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The application of optical fiber technology has advanced beyond the field of 
telecommunications and into a variety of other fields.  Completely new fiber types have been 
developed to enable many other applications, and this trend is increasing.  Last year, we 
introduced a fusion splicer that was developed to achieve high-quality splicing performance 
with these specialty optical fiber applications, model FSM-100M/FSM-100P.  Now we have 
developed a new fusion splicer with more advanced features and functions in order to offer 
further capabilities such as splicing fibers with diameters as large as 1200 μm, and to observe 
the fiber end surface for aligning specialty fibers such as multi-core, non-circular, and 
polarization-maintaining optical fibers.

1. Introduction
Recently, optical fibers are applied to not only the 

field of telecommunications, but also a variety of other 
fields. The demands for the fusion splicers are empha-
sized in splicing various types of optical fibers. Last 
year, we developed a fusion splicer that achieved high-
quality splicing performance with these specialty opti-
cal fiber applications; model FSM-100M/FSM-100P. 

In this paper, we have developed a new fusion splic-
er with more advanced features and functions in order 
to heat a wide range of splice fibers with diameters as 
large as 1200 μm which is used for optical fiber lasers, 
and to observe the fiber end surface for aligning spe-
cialty fibers that have complicated profiles.

2. Schematic Specification
Figure 1 shows the new fusion splicer, and Table is 

the specifications.

3.  Features of the Fusion Splicer for Specialty 
Optical Fiber with Advanced Functions

3.1  Splicing of large-diameter optical fibers
3.1.1  Electrode swing function

If optical fibers that are larger than 500 μm in diam-
eter are spliced by the conventional fusion splicer, 
they are heated locally as a result of a narrow discharge 
path. If the electrode gap extends to heat a wide range, 
discharge becomes unstable and the tip of an electrode 
wears significantly.

Figure 2 shows the appearance of the optical fiber 
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Fig. 1. Fusion splicer designed for specialty optical fibers with 
advanced functions.

Items Unit Contents

Cladding diameter μm 60 - 1200

Coating diameter 
when clamping coating part

μm 60 - 1500

Coating diameter 

when clamping glass part
μm 60 - 2000

Variable electrode swing 

mechanism
mm ±1

Variable electrode gap 

mechanism
mm 1 - 3

Longitudinal discharge range mm ±18

Splicing quality
Splice loss dB

0.01 - 0.03 
(ITU-T G.652 SM Fiber)

Polarization 
crosstalk

dB / 
degree

-40/0.6 
(125 μm PANDA Fiber)

Dimension mm 470 ¥ 232 ¥ 160

Weight kg ~8.4

Table. Specifications.
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that is 1000 μm in cladding diameter and heated by 
conventional splicer. From this figure, it is confirmed 
that the discharge path is located on the upper side of 
an optical fiber. Therefore, only this side of the optical 
fiber is heated, and hence the temperature distribu-
tion is not uniform throughout the glass fiber.

The procedure for splicing optical fibers is as fol-
lows. First, the fibers loaded in the splicer move for-
ward toward each other, and stop at a certain interval. 
Next, the fibers are aligned. Then, the optical fibers 
are melted by prefuse discharge and have a similar vis-
cosity in the fiber end. Finally, the optical fiber advanc-
es toward the other fiber to connect the two fibers dur-
ing discharge.

Figure 3 (a) is the fiber end, which is heated by a 
conventional splicer, after prefuse. The corner of the 
upper side of the optical fiber is rounded by discharge 
heat, while the lower side of the optical fiber is not 
melted. This is why the discharge path is not uniform 
on the optical fibers and heats only the upper side of 
the optical fiber.

Figure 3 (b) shows the splicing point that is heated 
non-uniformly by conventional discharge device. Non-
uniform heat during prefuse causes a ditch and distor-
tion on the splicing point. Therefore, it is necessary to 
heat a wide range of the optical fibers uniformly.

Now we can heat the end surface of large-diameter 
optical fibers uniformly by a swing electrode mecha-
nism on a new fusion splicer. During discharge, the 
electrode moves up and down, perpendicular to the 
longitudinal direction of the fibers. Therefore, a wide 
area is heated by this mechanism. Figure 4 shows the 
schematic diagram of swing electrode heating. From 
this figure, it is confirmed that the discharge path 
moves upside (Fig. 4 (a)) and downside (Fig. 4 (b)) of 
fibers.

