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With the cost of optical fiber technology continuing to decrease,
many of today’s businesses are utilizing this technology in building
distribution and/or workstation applications. Optical fiber’s inherent
immunity to both electromagnetic interference (EMI) and radio inter-
ference (RFI), and its relatively light weight and enormous bandwidth
capabilities make it ideal for voice, video and high-speed data appli-
cations.

The Evolution of Optical Fiber Transmission
The theory of using light as a transmission medium has been around
for quite some time.

Back in the 1880s, Alexander Graham Bell demonstrated that light
could carry voices through the air without the use of wires. Bell’s
Photo Phone reproduced voices by detecting variations in the
amount of sunlight reaching the receiver. His theory was correct.
However, it was not very practical, as any objects that got in the way
of the light beam caused a disruption at the receiver.

During the 1930s, several patents surfaced that used tubing as 
a waveguide for light. The tubing was big and bulky, and thus imprac-
tical for use underground or in buildings.

Interest in optical fiber technology began to grow significantly 
in the 1950s, as a patent utilizing a two-layer glass waveguide sur-
faced. The principal behind the two-layer waveguide was to confine
the light signal within the inner layer (core) by the use 
of a second layer (cladding) that would reflect the light back 
into the core, much like the way light is contained within water.

This development became the foundation for optical fiber transmis-
sion as we know it today. What was needed at this point was a 
light source capable of traveling the length of the waveguide.

In the early 1960s, a laser was first used as a light source, with
tremendous results.The high cost of optical lasers, however, still pre-
vented the practical use of optical fiber technology for communica-
tions.

In the late 1960s, it was discovered that the high loss of light 
in optical fiber was due to the impurities of the glass, not its intrinsic
properties

It the early 1970s, engineers at Corning Glass Works refined 
the manufacturing process of optical fiber construction, thereby
allowing for the use of lower-cost light sources, such as LEDs.

In the 1980s, optical fiber technology began to find its place as the
backbone of long-distance telephone networks throughout North
America.

Presently, with the advances in digital technology and the further
development of standards, optical fiber technology has become an

integral part of the networks of today, as they have become the foun-
dation for tomorrow.

OPTICAL FIBER SYSTEM
There are three basic components of any optical fiber system:

• a light source or transmitter
• a receiver
• the fiber medium.

In order to understand how light travels through optical fiber cable, it
is important to understand the characteristics of the different trans-
mitters and receivers used today.

Optical Transmitters
Optical transmitters receive a modulated electrical signal and con-
vert it into a modulated optical signal. The transmitter typically sends
this pulse into the optical fiber cable as a series of light pulses
(on/off).

Transmitter Types
There are two types of optical transmitters used today.

• LED
• Laser.

LED stands for Light Emitting Diode. The LED transmitter is the least
expensive and is most commonly used for short-distance voice and
data applications.

Laser is an abbreviation for Light Amplification by Stimulated
Emission of Radiation. Lasers are more expensive than LED trans-
mitters and are typically used in long- or short-haul, high-bandwidth
applications.

Transmitter Characteristics
Transmitters are categorized by four basic characteristics:

• center wavelength
• spectral width
• average power
• modulation frequency.

Center Wavelength
Optical fiber does not pass all light frequencies with the same effi-
ciency.The attenuation (resistance) of light signals is much higher for
visible light than for light in the infrared region. Within the infrared
region there are several wavelength bands that operate with minimal
signal loss. These wavelength bands are called windows. The most
common windows used are 850 nanometers (nm), 1300 nm and
1550 nm.
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Spectral Width
When a transmitter emits light, the total power is distributed over a
range of wavelengths on either side of the center wavelength.
This range is called the spectral width. Naturally, the narrower 
the spectral width, the more power available for the center wave-
length, the farther the light will travel.

Average Power
The average power of a transmitter is the strength of the light source
during modulation. Average power is measured in milliwatts or dbm.
The higher the power level, the longer the link lengths achieved.

Modulation Frequency
The modulation frequency of a transmitter is the rate at which the
light source is turned on and off. The data rate of an optical fiber sys-
tem is limited by this rate of change.

Optical Receivers
Optical receivers convert the received light pulse into an electrical
signal.The commonly used receiver today is the PIN (photo-intrinsic-
negative) type.

For proper optical fiber communication to take place, both 
the transmitter and receiver must be set to the same optical fre-
quency window. Each receiver’s sensitivity to light is limited to the
wavelength range it was designed for. A receiver designed for the
850 nm window may not operate satisfactorily in the 1300 nm range.

There are three main characteristics to consider when selecting an
optical receiver:

• sensitivity
• bit error rate (BER)
• dynamic range.

Sensitivity
The sensitivity of a receiver refers to the minimum transmitter power
level required by the receiver to convert the received light pulses to
an electrical signal. During this conversion, a number of errors may
occur. These errors are referred to as bit errors.

