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The all-optical network. Thousands

upon thousands of miles of trench have been

dug and fiber optic cable laid. There is no better way to
turbo-charge one’s Wall Street valuation today than to claim to be working in the

optical networking infrastructure sector.

The optical network seems to hold the key — or at least the latest key — to a future of unimagined
communications ease, diversity and sophistication. But it won’t come easy. And while the end result may
be an unprecedented simplification of network infrastructure and operations, at the moment the route to

high-performance optical networks seems anything but simple.

Consider this white paper, then, to be a primer. It is not an exhaustive primer. For that matter, each of its
sections could be the subject of its own white paper. But it focuses on four key pieces of the puzzle that are not
only fundamental to reaching that all-optical future, but in which we have a deep and abiding interest here at

Extreme Networks:

¢ the single mode fiber versus multimode fiber question

the particulars and parameters of fiber optic specifications
* wave division multiplexing

10 Gigabit Ethernet



One day, there may be a definitive side to choose. At present, however, it’s not really an issue of which one is
better on absolute terms, but which one provides the most bang for the buck in a given situation. Since there
are fundamental differences between the two fibers — in capability, in price, in ease of installation, in

equipment used with them, in performance — there are fundamental differences in how to think about them.

Starting with the fundamental difference between them: single mode fiber carries only one mode of light,
while multimode can carry several modes of light. “Mode” is a term used to describe an independent light

path through a fiber — as in multimode or single mode.

This difference in function coincides with a difference in form. In order to carry multiple light modes,
multimode fiber was designed with a core diameter of 50 or 62.5 microns, while the core diameter of single

mode fiber is only 8.3 microns.

The physical differences between single mode and multimode are dictated by the different light sources with
which the fibers were developed to work. The large core of multimode fiber is designed to capture a broad

spray of photons from a Light Emitting Diode, or LED. Each photon that is transmitted at a different angle
from the LED is a different mode of light. Each mode of light carries part of the optical signal and capturing

many modes of light is necessary to transport the optical signal with no loss of integrity.
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While multimode fiber typically is used with LEDs, single mode fiber is used in conjunction with lasers.
Instead of transmitting optical information in several different modes of light, a laser transmits all of the
optical signal information in a single, axial mode. The narrower core of single mode fiber is large enough to
transmit this single, axial mode of light, but too small to accept any radial light modes that might be emitted

— which is fortunate, since they only contain noise and aren’t necessary.
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Bandwidth in the balance.

The functional impact of the structural differences between single mode and multimode fiber is a profound
one for this day and age: single mode fiber can support infinite bandwidth, while multimode fiber is limited to
supporting finite amounts of bandwidth. To appreciate why this is so, you have to understand how light

moves through optical fiber.

Follow the light.

Light is able to transmit through either multimode or single mode fiber cable because of a phenomenon
called “total internal reflection.” Total internal reflection is achieved by using glass for the cladding that has a
different refractive index than the glass that is used to make the core of the fiber. The result is that light that

enters the core of the fiber at one end is confined within the core and never escapes the fiber until it reaches

the far end.
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When you have a wide core, however, as you do with multimode fiber, the nature of the trip that light takes
from one end of the fiber to the other can vary dramatically. Originally, multimode fiber was designed with a
single refractive index from the center of the core to its edge. This was known as step index multimode fiber.
Of course, multimode fiber captures many radial modes of light at the optical transmitter. If signal integrity is
to be maintained, all these radial light modes must be transported to the receiver end of the fiber so that they

all exit the fiber at the same time.

However, even with relatively short lengths of step index multimode fiber (100 meters or so), the radial
modes of light injected into the step index core would not arrive at the receiver at the far end of the fiber
cable at the same time. The result was modal dispersion, which is a fancy name for signal noise. Modal
dispersion causes pulse spreading, which causes signal distortion and severely limits the distance that can be

supported with step index multimode fiber.
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Radial Modes Traveling Through the
Step Index Core of Multimode Fiber Cable

The introduction of gradient refractive indexing changed all that. To increase the distance that light-
transported signals can be effectively carried over multimode fiber, the core of the fiber was graded so that
the refractive index changed gradually from the center of the core to the edge of the core. This caused light

to travel at varying speeds depending on the refractive index, which resulted in a more controlled passage for









Communication equipment — this is the other area in which multimode cable presently has a cost-advantage
over single mode. Most of the cost is in the transceiver that is used for single mode. It is typical to use LEDs
with multimode fiber for applications like Fast Ethernet, but now low-cost lasers are also used for
applications like Gigabit Ethernet. On the other hand, single mode applications always require lasers, which
have traditionally been more expensive to manufacture than LEDs. The higher cost of lasers, especially for
long-haul applications, is often the primary factor in the overall cost of a single mode application exceeding

that of multimode.

