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Analysis of Thermo-Optic Tunable Dis-
persion-Engineered Short-Wavelength-Pass

Tapered-Fiber Filters
Sen-Yih Chou, Kuei-Chu Hsu, Nan-Kuang Chen, Shien-Kuei Liaw, Yu-Syun Chih, Yinchieh Lai, and Sien Chi

Abstract—Thermo-optic tunable short-wavelength-pass ta-
pered-fiber filters based on fundamental-mode cutoff mechanism
are realized experimentally and analyzed theoretically. The effects
of material and waveguide dispersion are investigated and the
optimal tapered fiber structures for attaining high-spectral cutoff
slope and high-rejection efficiency are determined.

Index Terms—Dispersion engineering, fiber filters, fiber optics,
fiber tapering, fundamental-mode cutoff, thermo-optic.

I. INTRODUCTION

S TRONGER interaction of the optical evanescent field
with the environment has been widely utilized in many

fiber-based devices such as the fused-tapered-based fiber fil-
ters [1], [2], dispersion-engineering applications [3]–[5] and
nanowire sensing applications [6], [7]. The dispersion-engi-
neering techniques manipulate the dispersion characteristics of
fiber waveguides to alter the optical properties of fiber devices.
Previously, we had developed cost-effective thermo-optic tun-
able short-wavelength-pass fiber filters [8]–[11] based on the
fundamental-mode cutoff concept. We had also successfully
demonstrated S-band erbium-doped fiber amplifiers and lasers
by utilizing these fiber filters to extend the gain bandwidth
of conventional Er-fibers toward S-band. Achieving high-per-
formance S-band amplifiers and lasers critically depends on
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the high-cutoff slope and high-rejection efficiency of the
tapered-fiber filters. Although in the literatures the theoret-
ical modeling of tapered fibers had been widely developed
[12]–[16], the fundamental-mode cutoff effects induced by
dispersion-engineering techniques with fiber tapering have not
been theoretically investigated yet. Our main objective here
is thus to theoretically analyze the fundamental-mode cutoff
effects and to determine the optimal tapered-fiber structures
for achieving low-loss and high-cutoff efficiency. These re-
sults should be very crucial for applications such as high-gain
low-noise S-band fiber amplifiers [9] and widely tunable S-band
fiber lasers [10].

In the present work, we will present experimental char-
acterization and theoretical simulation results on the studied
thermo-optic tunable fused-tapered-fiber filters made by ta-
pering standard single-mode fibers (SMF-28). The tapered
fibers are immersed in Cargille liquids for implementing dis-
persion engineering through the control of material dispersion.
The filter becomes cutoff at longer wavelengths due to the
reducing refractive index of the Cargille liquids below the ef-
fective refractive index of the fiber waveguide. The propagation
loss increases rapidly near the cutoff wavelength, and a sharp
short-wavelength-pass optical filtering edge is achieved. To
investigate these effects more deeply, the effective index
and the mode field diameter (MFD) of the fundamental mode
are calculated and carefully examined in order to understand
what determines the filter performance. The numerical beam
propagation method (BPM) is then adopted to theoretically
simulate the cutoff phenomena and the temperature tuning
characteristics of the whole device. Good agreement between
the simulation and experimental results has been found. Since
the filter performance is also significantly influenced by the
whole waveguiding structure, the optimal parameters for the
uniform taper diameter, uniform taper length, and taper tran-
sition length are investigated by the full BPM simulation for
achieving best filter performance. From the simulated spectral
responses and the effective dispersion curves, we find that
the taper-waist diameter greatly affects the MFD, which in
turn affects the final dispersion relation and the achievable
cutoff slope. The taper length can also affect the cutoff slope,
and the transition length has direct impacts on the insertion
loss. The obtained theoretical results help us to determine the
optimal device structures for fabricating efficient short-pass
tapered-fiber filters which can be utilized in high performance
S-band Er-fiber amplifiers and lasers.
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Fig. 1. (a) Diagram of a tapered-optical-fiber structure with a uniform waist.
(b) Schematic diagram of the tapering station used to fabricate the tapered fibers.

