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With calculated EMB, SR 10G is guaranteed

By Y. Lisa Peng, John Abbott, and Doug Coleman

More than ever, higher bandwidth and
faster throughput are critical to business
operations. I'T managers have already ad-
opted 10-Gbit/sec-capable networks for
LAN backbone bandwidth aggregation
and data- center applications. It is estimat-
ed that a majority of campus backbone net-
works will operate at 10 Gbits/sec in the
next five years.
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Figure 1. Differential modal delay measurements pro-
vide the best assessment of a multimode fiber’'s modal

structure.

Both American and international stan-
dards now exist to define specifications
for 10- Gbit/sec systems. Short-reach (SR)
systems (300 m or less) take advantage
of low-cost 10-Gbit/sec VCSELs and the
high-bandwidth capacity of 50-pum mul-
timode fiber (MMF) at 850 nm. Calculat-
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ed effective modal bandwidth (EMBc) isa
new bandwidth metric that provides sev-
eral advantages in assuring robust 10 Gbit/
sec transmission performance in these SR
applications.

Need for low-cost systems
The cost and reliability of a system are
the network developer’s most important
considerations. In LAN ap-
plications, the availability of
high-speed 850-nm VCSEL
transceivers and new laser-op-
timized 10-Gbit/sec-capable
50-pm fiber has made the SR
serial multimode system more
cost-effective than alternative
singlemode (SM) approaches.
The performance of an SR sys-
tem depends on both the prop-
erties of the transceivers and the
MME. The requirements for fi-
bers and lasers are specified by
Telecommunications Industry
Association (TTA) standards. The
TIA Fiber Optic Working Group
on Modal Dependence of Multi-
mode Fiber Bandwidth (FO-4.2.1) devel-
oped the 10-Gbit/sec specifications based
on the technical needs of the link and the
manufacturing capability of the vendors to
ensure product availability and multiven-
dor interoperability.
On the transceiver side, the 10-Gbit/sec
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laser is required to have most of its power
located in the core radius between 4.5 and
19 pm. Specifically, no more than 30% of
the power should be located in the area that
is <4.5 pm of the core radius—i.e., encir-
cled flux (EF) is <30% for a core radius
<4.5 pm). That effectively limits the pow-
er launched into the lowest-order modes
of the MMF. On the other hand, the TIA
standard also requires at least 86% of the
power to be within a 19-pm core radius (EF
>86% for core radius <19 pm) to prevent
too much power being launched into the
outer diameter of the core or into the clad-
ding modes.

Given the cost-effectiveness and preva-
lent nature of 850-nm VCSEL transceiv-
ers, new MMFs are optimized at this
wavelength to achieve low-cost system re-
quirements. Different from the historical
FDDI fibers with a 62.5-pum core size and
LED sources at the 1310-nm wavelength,
50-um MMFs have inherently much high-
er bandwidth and are able to support 10-
Gbit/sec transmission at 850 nm while
simultaneously maintaining the legacy
1310-nm requirement.

The fundamental characteristicin MMF
that contributes to total system perfor-
mance is the modal structure of the fiber.
It is the interaction of the modes with the
launched light that determines the over-
all system performance. In the develop-
ment of the 10-Gigabit Ethernet standard
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EF at a particular radius is the
area up to that radius divided by
the total area under the curve.
Under the broad definition of
the EF requirement, there is a
wide range of power/intensity
distributions supplied by the
source manufacturers that offer
10-Gbit/sec 850-nm VCSELs.
That has created many chal-
lenges in trying to predict and
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Figure 2. The plot of pulse delay times versus the radial
positions reveals whether the multimode fiber under test

can accommodate 10-Gbit/sec transmission.

IEEE 802.3ae, TIA FO-4.2.1 outlined a
test procedure, TIA-455-220A, that de-
termines the modal structure of MMF.
That is called the differential modal de-
lay (DMD) method. In this procedure, the
core of the MMF under test is scanned us-
ing a well-defined SM source at the appli-
cation wavelength through a special SM
probe fiber at 1- to 2-um intervals (see Fig-
ure 1). The method determines the opti-
cal pulse delay times between the fastest
and slowest mode groups. The output is a
plot of pulse delay times versus the radial
positions, as illustrated by the typical plot
in Figure 2.

The DMD method clearly indicates the
relative delays between the modes and,
therefore, the quality of an MMF. The
DMDs need to be sufficiently small to meet
the high system bandwidth and distance
requirements for 10-Gbit/sec transmis-
sion.

Calculated EMBc methodology
System performance is the result
of the interaction between the
input source properties and fi-
ber modal structure. The former
is characterized by the source ra-
dial intensity profile and the lat-
ter by the fiber DMD profile (see
Figure 2), as measured using the
TIA-455-220A standardized test
method. From these measure-
ments of source and fiber attri-
butes, the EMB of a 10-Gbit/sec
system is calculated.

The source radial intensity is the
near-field intensity weighted by the
radial position (see Figure 3). The
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guarantee system performance
practically and mathematically.

Figure 4 shows the distribu-
tion of 10-Gbit/sec lasers con-
ceptually created for the TIA
modeling work, along with a
sample of 10 actual lasers used for an-
choring the standard. Sources #1 and #5
represent two extreme lasers, which have
power concentrated more to the center of
the core and more to the edge of the core,
respectively.