As with everything in the telecom arena, however, change is coming to the cost structure, particularly for
single mode fiber. This is due to the accelerating increase of single mode fiber optic networks. You could have
seen this coming: as higher-speed data communication standards like Gigabit Ethernet are increasingly
adopted, fiber will become the primary media in order to provide the capacity needed over distances greater
than 100 meters. For that matter, 10 Gigabit Ethernet will only work on fiber optic networks, and single
mode fiber, with its unlimited bandwidth, will be used almost exclusively in the WANSs and metro area
networks (MANs) enabled by this next-generation Ethernet. This increase in demand for single mode fiber
has already brought more trained technicians into the market to install and terminate fiber cable, making

such installations more economical.

Similarly, the increasing demand for optoelectronics is driving down costs. The pace of Gigabit Ethernet
adoption has reduced the cost of lasers used for 1000BASE-SX and 1000BASE-LX interfaces (see
specifications later). The average selling price of a Gigabit Ethernet switch portin 1997 was $ 2,500; by June
2000, it had fallen to $950.

There was once a very neat applications dichotomy behind the decisions on which fiber type to use:
multimode fiber was used for short-distance transmission applications like LANs and even MANs, because
the shorter cable lengths allowed for the use of less expensive equipment, thus reducing system costs. Single
mode, with its low signal loss and unlimited bandwidth capacity, was the fiber of choice for the long-distance

transmission of a WAN where the throughput demands were more rigorous.

But bandwidth demand is changing all that. The adoption of Gigabit Ethernet to accommodate the explosion
of data traffic and the introduction of increasingly bandwidth-greedy applications has now made single mode
the fiber of choice for MANs. We are even starting to see Gigabit Ethernet drive the demand for single mode

cable in large-enterprise campus applications.



The SX in 1000BASE-SX means it uses Short-wavelength (850 nm) optics. The LX in 1000BASE-LX means
it uses Long-wavelength (1300 nm) optics. Unlike the first tables, the specifications for 1000BASE-LX70 are

not an actual IEEE standard. The LX-70 designation originated here at Extreme, and refers to guaranteed

information transfer of up to 70 kilometers.

It’s really all about distance and bandwidth.

Standard

1000BASE-SX
1000BASE-SX
1000BASE-SX
1000BASE-SX
1000BASE-LX
1000BASE-LX
1000BASE-LX

When all is said and done, what everyone wants to know is “How far can that fiber carry a signal?” and “How

much data can I shove through it?” So it’s important to note that there’s an additional, distance-based

distinction between SX and LX: 1000BASE-SX tends to support “short-haul” distances (e.g. under 275

meters) while 1000BASE-LX supports long-haul distances (e.g. up to 550 meters on multimode fiber and 5

Km on single mode).

The table below summarizes the distances supported by 1000BASE-SX and 1000BASE-LX and their

bandwidth ratings.

Media Type

50/125 pm multimode fiber
50/125 pm multimode fiber
62.5/125 um multimode fiber
62.5/125 um multimode fiber
50/125 pm multimode fiber
62.5/125 um multimode fiber
10/125 pm multimode fiber

The limiters of distance.

Operating

Wavelength

850 nm
850 nm
850 nm
850 nm
1300 nm
1300 nm
1300 nm

Bandwidth Rating
(MHz*Km)

400
500
160
200
500
500

NA

Maximum Distance
(meters)

500
550
20
275
550
550
5000

If you look at the above table, it appears that every variable can be a factor in setting distance parameters.

If you select the operating wavelength and fiber type, for instance, then you can see that a significantly

greater distance can be supported by 50/125 pm fiber than by 62.5/125 pm fiber. This stands to reason:

the narrower core of the 50/125 pm fiber is subject to less modal dispersion and thus less signal degradation

over a given distance. But the principle factors are operating wavelength and its often interdependent

variable, bandwidth.
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same distance. In truth, for an application like Gigabit Ethernet on multimode fiber, bandwidth for a specific

fiber distance was a critical key in setting the maximum distance that would be supported by the standard.

However, you’ll remember from our multimode versus single mode fiber discussion, that single mode fiber is
not harnessed with a bandwidth limitation. If you return to considering the distance parameters of
1000BASE-SX and 1000BASE-LX, you should note that a unique quality of the 1000BASE-LX transceivers
is that they can drive both multimode and single mode cable. On multimode cable, I000BASE-LX
transceivers can support up to 550 meters, but on single mode fiber, the same 1000BASE-LX transceiver can
support a maximum distance of 5 kilometers. With no modal bandwidth limit on single mode fiber, the only

limit supporting a specific distance is the optical budget of the transceivers and the optical attenuation of the

fiber.

