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The most important feature of an optical fiber waveguide is
its bandwidth, which defines its information-carrying capac-
ity. A major limitation on the bandwidth of multimode glass
and plastic optical fibers is modal dispersion, in which dif-
férent optical modes propagate at different velocities and the
dispersion grows linearly with length. However, in plastic
optical fibers, experimental and theoretical results indicate
that the modes are not independent but are highly coupled,
which leads to a characteristic square-root length dependence
and an unanticipated large enhancement of the bandwidth to
gigahertz levels. The ever increasing demands for low-cost,
high-bandwidth communications media for voice, video, and
data transmission in short- and medium-distance applications
are generating a new assessment of multimode optical fibers
to serve as high-speed fiber links.

Optical communication systems based on glass optical fibers (GOFs)
allow communication signals to be transmitted not only over long

distances with low attenuation but also at extremely high data rates, or

bandwidth capacity. This capability arises from the propagation of a
single optical signal mode in the low-loss windows of glass located at
the near-infrared wavelengths of 0.85, 1.3, and 1.55 um. Since the
introduction of erbium-doped fiber amplifier (EDFA), the last decade
has witnessed the emergence of single-mode GOF as the standard data
transmission medium for wide area networks (WANSs), especially in
terrestrial and transoceanic communication backbones. In addition,
the bandwidth performance of single-mode GOF has been vastly
enhanced by the development of dense wavelength division multi-
plexing (DWDM), which can couple up to 40 channels of different
wavelengths of light (colors) into a single fiber, with each channel
carrying gigabits of data per second. Moreover, in a recent demon-
stration by Lucent Technologies, signal transmission of 1 terabit (10'2
bits) per second was achieved over a single fiber on a 100-channel
DWDM system. Enabled by these and other technologies, the band-
width capacities of the communication networks are increasing at
rates of as much as an order of magnitude per year.

The success of the single-mode GOF in long-haul communication
backbones has given rise to the concept of optical networking, which
is a central theme currently driving research and development activ-
ities in the field of photonics. The main objective is to integrate voice,
video, and data streams over all-optical systems as communication
signals make their way from WANs down to smaller local area
networks (LANSs), and eventually to the end user by fiber to the
desktop (FTTD). Examples are the recent explosion of the Internet
and use of the World Wide Web, which are demanding vastly higher
bandwidth performance in short- and medium-distance applications.
However, the single-mode GOF core is typically only a few microme-
ters in diameter. Yet as the optical network nears the end user starting
at the LAN stage, the system is characterized by numerous connec-
tions, splices, and couplings that make the use of thin single-mode
GOF impractical. Current solutions depend on multimode GOF with
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a larger core diameter (typically 50 or 62.5 wm) to ease these fiber
connection and systems installation issues. However, the increased
fiber diameter is accompanied by an increase in the number of optical
signal modes to many tens of thousands and consequent optical pulse
broadening. The unwanted pulse broadening is due to modal disper-
sion, in which different modes (light paths) within the fiber carry
components of the signals at different velocities, ultimately results in
pulse overlap and a garbled communications signal. Additional pulse
broadening contributions from wavelength-dependent dispersion (ma-
terial dispersion) and intramodal (waveguide) dispersion due to the
wavelength dependence of the modal group velocity also occur, but to
a lesser extent than modal dispersion (/). To overcome and compen-
sate for modal dispersion, the refractive index of the fiber core is
graded parabola-like from a high index at the fiber core center to a low
index in the outer core region, so that the high-order and low-order
modes inside the fiber travel at the same group velocity (2, 3).

GOF is brittle and fragile at large core diameters; hence, plastic
optical fiber (POF) (Fig. 1A) is being seriously considered as a
high-bandwidth fiber link for certain short-distance applications be-
cause of its ductility and large core diameter (1 mm). Similar to its
GOF counterpart, the bandwidth performance of multimode POF is
limited by modal dispersion of the signal pulses. This problem can be
alleviated by forming graded-index (GI) POF that has a parabola-like
index profile.

In this article, we discuss a different approach to overcoming
dispersion that also leads to improvements in the bandwidth of POFs.
Rather than trying to force all of the modes to travel at the same
velocity, we studied the approach of mode coupling, or mode mixing
(4-6). Recent experiments on POFs in our research group have
revealed unanticipated large enhanced bandwidths due to random
index perturbations and mode coupling (7, 8), which is our main topic
here.

