Light answers
the bandwidth

challenge

How Fiber Optics Works

by Greg Sanger

Technologists and investors know about the rapid rise
and subsequent slump in the fiber-optics industry
during the past several years. Some have likened these
changes to the swings in the semiconductor
industry during the 1960s. Although sales
remain slow, it is clear that the industry will
come back bigger than ever. The industry is
expected to recover for the same reason that
fiber optics became of interest initially—use of
the Internet and the pressure for faster down-
loads and transfers continue to increase rapid-
ly. Indeed, the demand for increased band-
width in the next few years is expected to grow at an
unprecedented rate (Figure 2).

The answer to this demand is fiber optics. Copper and
cable systems carry information on a single channel using
time-division multiplexing (TDM), a technique that
divides channel capacity into ultrashort time slices. In
TDM, packets of digital data from one user are inter-
spersed among packets from many users and sent as one
serial communications link. Fiber-optic communications
also use TDM. However, data transmission speed is limit-
ed by a material’s base, or carrier, frequency. Optical fiber
has a base frequency 108 times greater than that of cop-
per and cable. Because it is possible to direct many chan-

nels down a single glass fiber by using
wavelength

multiplexing, optical fibers

have relatively unlimited bandwidth, or range of fre-
quencies in a signal. Wavelength multiplexing interleaves
digital data from many users onto one fiber by dividing
the available wavelengths into separate channels, all close
together. Each separated wavelength band, or channel,
can be made to independently transmit data at rates pro-
jected to reach 40 gigabits per second by also taking
advantage of TDM.

Communications systems

From a physical point of view, a fiber-optic channel is
like any other communications system. It contains three
basic components—a transmitter, a receiver, and an
information channel connecting the two. In the transmit-
ter, a message is generated and converted into a form
suitable for transmission and then directed down the
channel. In a receiver, information is extracted from the
channel and converted back into a form usable by either

the receiving individual or computer.

In the information channel, the signal generated by the
transmitter travels from transmitter to receiver (Figure 1).
Such channels can be either unguided or guided. Radio,
television, and microwaves are examples of communica-
tion by an unguided channel. Guided channels include
twisted-pair copper wire, coaxial cable, and optical fiber.
Examples of other optical communications systems
include hand signals, ship-to-ship and ship-to-shore
blinker lights, traffic signals, and automobile turn signals.

Normally, optical fibers are bundled into cables that
contain more than 100 fibers. Hence, a transceiving sta-
tion will contain hundreds of these channels and many
switches and routers with attendant monitoring and con-
trol electronics. Although a real system is more compli-
cated than our simple model, the three
basic elements are the same. Thus,

a single-fiber system can be used
to illustrate the basic compo-

nents together with their inter-

relationships.

Assume that a telephone con-
versation is transmitted over a
fiber-optic system. The analog
electric signal from the phone is
converted into a digital signal, which
is directed to an optical modulator in

the fiber-optic system. The modulator

converts the digital electronic signal into a series of light
pulses corresponding to the “ons” and “offs” of the elec-
tronic signal, and these optical pulses are transmitted
through the fiber. When the pulses reach the receiver, the
light signal is directed onto a photodetector that converts
the light signal back into an electric signal, which, in
turn, is directed to a receiving computer or through a
converter to a telephone.

This light signal and many others are carried in the
fiber by one channel—that is, a beam of light of one
color (wavelength). It is possible to put up to 50,000
phone calls on a given channel by the use of TDM signal
packets. The powerful thing about a fiber, however, is
that it can transmit many different colors and, hence,
many channels simultaneously. It is this capability of
optical fibers that gives rise to the term wavelength-divi-
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sion multiplexing (WDM). Figure 1. As with any communication system, a single-

All wavelengths used in fiber-optic communica- fiber telecommunications channel consists of a trans-
tions are in the near infrared. Because the optical fiber
does not transmit all wavelengths within this band,
the number of channels is finite. Therefore,
the narrower the spacing between  light source and ends with a photodetector. The light
channels, the larger  source is generally a semiconductor diode laser, which
forms the core of the transmitter. A separate laser is used
for each color, or channel. The laser’s out-

mitter, an information channel, and a receiver, but it

includes many sophisticated high-tech aids.

the number
of channels that can be
transmitted. Normally, spacing
between channels is about 1.6 nm in wavelength,

put is coupled directly into
the fiber inside

and such systems are called WDM systems. Systems the laser

with narrower channel spacings (0.8 or 0.4 nm) are housing. Many different types

called dense wavelength-division multiplexing systems. of lasers are manufactured today, but they are all

Regardless of the channel spacing, the concept of using  either single-frequency or tunable. Single-frequency

multiple colors as separate channels for communica-  lasers are manufactured to radiate only one color. Tun-

tions purposes is called WDM. able lasers radiate only one color at a time but can be

. tuned from one color to another.

