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to bounce off the core/cladding boundary as shown in Fig. 9.3b, thereby trapping the light over very
long distances.

Light is injected into the core using either an LED or laser, depending on the required quality of
the signal. A laser can generate light that is coherent, meaning that its photons are at the same fre-
quency and phase. Injecting coherent light into a fiber optic cable reduces the distortion that accu-
mulates over distance as photons of different frequency travel through the medium at slightly
different velocities. Noncoherent photons that are emitted simultaneously as part of a signal pulse
will arrive at the destination spread slightly apart in time. This spreading makes reconstructing the
signal more difficult at very high frequencies, because signal edges are distorted.

Even when 

 

coherent

 

 light is used, photons can take multiple paths in the core as they bounce off
the core/cladding boundary at different angles. These multiple propagation 

 

modes 

 

cause distortion
over distance. To deal with this phenomenon, two types of fiber optic cable are commonly used: 

 

sin-
gle-mode 

 

and 

 

multimode

 

. Single-mode fiber contains a very thin core of approximately 8 to 10 µm in
diameter that constrains light to a single propagation mode, thereby reducing distortion. Multimode
fiber contains a larger core, typically 62.5 µm, that allows for multiple propagation modes and hence
increased distortion. Single-mode fiber is more expensive than multimode and is used in longer-dis-
tance and higher-bandwidth applications as necessary.

Fiber optic cabling is more expensive than copper wire, and the handling of optical connections is
more costly and complex as compared to copper. Splicing a fiber optic cable requires special equip-
ment to ensure a clean cut and low-loss junction between two separate cables. The best splice is ob-
tained by actually fusing two cables together to form a seamless connection. This is substantially
more involved than splicing a copper cable, which can be done with fairly simple tools. Fiber optic
connectors are sensitive to dirt and other contaminants that can attenuate the photons’ energy as they
pass through. Additionally, fine abrasive particles can scratch the glass faces of optical interfaces,
causing permanent damage. Once properly installed and sealed, however, fiber optic cable can actu-
ally be more rugged than copper cables because of its insensitivity to oxidation that degrades copper
wiring over time. Aside from bandwidth issues, these environmental benefits have resulted in infra-
structures such as cable TV being partially reinstalled with fiber to cut long-term maintenance costs.

 

9.4 CHANNEL CODING

 

High-speed serial data channels require the basic functionality of a UART, albeit at very high speed,
to convert back and forth between serial and parallel data paths. Unlike a UART that typically func-
tions at kilobits or a few megabits per second, specialized transceiver ICs called 

 

serializer/deserial-
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FIGURE 9.3 Fiber optic cable: (a) cross section and (b) propagation.

 

-Balch.book  Page 198  Thursday, May 15, 2003  3:46 PM



 

Networking 199

 

izers

 

, or 

 

serdes 

 

for short, are manufactured that handle serial rates of multiple gigabits per second.
Serdes vendors include AMCC, Conexant, Intel, PMC-Sierra, Texas Instruments, and Vitesse. To
simplify system design, a serdes accepts a lower-frequency reference clock that is perhaps 1/10 or 1/
20 the bit frequency of the serial medium. Parallel data is usually transmitted to the serdes at this ref-
erence frequency. For example, the raw bit rate of gigabit Ethernet (IEEE 802.3z) is 1.25 Gbps, but a
typical serdes accepts a 125-MHz reference clock and 10 bits per cycle of transmit data. The refer-
ence clock is internally multiplied using a phase locked loop (PLL) to achieve the final bit rate. A
general serdes block diagram is shown in Fig. 9.4. An optional transmit clock is shown separately
from the reference clock, because some devices support these dual clocks. The benefits of a dual-
clock scheme are that a very stable reference clock can be driven by a high-accuracy source sepa-
rately from a somewhat noisier source-synchronous transmit clock generated by the data processing
logic. This eases the clock jitter requirements on data processing logic. 

A clock recovery circuit in the receiver portion extracts a bit clock from the serial data stream that
is transmitted without a separate clock. This recovery is possible, because the serial data stream is
normally coded with an algorithm that guarantees a certain proportion of state transitions regardless
of the actual data being transferred. Such coding can be performed within the serdes or by external
data processing logic. Channel coding is necessary for more than clock recovery. Analog circuits in
the signal path, notably transducer and amplifier elements, require a relatively balanced data stream
to function optimally. In circuit analysis terms, they work best when the data stream has an average
DC value of 0. This is achieved with a data stream that contains an equal number of 1s and 0s over
short spans of time. If a 1 is represented as a positive voltage and a 0 is represented as a negative
voltage of equal magnitude, equal numbers of 1s and 0s balance out to an average voltage of 0 over
time.

Fortunately, it is possible to encode an arbitrary data stream such that the coded version contains
an average DC value of 0, and that data can be restored to its original form with an appropriate de-
coding circuit. One fairly simple method of encoding data is through a scrambling polynomial im-
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FIGURE 9.4 Serdes block diagram.
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