Modal dispersion in the optical fiber waveguide is reduced through
mode coupling by allowing the energy packets of the input signal
pulse to occupy different modes at different times as they are propa-
gating down the waveguide. These conditions can occur by way of
random perturbations along the propagation direction of the fiber
waveguide. The perturbations induce coupling between the different
modes and cause the energy packets to randomly switch modes back
and forth, much as automobiles usually interchange lanes during
natural traffic flow. In the presence of mode coupling, the modes are
no longer independent, and the energy packets in each mode now
travel at an averaged group velocity to arrive essentially at the same
time at the output end of the waveguide. As a result, the pulse
broadening of the output pulse is markedly reduced. With mode
coupling, pulse broadening varies only as a characteristic square-root
function of the fiber length, as opposed to following a linear depen-
dence (4-6). A beautiful example of this characteristic square-root
length dependence of pulse broadening is based on a simple random
walk model of pulse propagation down a one-dimensional waveguide.

Mode Coupling Models

A light pulse propagating in the fiber consists of many energy packets
that are distributed over all guided modes. After a certain waveguide
length, or coupling length L_, has been traversed, the relative energy
packet population in each mode no longer changes with propagation
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length. The waveguide system is then in the strongly coupled regime
and has established an equilibrium mode distribution (EMD). We
consider a fiber of sufficient length L > L_ consisting of n segments,
each of length /. This intrinsic length characterizes the coupling
strength of the fiber and can be imagined as the mean free path of the
energy packets, that is, the average length an energy packet travels in
a mode before it is coupled to another guided mode. For convenience,
we first use three discrete guided modes, labeled 1, 2, and 3, and will
later generalize our results to a large number of modes.

For an energy packet traveling through the fiber, », is the number
of segments in which the packet stays in mode i, and p, is the
probability that an energy packet is found in mode i under EMD
conditions. The group delay time ¢ is then t = 22_,n /v, where v, is
the group velocity associated with mode i. A useful measure of the
pulse broadening is the root mean square (rms) width of the group
delay time distribution:

o = () - @ (H
Because 3°_ n, = nand 2>_ p, = 1, the average group delay time (r)
is

<t> = 2 n!

4N ZS p?(

nl n,l n3l>
S + = + =
n oy Ry A2 Ry vy V2 V3
- n,(e_l s B2y 12) @)
Vi V2 V3
and
n! ml nl  nsl\?
D = —_— pti pt2 gl — 4+ — 4
SR "nzn minyinyl P P2 p3(v1 v, vy
[ A ]

302

pin(n — 1) + pn
> + 2n(n — 1)2v—
i=1 Vi iwj

By substituting Eqgs. 2 and 3 into Eq. 1, we find that
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The result can be generalized to the case of a large total number of

discrete modes M:
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The above result can be extended to a continuous mode spectrum,
where p(m) is the probability distribution function:
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Hence, within the framework of the random walk model for mode
coupling, the pulse broadening in the strongly coupled regime is
proportional to the square root of the fiber waveguide length.

The types of random perturbations in an optical fiber waveguide
can be divided into two classes (6). The first class is intrinsic
and may include static and dynamic fluctuations, such as the
density and concentration fluctuations natural to random glassy
polymer materials. The second class is extrinsic variations such as
microscopic random bends caused by stress, diameter variations,
and fiber core defects such as microvoids, cracks, or dust particles.
The perturbation classes can be represented by a general index
perturbation dn%(r,8,z) = n?(r,0,z) — n?(r), where n(r) is the ideal
index profile and r, 8, and z are cylindrical coordinates represent-
ing the radius, azimuthal angle, and distance along the fiber axis,
respectively. The power spectrum of the perturbation is then
defined as

L 2
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where L is the fiber length, and the large angle brackets indicate an
ensemble average (because the perturbations are random in nature).
Coupling between modes i and j can occur only if the ensemble
contains perturbations with a spatial frequency component w such that
the following phase-matching condition for the propagation constants
B, and B, is met (2):

From extensive studies (5, 6), mode coupling is found to occur
predominantly between adjacent modes because, for most random
perturbations, the power spectrum is a strongly decreasing function of
. For an a-class index profile
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where a is the fiber radius, n, is the refractive index at the
central core, n_ is the refractive index at the cladding region, A =

