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Multimode fiber cable

is the solution of choice
for handling the growing
data volumes carried by
modern LAN systems.
First, it enables the use of
inexpensive transmitter
and receiver components
not supported by single-
mode fibers. Second,
multimode fibers need
considerably less exacting
coupling technology.
However, multimode fibers
have a larger core dia-
meter and significantly
greater numerical aperture
than the single-mode
variety, and this leads to
modal dispersion
problems. The solution is
to use graded-index
multimode fibers.
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The use of an approximately
parabolic refractive index
profile in graded-index multi-
mode fibers reduces modal
dispersion by more than two
orders of magnitude as com-
pared to step-index fibers.
Graded fiber cable thus com-
bines the advantage of prac-
tical coupling technology with
high bandwidth. In graded-
index fibers the effective
bandwidth is limited by modal
dispersion, i.e. propagation
time delays between the
modes. In addition the band-
width depends on the launch

conditions of the mode at
the input end of the fibers.
For example, a graded-index
multimode fiber launched with
a laser may achieves a higher
bandwidth than one launched
using a LED (light-emitting
diode).

LED sources are used for trans-
mission at the data rates of up
to 100Mbit/s that are cus-
tomary in Fast Ethernet net-
works. Laser sources are spe-
cified for the higherspeed
Gigabit Ethernet (GbE) sy-
stems with data rates of up to
1Gbit/s. The new laser-opti-
mized 50/125pm multimode
fibers that have recently be-
come available support serial
transmission at 10Gbit/s over
a link distance of up to 300m
using a transmission wave-

length of 850nm/'/.

The modal bandwidth
of conventional fibers

The product of the bandwidth
and its length defines the in-

formation carrying capacity
of a multimode fiber. Tradi-
tionally, when measuring
the bandwidth of a multi-
mode fiber, the overfilled
launch (OFL) is used. Overfil-
led launch is assumed for all
core modes when determi-
ning this modal bandwidth.
This simulates the launch con-
ditions achieved when a LED
source is used. In the past,
overfilled launch has always
been postulated for all core
modes in these calculations
because a conservative de-
termination of effective band-
width is only possible for gra-
ded-index fibers under these
launch conditions.

The standard measurement
procedure for determination
of the bandwidth of a multi-
mode fiber with overfilled
launch is summarized in IEC
60793-1-41 (Measurement
Methods and Test Procedures
- Bandwidth). The general
transmission performance of
a graded-index multimode
fiber can also be characte-
rized by determining the dif-
ferential mode delay (DMD)
across the core cross-section

of the fiber.

VCSEL sources for
Gigabit Ethernet LAN
applications

Vertical-Cavity Surface Emit-
ting Lasers (VCSELs) are a
new type of surface-emitting
semiconductor lasers. Their
rotationally symmetrical ac-
tive zone enables output that
is likewise rotationally sym-
metrical. This facilitates better
launching into glass fiber
cable. The VCSELs are beco-
ming increasingly popular as
light sources in optical com-
munications systems, especi-
ally for the first optical win-
dow at 850nm. It is because,
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Template Inner DMD Mask Outer DMD Mask

Number (Ripner=5pm, R, 1e,=18pm) (Rinner=0pm, Ry e, =23pm)
(ps/m) (ps/m)

1 <0.23 <0.70

2 <0.24 <0.60

3 <0.25 <0.50

4 <0.26 <0.40

5 <0.27 <0.35

6 <0.33 <0.33

by the nature of their design,
VCSELs can be processed
and tested in a wafer, which
makes them an inexpensive

light source/2/.

Both the emitting surface and
the numerical aperture of
VCSELs are significantly smal-
ler than those of an LED
source. The emitted light can
thus be coupled into the glass
fibers efficiently and without
expensive corrective optics.
This makes them the ideal
choice for transmission sy-
stems using multimode fibers.
It ist well-known that LEDs ha-
ve a relatively large numerical
aperture (NA) and a relatively
large emitting surface, lasers
have both a significantly smal-
ler numerical aperture and a
smaller emitting  surface.
When an LED launches light
info a multimode fiber it irra-
diates the entire fiber core
and consequently excites all
core modes. In contrast, lasers
like the VCSEL only irradiate a
section of the core center, thus
exciting only a fraction of the
possible core modes.