II. FABRICATION PROCESS AND OPERATION PRINCIPLE

The high-cutoff efficiency of the studied short-pass fiber
filters is obtained by locally modifying the material and wave-
guide dispersion within the uniform taper region. The schematic
of the fused-tapered short-pass filter is shown in Fig. 1(a). One
can describe the structure of a tapered-fiber filter by specifying
the transition length (denoted as ), the uniform waist length
(denoted as ) and the waist diameter (denoted as ). It
consists of a transition zone where the diameter is gradually
reduced to over a distance and then a uniform waist section
with the length of . The uniform waist section is immersed
within suitable Cargille index-matching liquids. The optical
properties of the used Cargille liquids can be summarized as
follows. The refractive index , thermo-optic coeffi-
cient C, and optical transmittance
is 88% at 1300 nm, and 80% at 1550 nm for 1-cm-long interac-
tion length. The whole device is mounted on a thermoelectric
(TE) cooler for temperature control. Those tapered-fiber filters
are fabricated by a homemade tapering workstation comprising
several modules for fiber pulling, heating, and scanning as
illustrated in Fig. 1(b). A hydrogen flame head with high-ac-
curacy flow control is set on a three axis stepper motor to
precisely control the traveling of the flame over the distance
of few centimeters. When the tapering process begins, the
pulling motors move outward to pull the heated fiber and the
flame simultaneously starts to travel back-and-forth for heating
the region to be tapered. The pulling mechanism employs a
high-precision stepping motor with a right-and-left-threaded
screw to drive two V-groove clampers moving outward in a
reverse direction. The clampers bilaterally hold the single-mode
fiber for providing a precise pulling stress. By controlling the
moving speed of the scanning flame and the pulling clampers,
the total elongation length can be varied from 30 to 60 mm, and
the corresponding length of the uniform waist is measured to
be around 10–25 mm, contingent on the waist diameter. When

Fig. 2. Material dispersion curves for the original fiber core (GeO2 4.1 mol%),
cladding (pure silica), and the index-matching liquids measured at 25, 26, and
27 C, respectively.

tapering is finished, the fiber is fixed in a graved U-groove on
a quartz substrate and immersed in index-matching liquids. A
TE cooler is used to control the liquid temperature to change
its refractive index for tuning the cutoff wavelength.

When a single-mode optical fiber is tapered down to few tens
micrometer in diameter, the evanescent tail of the mode field
spreads out of the fiber cladding and reaches the external en-
vironment (Cargille liquids). The size of the Ge-doped core in
the tapered zone is so reduced that its waveguiding effects are
negligible. Therefore, the pure silica cladding plays as the new
core, whereas the external medium serves as the new cladding.
The material dispersion curves for the original fiber core (GeO2
4.1 mol%), cladding (pure silica), and the Cargille liquids are
plotted in Fig. 2 to illustrate their relative relation. On the right-
hand side of the cross point indicated in Fig. 2, the refractive
index of the liquids is greater than the index of fiber taper and the
total internal reflection of the interface is frustrated. Therefore,
the lights cannot be guided in the fiber taper and suffer a great
amount of optical loss. On the other hand, the light can be nicely
confined in the fiber taper when the wavelength is shorter than
the cutoff wavelength. The cutoff wavelength of the short-wave-
length-pass filter should be very near the cross point of the two
dispersion curves indicated in Fig. 2, under the condition that
the mode in the tapered region is mainly guided by the orig-
inal cladding. The temperature shift of the cross point as also
indicated in Fig. 2 provides an intuitive explanation about the
temperature-tuning capability of the tapered-fiber filter.

It should also be noted that a related but different kind of
short-wavelength-pass optical filtering effects can be observed
when the tapered fiber waist is in the 100 nm range. [17] The
tapered fiber is surrounded by the air, and an abrupt change of
the mode field diameter as a function of the optical wavelength
can be found. This leads to an abrupt change of optical loss
accordingly. However, since no dispersion engineering is used
to produce true optical cutoff, the filtering slope and rejection
ratio are not as large as the cutoff case studied here.

