focus diam-
eter is about 500 nm. Due to the smaller length
of the fiber, there are interference structures in
the electric field distribution visible in the cal-
culated images for all types of analyzed heads
presented in Fig. 1.

2. Results and discussion
The considered tapered fiber structure and fiber

sensor principles are shown in Fig. 1. The diame-
ter for the fiber core was 3 µm and diameter for the
fiber shell was about 6 µm. The refractive of the
fiber core was 1.465 and 1.46 for the fiber shell.
The length of the fiber was finite, which caused
the electric field interference in the inlet and outlet.
We fabricated the taper on the fiber using a special
process technology and the taper structure similar
to the common fiber. The core diameter of the ta-
per was about 1.5 µm, the shell diameter was about
3 µm and the deformation length was about 0.4 µm.

The tapered structure for the fiber is similar to
that of the one-tapered fiber. The light emerging
from the laser focuses at the fiber end-face by the
objective and then propagates along the incident
fiber. The light goes through the taper fiber sen-
sor and emerges in the output fiber. Then the outlet
light is detected by the detector. We have used the
FDTD method to simulate the transmission spectra
and electric field distribution. SiO2 with the refrac-
tive index of 1.465 was used as the core material.
The light from the plane wave source propagates
along the fiber and is diffracted at the taper posi-
tion. The detector is positioned 5 nm away from
the outlet face of the fiber.

We have simulated the transmission spectra,
which are shown in Fig. 2, for the tapered fiber by
the use of Finite-Difference-Time-Domain method

Fig. 1. (a) Tapered fiber structures; (b) detection
scheme for the taper fiber sensor.

in the wavelength range of 1.3 µm to 2.0 µm.
We formed the taper at the fiber using a special
process technology and the structure of the taper
was similar to the fiber. The taper structure of
the two-tapered fiber is similar to that of the one-
tapered fiber. Transmission peaks and transmission
dips can be observed in the transmission spec-
tra. The transmission amplitude, which is defined
as the transmission electric field divided by inci-
dent electric field, can achieve about 0.24 for the
tapered fiber. The transmission peak position for
the non-tapered fiber shifted to the shorter wave-
length in relation to one-tapered fiber and fiber.
The transmission peak position was at 1.65515 µm
for the non-tapered fiber, 1.59102 µm for the one-
tapered fiber and 1.5876 µm for the two tapered
fiber. The sensitivity for the tapered fiber was about
2.28e-3 nm·µm−1.

During the studies, one taper diameter of the
two-tapered fiber was changed from 1.5 µm to
1.0 µm and the simulated transmission spectra
are shown in Fig. 2b. There were also trans-
mission peaks and dips in the wavelength range
from 1.3 µm to 2.0 µm. The transmission peak
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Fig. 2. (a) Simulated transmission spectra for the
fiber without taper, one-tapered and two-tapered
fibers; (b) simulated transmission spectra for the
fibers with two tapers with the core thickness at
the inlet of 1.5 µm and 1.0 µm.

positions shifted to the shorter wavelength when
the taper core diameter changed from 1.5 µm to
1.0 µm. The transmission peak position was about
1.5876 µm for the two-tapered fiber with deforma-
tion core diameter of 1.5 µm, and 1.5842 µm for
the two-tapered fiber with deformation core diam-
eter 1.0 µm. The thickness sensitivity for the two-
tapered fiber on the thickness of the deformation
was about 6.8e−3 nm·µm−1 [31].

The electric field distributions along x-z plane
for the fiber without taper, one taper, two tapers
with deformation width of 1.5 µm and two ta-
pers with deformation width of 1.0 µm are shown
in Fig. 3. The light was incident in z-axis and
was polarized in x-axis. The electric field distri-
bution at the wavelength of 1.65515 µm shown
in Fig. 3a, corresponds to the transmission peak

in the transmission spectrum for the fiber with-
out taper. Smaller electric field localization and the
electric field oscillation structures exist in the elec-
tric field distribution. The electric field is mainly lo-
calized at 500 nm and this localization results from
electric field self-focus at the outlet of the fiber. The
electric field can be enhanced about 18 times com-
pared to the incident electric field.