=
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Fig. 1. (A) Confocal image of a thickly cladded SI POF sample. The fiber core was doped
with fluorescent dye to enhance image resolution. (B) Measured differential mode delay
profile normalized to length of a 12-m SI POF (dots) as a function of normalized mode
number (m/M), which is related to the incidence angle (with respect to the fiber axis)
through the relation m/M = [sin(6)/sin(_)]? where 0_is the acceptance angle of the
fiber and least-squares fit (solid line) with slope of 0.24 * 0.01. The linear dependence
of the data indicates a nearly ideal step-like index profile. (C) Optical pulses from laser

diode light source (left), a 50-m PMMA-based S| POF (middle), and a 100-m PMMA-
based G| POF doped with benzyl benzoate (right). The intensity has been normalized. The pulses were offset at different times for illustrative clarity.
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(n2 — n?)/(2n2) is the relative index difference, and « is a positive
exponent. A step-index profile is a specific case of a-class index
profile (@ — o). The propagation constant 3 can be expressed as

B = nek[l — 2A(m/M)iarD]y2 (10)

where k, = 2m/\ is the free-space wave number, m is the mode
ordering number, and M is the total number of guided modes (so that
the ratio m/M is the normalized mode number). The number of modes
supported by the fiber is given by

M= — n2k 2027 3
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Thus, the spectrum that causes mode coupling between guided modes
lies in the range
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If the perturbation period A is defined as
A= T 14
== (14)

then A is ~9.7 mm for a parabolic GI POF with ¢ = 250 um and A =
0.013, and A is in the range of 6.2 mm to 10.4 m for a typical cladded
step-index (SI) POF with a = 480 pm, A = 0.06, and A = 0.65 pm. For
comparison, A is ~1.3 mm for a parabolic GI GOF and in the range of
0.9 to 41 mm for a SI GOF with ¢ = 30 pm, A = 0.01, and A = 0.65
pm. In general, for a-class index profiles with o ranging between 2
(parabola) and oo (step index), the greater the a value, the wider the A
spectrum of perturbations that can contribute to mode coupling. In
addition, a much wider and longer spectrum of perturbations can appear
in a POF because of its larger core diameter relative to glass fibers.

Under mode coupling conditions, the power flow in each mode is
governed by the coupled power equation

a, 2
= = 2 dylPi = P) = P (15)
j=1

(6), where v, is the loss coefficient due to absorption and scattering,
P, is the average power associated with the ith mode, and d,; is the
coupling coefficient for a transition between modes i and j. The coupled
power equations represent an energy balance in that, on the right-hand
side, the total gain in power minus the total loss in power due to mode
coupling, minus attenuation of mode i, is equal to the total change in
power per unit length in mode 7 on the left-hand side. In actual cases,
several approximations are made to simplify the expression—namely,
that the large volume mode spectrum is treated as continuous and that
coupling takes place only between adjacent modes (6). There are simple
closed-form solutions that explicitly show that the pulse broadening is

* proportional to the square root of the fiber length.

For the case of a SI fiber waveguide, in the framework of geo-
metric optics (that is, under ray approximation), different modes
zigzag down the fiber with different propagation angles with respect
to the fiber axis. Thus, the mode spectrum can be characterized by the
continuous variable 6. Along with the assumption that the coupling
coefficient is mode-independent [that is, d(8) = d], Eq. 15 reduces to
the following diffusion equation in terms of 6 (6, 9):

= A92P+Da eaP
dz 096\ 96

(16)
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where P(6,z) is the angular power distribution, D is the mode con-
version coefficient, defined as

D = dy(\4ans)* a7

and A4 is the second-order coefficient of the mode-dependent loss
coefficient y(0), defined as

v(®) =v, + 40>+ - (18)

Thus, the coefficients 4 and D can be experimentally determined directly
through simple angle-dependent measurements of the input light.

Mode Coupling in Step-Index Plastic Optical Fibers

There are several different techniques to analyze the bandwidth
properties and performance of a multimode optical fiber waveguide.
These include the Wentzel-Kramers-Brillouin (WKB) approximation
(10), Rayleigh-Ritz, power-series expansion, and finite-element meth-
ods. For a SI fiber with its constant refractive index core, one can
obtain closed-form analytic results from the scalar wave equation for
the case of cylindrical symmetry (/1):

1d dR - . 12 3
’—E r; + n(r)kO*B *rjR—O

where n(r) is the refractive index, v is the azimuthal mode number (a
non-negative integer), and R(#) is the scalar component of the electric
field.