III. EXPERIMENTAL AND SIMULATION RESULTS

Both the experimental and simulated spectral responses of the
short-wavelength-pass fiber are displayed in Fig. 3 for perfor-
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Fig. 3. Experimental and simulated spectral responses of the tunable short-
wavelength-pass fiber filters for (a) � � �� �m, (b) � � �� �m, and (c) � �

�� �m at different temperatures.

mance studies and comparison. The solid lines of Fig. 3(a)–(c)
display the experimental spectral responses of the short-wave-
length-pass filter with waist diameters measured to be 20, 26,
and 40 m, respectively. The total elongation lengths are about
30 mm, and the lengths of the uniform waist are measured to
be around 18 mm. The larger the waist diameter is, the steeper
the cutoff slope can be. Here the cutoff slope (in unit: dB/nm)
is defined as the average gradient of the rolloff spectral curve
in the linear region from to dB transmission loss. The
cutoff slopes are calculated to be and for

the cases of m, m, and m, respec-
tively. When m, the cutoff slope is very sharp, but the
rejection efficiency is more limited. The extra loss of less than 2
dB at 1390 nm may result from the absorption of hydroxyl ions
which were generated from the hydrogen flame and then dif-
fused into the tapered fiber. The tuning efficiencies of the filter
are about 52, 47, and 62 nm/ C for the cases of m,

m, and m, respectively. At the guiding wave-
lengths, the insertion losses of the filters are below 1 dB, 0.5
dB, and 0.3 dB for m, m, and m,
respectively. The losses are mainly from the absorption loss of
the Cargille liquids and the optical loss due to fiber tapering.
The absorption loss caused by the Cargille liquids is estimated
to be below 0.2 dB after taking into account the transmittance
of the liquids and the evanescent field overlapping effects. The
fiber-tapering loss depends on the tapering conditions. In prin-
ciple, when the tapering transition is slow enough to meet the
adiabatic criteria [18], the tapering loss can be made very small.
For our cases, the tapering loss is reasonably low but still ob-
servable, as can be seen from the above numbers. Even smaller
tapering losses should be possible at the cost of increasing the
total device length.

To further analyze the fundamental-mode cutoff characteris-
tics, numerical simulation by the BPM is performed to study the
optical field propagation within the tapered fibers and to pre-
dict the filter performance theoretically. The BPM uses the fi-
nite difference method to solve the paraxial approximation of
the Helmholtz equation with “transparent” boundary conditions
[19]. This approach can automatically include the effects of all
the guided and radiation modes as well as the mode-coupling
and mode-conversion effects. The fiber-taper transition struc-
ture is set to be an exponential shape in our simulation. The
dotted lines in Fig. 3(a)–(c) show the simulated transmission
spectra with the temperatures of 25, 26, and 27 C and the waist
diameters of 20, 26, and 40 m, respectively. The cutoff wave-
lengths gradually shift to longer wavelengths when the temper-
ature increases. Good agreement of the changing trends for the
cutoff slopes and rejection efficiencies between the simulated
and experimental results has been found. The mismatch of the
cutoff wavelengths between the experimental data and simula-
tion results should be due to the uncertainties of the fiber-ta-
pering parameters and the temperature-reading errors in the ex-
periment. Most importantly, the simulation results correctly re-
produce the experimental observation that the larger diameter
cases have larger cutoff slopes, but will eventually have poorer
rejection ratios when is too large ( m). The thermo-
optic-tuning efficiency of the filter for m in Fig. 3(b)
is about 48 nm/ C from BPM simulation, which is also in good
agreement with the 47 nm/ C tuning efficiency from the exper-
imental data.

Based on the facts that the theoretically predicted tuning and
cutoff efficiencies agree reasonably with the experimental data,
we further utilize the BPM as a reliable simulation tool to inves-
tigate the effects of different taper parameters for determining
the optimal taper structures.

Fig. 4(a) and (b) show the simulated field evolution within a
tapered fiber with the cutoff wavelength around 1330 nm. The
waist diameter is 26 m, the transition length is 6 mm, the



CHOU et al.: ANALYSIS OF THERMO-OPTIC TUNABLE DISPERSION-ENGINEERED SHORT-WAVELENGTH-PASS TAPERED-FIBER FILTERS 2211

Fig. 4. Field distributions along the tapered-fiber filter. (a) When the wave-
length (1250 nm) is shorter than the band edge of the filter, the fields are guided
over uniform waist and coupled back to the fundamental mode. (b) When the
wavelength (1350 nm) is longer than the band edge of the filter, the fields spread
out along the uniform waist.

taper transition angle is around 0.5 , the uniform waist length
is 18 mm, and the temperature is set at 25 C. In Fig. 4(a),

when the propagation wavelength (1250 nm) is shorter than
the cutoff wavelength, the fundamental eigenmode of the input
SMF is smoothly transformed into the fundamental eigenmode
of the uniform tapered waist, propagates through the uniform
waist region and then gradually reconverts to the fundamental
mode of the output SMF within the second transition distance

. The fundamental MFD is larger in the uniform tapered re-
gion when compared to that of the SMF-28. On the other hand,
Fig. 4(b) shows the case when the propagation wavelength (now
1350 nm) is longer than the cutoff wavelength. The optical field
quickly disperses away within the first taper transition region
as well as the uniform waist region due to the higher refractive
index of the surrounding liquids. Only a very small fraction of
the optical field can be coupled back to the fundamental mode
of the output SMF. In this way, huge optical losses are induced
for wavelengths longer than the cutoff wavelength.

