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Reduction of splice loss between dissimilar fibers by tapering and fattening
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A method for reducing splice loss between dissimilar optical fibers is presented. The fibers are first spliced by using a standard fusion splicing
procedure, and then the fiber with the greater core is tapered before the splice point, while the fiber with the smaller core is fattened. By using
this technique we have consistently obtained splice loss values of 0.13 dB between a DS/SMF and an SMF28 fiber, and 0.09 dB between a
980HP fiber and an SMF28 fiber.
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Presentamos un@todo para reducir las perdidas en empalmes entre fiptass con diferentes caradsdicas. Las fibras son unidas usando

un procedimiento de fush esandar, para luego reducir elanetro de la fibra con elitleo de mayor tani® antes del punto de umi,

mientras que la fibra con elalnetro de ficleo menor es ensanchada. Mediante el uso deéstea hemos obtenido de manera consistente
perdidas de 0.13 dB en un empalme entre una fibra DS/SMF y una fibra SMF28, y perdidas de 0.09 dB en un empalme entre una fibra 980HP
y una fibra SMF28.

Descriptores:Fibrasopticas; empalmado por fuisi; afilado; engrosado.

PACS: 42.81.Bm; 42.81.Cn

1. Introduction contrast with the pure tapering and fattening, we do not use
special machines for tapering or fattening, other than com-
Modern optical fiber telecommunication systems consist ofnercial fusion splicing equipment. The procedure used in
sections of optical fibers that are inserted in order to perfornthis work is the following:
functions such as dispersion compensation, amplification,
optical signal processing, and so on. In general, these fibers
differ in their optical characteristics, particularly in their ge-
ometrical dimensions and refractive index profile, which in-
stead results in dissimilar mode field diameters that determine (2) tapering of the larger core diameter fiber and
the splice loss when the fibers are interconnected. In this and
other cases a reduction of splice loss is required in order to
obtain an optimum performance of the optical fiber systemUsing this procedure we obtained 0.13 dB splice loss
Several methods have been proposed to reduce the splice laats1.55 pm wavelength between a dispersion-shifted fiber
between dissimilar fibers.,e., thermal diffusion of the fiber DS/SMF and a standard SMF28 fiber, and 0.09 dB splice loss
core [1], tapering [2], fattening [3], and using intermediate between a single mode fiber 980HP and a standard SMF28
fibers [4]. In the first case, thermal diffusion is time consum-fiber.
ing that the fiber to be expanded needs to have some con-
tent of dopants, for instance germanium [5] or fluorine [6], T i
so that this is not applicable to all type of fibers. On the2' Optimization of splicing parameters
other hand, the use of intermediate fibers requires speciallyhe first step for obtaining a low-loss splice between dissim-
designed fibers that have OptiC&' characteristics that Closelﬂ/ar fibers is the understanding of the fusion process. Here
match the mode field diameter of the fibers to be joined, angye particularize the fusion procedure to that corresponding
moreover several sections are needed. Thus only tapering a S175 FITEL fusion splicer. Considering this particular
and fattening can be applied to any type of optical fiber sincequipment, once the fiber ends have been prepared by remov-
they work to reduce or increase the mode field diameter byhg the outer polymer, cleaning the glass surface, cleaving the
changing the diameter of the optical fiber core. fiber ends to a mirror surface, and properly positioning the
In this paper we combine the tapering and fattening methfiber ends in the fusion splicing machine, the fusion splicing
ods for reducing the splice loss between dissimilar fibers. Irprocedure consists of the following steps:

(1) optimization of the fusion splice parameters by using
Taguchi’s algorithm to obtain the lowest possible loss
without tapering and fattening, and

(3) fattening of the smaller fiber core diameter.
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1. Arc cleaning: A low-power and low-duration electric the same time the importance of the other parameters is in-

arc evaporates any particle or dust on the fiber surfacecreased, so that these parameters should be adjusted in the
] ] ) ) ) following set of experiments until we find the optimum pa-

