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Modeling light propagation through taper-microfiber
structures integrated on substrates
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We use the three-dimensional finite-difference time-domain (3D-FDTD) method to model silica taper-
microfiber structures integrated on substrates. The dependence of the transmission on the length of the
microfiber is investigated for two different structures. Optimization of the geometric parameters is provided
and two substrate materials, namely MgF2 and fluorosilicate glass, are considered. We also investigate the
case where the structure is covered with a dielectric material.
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Microfibers offer a promising photonic platform thanks to
their simple fabrication process[1−6], ultra-low loss[1,3,5],
large evanescent field[7−8], and favorable characteris-
tics for nonlinear optics[9−12]. However, microfibers are
easily affected by ambient dust and vibrations. There-
fore, developing methods to improve their stability and
reliability are crucial to the adoption of microfiber de-
vices. This need has been tackled in recent experimental
work[13−19]. One promising way is to integrate such de-
vices on a substrate but, to the best of our knowledge,
simulations of this type of structures have not been re-
ported so far.

In this letter, we model the light propagation through
taper-microfiber structures integrated on a substrate by
means of the three-dimensional finite-difference time-
domain (3D-FDTD) method. The simulation is carried
out with FullWAVETM, a commercially available soft-
ware from RSoft Inc. We optimize the structural pa-
rameters to minimize the propagation loss. We study
two kinds of structures differing by the way the mi-
crofiber is in contact with the substrate, and we discuss
the loss mechanisms while comparing two kinds of sub-
strate materials. This may provide valuable references
for constructing compact photonic circuits based on op-
tical microfibers.

The basic structure considered here consists of a bi-
conical taper with its central part, the microfiber, lying
on a low refractive index plate. Although this basic
configuration is simple, it can serve in a variety of prac-
tical devices such as supercontinuum sources or sensors.
Moreover, the insight gained from this basic configura-
tion can help designing the integration of more complex
structures such as interferometers[15] or resonators[16] on
substrates. We set out two cases which differ by the way
the microfiber lies on the substrate. Figure 1 schemati-
cally illustrates the two structures studied in this letter.
The two sections of fiber on each side of the biconical
taper are placed on a substrate along the same axis,
denoted as z -axis. Part of the microfiber is curved and
rests on the substrate.

We define the diameter of the microfiber as d, the

length of the microfiber along the z -axis as Lc, the wide
end of the taper as D, and the length of the taper region
as Lt. Initially, we consider the case where the microfiber
comes into contact with the substrate only in its middle
point. This geometry, which we designate as Struc-
ture Type 1, is illustrated in Fig. 1(a). Assuming that
the structure is symmetric with respect to the contact
point, and further assuming the symmetry as shown in
Fig. 1(d), the shape of the microfiber can be considered
as a series of four arcs. Structure Type 2, as illustrated
in Fig. 1(b), differs from Structure Type 1 in that only
a part of the microfiber of length Lc is curved, while the
central part of the microfiber of length Ls is straight and
lies in contact with the substrate.

The computational domain is set into a uniform orthog-
onal 3D mesh with grid size of 1/15 of the wavelength
which is chosen as 1.55 µm (the telecommunication wave-
length) and it is terminated by perfectly matched layers
(PMLs)[20]. At this wavelength, the refractive index of
silica is 1.444. This is the value used for the microfiber
throughout this study, neglecting the influence of the
very small amount of germanium found in its center when
it is drawn from a standard fiber. We consider that the

Fig. 1. Geometrical model for 3D-FDTD simulation of the
structure. (a) Lateral profile of Structure Type 1; (b) lat-
eral profile of Structure Type 2; (c) x-y cross-section profile;
(d) detailed description of the curved microfiber in Structure
Type 1.
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light is launched into the fundamental mode with the
electric field polarized along the x -axis. The presence of
the substrate breaks the rotational symmetry along the
fiber axis. Therefore, unlike in the case of a microfiber
in air, the transmission is expected to be polarization
dependent. However, because the ratio of microfiber di-
ameter to the incident wavelength is about 1.7 in our
simulation, the evanescent field around the microfiber
is very weak (about 5% of the power is guided outside
the microfiber). So the asymmetric effect induced by the
substrate is limited. For example in the configuration il-
lustrated in Fig. 2(c), the propagation loss is only about
2% lower when the electric field (E-field) is directed along
the y-axis compared to when it is along the x -axis. We
have checked that the trends studied below remain the
same for both polarizations.

The output transmission depends on the geometric pa-
rameters of the taper-microfiber structure, namely D, d,
Lc, and Lt. Therefore, in order to maximize the trans-
mission, we have to optimize these four parameters.

We choose MgF2 as the substrate material since it
provides a low refractive index[21] (around 1.371 at a
wavelength of 1.55 µm) and it is readily available. The
basic rule for our parameter optimization is to obtain
a good compromise between transmission and structure
miniaturization.