Fig. 3. Simulated electric field distribution for the
fiber without taper, one-tapered and two-tapered
fibers at wavelength of (a) 1.65515 µm; (b)
1.59102 µm; and (c) 1.5876 µm, respectively;
(d) simulated electric field distribution for the
two-tapered structures with the first taper width
of 1.0 µm at the wavelength 1.5842 µm.

The light can propagate along the fiber core
and be reflected from the side wall of the fiber. In
such case, there is an interference structure in the
electric field profile shown in the near field images.
The electric field distribution at the wavelength of
1.59102 µm shown in Fig. 3b, corresponds to the
transmission peak in the transmission spectrum of
the one-tapered fiber. Compared with electric field
profile for the fiber without taper, the interference
structure for the one-tapered fiber is apparent and
the electric field is enhanced 18 times in relation
to the incident electric field. The electric field
distribution at the wavelength of 1.5876 µm
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is shown in Fig. 3c, which corresponds
to the transmission peak for the fiber with
deformation width 1.5 µm. The light propagates
along the tapered fiber core and is reflected by the
side wall. The interference structure existing in the
electric field images results from the interaction
reflected by the two tapers. The electric field is
mainly localized at 500 nm at the outlet of the
tapered fiber and is enhanced about 24 times in
comparison to the incident electric field. The
electric field distribution at the wavelength of
1.5842 µm is shown in Fig. 3d, which corresponds
to the transmission peak for the fiber with defor-
mation width 1.0 µm. There was an interference
structure in the electric field distribution, which
was similar to the structure of the fiber with the
deformation width of 1.5 µm. The electric field
was enhanced about 22 times in relation to the
incident electric field.

The transmission spectra of the one-tapered
fiber with different taper shell refractive indices,
simulated by using FDTD are shown in Fig. 4a.
The taper structure is shown in Fig. 1, and the
taper shell refractive index changed from 1.64 to
1.33. There are transmission peaks and dips in the
transmission spectra and the transmission ampli-
tude can achieve about 0.24. Moreover, the trans-
mission peaks shifted to the longer wavelength
when the taper shell refractive index changed from
1.33 to 1.64. The transmission peak position for
the taper shell with refractive index 1.64 was at
the wavelength of 1.591 µm, while it was at the
wavelength 1.5842 µm for the taper shell refrac-
tive index 1.33. The sensitivity of the one-tapered
fiber was about 22.25 nm·RIU−1 and is appropri-
ate for bio-chemical detection. The electric field
distribution along XOZ plane for the one-tapered
fiber, was simulated by using FDTD. The electric
field distributions at the wavelength 1.591 µm for
the taper shell refractive index of 1.64 and at the
wavelength 1.5842 µm for the taper shell refractive
1.33 are shown in Fig. 4b and Fig. 4c. The electric
field was incident in z-axis and polarized in x-axis.
Electric field localization and interference structure
are shown in the electric field images. The elec-
tric field can be localized at 500 nm some microns
apart from the outlet due to the self-focus effect

Fig. 4. (a) Transmission spectra of the fiber with one
taper simulated by FDTD method where the
refractive index of the taper shell structure
changes from 1.64 to 1.33; (b) the simulated
electric field distribution of the one-tapered fiber
with the taper shell refractive index of 1.64 at the
wavelength of 1.591 µm; (c) the simulated elec-
tric field distribution for the-one tapered fiber
with the taper shell refractive index 1.33 at the
wavelength of 1.5842 µm.

of the tapered fiber. The electric field is enhanced
about 18 times in relation to the incident electric
field for the taper shell with refractive index 1.64.
In addition, the electric field can be enhanced about
16 times with respect to the incident electric field
for the tapered shell with refractive index 1.33. The
interference period was about 0.4 µm. The interfer-
ence was more apparent for the taper shell refrac-
tive index 1.33 than that for the taper shell refrac-
tive index 1.64.The interference results from the in-
teraction of the electric field reflected from the ta-
per and the outlet.

