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Fiber Fuse Phenomenon in Hole-Assisted Fibers 

Katsuhiro Takenaga,1 Shoji Tanigawa,1 Shoichiro Matsuo,1 and Munehisa Fujimaki1

Optical fibers may be used in optical communication systems under high-power conditions 
in the near future. Fiber fuse will be a serious problem on the communication systems operated 
under high-power conditions. If the fiber fuse occurs, the core region of a fiber is destroyed 
catastrophically by optical discharge and the damage propagates along the fiber toward a 
light source. In this study, we investigate the threshold power of fiber fuse propagation on hole-
assisted fibers (HAFs) and various kinds of all solid glass fibers.

1. Introduction
Following the capacity enlargement of the commu-

nication system with wavelength division multiplexing 
technique, optical power that propagates through opti-
cal fibers has been increasing. The power will exceed 
the level that causes various issues. The problem that 
is caused by the high-power conditions is a fiber fuse. 
The fiber fuse, which was found in the late 1980s, oc-
curs in a fiber operated under high-power condi-
tions1)2). The fiber fuse is the phenomenon wherein 
the emission from the plasma propagates to a light 
source with the speed of about 1 m/sec, destroying a 
waveguide structure3). If locally a high-temperature re-
gion arises on the fiber, the fiber fuse occurs in that 
region and propagates to a light source. Silica glass 
causes thermally excited photo absorption at a tem-
perature higher than 1100 degrees 4) and the hot spot 
behaves as optical absorber. As a result, the tempera-
ture of the glass rises explosively and the part of the 
glass reaches  plasma state. Figure 1 shows an exam-
ple of  fiber fuse propagation. A bright luminescent 
spot that is an optical discharge propagates to a light 
source. Figure 2 shows a side view of the fiber after  
fiber fuse propagation. Periodical voids were created 
in the core region of the fiber and the waveguide struc-
ture of the fiber was destroyed.

Prediction or control of a fiber fuse is very difficult 
because a local rise in temperature, which is a trigger 
of a fiber fuse, is accidentally caused by various rea-
sons such as a foreign substance on the surface of a 
connector or a local small bend on the fiber. The prop-
agation of a fiber fuse does not stop until a light source 
is shut down or the power of the light source is de-
creased to a power level, which is called the threshold 
power of  fiber fuse propagation. It has been reported 
that the threshold power of conventional transmission 
fibers is proportional to mode field diameters (MFDs) 
of the fibers5)6). However, fiber fuse propagation in 

some fibers that involves air holes such as hole-assist-
ed fiber (HAF) or photonic crystal fiber was not ob-
served at input power of 10 W6)7). The results suggest 
that fibers with air holes may show different fiber fuse 
threshold.

A bending loss insensitive fiber (BIF) for an optical 
access network has been developed to simplify con-
struction procedure8)9)10). Figure 3 shows structures of 
BIFs. An HAF is known as a candidate for a BIF. Opti-
cal power in an optical fiber for optical access system 
will become high for the expansion of branch number 
of PON system and demands of video delivery service 
over optical access network. In addition, an optical fi-
ber will be bent in a small diameter for storage. Optical 
access network involves the risk of the generation of a 
fiber fuse. Thus, investigation of fiber fuse threshold 
of a BIF is very important.

In this paper, we will investigate fiber fuse threshold 
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Fig. 1. Propagation of a fiber fuse.
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Fig. 2. Side view of a fiber after fiber fuse propagation.
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of many kinds of fibers, which is mainly focused on 
BIFs. The relationship between fiber fuse thresholds 
of HAFs and hole structure is presented. The detailed 
investigation results on fiber fuse propagation behav-
ior in an HAF 11)12) are reported.

2. Experimental setup
Figure 4 shows the experimental set up for observa-

tion of fiber fuse propagation and measurement of 
threshold power 6). A light source is an erbium-doped 
fiber laser (EDFL) with a peak wavelength of 1550 nm. 
The maximum power of EDFL is about 10 W. Fiber 
fuse was initiated to heat a C-SMF by arc discharge 
and the discharge propagated into the HAF from the 
C-SMF. Hereinafter, we define the power at the input 
end of a tested HAF as an input power, which is de-
rived from a measured power at the power meter (PM) 
by subtracting splice losses and the loss of a dummy 
fiber. We observed core destruction after fiber fuse 
propagation with a microscope and the threshold pow-
er of the fibers. The threshold power is defined as the 
power at which the fiber fuse propagation is stopped.

We have investigated the threshold power of three 
types of BIFs (High delta fiber, Trench fiber, and HAF) 
and seven types of all solid glass fibers with different 
MFDs (C-SMF, NZ-DSF, and DCF). Various types of 
trench fibers with different trench design and HAFs 
with different hole design were employed.

3.  Fiber fuse threshold power of various kinds 
of fibers 
Figure 5 shows the measured fiber fuse threshold 

power as a function of MFD. The measured fiber fuse 
threshold power was proportional to MFD; 5) the trend 
is the same as the previous report. Some HAFs showed  
same tendency for the fiber fuse threshold power with  

all-solid glass fiber. However, an HAF showed very 
high fiber fuse threshold power of 4.3 W 13) and an-
other HAF did not show the fiber fuse propagation 
even for the input power of 10 W; that is, the fiber fuse 
propagation stopped at the splice point with C-SMF.