2. Prefusion time: During the time ranging between 2005 meters. After repeating the optimization procedure approx-
and 260 ms an electric arc softens the fiberends.  jnately 15 times for each splice, which means that we carried

out more than 270 experiments or splices, we found that the

optimum parameters for obtaining a splice loss ranging from

fibers are pushed against each other overlapping by Q.25 and 0.3 dB between DS/SMF and a SMF28 fiber were

distance known as z-push thus forming the joint of the/1 W arc power, 1450 ms of fusion time, 1in of z-push

fibers. The z-push, distance may vary between 9 andistance, and 250 ms of prefusion time. On the other hand,
39 um in our partiCL,JIar case. the optimum parameters to obtain a splice loss ranging from

0.3 and 0.35 dB between a DS/SMF fiber and a 980 HP fiber
4. Additional arc: In some cases the application of an adwere 69 W of arc power, 1350 ms of fusion time, Arh of
ditional arc with durations in the order of 1 to 3 secondsz-push distance, and 240 ms of prefusion time.
may help to reduce splice loss by thermal diffusion of
the fiber core, or by releasing induced stresses durin
the fusion procedure.

3. Fusion time: During this period that follows the pre-
fusion time the electric arc is maintained while both

8. Variation in splice loss with core diameter

L . . The most important feature of a fusion splice is splice loss,
Taking into account the above fusion-splicing procedure,nq refers to the part of the optical power that is not trans-

and the fusion-splicing machine we are using, we foundyyeq through the splice and is radiated out of the fiber. The
that there are four parameters that can affect the splice 10Sgyq| |oss in decibels at a fusion splice is given by the follow-
namely, arc power, prefusion time, fusion time, and z-pusr]ng relationship [7]:

distance. Following Yablon [7], we neglect the interaction
between these parameters and use Taguchi’'s optimization Qaptice = 1010g P, @)
method. We have used a Taguchi's orthogonal array L9, with splice 10
the four parameters (arc power, prefusion time, fusion timewhereP»
anq z-push dl_stance) varied between Fhree different Ievelsl,s the total power leaving the splice.
Wh'.le the quality parameter are the splice I,OSS' At each ®X"" The loss in a fusion splice can occur for the following
periment we measure the splice loss by using the tWO'Sp“C?easons:
method [7], where we used a single-mode diode laser with
1.53um central wavelength as the light source. Table | shows 1) defective splicing due to misalignment or deformation
the orthogonal array corresponding to one set of experiments  at the splice and can usually be solved through the
conducted to find the optimum parameters for minimizing proper preparation of the fibers before being spliced,
the splice loss between a DS/SMF fiber and an SMF28 fiber. and
Each row in this table corresponds to one experiment or splice
carried out with the parameter values indicated. Thus, at each
iteration it is necessary to carry out 9 experiments or splices.
The next step is the analysis of the results, which was done In our particular case, we suppose that the fibers were pre-
using the formulas and procedure described in Ref. 7. Ipared properly before being spliced, so we just deal with the
particular we calculate the percentage of importance of eacloss caused by differences in their optical characteristics of
parameter by using the following formula [7]: propagation. In general, if the fibers to be spliced are single-
99 mode, the principal difference between them comes from the
% of importance= — 2 (1)  modal field radius, which can be calculated using the follow-
total ing approximate expression:

whereSS, . is the sum-of-squares resulting from parameter ( 1.619 2.879)
w =~ Acore

trans

is the total power reaching the splice afg .5

2) differences in the optical characteristics of the fibers,
in particular, core diameter, and numerical aperture.

pi, andSS,.q; is the total sum-of-squares associated with 0.65 + vez T ye (3
each individual parameter. Once we identify the parame-

ters with the higher importance for one set of experimentsvhereac,,. is the fiber core radius anidis the generalized
we modify the value levels of these parameters trying to sefrequency defined by the following relationship:

lect values that produce lower splice losses. Table Il shows o

the results of the analysis corresponding to Table I. In this V= acoreNA (4)
particular set of experiments, we observe that arc power has _ , .