3.1.2  Effect of electrode swing function
Figure 5 (a) is the end surface of the optical fiber, 

1000 μm in diameter after prefuse, which is heated by 
the electrode swing device. In comparison to Fig. 3 
(a), it is confirmed that the upside and downside of the 

Fig. 2. Typical arc discharge path over large diameter.

(a) Heating the upper part of an optical fiber.

(b) Heating the lower part of an optical fiber.
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Optical fiber

Discharge channel

Electrode

Fig. 4. Wide-area heating by electrode up/down
oscillation driving function.
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(a) After prefuse (b) After splicing

Fig. 3. 1000 m fiber splicing using standard heating method.
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corner of optical fibers are melted equally.
Figure 5 (b) shows the splicing point that is heated 

by the electrode swing mechanism. It is found that 
there is no ditch or distortion like in Fig. 3 (b), and that 
a good splice is achieved.

Figure 6 shows the splice loss of splicing the optical 
fiber, 1000 μm in cladding diameter. Mode field diam-
eter (MFD) is 9 μm in diameter, similar in size to tele-
communication optical fibers of 125 μm in cladding 
diameter. This is a stringent condition under which a 
slight core axis offset causes large splice loss. We have 
achieved low splice loss, 0.08 dB on average perform-
ing 30 splices, with 1310 nm wavelength. Therefore, it 
is found that using a wide range of heat is important 
for achieving a high-quality splice of large-diameter 
optical fibers.

3.2  Optical fiber end view function
3.2.1  Background of the development

Although an optical fiber in a fusion splicer is con-
ventionally observed from the lateral side, it is difficult 
to detect the core position of special fibers, such as a 
double-clad fiber and a multi-core fiber. It is also im-
possible to observe the core position of polygon-shaped 

polarization-maintaining fiber (PM fiber) that has a 
stress-providing part around a core, and a fiber having 
holes, using a side view. This leads to an increase in 
splice loss because the core of such fibers is not 
aligned correctly by conventional observation.

To achieve a good splice of the fibers having compli-
cated profiles, we have developed the observation 
function from the end of the fiber.

3.2.2  End view function
Figure 7 shows the schematic diagram of an optical 

(a) After 

Melted
equally

(b) After splicing

Fig. 5. 1000 m fiber splicing using wide-area heating method.

Cladding diameter: 1000 µm 
MFD: 9 µm
Number of splicing: 30 times
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Fig. 6. Splice loss distribution for 1000 m optical fiber.
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Fig. 7. Fiber end view function.
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Fig. 8. End view images of various optical fibers.
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fiber end view function. There is a light source for ob-
serving the end of the optical fiber. An optical fiber is 
located on the light source. Illuminating light propa-
gates through a refractive index matching material 
from the coating to cladding, and travels to the end of 
an optical fiber. A mirror holder that is able to move up 
and down is arranged beyond the end of fiber. The 
mirror holder includes the mirror that reflects the 
light at a 45-degree down direction with respect to a 
longitudinal direction of an optical fiber. We can ob-
serve the image of the end of optical fiber from the 
image device.

A mirror holder is lifted up to observe the end sur-
face of an optical fiber by using an end view image, 
while it is lowered down not to interrupt the observa-
tion of a fiber from the side, or to splice optical fibers. 
The mirror position is adjustable in response to the 
control regulation, and it is possible to observe an opti-
cal fiber both by the side view and by the end view.

If the optical fiber has a dark-colored coating mate-
rial, the light may not propagate through the coating 
material. In such a case, it is possible for illuminated 

light to enter into the optical fiber from the fiber end 
surface opposite to observation side by an external 
light source.

Figure 8 shows examples of optical fiber end images 
by using the end view function. It is found that charac-
teristics of optical fibers, such as the contour and the 
core position of a variety of optical fibers, are observed 
precisely. It is possible to automatically align the direc-
tion of a polarization axis and the core position because 
the splicer has the algorithm to analyze the end view 
image.

4. Conclusion
We have developed a new fusion splicer with the 

electrode swing function and the optical fiber end view 
function in order to splice large-diameter fibers that 
are used for optical fiber lasers. These optical fibers 
frequently have complicated profiles. It is possible to 
splice these optical fibers, which are not aligned and 
spliced by a conventional device, with high quality by 
the use of these new functions.


