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The facts about
bend-insensitive multimode fibers

fibers and is also backward compatible

o ith the installed base of 50- Iti-
Reports meant to cause alarm about the medium’s WAL e INStatied Dase oL oumim MU

mode fibers.
compatibility with other fibers are bending the truth. Not all bend-insensitive multimode

fibers are created equal. Differences in
BY JEFFREY ENGLEBERT, PETER PONDILLO AND designs of BIMMF result in differences
RAVI YEKULA, CORNING OPTICAL FIBER in performancef(s). Concerns have been

raised regarding the full backward
Bend-insensitive multimode fiber most challenging bend scenarios. This  compatibility/standards compliance
(BIMMF) has an innovative core article discusses how BIMMF is fully of bend-insensitive multimode fibers.
design that enables it to significantly compliant with the OM2, OM3 and Most of these claims reflect a misun-
reduce macrobend loss even in the OM4 standards for laser-optimized derstanding of the performance char-

acteristics of BEMMF and are
made without supporting data.
This article provides the neces-
sary data and theory to debunk
these myths and ensure end
users can feel confident in the
performance and capabilities
of systems built with BIMMTF,
as well as its compatibility
with existing multimode fiber
systems.

Different designs and perfor-
mances

BIMMF has an innovative
core design that incorpo-
rates a graded-index core pro-
file combined with a specially
engineered optical trench.
This trench enables it to con-
fine the modes that propagate
within the fiber core, even in

Bend-insensitive or bend-optimized multimode fiber can withstand tough treatment. But '
vendors have staked out very different positions on whether or not it should be mixed with the most challenging bend sce-
traditional multimode based on compatibility. narios. The design of a proper
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bend-insensitive multimode fiber that
meets the specifications of a standard
multimode fiber poses a unique chal-
lenge. BIMMEF needs to be designed to
provide reduced macrobend loss and
at the same time take into account key
design parameters such as core diame-
ter, numerical aperture and bandwidth.
BIMMEF profiles pose a complex
design challenge. Profile parameters
must be carefully selected to ensure
all key attributes satisfy all relevant
industry standards. Bandwidth is a
key parameter for multimode fibers
and the graded-index profile remains a
key driver to achieve high bandwidth.
Any deviation from the optimum pro-
file results in reduction of bandwidth of
the multimode fibers. Few manufactur-
ers are able to produce high-bandwidth
multimode fibers that offer exceptional
bend capability that also meet all of the
specifications of traditional multimode
fibers. Inappropriate trench location
can result in delay errors of the higher-
order modes, and this can signifi-
cantly impair bandwidth performance.
Locating the trench too far from the
fiber core can result in failure to comply
with fundamental industry standards.
The fiber’s trench location must be
carefully engineered to ensure superior
bandwidth and macrobend response
while maintaining industry standard
requirements for core diameter, numer-
ical aperture and chromatic dispersion.

Product combination

Avg. splice loss

The figure on page 2 shows an
example of a standards-compliant high-
bandwidth bend-insensitive multimode
fiber's alpha profile. The core diame-
ter of this fiber, as defined by both the
80/10 fit and the 2.5 percent threshold,
falls within industry standards. A well-
designed BIMMF should comply with
both 80/10 fit and 2.5 percent threshold
core diameter definitions. The 2.5-per-
cent threshold method defines the
core diameter at the point at which the
power is reduced to 2.5 percent of the
normalized power. A fiber that adheres
to the 80/10 fit, fits the data from 80 per-
cent normalized power to the 10 per-
cent normalized power to a power-law
equation. The core diameter is defined
at the point at which the extrapolated
equation intersects with the “zero nor-
malized power.”

The near fields for two other
BIMMF's are presented in the figures
on page 3. The near field provides the
best representation of where power
actually resides in the fiber. Both the
80/10 fit and the 2.5-percent threshold
are applied to the measured near field,
which is a plot of measured power as a
function of radial position in the fiber.
The near field of the fiber in the graph
on the left-hand side of the figure has
tails that extend well beyond the core
boundary. Additionally, the near field in
the graph on the right-hand side of the
figure has localized peaks near the core
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boundary. As a result of these features,

both of these BIMMFs have core diam-

eters that are higher than approved

industry standards for a 50-micron fiber.
It is easy to understand how the

fibers presented in the figure on page

3 might pose interoperability issues
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The alpha profile of a standard-
compliant high-bandwidth bend-
insensitive multimode fiber is shown

here. The profile’s “smoothness” is
a result of it falling within industry
standards for the 80/10 fit and the
2.5-percent threshold.

