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Connectorized Multimode Fiber Endface Cracking 
 
AEN066, Revision 1 
 
Introduction 
Multimode fiber cracking in heat-cured, epoxy and polish connectors results from a combination 
of the various stresses placed on the fiber during the heat cure and polishing processes used in 
connectorization.  The following is a discussion of the factors that contribute to fiber cracking.  It 
includes recommendations on reducing the likelihood that a specific connectorization process 
will result in fiber cracks.  By understanding the mechanisms that lead to failure, it is possible to 
minimize the likelihood that it will occur. 
 
 
Basic Fracture Theory 
Detailed explanations on fracture mechanics are beyond the scope of this paper, but a 
fundamental knowledge in this area is important to understanding the nature of crack 
development and propagation in optical fibers.  The three fundamental things needed in order 
for material fracturing to occur are: 
 

 A susceptible material (e.g., silica glass, steel, etc.) 
 A flaw (e.g., a pit, void, impurity or scratch) 
 Tensile load 

 
Some materials, such as soft plastics or rubber, will not fracture except under extreme 
conditions (e.g., low temperatures).  These types of materials typically elongate under a tensile 
load at normal operating conditions.  Glass, on the other hand, can fail rapidly while exhibiting 
virtually no plastic deformation at the point of failure.  In order for glass to fail in this manner, 
however, it must be under a tensile load and have a flaw that can concentrate the applied stress 
to a level where it overcomes the atomic bonds of the materials in the glass itself.  This same 
principle applies to cleaving optical fibers so that the ends for fusion splicing or polishing. 
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Discussion: 
To reduce the occurrence of fiber cracking 
(see Figure 1), it is important to understand 
how each step in the connector termination 
process impacts the likelihood that fiber 
cracking will occur.  The key steps are:  

 
Epoxy Selection 
Epoxy Curing Schedule 
Fiber Cleaving 
End Face Polishing 
Operator Training 

Figure 1: Cracked 62.5/125 µm 
Fiber in Polymer Ferrule 

 
 
Epoxy Selection and Curing Schedule 
During the epoxy cure process, the fiber and ferrule expand at different rates due to the different 
coefficient of thermal expansion (CTE) values of the various materials.  Since composite ferrule 
materials tend to possess a higher CTE, they expand and contract more than the silica glass 
fiber.  During heating, this differential expansion causes the gap between the fiber cladding and 
inner ferrule wall to widen, creating a vacuum.  As the vacuum increases, additional uncured 
epoxy can be drawn into the gap.  Since this is a temperature dependent process, a higher 
temperature will result in a wider gap, a higher vacuum, and more epoxy being drawn in.  
Because of this and other potential issues, installers should use the epoxy and curing schedule 
recommended by the connector manufacturer.  
 
As the curing process reaches equilibrium at the high temperature, the stress on the fiber is 
minimal even as the epoxy starts to cure and become rigid. Once the desired curing time is met 
the heat is removed and the connector assembly starts to cool.  It is this point, and continuing 
through the polishing process, where fiber cracks initiate and propagate.  During cooling, the 
different material thermal contraction properties cause the ferrule to shrink more than the fiber.  
However, because hard epoxy now fills the fiber/ferrule void, a radial compressive force is 
imparted along the length of fiber inside of the connector ferrule.  In addition, the fiber is held in 
a fixed position within the ferrule by the epoxy bonds.  The net result of these two factors is a 
bulging of the fiber at the point where it exits the end of the ferrule (see Figure 2).  This effect is 
called lensing.  Lensing of the fiber creates a tensile force across the end face of the fiber, 
which contributes to fiber cracking.  
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Figure 2: Fiber Lensing 
 

Cleaving and Polishing 
In addition to a tensile force, two other things required for material fracturing are a susceptible 
material (e.g., silica glass) and a flaw.  Flaws can be in the form of an impurity in the material, or 
scratches on the end face of the glass that result from the cleaving and/or polishing processes.  
The first step following the epoxy cure is to remove the bulk of the excess length of glass by 
scoring the fiber and breaking off the end.  The cleaving process results in a mirror-like finish 
across most of the fiber end face, however, there are regions of the end face that will appear 
rough and uneven.  These areas are called the mist and hackle.  Employing a proper cleaving 
process, including using tools that are maintained in good repair, will minimize the generation of 
mist and hackle.  Using damaged or worn tools can generate a very rough surface on the fiber 
end.  The larger the flaws, the greater the concentration of stress, and the more likely it is that 
the bond strength of the silica will be exceeded and a crack develop and propagate. 
 
In addition to the cleaving process, the polishing process also creates flaws on the fiber end 
face.  Again, the larger the flaws, the more likely it is that fiber cracking will result. As with any 
sanding process, larger grit sizes are used first to knock off the major rough areas.  The grit size 
is then gradually decreased to achieve a mirror-like finish.  Using larger grit sizes early on can 
speed up the polishing process, but the larger flaws created could mean that fiber cracking is 
more likely to result. It is also critical that polishing materials are maintained fresh.  As the 
polishing materials become contaminated with epoxy they become smooth and sticky.  Then, 
rather than cutting off the rough areas from the fiber end, they begin to generate heat.  This 
generation of heat can place additional stresses on the fiber end that can result in fiber cracking, 
or can cause existing cracks to propagate. 
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Fiber Susceptibility 
Due to its complex graded-index structure, multimode fiber is typically far more likely to exhibit 
fiber cracks as a result heat curing during connector assembly and polishing processes.  The core 
of these fibers consists of a large number of rings, each having a different index of refraction 
(IOR).  The IOR of these rings increases from the core-cladding interface to a maximum at the 
center of the fiber.  To achieve these different IOR values, various levels of dopants are used to 
change the properties of the individual layers of silica glass.  In addition to changing the IOR, 
adding dopants has two other effects.  First, it changes the CTE of the glass rings, and second, it 
changes the bonding forces of the elements within the glass structure.  The exact nature of how 
these effects contribute to the failure of the fiber is beyond the scope of this note, but the net 
result is that the larger cores of multimode fiber are more likely to crack than the smaller cores of 
single-mode fiber.  With respect to the various multimode fibers, 50/125 m fiber is the least 
susceptible, whereas 62.5/125 m is more susceptible.  The largest core size silica glass fiber in 
widespread use today is 100/140 m multimode fiber, which can be extremely difficult to 
connectorize when processing in less than ideal conditions.   
 
  

Operator Experience 
The relative experience of an operator can also significantly affect the occurrence of fiber 
cracking.  It has been noted that fiber cracking can increase with the introduction of new or less 
experienced operators.  Proper operator training on understanding the nature of fiber cracking, 
and how to reduce it, is important in developing a process that is capable of producing 
consistently good results.  
 

 

Summary 
The following can minimize fiber cracking: 
 

 Use manufacturer’s recommended procedures  
 Train operators on fiber cracking, its causes and how to minimize it. 

 
 