By scanning the parameter d from 1.1 to 3.5 µm in
Structure Type 1, we observe that the output transmis-
sion increases steadily with d until d is above 2.6 µm,
where the transmission reaches the plateau at a value
around 0.91. The major loss here is caused by the x -axis
component of the wave vector k at the contact point
between the curved fiber and substrate, where radia-
tion to the substrate occurs. Therefore, we choose d =
2.6 µm as the microfiber’s diameter for later simulations.

We then assume a linear taper profile, and find that
the output transmission remains almost the same when
the ratio of D to d is between 1.5 and 2. We thus choose
D as 5 µm. Later, we adjust the ratio of Lt to D from
0.5 to 6; it is shown that the launched light couples al-
most entirely into the microfiber when this ratio is above
2. To keep the taper short while maintaining a high
transmission, we therefore set this ratio to 2, giving Lt =
10 µm in our structure.

The length of the microfiber is a key parameter which
greatly influences the light propagation. If we assume
that the absorption coefficient of the microfiber is
negligible[3], two mechanisms contribute to the total
propagation loss: the bending loss of the curved fiber,
and the light leakage from the microfiber into the sub-
strate.

To better understand these two factors, we compare
two different substrate materials: MgF2 with a refrac-
tive index of 1.371, and a fluorosilicate glass which has
a refractive index of 1.423. The latter value is typical
for fluorosilicate glasses fabricated by a plasma process,
a non-equilibrium process known to be the most efficient
for fluorine doping of silicate glasses[22]. In both cases, we
choose the geometrical parameters as d = 2.6 µm, D =
5 µm, and Lt = 10 µm, which are optimized for the MgF2

substrate, but not for the fluorosilicate glass substrate,
and we scan Lc from 15 to 100 µm with an increment
of ∆Lc = 5 µm. This set of parameters ensures a low

light leakage on the MgF2 substrate as discussed above,
but leads to a significant light leakage on the fluorosili-
cate glass substrate due to the reduced refractive index
contrast. This allows us to investigate the importance of
the light leakage mechanism in our structures. Figure 2
shows the power distribution along the z -axis and across
two cross-sections (at the middle point and the output
of the curved fiber). We observe that when Lc is below
50 µm, the radius of curvature of the microfiber is small
enough to cause bending loss, which strongly affects the
propagation field along the microfiber. For example, in
Fig. 2(b), we can see that the power distribution is well-
confined and peaks around the center of the microfiber
at the middle point (z = 17.5 µm) whereas it is more
spread out and off-centered at the output (z = 25 µm). If
the substrate is the fluorosilicate glass, the output trans-
mission increases initially with Lc and reaches its peak
when L = 50 µm. It then decreases substantially with
increasing Lc. This is in sharp contrast with the case
of the MgF2 substrate, where the output transmission
increases slightly when Lc is above 50 µm.

The dependence of the transmission on Lc can be ex-
plained by the fact that light can leak from the microfiber
into the substrate in two ways, which have opposite de-
pendence on Lc. When Lc increases, on one hand, a
larger part of the microfiber gets close to the substrate,
which causes a larger light leakage to the substrate. On
the other hand, the light is launched more parallel to the
substrate (in wave picture, the propagation constant β

Fig. 2. (a) Transmission of taper-fiber structure versus mi-
crofiber length for the MgF2 and the fluorosilicate glass sub-
strates. Power distributions with two different microfiber
lengths on the MgF2 substrate for (b) Lc = 15 µm and
(c) Lc = 50 µm. The other parameters are chosen as d =
2.6 µm, D = 5 µm, Lt = 10 µm, wavelength λ =
1.55 µm, and refractive index of the fiber core ncore = 1.444.
In (b) and (c), the upper graphs show cross-sections in the
x-z plane for y=0, the lower graphs show cross-sections in the
x-y plane at the contact point to the substrate (middle of the
microfiber) and at the exit of the microfiber.
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comes closer to the value of the wave vector k), which
reduces the propagation along the x -axis and thereby
reduces the light leakage to the substrate. When the
refractive index difference ∆n is small, as for the fluo-
rosilicate glass (∆n= 0.021), the first loss mechanism is
significant due to the non-optimized (too small) diame-
ter of the microfiber, and over the optimum length for
transmission the leakage to the substrate increases with
increasing Lc. However, when the MgF2 substrate is
used, the index difference (∆n = 0.074) is large enough
for the leakage to the substrate to be negligible. In fact,
we have checked that even for a microfiber 2.6 µm in
diameter and 50 µm in length lying straight over a MgF2

substrate, the transmission is as high as 0.96.
So far, we have modeled the microfiber as a combina-

tion of four arcs, corresponding to the microfiber coming
into contact with the substrate only at its middle point.
However, it is likely to come into contact with the sub-
strate over an extended region. Therefore, we extend
our simulations so that the microfiber now consists of
four arcs and one straight waveguide in the middle. It is
schematically illustrated in Fig. 1(b).