We probed the index profile of a SI POF at high resolution by
measuring the differential mode delay time (DMD), which is highly
sensitive to extremely small feature sizes in the index profile (/7).
DMD measures the time delays of small guided mode groups
launched down the fiber from specified launch angles at the fiber
input end (/2). The DMD as a function of normalized mode number
(m/M) is shown in Fig. 1B for a typical SI POF sample. The calculated
index profile for the SI POF is n, = 1.492 *+ 0.001 (for » < 480 m)
and n, = 1.420 = 0.004 (for » > 480 um). On the basis of these
results, the analytical equations yield a calculated bandwidth of 27 =
3 MHz for a fiber length of 100 m, which also agrees with the results
from WKB approximation and finite element analysis. However, this
value differs by a factor of 3 from the experimentally measured
bandwidth of 80 = 10 MHz for 100 m (Fig. 1C) (/3). We attribute the
bandwidth difference between the measured value of 80 MHz and the
profile-determined value of 27 MHz to strong mode coupling that
effectively increases the bandwidth.

A direct test for the presence of strong mode coupling is to
measure the length dependence of the fiber pulse broadening, given as
o « L* Again, in the strongly coupled regime where EMD is
established, pulse broadening increases as the square root of length,
rather than as the usual linear dependence. Figure 2A shows a log-log
plot of the optical pulse broadening in a typical high-quality SI POF
with a numerical aperture (NA) of 0.51 versus the fiber length of <50
m for four different launching conditions. A least-squares fit yields o
=0.99 = 0.01 for NA = 0.12 and o = 0.97 * 0.02 for NA = 0.25.
These results indicate that for these underfilled launching conditions,
the pulse broadening is essentially a linear function of fiber length and
the system is in the weakly coupled limit. In contrast, when the light
is coupled in with a high-NA launch and most of the mode volume is
excited, the length dependence of the pulse broadening shows two
distinct regions in Fig. 2A. In the first region, a least-squares fit yields
a =097 = 0.03 for NA = 0.40 and o« = 0.96 *+ 0.10 for NA = 0.65,
indicating that mode coupling is far from complete. In the second
region, the measured data indeed exhibit strong mode coupling be-
havior, with pulse broadening slowing down markedly and the fit
producing o = 0.54 = 0.01 for NA = 0.40 and o = 0.57 = 0.01 for
NA = 0.65, near the ideal value of a = 0.5. The results demonstrate

(19)
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good agreement between theory and experiment.

The coupling length L_, which marks the crossover from weakly to
strongly coupled regimes, is ~15 m (Fig. 2A). Furthermore, from the
length dependence of pulse broadening, the ratio of the bandwidths in
the presence and absence of strong mode coupling is related to the
coupling length L _ and propagation length L through the expression

= _ = 20
Lc - BwO ( )

where B and B, are the bandwidths in the presence and in the
absence of strong mode coupling, respectively. This relation, com-
bined with the calculated bandwidth of 27 = 3 MHz, gives the
predicted bandwidth of ~70 = 8 MHz for a fiber length of 100 m, in
agreement with the experimental value of 80 = 10 MHz for 100 m.

Additional evidence of strong mode coupling is given by far-field
radiation patterns of SI POF (9). Figure 2B shows angular scans of the
far-field intensity under a variety of launch conditions for a typical SI
POF with NA = 0.51 (/4). For each experiment, light was launched
into the fiber at a specified input angle with respect to the fiber axis.
When light was launched into the fiber under high-NA conditions, the
output distribution consisted of a disk, regardless of the incident
angle, which demonstrates that mode coupling is complete and the
EMD condition is achieved.

Measurements of the length dependence of the far-field inten-
sity revealed the crossover from strongly coupled to weakly cou-
pled regimes in SI POF. As the fiber was cut back toward the
coupling length L_ with all other conditions remaining the same,
angular scans of the fiber output at first became increasingly
sensitive to the launch angle, indicating that light propagation was
starting to stray from EMD. At shorter lengths near L_ and below,
a sharp, distinct ring was observed at high scanning angles (Fig.
2C) that arose from a weakly coupled condition in which only a
group of higher order modes were excited. Mode coupling was no
longer complete under these conditions.