Graded-index
fibers for data rates
up to 1Gbit/s

On closer examination the
bandwidth figures calculated
on the basis of full excitation
of a graded-index fiber prove
to be less applicable to the
behavior of transmission sy-
stems using lasers as the light

Fig. 1: Results of
a DMD measurement
(Differential Mode Delay)

source. If one assumes an
ideal gradient refractive in-
dex profile the smaller num-
ber of excited modes should
result in less modal dispersi-
on, thus enabling a higher ef-
fective bandwidth.

This is not always possible,
however, because of refrac-
tive index degradation in the
important core center zone
caused by dips (refractive in-
dex falloffs in the fiber cen-
ter), flat tops (flattening of the
profile curve in the core cen-
ter zone) and peaks (profile
peaks). If a radially limited la-
ser signal is fed into a degra-
ded profile area one can thus
expect signal deformation
and an increase in the bit er-
ror rate.

To solve this problem IEEE
802.3z suggests the use of
mode conditioning patch ca-
bles. In these cables a gro-

Table 1
Specifications of the six
DMD templates on the
basis of ICE 60793-1-49
or FOTP-220

ded-index fiber is spliced to a
singlemode fiber with at a
radial offset, so that the light
to be transmitted is deflected
info undegraded outer profile
areas of the graded fiber.
These mode conditioning
patch cables are not needed
when laser-optimized multi-
mode fibers are used. Fibers
used in GbE systems must be
tested for system conformity.
The standardized testing pro-
cedure calls for a defined, re-
stricted mode launch (RML) in
the core center area. The test
procedure is documented in
the FOTP-204 standard.

RML conditions are establis-
hed by connecting a mode
conditioning fiber patch cord
with @ numeric aperture of
0.208 and a core diameter
of 23.5pm between the source
and the receiver. This simu-
lates the special, selective
mode excitation conditions of
a standard VCSEL and ensu-
res that the application-speci-
fic transmission performance

is maintained for the tested fi-
bers at data rates of 1Gbit/s.

New graded-index
fibers for data rates
up to 10Gbit/s

The 10 Gigabit Ethernet Alli-
ance has defined a minimum
effective modal bandwidth of
2,000MHz*km at 850nm for
10Gbit/s transmission via
multimode fibers, in order to
ensure a link length of
300m/'/. When calculating
the effective bandwidth in
these systems — in contrast fo
the methods for determining
bandwidth in systems with
full core excitation — one must
take into account the interac-
tion between the launch cha-
racteristics of the source and
the mode structure of the mul-
timode fibers.

IEC Standard 61280-1-4 and
the FOTP-203 standard de-
fine the output distribution of
the VCSEL source in such a
way that the core cross-
section around the core cen-
ter and the core in the
core/cladding interface are
not over-excited. This means
that a source that is coupled
to a 50pm fiber core is de-
signated by the following en-
circled flux (EF):
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< 30% of the total encircled
flux lies within the radius in-
terval from O - 4.5pm, and
> 86% of the total encircled
flux lies within the radius in-
terval from O - 19pm

The modal delay performance
of the new multimode fibers
for 10 GbE applications is
characterized by six DMD
templates. The measurement
of the fiber's DMD and clas-
sification under the appro-
priate template are perfor-
med on the basis of IEC
60793-1-49 or FOTP-220.

For the DMD measurement
the entrance end of the fibers
to be tested is scanned radi-
ally with a single-mode fiber
at a wavelength of 850nm
(see Fig. 1). The correspon-
ding output pulses at the other
end of the fibers are recorded
integrally on the basis of their
locations in relation to the
radial position of the single-
mode fiber. This provides pre-
cise information on the modal
delay differences between
the selectively-excited mode
groups at the various radial
offsets. The DMD scans are
then evaluated on the basis of
the six predefined templates
shown in Table 1, with a
threshold of 25 percent. If the
time differences lie below the
specified limits in at least one
of the six DMD templates
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Fiber Type Core Diameter Minimum Minimum Minimum Effective
(pm) Bandwidth*Length Bandwidth*Length Bandwidth*Length
(850nm, OFL) (1300nm, OFL) (850nm, RML)
(MHz*km) (MHz*km) (MHz*km)
OM1 50/125 200 500 not spec.
62.5/125
OM2 50/125 500 500 not spec.
62.5/125
OM3 50/125 1500 500 2000
Table 2