the higher importance, and the lowest loss is obtained when H€re:A is the wavelength anMA s the numerical aper-
arc power is set to 86 W. Thus for the next set of experimentd!'® Of the fiber and is given by [8]:
the arc power levels are 84, 86, and 88 W. These levels of NA— \/m
arc power reduce the importance of this parameter, and at o 1 2

®)
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with n; and 3 being the refractive indexes in regions of the
core and cladding. Thus, according to relations (2) - (4), two
fibers may have a different mode field diameter, at a given
wavelength, if the core diameter or numerical aperture is dif-
ferent. Figure 1 shows the radius variation of the modal field
for a fiber SMF28 (withao,.. = 4.15um, NA=0.13) and a
fiber DS/SMF (witha .- =3.5um, NA=0.17).

As shown in Fig. 1, the two fibers differ in the size of
the modal field radius in the entire range of wavelengths. For
example, at a wavelength of 1.5%n, the modal field radius
of the fiber SMF28 is 4.8&m, while the modal field radius
of the fiber DS/SMF is 3.83m. This difference in the modal
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field radius results in loss if the two fibers are spliced. The
loss by the difference in radius of the modal field is calculated

by using the following formula:

Mode field radius, w [um]
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FIGURE 1. Variation of the mode field radius w with the wave-
length for the fibers SMF28 (solid line) and DS/SMF (dashed line).
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FIGURE 2. Splice loss as a function of the core radius for the case
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where & r2s fixed and &5, 50 F is varying (solid line), and for
the case wheress sar is fixed and g r2s is varying (dashed
line).
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FIGURE 3. Variation in splice loss as a function of the core radius
in the case wheresasr25=3.55pum and &, 50 F IS Varying, and
in the case wherep;) sy »=4.25um and & r2s IS varying.
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Thus, at a wavelength of 1.58n the loss at a splice be-
tween these two fibers would be 0.28 dB.

By examining Eg. (3) we note that the modal field diam-
eter can be varied by varying the size of the core. Since the
technique we use to reduce losses in splices between fibers
of different optical characteristics is based on the change in
geometrical dimensions of the fiber cores, we must consider
the effect of the decrease or increase in the size of the fiber
core on the level of loss at the splice. The solid line in
Fig. 2 shows the variation in splice loss when the core di-
ameter of the DS/SMF fiber is varied keeping the diameter
of the SMF28 fiber fixed, and the square dot in this figure
shows the original diameter of the DS/SMF fiber core. We
observe that increasing the diameter of the DS/SMF fiber re-
sults in a loss reduction which can reach 0.02 dB if we in-
crease the core diameter from 3/ to 5 yum. However,
for a core diameter of am the fiber will be multimode, and
in this case relations (3) and (6) are not valid. Thus, we as-
sume that, in order to have a realistic loss reduction, the core
diameter of the DS/SMF fiber can be increased to a maxi-
mum of 4.25um (21.4% increase in core diameter) where
the splice loss is 0.113 dB. On the other hand, the dashed line
in Fig. 2 shows the variation in splice loss when the core di-
ameter of the SMF28 fiber is varied keeping the core radius
of the DS/SMF fiber fixed at 3.pm, and the circle dot cor-
responds to the original core diameter of the SMF28 fiber. In
this case we observe that the minimum loss of 0.21 dB is ob-
tained when the core diameter of the SMF28 fiber is reduced
from 4.15um to 3.55um.

As can be observed in the solid and dashed lines of Fig. 3,
if we reduce the core diameter of the SMF28 fiber from

4.15 um to 3.55um, and increase the core diameter of the

DS/SMF fiber from 3.5 to 4.25, 0.08dB loss is obtained. The
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results obtained here prove that it is possible to reduce losses

in fiber splices by simply changing the dimensions of the core

diameters. The values obtained in our simulations are not ex-
act since there is some uncertainty in the real values of core
diameters and numerical apertures of the fibers used in this
work.