The transition from disk to ring in far-field patterns with increasing
launch angle provides a method for determining the strength of the
mode coupling. Following from Eq. 16, the transition angle 0, is
related to the fiber length L and coupling coefficient d,, through the
relation

1
2

(9). In a log-log plot of the measured transition angle as a function of
fiber length (shown with a least-squares fit in Fig. 3), the slope is

log8, = slogl + log2D"? (1)

Fig. 3. Log-log plot of
transition angle as a
function of fiber
length (L) (solid cir-
cles) and least-
squares fit (solid line)
following Eq. 21, with
D = 0.562 £ 0.008 X
1072 from Eq. 21.
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0.53 = 0.01, demonstrating good agreement between theory and
experiment. From Eq. 17, the coupling coefficient d,, is found to be
1.09 = 0.02 x 10* m™. The coefficient d, for POFs is about two
orders of magnitude larger than that typically found for GOFs; hence
the L_ for POF is much shorter than that for GOF.

Mode Coupling in Graded-Index Plastic Optical Fiber

A GI POF provides a multimode waveguide in which modal disper-
sion is compensated by both mode coupling and the graded index (7,
8). The GI profile is formed by interfacial gel polymerization in a
solid preform before fiber melt drawing (/5). The interfacial gel
method relies on selective diffusion of a low—molecular weight mono-
mer together with heavier dopant molecules of higher refractive index
in a polymer gel phase. The final material diffusion profile is fixed
spatially by complete polymerization of the monomer, resulting in a
graded refractive index profile. However, the resulting index profile
for a typical polymethylmethacrylate (PMMA)-based GI POF sample
(Fig. 4A) is only partially graded, even though GI POFs consistently
exhibit multigigahertz bandwidth performance. From fast Fourier
transforms of measured output pulses (Fig. 1C), the bandwidth was
determined to be 3.0 = 0.4 GHz for a fiber length of 100 m. As
described below, the enhanced bandwidth is due to mode coupling
arising from random perturbations in the core index.

Detailed analysis of the GI profile requires DMD fiber measure-
ments. The DMD as a function of fiber radial position is shown in Fig.
4B for a typical GI POF sample. The important feature is that the
DMD profile shows the fiber core containing two major optical
regions. Starting from the fiber center (» = 0), the central core region
extends over 0 < r < r,. The second region is the core-cladding
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Fig. 2. (A) Log-log plot of pulse broadening as a function of fiber
length (L) at different launching numerical apertures (NA) for SI POF
sample and least-squares fit (solid lines) to o « L® (7). The pulse
broadening (o) is determined by ¢ = (12 — 13)"/2, where 7, and 1, are
the FWHM of the light source and fiber output, respectively. (B)
Far-field radiation disk patterns from a 30-m SI POF (NA = 0.51)
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when a collimated light beam was launched into the fiber with a
high-NA (0.40) microscope objective. Symbols denote different angles
between the center of the incident light beam and the fiber axis (7).
(C) Far-field radiation patterns for a 10-m SI POF in the weakly
coupled regime, showing characteristic ring formation at 20° and 25°
input angle (7).
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region, ranging over r, < r < a. The central core region maintains a
negative slope with increased fiber radial position. Thus, the outer
modes travel faster than the inner modes, indicating that the refractive
index profile in this region overcompensates the modal dispersion. In
the core-cladding region, the DMD exhibits a positive slope through-
out, and modal dispersion is undercompensated in this region.

The DMD data were used to analyze the index profile, which is
approximated with multi-a values as

r a;
n(r) = \/nf - (nz - n?)((—z—)

where n; and n_ are fixed in the fitting process, and i denotes each
index profile section delineated by the DMD data. Figure 4A dem-
onstrates good agreement between the experimentally measured index
profile and that calculated from Eq. 22. The index profile contains two
broad, optically distinct regions of central core (0 < r < r,) and of
core cladding (r; < r < a). The central core is near parabola-like with
an a value near 2, whereas the core-cladding region connects steeply
to the cladding, reminiscent of low-bandwidth multimode SI fiber
with a large o value.