The ISO/IEC 11801
classifications of
glass fiber cables

there is a high probability that
the tested multimode fiber
conforms to the 10 GbE crite-
ria. Modern, high-resolution
DMD measurement equip-
ment provides precise data
on the time differentials be-
tween mode groups excited
at the various radial offsets
(see Figs. 2 and 3).

The Hamamatsu instrument
used by FiberCore Jena emits
very short light pulses
(<100ps) that enable the per-
formance of measurements
with an extremely fine tempo-
ral resolution. When a streak
camera is used as the receiver
it is also possible to perform
measurements on fibers with
lengths >10km (see Fig. 4).

Fiber classes and
selection of fibers for
GbE applications

Until recently 62.5/125pm
graded-index fibers were the

Fig. 2: Measurement
results of a fiber suitable
for 10 Gbit systems
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predominant choice for LAN
applications in many locati-
ons, particularly in America,
despite their higher price.
The advantages of this fiber
type over the 50/125pm gra-
ded-index fibers that are
widespread in Europe are es-
pecially pronounced in LED-
based transmission systems.
In these applications more
optical power can be
launched into the larger core
diameter. However, fiber at-
tenuation is also higher, and
this partially offsets the laun-
chable power benefits. The
higher numeric aperture and
the larger core diameter
mean that a larger number of
core modes are excited,
which generally results in
greater modal dispersion
and thus also lower band-
width. The 62.5/125pm fi-
bers still have certain advan-
tages over 50/125pm fibers
as regards sensitivity to
microbending and macro-

bending.

In Gigabit Ethernet systems
that use partial excitation by
means of lasers the benefits

of the greater launchable
power are no longer signifi-
cant. The IEC designation for
the new laser-certified fibers
for 10 GbE is Al1a.2, and the
new glass fiber type classifi-
cation (see Table 2) desi-
gnates them as OM:3 fibers.

Summary

The new multimode fibers for
use in 10 GbE systems are
characterized by optimizati-
on of the refractive index pro-
file in the area close to the
core center and the central
radius area for a transmissi-
on wavelength of 850nm.
This has made it possible to
reduce the modal delay diffe-
rentials so far that the fibers
conform to the DMD temp-
lates of the IEEE 802.3ce
standard. These new fibers,
which are also known as lo-
ser-certified or laser-optimi-
zed, are the fibers of choice
for new cable in LAN ap-
plications in the up to 300m
ranges. These new fibers are
also future-proof because
they are equally suitable for
LED and laser applications.

Fig. 3: Measurement
results of a fiber not suitable

for 10 Gbit systems
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Traditionally, the transmission
capacity of multimode fibers
has been designated by
their modal bandwidth, de-
termined under overfilled
launch conditions. With the
transition to laser sources, Pl G ik
which cause selective mode

excitement, this method has

proved to be inadequate as .
the sole characterization for Fig 4:
the fiber media. The introduc- 'Schemahc T
tion of DMD measurement diagram of
technology with exceedingly the Hamamatsu .
high temporal resolution and instrument L P ]: e
the definition of acceptable setup

modal delay differentials in e ’.7
templates have now provided

a reliable foundation for clas-
sification of MMF suitable for S

use in 10 GbE systems. D
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Im Semmicht 1

D-07751 Jena, Germany
Tel.: +49-3641-610 100

As one of the leading independent global supplier of high

performance optical fibers, FiberCore is an attractive business Fax: +49-3621-610 101
partner who concentrates on its core business - without E-Mail: info@fibercore.de
competing for your cable or component business. wwwfibercore.de

Besides competence and reliability, FiberCore provides
individual customer service, short times of delivery, and

personal commitment - at any time.

FiberCore offers the full scope of fiber products: Standard
Multimode and Singlemode fibers, high-performance
Multimode fibers for 10 Gb Ethernet as well as specialty
fibers for customized applications.

Independence