In fact, since 10 Gigabit Ethernet will require ten times as much bandwidth to support the same distance as
Gigabit Ethernet, multimode bandwidth will have very little practicality for a serial 10 GbE link, so 10
Gigabit Ethernet will be defined primarily for single mode fiber. The IEEE now has a working group to
consider WDM (4 x 3.125 Gbps) multimode interfaces for 10 GbE.

Since it is said that rules are made to be broken, many network administrators may want to push the envelope
for the standard they are working under. Some standards have some latitude; other standards will push back.

Each standard is very different, so we’ll discuss them separately.

100BASE-FX - the distance specification of 2 Km for I00BASE-FX is not a hard limit, but a guideline. As
stated earlier, bandwidth is not a distance-limiting factor for 100BASE-FX. If the optical attenuation of the
fiber cable system is less than the optical budget defined for the 100BASE-FX interface, then it will work

even if the distance is greater than 2 Km.

1000BASE-SX — bandwidth is a distance-limiting factor for 1000BASE-SX and the cable distance should not
exceed the recommendation of the standard. Significant research and testing went into the definition of the
supported distances, and most vendors will not warranty their equipment if the maximum distance

specification is exceeded.



1000BASE-LX - the distance specification is also a hard limit for 1000BASE-LX, but there is one proven
way of working around it on multimode fiber. That method is to use a mode conditioning patch cord
between the Gigabit Ethernet switch or router and the fiber cable system on both the transmitting and the

receiving ends of the system.

However, you should test your spec-exceeding set-up thoroughly prior to implementing it in a production
network. The mode conditioning patch cord is specially designed to overcome differential mode delay, which
can occur in some multimode fiber cable that hasn’t been tested for operation with lasers. When this fiber is

used with lasers, signal distortion can occur and may limit the transmission distance.

In the case of most optical transmission systems, the receiver cannot work once the optical signal becomes
too attenuated, or weak. As a rule, optical receivers do not work reliably once the optical receive power falls
below —32 dBm. In order to increase the optical budget, and typically to increase the transmission distance,

the transmit power must be increased.

A good example is the comparison between the 1000BASE-LX70 GBIC and the 1000BASE-LX GBIC. The
LX70 is able to reach seven times the distance of the LX GBIC for two reasons. This first is that the LX
GBIC operates at 1300 nm, and the LX70 GBIC operates at 1550 nm. Single mode fiber has much less
attenuation at 1550 nm than it does at 1300 nm and this helps it support longer distances even without
changing the optical budget. But additionally, the LX70 has a much higher transmit, or launch power; the
1000BASE-LX transmit launch power is —11.5 dBm and the 1000BASE-LX70 transmit launch power is 0.0
dBm. This increases the optical budget by 11.5 dB and permits the LX70 to support a minimum of 70 Km.

As the demand for bandwidth — and more specifically, cheap bandwidth — has skyrocketed in recent years, the
networking industry has continually looked to new technologies to get them over the hump. One of the most

promising of those technologies is wavelength division multiplexing, or WDM.

WDM is a technology for greatly increasing the carrying capacity of optical networks. It allows a single
optical fiber to carry many different wavelengths of light at the same time, each carrying a different data
stream. As you might expect, any new technology has to compete in the marketplace with existing
technologies. As you also might expect, there is a “new and improved” version of the new technology

introduced every few months as it gathers momentum.



Time division multiplexing, or TDM, is one of those existing technologies. Therefore, WDM is considered
an improvement. Here’s why. In WDM, a single fiber, or channel, transports multiple signals simultaneously
on different wavelengths. In TDM, the channel is subdivided into time slices and these time slices are lined
up in sequence for transmission, with the original signals being reassembled after they’re received. WDM and
TDM are very similar in that the transmission channel is subdivided. In WDM, however, the channel is
subdivided optically, and in TDM, the channel is subdivided in time. TDM signals, like OC-48 SONET, can

be transported on one lambda, or wavelength, of a WDM system.

More importantly, however, WDM is able to send multiple signals at the same time. So it provides greater
carrying capacity. Its performance advantages are analogous to those of parallel processing over serial

processing.

Since that first D in DWDM stands for “dense,” the differences between the two are a matter of signal
density. The wavelengths of a DWDM system may be packed up to 0.4 nm apart. This usually involves using
lasers that are precisely tuned for a center wavelength, typically in the C-Band between 1532 and 1568 nm, as
defined by the International Telecommunications Union (IT'U). With the 0.4 nm separation, this would

permit 90 different wavelengths to be located within the ITU C-Band.

Coarse WDM uses wavelengths with greater spacing in order to save costs by using lasers that do not have to
be tuned so precisely. As a result, the wavelength densities are lower and some systems will use wavelengths

outside the I'TU C-Band.