The DMD profile reveals direct evidence of mode coupling caused
by random index perturbations in the core. In approaching the clad-
ding boundary, the experimental data turn over from a large positive
slope to one that is nearly flat. This important feature is further made
evident in analysis of the DMD profile calculated from the index
profile through the WKB approximation,

(22)

m(B.ko) = J' [n*(rks — B*Irdr (23)
0

om/on; dn;
am/aB dk,

T
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T cdky ¢ am/af

am/aB dk,
(24)
where m is the number of modes above the propagation constant (3, T
is the group delay time, and r, is determined by n(r,) = B/k,. The
solid curve in Fig. 4B is the resulting calculated DMD profile for
guided modes and stands in good agreement with experiment, espe-
cially for lower order modes in the central core region. That the lower
order modes are not severely affected by mode coupling is explained
by the index profile in this region, which is nearly parabolic with a
small a value. Hence, following Eq. 13, only a narrow, sparse
spectrum of perturbations is available to induce mode coupling. In

contrast, the index profile in the core-cladding region is step-like with
a large o value and, as a result, from Eq. 13, there is a much more
broad and dense spectrum of perturbations for mode coupling. In this
second region, the measured positively sloped DMD turned over to a
nearly flat profile, resulting in a large divergence between the calcu-
lated and measured group delay times for the outermost guided
modes. The outer modes are the most highly dispersive, having a large
influence on the observed fiber bandwidth. By coupling and mixing
with high—group velocity inner modes, the group delay times of the
outer modes are markedly reduced, and the observed pulse broadening
is thus effectively decreased.

The pulse broadening represented by the impulse response func-
tion A(7) is calculated from the measured refractive index profile and
group delay time 7T in the WKB approximation,

dm

W) = plm)| o] (25)
where p(m) is the modal power distribution, which is determined
by differential mode attenuation measurements. The equations
assume that mode coupling is not present. The bandwidths calcu-
lated from the Fourier transform of the impulse response function
h(t) for different GI POF samples are always nearly an order of
magnitude smaller than the measured bandwidths. Thus, for exam-
ple, the calculated bandwidth for the fiber sample of Fig. 4A is
only 0.43 GHz for a length of 100 m, whereas the measured value
is 3.0 £ 0.4 GHz for 100 m.

As in the case of SI POF, the presence of strong mode coupling in
GI POF is clearly evident in the dependence of pulse broadening on
fiber length, given as o = L*. A log-log plot of the experimentally
determined pulse broadening as a function of fiber length is given in
Fig. 4C for a typical GI POF sample, along with a least-squares fit.
The measured data indeed exhibit strong mode coupling behavior with
the experimental value o = 0.6, close to the ideal strong coupling
limit of @ = 0.5 and far from the weak coupling linear dependence of
a =1

The coupling length L_ of GI POF is relatively short, near 2 m, as
calculated from Eq. 20. The relatively short coupling lengths for SI
POF and GI POF contrast markedly with the kilometer-long coupling
lengths characteristic of GI GOF. The shorter coupling lengths L_ in
POF, together with the large magnitude measured for the mode
coupling coefficient d,,, reflect intrinsic large fluctuations in density
and concentration in addition to the usual extrinsic random perturba-
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o L* (8), with @ = 0.6 * 0.1.
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Fig. 4. (A) Comparison of index profiles experimentally measured (dots) by transverse inter-
ferometric method (8) and calculated from Eq. 22 (solid curve) with a, = 346.3 pm, o, = 2.06
for 0 < r < 157 pm; a, = 273.1 pm, o, = 2.96 for 157 pm < r < 217 um; and a; = 254.5 pm, a; = 4.26 for 217 um < r < 255 um. (B)
Comparison of measured differential mode delay normalized to length as a function of the fiber scanning position (r) for a PMMA-based Gl POF
(dots) and calculated differential mode delay profile (solid curve) from multi-a profile by Eqgs. 23 and 24. (C) Log-log plot of pulse broadening
as a function of fiber length for a typical PMMA-based Gl POF doped with benzyl benzoate (solid circles) and least-squares fit (solid line) to o
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tions (such as microbends) responsible for mode coupling. The pres-
ence of the material perturbations is consistent with the comparatively
low glass transition temperatures observed in POF materials (/6).

In summary, high-speed fiber optic networks increasingly require
high-performance fiber links in short-distance (~100 m) applications
such as LANs and FTTD (77). Existing network systems, such as
asynchronous transfer mode (ATM) and Ethernet, can operate at
several hundred megabits per second and provide upgrade paths to 1
gigabit per second and greater. Current high-performance, short-
distance fiber links are multimode doped silica glass optical fibers
with a graded refractive index. Primarily because of its attractive
ductile properties and light weight, multimode plastic optical fiber in
SI and GI forms is also being considered, especially for very short
(<50 m) quick-connect applications (/8). We have found that mode
coupling in plastic optical fiber is a basic mechanism for achieving
high bandwidth performance.
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