On the other hand, Fig. 3 shows how, by reducing the
core radius of the fiber SMF28 of 4.1bn to approximately
3.16um, the loss is reduced practically to zero. From this we
may conclude that we could reduce the loss by considerably
widening the fiber DS/SMF and/or tapering the fiber SMF28.

4. Tapering and fattening after splicing dis-
similar fibers

As we have observed in the last section, changing the diam-
eter of the spliced fibers can reduce the splice loss. Figure 4
shows the procedure for reducing de fiber diameter or taper-
ing after the fibers are spliced. After the normal splice is
completed (Fig. 4a), the electrodes are moved-BY ;m to
the side where the core diameter is higher. A slight tension
is applied by moving the step motors of the fusion splicer in
opposite directions by 50m, and then the electric arc is ap-
plied (Fig. 4b), resulting in a tapered fiber section where the
core diameter is reduced (Fig. 4c).

On the other hand, the process for increasing the fiber di-
ameter or fattening the fiber is shown in Fig. 5. After the

Fattening

Cormpression §
—i il

attened fiher

Tapering
@‘_’/_ Electrodes
(a) —
éﬂ
Electric arc
Tension /
b ==
Tapered fiber @
T -
G e

FIGURE 4. Tapering fiber process.

FIGURE 5. Fattening fiber process.

fibers are spliced (Fig. 5a), the electrodes are meve@;m

to the side where the core diameter is smaller and a splice
process is applied (Fig. 5b), which results in a fiber with an
increased diameter. To enhance the fattening we changed the
z-push distance parameter to 2, in contrast with the orig-

inal value of 11um, which is used to make a standard splice.
The final result is the increase in the fiber core diameter.

We used tapering and fattening to reduce the splice loss
between the fiber SMF28 and the fiber 980HP. In particu-
lar, the fiber SMF28 was tapered by applying the process
described above several times until we obtained a minimum
loss. Then the fiber 980HP was fattened, also applying the
process several times, until we obtained the minimum loss.
The minimum loss point is clearly identified since further ta-
pering or fattening beyond that point will increase the splice
loss. As afinal result, we obtained a minimum loss of 0.09 dB
with a standard deviation of 0.015 dB. On the other hand, for
the reduction of splice loss between the SMF28 fiber and the
DS/SMF fiber, we only fattened the fiber DS/SMF, obtaining
a minimum loss of 0.13 dB with a standard deviation of 0.014
dB. The reproducibility of the results can be increased by the
use of a high quality fiber cleaver, since this is a factor that
determines the loss in splices made using the same parame-
ters of the fusion splicer. It is worth to mention that in order
to identify the minimum loss point.
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5. Conclusions level of losses is close to that obtained when the fibers to be
spliced are identical. Further reduction is possible by a thor-
In conclusion, we have demonstrated the feasibility of re-0ughly preparation of the fiber ends before splicing, in par-
ducing the splice loss between dissimilar fibers by tapering?'CU'ar a higher quality cleaver can help to reduce the splice
and/or fattening the fiber. After optimizing the splice param-10Ss by reducing the contribution from the loss induced by
eters using Taguchi's method, we reduce the splice loss b@ngular misalignment, which appears when the fiber cleave
tween the fibers SMF-28 and DS/SMF by fattening the fibedS not perfectly flat. Despite this fact, the level of losses is
with the smaller diametei.e., the fiber DS/SMF. In this case Petween the tolerated levels required in optical fiber systems,
we were able to reduce the splice loss to a minimum valuénd more importantly, the method can be applied to any type
of 0.13 dB. On the other hand, the reduction of splice losOf fibers, by following the procedures outlined in this work.
between the fiber SMF28 and the fiber 980HP required the
reduction of the SMF28 core diameter by tapering and thezncknowledgments
increase of the core diameter of the 980HP fiber by fatten-
ing, obtaining a minimum loss of 0.09 dB. In both cases theThis work was supported by CONACYT grant no. 47733.
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