Assurance requires that the 10-Gbit/
sec system operates without failure for
these extreme cases as well as a variety of
intermediate modal distributions. Some
source manufacturers may tend to pro-
duce large-spot lasers, while others may
produce small-spot ones, and the intent
of the standards is to guarantee function-
ality for as broad a distribution of lasers
and fibers as possible. Conceptually, each
fiber could be tested with dozens of la-
sers to verify that it worked with each, but
such an approach is impractical for many
reasons. The EMBc method provides a
technique for using a specific fiber mea-
surement (the DMD) and a specific laser
measurement (EF) to predict how any fi-
ber will work with a set of lasers or how
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Figure 3. The source radial intensity profile (from the near-field intensity mea-
surement), combined with differential modal delay measurements, enable the
calculation of effective modal bandwidth.
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any laser will work with a set of fibers.

An important feature of the EMBc con-
cept is that the mode power distribution
due to the source can be represented by a
weighted sum of DMD pulses, although the
weighting is determined by the overlap of
the intensity distribution and the modal
structure of the fiber. Since any source can
be accurately represented mathematically
using a particular set of weighted DMD
pulses, all source variability and the in-
duced modal dependence of system per-
formance can be tackled mathematically.
TIA-455-220A Annex D provides a proce-
dure for generating DMD weightings from
the EF data, and a default set of weightings
is provided for the 300-m 10- Gbit/sec 850-
nm serial application based on the 10 actual
lasers depicted in Figure 4.

Incorporating the DMD information
of the fiber and the weighted sum of the
DMD launches as the source information,
the output pulse information can be calcu-
lated. The bandwidth of this laser-fiber pair
(EMBc) is then compared to the EMB re-
quirements of the system. In summary, the
main purpose of the EMBc is to ensure that
the EMB of a fiber will meet the 10-Gbit/
sec requirement for any mode power distri-
bution consistent with the conforming la-
sers. The minimum EMBc is the minimum
of the calculated EMB values for a fiber us-
ing a range of conforming lasers that spread
over the spectrum of the EF, as indicated in
transmitter sets 1-10 in Figure 4. It ensures
that the fiber will work with all types of la-
sers meeting the EF requirement.

Advantages of EMBc

Because the properties of the source and
fiber (and, more important, their interac-
tions) are included,
EMBchas manyad-
vantages compared
to other bandwidth
measures adopted
to date for guaran-
teeing a system’s
performance:

. Sound
physics base and ex-
perimental verifi-
cation. The EMBc
process integrates
the fundamental
properties of light
sources, the mode
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power distribution, and the MMF’s mod-
al structure, using the weighted DMD
pulses and fiber DMD scans. The physics
used represent the true dominant factor
of system performance, yielding accurate
analytical results. Successful experimen-
tation has been conducted to support and
verify the approach.

+ Ensures worst-case compliance. The
minimum EMBc used to specify the fi-
ber performance ensures that the MMF
will work for almost all types of quali-
fied sources, including the extreme hot-
centered and hot-outside lasers. It is
therefore a conservative and robust sys-
tem performance metric.

« Flexibility and adaptability for different

Source variability within encircled flux limitation

Characterization of TIA model sources

data rate and link length. The EMBc work
originally developed for 10- Gigabit Eth-
ernet (10-GbE) is also inherently appro-
priate for any other useful data rates and
link lengths for applications such as Fibre
Channel in data centers. As long as the
correct inputs are defined for the source
characteristics at the data rate of interest,
the system performance can be predicted
using the same calculation methodology
reliably.

+ Standards compliance and multivendor
support. EMBc is a method widely sup-
ported by many fiber, component, and
system vendors. Broad consensus was ob-
tained during its adoption into the TIA
and 10-GbE standards. This method is
in the process of being adopted
by International Electrotechni-
cal Commission as an interna-
tional standard.
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Figure 4. The wide variability of source properties
highlights the importance of calculated effective modal

bandwidth measurements.
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19 of various protocols. The pro-
posed combinations include
1.25 Gbits/sec for 600 and 1,000
m, 2.125 Gbits/sec for 300 and
600 m, and 2.488 Gbits/sec for
300 and 600 m. Also mentioned

Application

were 10 Gbits/sec at 150 and 600 m.

The discussions are focusing on deter-
mining the fiber assumptions and laser-
source mode power properties as major
inputs to the model. The latter is impor-
tant because it is generally believed the
1-Gbit/sec VCSELs have a larger spot
size than 10-Gbit/sec VCSELs, render-
ing very different mode power distribu-
tions between the two. It is also agreed
that the scope should include all of the
50-um MMFs ranging from 500 to 2,000
MHzkm. A round-robin experiment may
be proposed for final verification.

Driven by continuous bandwidth needs
from the desktop in enterprise networks,
10-Gbit/sec systems are quickly being ad-
opted by I'T managers for campus backbone
and corporate data centers. The SR ap-
proach using 850-nm VCSELs and the 50-
pm laser-optimized MMF provides the
most cost-effective method to meet the
need. The EMBc metric offers the best per-
formance guarantee for robust 10- Gbit/sec
SR system transmission, and this metric is
poised to be widely adopted for other bit-
rate and link-length applications.
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analysis, Coming Inc. (Coming, NY); and Doug
Coleman s manager of strategic technology at
Coming Cable Systems (Hickory, NC)
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