The simulated transmission spectra for the
fibers with different taper shell refractive indices
obtained by the use of FDTD are shown in Fig. 5a.
The transmission curve is smooth and reflects
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the profile of the transmission. The taper shell re-
fractive changes from 1.0 to 1.64 and we have cho-
sen the 1.64 and 1.33 transmission spectra depicted
in the figure. There are transmission peaks and dips
in the wavelength range from 1.3 µm to 2.0 µm in
the transmission spectra, which resulted from the
interference enhancement and destruction of the
light reflected by the taper sidewalls.

Fig. 5. (a) Simulated transmission spectra for the fiber
with different shell refractive indices 1.64 and
1.33, respectively; (b) the transmission peak po-
sitions for the two-tapered fiber with different
refractive changing from 1.64 to 1.0.

The transmission peaks shifted to the longer
wavelength when the taper shell refractive index
changed from 1.33 to 1.64. The transmission peak
for the taper shell refractive index 1.64 was at the
wavelength 1.95245 µm and for the taper shell re-
fractive index 1.33, the peak occurred at the wave-
length 1.94219 µm. The transmission amplitude for
the fiber was about 0.20 and it was a little smaller

Fig. 6. Simulated electric field distribution for the fiber
structures with the shell structure refractive in-
dex 1.0 at the wavelength 1.92199 µm (a); 1.2 at
the wavelength 1.9371 µm (b); 1.33 at the wave-
length 1.94219 µm (c); and 1.64 at the wave-
length 1.95245 µm (d).

than that of the fiber itself. We have assessed the
transmission peak positions shown in Fig. 5b based
on the simulation results presented in Fig. 5a. The
transmission peak positions shifted to longer wave-
length as the taper shell refractive index gets larger.
The sensor sensitivity is above 50 nm × RIU−1,
which is suitable for the bio-chemical detection.

The electric field distributions in the x-z plane
for the fibers with different refractive indices of
the taper shell are shown in Fig. 6: with refrac-
tive index 1.0 at the wavelength 1.92199 µm – in
Fig. 6a, with refractive index 1.2 at the wavelength
1.9371 µm – in Fig. 6b, with refractive index 1.33
at the wavelength 1.94219 µm – in Fig. 6c, and
with the refractive index 1.64 at the wavelength
1.95245 µm – in Fig. 6d. The interference struc-
ture in the electric field distribution and light fo-
cus occurs some microns apart from the fiber out-
let. Better electric field localization and larger elec-
tric field enhancement existed in the electric field
distribution images. The electric field was mainly
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localized at 500 nm and the electric field amplitude
could achieve about 18 times greater value than the
incident electric field. There was a little difference
in the electric field distribution images for differ-
ent refractive indices of the taper shell. The electric
field amplitude gets larger when the taper shell re-
fractive index was changed from 1.0 to 1.64. The
interference pattern was more apparent for the ta-
per shell refractive index 1.64 than that for the taper
shell refractive index 1.0. There were three interfer-
ence stripes between the two tapers, which resulted
from the two light beams interference reflected by
the two tapers.

3. Conclusions

Transmission spectra of tapered fibers, simu-
lated by the use of FDTD method in the wavelength
range of 1.3 µm to 2.0 µm have been presented. The
transmission peak positions are blue shifted when
the taper number increased and the taper deforma-
tion was increased. The sensitivity to the deforma-
tion was about 2.28 e−3 nm·µm−1, which is appro-
priate for physical tests. The sensitivity to the taper
shell refractive index was about 50 nm·RIU−1 and
was suitable for the bio-chemical detection. There
was an interference structure in the electric field
distribution and it was more apparent for larger ta-
per shell refractive index and more fiber tapers.
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