The material dispersion of the surrounding medium can sig-
nificantly modifies the dispersion curve of the propagation mode
due to the stronger overlap with the evanescent field spread out
of the taper waist. To analyze how the surrounding material af-
fects the dispersion properties of the fused-tapered fiber, the
effective index of fundamental mode is calculated under dif-
ferent waist diameters of tapered fibers surrounded by the air
and the Cargille liquids . The results are plotted

Fig. 5. (a) Effective index of the fundamental mode versus wavelength under
different waist diameters of tapered fibers surrounded by (a) the air, and (b) the
Cargille liquids �� � ������.

in Fig. 5(a) and (b). The material dispersion curves of the orig-
inal Ge-doped core, the cladding (pure silica), and the Cargille
liquids are also plotted for easy comparison. The index differ-
ence of the pure silica and the air is so large that the optical field
is strongly confined when the tapered fiber is surrounded by the
air. Thus, the dispersion curves of the fundamental mode have
almost the same slope ( /nm) with that
of the pure silica when m. The effective mode index is
lower than those of the pure silica and Ge-doped core because
parts of the optical mode field are now in the air. When the waist
diameter gets smaller than 5 m, the dispersion curve of the fun-
damental mode becomes more wavelength dependent. This is
because now a larger fraction of the mode field is in the air. The
slopes of the dispersion curves in Fig. 5(b) are calculated to be

,
and for m, m, m,

m, and m, respectively. In contrast, the slopes
of the modal dispersion curves for tapered fibers immersed in
the Cargille liquids are slightly flatter than those in the air, which
indicates that the effective mode index of the tapered fiber is in-
deed modified by the surrounding dispersive liquids. The insect
of Fig. 5(b) shows the detailed curves near the cutoff wavelength
when the tapered fibers are immersed in the Cargille liquids. The
cross points between the dispersion curves of the tapered fibers
and the surrounding liquids exactly determine the cutoff wave-
length, which will shift to longer wavelengths as the waist di-
ameter increases. When the optical wavelength is near the cross
point, the optical field quickly spreads out of the tapered fibers
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Fig. 6. MFD/waveguide width versus wavelength under different waist diam-
eters of tapered fibers surrounded by (a) the air, and (b) Cargille liquids �� �
������.

and large optical losses are induced. Intuitively the cross angle
between the two intersected dispersion curves determines the
cutoff slope. A suitable surrounding material which can produce
a larger intersection angle is thus a key for achieving high-cutoff
efficiency.

Fig. 6(a) and (b) plot the ratio of the 1/e MFD to the wave-
guide width (waist diameter of the tapered fiber) as a function
of the optical wavelength. When the tapered fiber is surrounded
by the air, the optical field is strongly confined inside the ta-
pered fiber and thus the width ratio is almost flat with respect to
the optical wavelength for the waist diameters considered here.
In contrast from Fig. 6(b) it is obvious that a larger fraction of
the optical field spreads out of the tapered fiber when it is sur-
rounded by the Cargille liquids due to the small index differ-
ence. As the waist diameter is getting smaller, the width ratio
gets larger. When the waist diameter is smaller than 10 m, the
optical fields will largely spread out of the tapered waveguide
region and will experience higher losses even at guided wave-
lengths. When the waist diameter is between 20 m and 26 m,
the width ratio curves exhibit a significant turning point between
the guided region and the unguided region, as shown in Fig. 6(b).
When the waist diameter is larger than 40 m, the cutoff wave-
length is shifted toward the longer wavelengths, and the optical
field is more strongly confined in the waveguide. The disper-
sion-engineered effects can also be seen from the wavelength
dependence of the MFD. Fig. 7(a) and (b) show the mode field
distribution of the fundamental mode in the tapered waist under