with either standard multimode fiber or
well-designed BIMMF, and also raise
significant issues relative to OM3/0M4
selection criteria. The near field pro-
file suggests the presence of additional
power in the higher-order modes. The
additional power could affect interop-
erability when these fibers are coupled
in homogeneous and heterogeneous
lengths. Furthermore, the additional
power in this radial could affect the
application of differential mode delay
(DMD) mask templates. Several of these
templates have lenient outer masks
that may not appropriately account for
the additional power in this region.
The design of BIMMF tightly con-
fines the higher-order mode groups
to minimize attenuation due to small
radius bends. One potential side effect



of this is a change in the light-captur-
ing characteristics of the fiber. Any
significant changes in these charac-
teristics could affect the functional-
ity of attributes associated with OM3/
OM4 fiber selection, such as EMBc
weights and DMD mask templates.
The most direct method to assess the
impact of the fiber design on transmit-
ter launch characteristics is to assess
the response of encircled flux (EF) to
varying launch conditions. EF is the
percent power within a given radius

Non-standards compliant
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EF measurements. Since the EF values
are similar, the EMBc weight func-
tions will also be similar.

Other BIMMF designs did not fare
as favorably. As indicated in the other
figures, these BIMFF designs can yield
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These near fields for two non-compliant bend-insensitive multimode fibers show, in
the graph on the left, tails that extend well beyond the core boundary and, on the
right, localized peaks near the core boundary. As a result, both of these fibers have

core diameters higher than approved by industry standards.

launched by a transmitter into a mul-
timode fiber core. Differences in EF
between a properly designed BIMFF
and standard multimode fiber should
fall within the typical repeatability of
the measurement. The figure below
shows examples of EF measurements
of standard MMF and BIMMF, and
the differences in EF with three dis-
parate launch conditions that span the
range of power distributions seen in
commercially available VCSELs. The
differences in typical EF that were
obtained with these two different fiber
types were typically within 1 percent
under all launch conditions. This vari-
ation is within the typical variability of

significantly different EF values of up
to 4 percent with the same launch con-
dition. Furthermore, the variation in

Encircled flux of STD MMF
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EF values is evident at multiple launch
conditions. This is again proof that
certain BIMMF will be subject to sig-
nificant variations in power distribu-
tion. These variations could result in
issues with fiber selection criteria, par-
ticularly for users of the DMD mask
due to the lenient outer mask require-
ments on many templates. The varia-
tion in power distribution suggests
there could be significant interoper-
ability issues between standard MMF
and other BIMMF.

Insertion loss and interoperability

A well-designed BIMMF has mini-
mal insertion loss when employed
with either standard MMF or other
well-designed BIMMF products. In
many cases the loss associated with

a homogeneous splicing of BIMMF

is superior to that of homogeneous
splices of standard MMF. The table on
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These graphs show encircled flux (EF) measurements of standard and bend-

insensitive multimode fibers under three launch conditions that span the power-
distribution range of commercially available VCSELs. The differences in EF, typically
within 1 percent under all launch conditions, indicate the bend-insensitive multimode
fibers tested were properly designed.
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page 2 shows the splice loss results of
several BIMMF produced with differ-
ent manufacturing processes. Clearly,
a well-designed BIMMF provides
equivalent loss performance to that of
a standard MMF.

The encircled-flux measurements on
other bend-insensitive multimode
fibers yield different results. Here, as
shown in the graph on the bottom,
the variation in EF values is evident
at multiple launch conditions. These
results indicate that certain bend-
insensitive multimode fibers will be
subject to significant variations in
power distribution.

Connectorization studies also vali-
date that the insertion loss of a well-
designed BIMMEF is comparable to
standard MMF for coupling of homo-
geneous fibers.

In summary, a well-designed
BIMMF' complies with all relevant
industry standards and adheres to the
following.

BIMMF OM2, OM3 and OM4 mul-
timode fibers are fully compliant and
fully backward-compatible with all rel-
evant industry standards.

BIMMF is fully

backward-compatible and may be
used with the existing installed base
of 50/125-um multimode grades
including OM2, OM3 and ONMA4.

BIMMF may be spliced or connec-
torized to conventional 50/125-um
fiber types with commercially avail-
able equipment and established prac-
tices and methods; no special tools or
procedures are required.

BIMMEF not only meets all relevant
macrobend standards, but sets a new
level of bend performance. kd
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