Transmitter In both types of lasers, it is important that the fre-

A fiber-optic communications channel begins with a quency and intensity, or brightness, of the output remain
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plexer directs many signals from
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That is, different colored signals
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year) cannot by handled by voice lines (growing at 10% a year) and is attributed
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primarily to the growth of the Internet.

constant so as not to introduce noise into the transmis-
sion link. This is accomplished by a control system
known as a wavelength locker, which senses changes in a
laser’s output intensity and wavelength and makes cor-
rections to keep them constant. A separate wavelength
locker is used for each laser in a fiber-optic system. These
devices can be designed directly into the laser package or
installed externally in their own housings.

However, because each wavelength locker stabilizes
only one laser, the result may be several lasers whose
output intensities differ from one another. Thus, each
laser beam is routed to an electronic variable optical
attenuator (EVOA), which ensures that each channel has
the same intensity. This device acts much like a valve in
a water system in that it adjusts the total amount of light
that a laser emits. An EVOA is placed in line with each
laser to ensure that each has the same intensity. EVOAs
come in many different designs. Some are mechanically
based, some are optical, and others are electro-optical
devices. Each has its advantages, disadvantages, and
costs. As fiber-optic communications mature, there will
eventually be standards for these devices, but for now,
there are many ways to stabilize laser intensity.

With each laser’s output stable in wavelength and
intensity and equalized with the other lasers, light is
directed into an optical modulator, the critical point at
which signal data are impressed on the beam. Modula-
tion is accomplished either directly by modulating the
laser itself or externally by the use of electro-optical
modulators. In today’s fiber-optic systems, modulators
usually are based on external electro-optical technology
because direct modulation changes the optical gain of
the laser material and its index of refraction, which
results in degrading effects that accelerate the rate at
which the data pulses spread and interfere.

The final piece of the transmitter is the multiplexer. As

2010

technologies are used for multi-
2015 . . .
plexing, including narrow-band-
pass thin-film filters—the most
widely used—fiber Bragg gratings,
diffraction gratings, and array

waveguides.

Information channel

The second major element of a fiber-optic channel is
the channel itself. In its simplest form, the channel need
only be a long segment of optical fiber. The problem,
however, is that the fiber both attenuates the signals and
disperses the different colors of light, which causes the
light to travel at different speeds. As in long-distance
telephone cables, the signal must therefore be amplified
and regenerated to continue on its way without losing
information. A typical transcontinental fiber has 80 to
100 amplifier—repeater stations. There are also places
where one or more channels need to be dropped off or
added, to carry their information to or from some inter-
mediate destination. To accomplish these tasks, repeater
stations, or nodes, are constructed at regular intervals
along the fiber line (Figure 1).

A fiber-optic repeater station has several devices. A
node’s main functions are to first clean up the degrada-
tion in the incoming signal and then amplify and switch
signals in and out of the main information channel. Dif-
ferent colors of light travel at different speeds in fiber, a
phenomenon called chromatic dispersion. If chromatic
dispersion continues for a long enough distance, the var-
ious channels can broaden and eventually interfere with
one another, which causes signal errors. The same effect
takes place in a single channel because the individual
data-bit pulses broaden and eventually cause bit errors.
Therefore, a node generally has a device known as a dis-
persion compensator, which balances out the differences
in path length of each color so that the signals are once
again correctly spaced in frequency.

The next stage in a node is to amplify the signal back
to a level needed to transmit it farther down the fiber
path. A device called an erbium-doped fiber amplifier
(EDFA) accomplishes this. The EDFA is the device that
makes fiber-optic telecommunications possible by
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enabling the transmission of optical signals over long distances.
An EDFA is a fiber laser whose fiber core is doped with erbium
in a relatively high concentration. Erbium lases across the most
important bands used in telecommunications. It amplifies each
channel back to a level that can be transmitted down the fiber.
Because it does not accomplish this amplification uniformly
across the whole band (A ~ 1,520-1,565 nm), a gain-flattening
filter is placed in its output to ensure that all the transmitted
channels are of equal intensity. The corrected and amplified sig-
nal is then directed into the system of switches, routers, and
optical add—drop multiplexers for routing to different destina-
tions and into the original fiber.

Receiver

Signals arriving at the receiver are directed to a demultiplexer,
which separates out each of the individual channels in a reverse
manner to the transmitter’s multiplexer. Each separated channel
is then sent through an EVOA to attenuate the incoming signal
to a level that does not saturate its photodetector. The detector
converts the attenuated signal back into an electrical signal that
can be used by a computer or telephone. Thus ends a typical
fiber-optic communication.

Fiber-optic channels are used today in domestic and interna-
tional networks. These optical systems will eventually provide
the bandwidth that is in such demand. If the promise of fiber-
optic channels carrying 40 gigabits per second is realized, it will
be possible for a single fiber to carry terabits (1012 bits) of data
per second.

Fiber optics is still in its formative stages, and the technolo-
gies that will eventually become its standard elements are evolv-
ing. One view of these future systems is that the optical compo-
nents, electronics, and fiber couplings will be integrated onto a
silicon, silica, or other substrate material and manufactured by
the same techniques used to fabricate microcircuits. Whatever
the future design should be, fiber optics will continue to evolve
rapidly and enable exciting new Internet and telecommunica-
tions capabilities and services.
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