Fig. 7. Fundamental-mode-field distribution in the tapered waist under dif-
ferent taper diameters at (a) 1250 nm (guiding wavelength) and (b) 1350 nm
(near cutoff wavelength).

different taper diameters. Two optical wavelengths at 1250 nm
(guiding) and 1350 nm (near cutoff) are used as the examples to
illustrate the difference. The field is strongly confined in the ta-
pered region for the guiding wavelengths when m. As
the waist diameter gets smaller than 10 m, the field spreads out
of the tapered fiber region and larger losses at the guiding wave-
lengths are produced. Near the cutoff wavelength in Fig. 7(b),
the field extends more widely into the Cargille liquids due to
the weak guiding condition. Thus, the loss becomes huge and
the short-wavelength-pass band edge is formed. Moreover, the
larger taper diameters ( m) can confine the fields more
tightly than the smaller ones even near the cutoff wavelength.

Fig. 8 shows the simulated transmission spectra of the fiber
taper with the waist diameter of 5, 10, 20, 26, 33, 45, and 60

m, respectively. The fiber transition length is 6 mm, the
uniform waist length is 18 mm, and the temperature is at
25 C. The spectral cutoff responses are not the same for dif-
ferent waist diameters. Note that as the waist diameter increases,
the band edge is steeper. The cutoff slopes are calculated to
be and for m,

m, m, m, and m, respec-
tively. The band-edge shifts to the longer wavelengths as the
diameter increases. The cutoff characteristics in Fig. 8 can be
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Fig. 8. Simulation results of transmission spectra at different waist diameters
of 5, 10, 20, 26, 33, and 40 �m, respectively.

TABLE I
THE CUTOFF SLOPES AND DISPERSION SLOPES FOR DIFFERENT WAIST

DIAMETERS OF TAPER FILTERS IMMERSED IN CARGILLE LIQUID

described by the waveguide dispersion behavior with different
waist diameters. The optical field intensely spreads out into the
Cargille liquids when the waist diameter is getting small. The
ratio of the optical field distributed in the waveguide with re-
spect to that in the Cargille liquids is strongly decisive to the
effective index of the mode field. When the diameter is less
than 10 m, the waist is too thin to confine the optical field.
Furthermore, when the waist diameter is getting thinner, most
optical field extends into the Cargille liquids, the wave-guiding
ability is weaker, and thus the transmission loss becomes larger.
The simulation results indicate that the larger the waist diameter
is, the steeper the filter cutoff slope can be. However, when the
waist diameter is larger than 40 m, the achievable spectral con-
trast (or rejection efficiency) is more limited due to the stronger
mode confinement. The short-wavelength-pass bend edge dis-
appears when the tapered waist is larger than 60 m. All the
wavelengths are now strongly confined in the Ge-doped fiber
core. Thus, the optimal waist diameter for fused-tapered SMFs
to produce a sharp short-wavelength-pass band edge should be
somewhere between 33 m and 40 m.

Table I lists the cutoff slopes and dispersion slopes for the
waist diameters of 5, 10, 20, 26, 33, and 40 m, respectively.
When the waist diameter is larger, the dispersion slopes are
larger and the cutoff slopes are steeper. It also can be clearly
seen that steeper cutoff slopes are associated with larger cross
angles between the dispersion curves of the tapered fibers and
the surrounding liquids. The good agreement of the cutoff slopes
from experimental and simulated results confirms that the sim-
ulation can help predict the filter performance.

Fig. 9. Transmission spectra associated with different lengths of uniform waist
of 2 mm, 10 mm, 20 mm, 30 mm, and 50 mm for � � �� �m and 2 mm, 10
mm, 20 mm for � � �� �m with the taper transition length of 6 mm.

Fig. 9 indicates that the length of the uniform waist also has
certain influences on the cutoff slope of the filter’s band edge.
The simulation is performed under the assumption that the tem-
perature is 25 C, the fiber taper waist diameter and the waist
length are and 40 m, respectively, and the transition
length is mm. The tapers have the waist length of 2, 10,
20, 30, and 50 mm for m and the waist length of 2,
10, 20 mm for m, respectively. It can be seen that the
longer length leads to a steeper band edge for m. When
the waist length is shorter than 30 mm, the cutoff slopes of the
band edge significantly increase with the waist length. Since the
optical loss is proportional to the taper length, it is not surprised
that longer taper length causes higher cutoff loss and thus pro-
vides a sharper cutoff slope. However, when the waist length
is longer than 30 mm, the cutoff slopes become saturated. For

m, the length of the uniform waist not only influences
the cutoff slopes but also affects the rejection efficiencies. The
rejection efficiency relies on the sufficient cutoff loss of long
taper length. At m, the optical field is more confined in
the tapered waist, and thus the optical cutoff loss is more limited.
Since the simulation results indicate that the longer the taper
length is, the steeper the filter cutoff slope can be, the optimal
waist length for fused-tapered SMF-28 should be at least larger
than 20 mm.