These results indicate that an HAF has a potential 
for a fiber with high fiber fuse threshold power and the 
tolerance for the fuse phenomena will depend on the 
hole design.

4. Fiber fuse propagation in hole-assisted fibers
We investigated the relationship between HAF 

structure and fiber fuse threshold power to clarify the 
measured results shown in Section 3. Two types of 
HAFs with different hole design were prepared for the 
investigation. Figure 6(a) and 6(b) show cross sec-
tions of the fiber A and fiber B, respectively. The outer 
diameter of the fibers was 125 µm. The diameter of 
inscribed circle of air holes, cin, was 38.7 µm and 21.2 
µm, and the MFD at 1550 nm was 10.8 µm and 10.4 
µm. The MFD were the same level with C-SMF. We 
observed the fiber fuse propagation using the setup 
shown in Fig.4. 

The threshold power of fiber A was 1.5 W, which is 
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Fig. 5. Threshold powers of fiber fuse as a function of MFD.
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fibers.

Fig. 4. Experimental setup of the observation of fiber fuse 
propagation.

Panel 1. Abbreviations, Acronyms, and Terms.

HAF–Hole-Assisted Fiber
MFD–Mode Field Diameter
C-SMF–Conventional Single-Mode Fiber

NZ-DSF–Non-Zero Dispersion Sifted Fiber
DCF–Dispersion Compensating Fiber
PON–Passive Optical Network
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the same level with C-SMF. Figure 7 shows the side 
view around the splice point of C-SMF and fiber A after 
fiber fuse propagation for input power of 4.4 W. Peri-
odical voids, i.e., tracks of fiber fuse propagation, were 
observed. Figure 8 shows the side views at splice point 
of C-SMF and the fiber B after fiber fuse propagation 
at various input powers. The input power of Fig. 8(a), 
(b), and (c) are 8.1 W, 1.7 W, and 1.5 W, respectively. 
Arrows and dashed line in the figures indicate end 
point of train of voids and start point of holes, respec-
tively. We defined the length between arrow and 
dashed line as a penetrated length. 

The fiber fuse propagation immediately stopped in 
fiber B for the input power of 8.1 W. Given the other 
conditions, the fuse stopped after short propagation in 
fiber B. Figure 9 shows the power dependence of pen-
etrated length. The penetrated length in HAF becomes 
more at input power less than 1.5 W. The penetrated 
length for the low input power condition becomes 
more than that under high input power condition.

To investigate the interesting phenomenon, we ob-
served the cross sections of C-SMF and fiber A after 
fiber fuse propagation, as shown in Fig. 10(a) and 

10(b). Input powers were 4.5 W for C-SMF and 4.4 W 
for fiber A. Rings could be observed around the center 
void on both samples. We suppose that the inner ring 
area is the trail of glass being melted and the ring is 
the outer diameter of melting area. We named the di-
ameter of the ring as Dmelted, hereafter. The Dmelted in 
C-SMF and fiber A were 21.4 µm and 21.7 µm, respec-
tively. Figure 11 shows the input power dependence of 
Dmelteds of the C-SMFs near the splice point. The solid 
line shows the threshold power of C-SMF, and upper 
and center dashed lines show cin of fiber A and fiber B, 
respectively. Dmelted decreases near the threshold pow-
er sharply. Fiber fuse can propagate through HAF un-
der the condition that Dmelted << cin such as fiber A and 
stop propagation under the condition that Dmelted ≥ cin. 
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Fig. 6. Cross sections of HAFs : (a) fiber A. (b) fiber B.
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Fig. 8. Side views at splice point of C-SMF and fiber B after 
fiber fuse propagation.

Fig. 7. Side view at splice point of C-SMF and fiber A after 
fiber fuse propagation.

Fig. 11. Dmelted as a function of input power.
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Fig. 10. Cross sections of the fibers after fiber fuse propagation:

(a) C-SMF. (b) fiber A.
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Penetration length become longer as the difference 
between Dmelted and cin become larger for Dmelted < cin. 
The relationship between Dmeleted and cin strongly seem 
to affect the fiber fuse propagation phenomena. This 
result suggests that we could stop fiber fuse propaga-
tion considerably by deploying holes with cin smaller 
than Dmelted. The parameter of cin should be smaller 
than about two times MFD, i.e., about 20 µm, to stop 
the fiber fuse propagation. 

If the position of air holes in a HAF is optimized, the 
HAF will act as a transmission fiber with a high toler-
ance for fiber fuse.

5. Conclusion
We have investigated the threshold power of fiber 

fuse propagation on hole-assisted fibers and various 
kinds of all solid glass fibers. The threshold powers of 
fibers including HAFs are proportional to MFD of the 
fibers. However, some kind of HAFs shows extremely 
high threshold power. The high threshold power is 
observed on the HAF whose diameter of the inscribed 
circle with air holes is smaller than two times MFD. 
The results indicate that an HAF can be used as a 
transmission fiber with a high tolerance for fiber fuse.

The input power to a fiber will become larger to en-
large transmission capacity of optical communication 
systems. An HAF, which is recognized as a structure 
of a bending loss insensitive fiber, is a promising can-
didate of a next-generation transmission fiber.
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