For one thing, WDM systems that use the I'TU C-Band wavelengths will be interoperable with Erbium
Doped Fiber Amplifiers (EDFAs). EDFAs are used in long-haul voice fiber optic applications and are
designed to amplify all optical signals that fall within the C-Band. Since WDM equipment is typically
expensive, this enables carriers to repeat a signal more economically than by using two WDMs back to back

to produce an optical-electrical-optical (O-E-O) repeating of the signal.



Extreme Networks has integrated WDM with its wire-speed Layer 3 chipset called “Inferno”, or the Summit
“i” chipset™. You will see it referred to as the BlackDiamond™ WDMi and the Alpine™ GM-WDMi in our
product specifications. The WDMi and GM-WDMIi modules are the first step in delivering 10 Gigabit

Ethernet interfaces and offer a superior means for increasing the bandwidth carrying capacity of a fiber pair.

The architecture of the WDMi module is based on the same switch fabric used in the G8Xi module and is
built using a G8Xi PCB without the GBIC guides. Four of the ports on the PCB drive four long-wavelength
transceivers that operate at 1500, 1520, 1540, and 1560 nm and interface to a four-channel, full duplex
WDM. The remaining four ports drive another four long-wavelength transceivers that operate at the same
wavelengths and interface to a separate four-channel, full duplex WDM. This results in one pair of single
mode fiber carrying 8 channels of full duplex Gigabit Ethernet, each of which is 1.25 Gigabaud, for a total
data rate of 10 Gigabaud.

It should be noted that the four wavelengths used in the WDMi module are not compatible with the
wavelengths defined by the International Telecommunications Union (ITU). The WDMi module is a
proprietary implementation designed to be less expensive than DWDM systems that use the ITU

wavelengths.

The optical budget of the WDMi module is 9 dB. The following table shows the minimum and maximum

optical output and input powers.

-8 dBm -5 dBm
-17 dBm -8 dBm

Extreme Networks has been fully committed to an Ethernet Everywhere future since our inception in 1996.
We could see the profound advantages offered by its simplicity and cost-efficiencies. However, for
provisioning a world in which demand was regularly expanding by orders of magnitude, it was equally
important that Ethernet was also regularly expanding at the same rapid pace. Today’s performance standard is
Gigabit Ethernet. Tomorrow’s is 10 Gigabit Ethernet (10 GbE), the next stage in this continuing evolution of

Ethernet. It will able to transmit data at 10 billion bits/second.



The industry standards for 10 GbE — IEEE 802.3ae — are presently under development by the Institute of
Electrical and Electronics Engineers’ 10 GbE task force. Standards are not expected to be fully established

and approved until early 2002. But you will probably see pre-standard products on the market much earlier.

And you will see them deployed over the full spectrum of network applications. Ethernet dominates the LAN
environment, with its considerable advantages in scalability, simplicity, provisioning speed, and
price/performance, and Gigabit Ethernet was beginning to be seen in MAN networks, particularly greenfield
ventures. With the introduction of 10 GbE, however, Ethernet is poised to move into the MAN and WAN
arenas, allowing service providers and e-businesses to experience OC-192 speeds with the flexibility and cost-

efficiencies of Ethernet technology.

In a December 1999 report, Dataquest stated that building out a metro area network based on Gigabit
Ethernet would be roughly one-fifth the cost of creating the same performance levels in a SONET-based
MAN. And that was just using Gigabit Ethernet. In an August 2000 report, the Dell’Oro Group estimated
that the average price/performance improvement per gigabit of 10 GbE over Gigabit Ethernet would

be 40%.

There are three technologies that we consider fundamentally mandatory for making 10 GbE viable for
MANSs and WANS: wavelength division multiplexing, which we’ve already discussed, wire-speed IP routing

and policy-based QoS.

Wire-speed IP routing — this is a high-speed, high-bandwidth switch capability that’s necessary for quickly
and appropriately responding to the unpredictable traffic patterns on data-dominant networks. Employing
Ethernet, the Internet protocol and Layer 3 switching, wire-speed IP routers deliver enhanced performance,
redundancy protocols for the network edge as well as the network core, and the scalability to keep up with

volatile traffic growth.

Policy-based QoS - this is a next-generation approach to intelligent bandwidth management that puts
network performance at the service of strategic business objectives. Network managers merely define policies
founded on the application priorities for the business, and QoS performance automatically follows those
imperatives, thus simply protecting the primacy of mission-critical applications in the face of decentralized

deployment and bandwidth-greedy but less vital applications.



Extreme’s objective is to offer the most consistent Ethernet-based solution in the marketplace. We are the
vanguard, not the old guard. Thus, unlike many other 10GbE vendors, we have no need to protect other
lines of our business that are committed to non-Ethernet technologies. As a result, all our product lines work
together to provide our customers with a native Ethernet solution for switch management, provisioning, and

all related network functions.