We scan the length of the straight fiber from 0 to
65 µm with the increment value ∆Ls = 5 µm, while
maintaining the total length of the microfiber L = Lc +
Ls =80 µm. In practice, this value is limited by the

Fig. 3. (a) Transmission of Structure Type 2 versus length
for two different substrates. Power distribution when re-
fractive index of the substrate nsub = 1.37 for two differ-
ent straight microfiber lengths (b) Ls = 65 µm and (c)
Ls =30 µm. The other parameters are chosen as d =
2.6 µm, d (optimized for fluorosilicate glass) = 4.0 µm, D =
5 µm, Lt = 10 µm, L = Ls + Lc = 80 µm, λ =
1.55 µm, and ncore = 1.444. In (b) and (c), the upper graphs
show cross-sections in the x-y plane for y = 0, the lower graphs
show cross-senctions in the x-z plane at the middle-point and
at the end-point of the microfiber-substrate contact region.

available computer memory. As above, we use two differ-
ent substrates, namely MgF2 and a fluorosilicate glass.
The results are shown in Fig. 3.

For the MgF2 case, comparing Figs. 2 and 3, we ob-
serve that for the same value of Lc in Structures Type
1 and 2, the transmission results are the same. In other
words, the additional Ls in Structure Type 2 comes at
no cost in terms of transmission.

In Fig. 3, for the fluorosilicate glass substrate, we com-
pare two different structural parameter sets: one is the
same as that of the MgF2 case, and the other is optimized
for the fluorosilicate glass substrate, namely d = 4 µm,
D = 5 µm, Lt = 10 µm. It can be seen that the fluo-
rosilicate substrate can provide as high a transmission as
the MgF2 substrate, albeit for a larger microfiber diam-
eter of 4.0 µm. This is in sharp contrast with the case
where the microfiber diameter is chosen as 2.6 µm, which
leads to high transmission for the MgF2 substrate but
low transmission for the fluorosilicate substrate. Clearly,
the microfiber diameter must be increased when the re-
fractive index difference between the microfiber and the
substrate is reduced.

Cladding a microfiber structure with a dielectric
material is beneficial to its mechanical and chemical
stability[1,17−19,23]. In this letter, we choose a cladding
material with a refractive index of about 1.37 (commer-
cially available fluoropolymers can provide a refractive
index as low as 1.29). As before, two kinds of substrates,
namely MgF2 and a fluorosilicate glass, are chosen. It
should be noticed that using MgF2 as a substrate and a
cladding material of the same refractive index is optically
analog to embedding the structure in a homogeneous ma-
terial.

We choose Structure Type 1 as the simulation model
and the results are shown in Fig. 4. We observe that
the transmission curve in the case of MgF2 has a min-
imum point at Lc = 35 µm. By comparing the power
distribution maps in Figs. 4(b) and (c), it is clear that
although the propagation field changes dramatically due
to the small bending radius at smaller Lc, it is partially
recollected at the output before spreading into the sub-
strate. On the other hand, when Lc = 35 µm, although
the bending loss is smaller than for lower values of Lc,
the recollection at the output is decreased. Besides,
when the substrate material is the fluorosilicate glass,
the transmission shows a trend similar to that of MgF2,
but it only slightly increases with Lc above its minimum
value at 40 µm. The radiation to the substrate is indeed
large as the microfiber is not optimized for the fluorosil-
icate glass substrate.

Comparing Figs. 2(b) and 4(b), we find that the light
recollection is not effective when the structure is exposed
to air. This can be attributed to the asymmetry in the
refractive index difference on both sides of the contacting
surface, which favors leakage of light to the substrate.

In conclusion, we have investigated the light propaga-
tion in taper-microfiber structures integrated on differ-
ent substrates using the 3D-FDTD method. Optimized
structural parameters in terms of propagation loss and
miniaturization are obtained when MgF2 is chosen as the
substrate. The propagation loss mechanisms, including
both bending loss and light leakage from the microfiber
to the substrate, have been discussed in detail when
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Fig. 4. (a) Transmission of taper-fiber structure versus
Lc when it is covered with halogenated polymer (n =
1.37) on MgF2 (n = 1.37) and on the fluorosilicate glass
(n = 1.423) substrates. Power distributions for two differ-
ent microfiber lengths on the MgF2 substrate: (b) Lc =
15 µm and (c) Lc = 35 µm. The other parameters are chosen
as d = 2.6 µm, D = 5 µm, Lt = 10 µm, λ = 1.55 µm, ncore =
1.444. In (b) and (c), the upper graphs show cross-sections in
the x-z plane for y = 0, the lower graph show cross-sections
in the x-y plane at the contact point to the substrate (middle
of the microfiber) and at the exit of the microfiber.

we checked the importance of the length on the trans-
mission. Furthermore, to simulate the situation where
the microfiber is lying on the substrate, we modify our
model by adding a straight microfiber section between
the curved fiber sections. It is shown that the addition
of the straight fiber section does not reduce the transmis-
sion when the microfiber diameter is optimized. The case
where the structure is covered by a cladding material is
also discussed, and it is found that for both the MgF2

substrate and the fluorosilicate glass substrate there is a
length for which the transmission is minimal. The min-
imum transmission occurs when the microfiber is short
enough (and therefore sharply bent) to show significant
bending loss but too long for a significant part of the
input light to be launched straight into the output taper.
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