To further investigate how the waveguide structure influences
the cutoff slopes and optical losses, the taper transition length
is varied from 3 mm (taper transition angle around 1.0 ), 6 mm
(taper transition angle around 0.5 ), to 12 mm (taper transition
angle around 0.2 ). The tapered fiber has a fiber taper waist di-
ameter um and the waist length mm. The ob-
tained spectral responses are shown in Fig. 10. The smaller filter
transmission losses in the shorter wavelength side indicate that
longer taper transition length can more guarantee low-loss con-
version from the SMF-28 region to the taper region. At guiding
wavelengths, the insertion loss of the filter is below 1.1 dB,
0.3 dB, and 0.01 dB for the cases of mm, 6 mm, and
12 mm. The loss difference for guided wavelengths can be as
high as 1 dB between and mm. The optimal de-
sign of the ratio between the taper transition length to the taper
diameter should be at least larger than 6 mm/26 m (i.e., the
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Fig. 10. Transmission spectra associated with different transition lengths of 3
mm, 6 mm, and 12 mm with the waist length of 18 mm for � � �� �m.

Fig. 11. Transmission spectra of the final optimal design of the short-wave-
length-pass filter. The taper waist diameter is 35 �m, the waist length is 30 mm,
and the transition length is 6 mm.

transition angle of the fiber structure should be less than 0.5 ).
Based on the above theoretical analyses, the optimal design pa-
rameters for the taper waist diameter, waist length, and transi-
tion length should be somewhere around 26–40 m, 30 mm, and
6 mm, respectively.

As the final verification, we set the taper waist diameter, waist
length, and transition length to be 35 m, 30 mm, and 6 mm,
respectively, and perform the BPM simulation. The calculated
spectral response is shown in Fig. 11. The rejection efficiency
is as high as 70 dB, the cutoff slope is as high as dB/nm,
and the insertion loss is less than 0.3 dB. These results indicate
the performance improvement that can be expected by carefully
adjusting the device parameters.

The aim of this work is based on one of our previous experi-
mental works [9] to investigate the influences of the taper length,
taper diameter, and transition length on the spectral cutoff slope
and rejection ratio of the tapered-fiber filter. The optimization
is not absolute in the sense that additional constrains need to be
considered. For example, the total length of the device cannot be
too long for the ease of practical fabrication. Through this kind
of optimization, we can know how much performance improve-
ment can be expected by practically adjusting the device pa-
rameters. The Cargille liquids provide a cost-effective, simple,

and fast way to implement the fundamental-mode cutoff mecha-
nism. In principle, there should be many other optical materials
such as optical glass or optical polymers that can be employed
to realize short-pass filters for practical applications. [20] This
will be one of the directions for our future studies.

IV. CONCLUSION

In summary, a new type of thermo-optic tunable short-wave-
length-pass fiber filters based on fiber tapering and dispersion
engineering has been demonstrated experimentally and an-
alyzed theoretically. Good agreements between the BPM
simulation and experimental results are achieved. The effects
of material dispersion and waveguide dispersion characteristics
have been investigated by examining the spectral response as
well as the changing trends of the MFD and the effective mode
index. An optimized tapered fiber filter structure that can attain
high-cutoff efficiency has been suggested based on the obtained
theoretical simulation results. We find for SMF-28 raw fibers,
the uniform tapered waist diameter should be around 35 m,
the uniform tapered-waist length should be greater than 30 mm,
and the tapered-transition length should be greater than 6 mm.
With such an optimized structure, the cutoff slope can be as
high as dB/nm, the rejection efficiency can be as high
as 70 dB, and the fundamental mode-coupling loss is below
0.3 dB. In principle, if different choices of raw fibers can be
used, it is possible that the performance can be even more
optimized. The analyses presented in the present work should
be helpful for developing inline tapered fiber filters based on the
dispersion-engineered fundamental-mode cutoff mechanism.
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