Bit Error Rate (BER)
The bit error rate of a receiver is the fractional number of bit errors
that are allowed to occur between the transmitter and receiver.
With this in mind, if the received signal falls below the receiver’s sen-
sitivity, the BER will be high, thereby causing the communication link
to fail.

Dynamic Range
If the transmitter power is too low for a given receiver’s sensitivity, the
BER will be high. A high BER can also occur when a transmitted sig-
nal is too high as the receiver is unable to read the distorted light
pulses. The difference between the minimum and maximum level is
what is referred to as a receiver’s dynamic range.

Optical Fiber Cable
Optical fiber cable can be described as being a waveguide for light.
It is constructed with a glass or plastic core surrounded by a refrac-
tive cladding that binds the light within the core. This construction
allows optical fiber cable to carry information in the form of light.
Optical fiber cables are grouped into two distinctly different cate-
gories: Multimode and Single-mode.
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Multimode Optical Fiber
Due to the construction of Multimode fiber cable, light will take a
number of paths (modes) as it travels from the transmitter to the
receiver. Step index and graded index are the two most common
types of Multimode fiber cable.

Step-index Multimode fiber is constructed in such a way that the core
and cladding are clearly defined. The diagram below shows that as
light travels along the cable, the rays of light reflect off of the cladding
back into the core at various angles, resulting in varying path lengths
(modes).

Graded-index Multimode fiber is constructed differently in that the
index of refraction of the core varies across its diameter. The result
is that the propagation delay, due to the different modes, is minimal.
This creates a cable with a much higher bandwidth capability.

Multimode optical fiber is available in various sizes, with the most
common being 50/125 µm, 62.5/125 µm and 100/140 µm, of which
62.5/125 µm is the most frequently used today. (the first number
refers to the core size with the second representing the core and the
cladding). The optimum transmission window for Multimode fiber is
either 850 nm or 1300 nm.

Multimode Applications
Multimode systems are generally cheaper than Single-mode sys-
tems, as LED transmitters and less sophisticated receivers 
are used. Without the use of optical repeaters, an LED light source
Multimode fiber system has a maximum (reach limit) of 5 kilometers.
This (reach limit), combined with the low cost, makes Multimode 
systems ideal for use in short-distance voice and data applications
with transmission speed requirements of 500 mbps or less.

Single-mode Optical Fiber
Single-mode fiber is also an optical waveguide. It differs from the
Multimode most significantly by the extremely small core size 
(8-9 µm).

With the small core, the light signal can only travel in a single path
(mode) from one end to the other. Single-mode fiber requires a light
source that is very small and accurate, such as that of an optical
Laser transmitter.

Single-mode fiber is only available in a 9/125 µm size. The optimum
operating windows are 1300 mm and 1550 mm.

Single-mode Applications 
The cost of a Single-mode system is much higher than that of
Multimode as lasers and specialized receivers must be utilized.
Without the use of optical repeaters, Single-mode systems can
reach distances greater than 80 km. Data transmission rates on
Single-mode systems are in the gigahertz (GHz) range, thereby
making it ideal for long-distance communications.

Factors That Affect Optical Fiber System Performance
The most common factors that affect system performance are:

• attenuation
• bandwidth
• optical fiber construction.

Attenuation
Attenuation is the difference in the transmitter output power and sig-
nal level at the receiver end. Scattering and absorption are the two
chief causes of attenuation.

Glass has an intrinsic property that causes it to deflect or scatter
light as the light passes through it.

Absorption is caused by the impurities of the glass absorbing some
of the light signal.

Macro and micro bends also affect attenuation and are caused by
improper installation or termination techniques.
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Due to the construction of Multimode fiber cable, light will take a
number of paths (modes) as it travels from the transmitter to the
receiver. Step index and graded index are the two most common
types of Multimode fiber cable.

Step-index Multimode fiber is constructed in such a way that the core
and cladding are clearly defined. The diagram below shows that as
light travels along the cable, the rays of light reflect off of the cladding
back into the core at various angles, resulting in varying path lengths
(modes).

Graded-index Multimode fiber is constructed differently in that the
index of refraction of the core varies across its diameter. The result
is that the propagation delay, due to the different modes, is minimal.
This creates a cable with a much higher bandwidth capability.

Multimode optical fiber is available in various sizes, with the most
common being 50/125 µm, 62.5/125 µm and 100/140 µm, of which
62.5/125 µm is the most frequently used today. (the first number
refers to the core size with the second representing the core and the
cladding). The optimum transmission window for Multimode fiber is
either 850 nm or 1300 nm.

Multimode Applications
Multimode systems are generally cheaper than Single-mode sys-
tems, as LED transmitters and less sophisticated receivers 
are used. Without the use of optical repeaters, an LED light source
Multimode fiber system has a maximum (reach limit) of 5 kilometers.
This (reach limit), combined with the low cost, makes Multimode 
systems ideal for use in short-distance voice and data applications
with transmission speed requirements of 500 mbps or less.

Single-mode Optical Fiber
Single-mode fiber is also an optical waveguide. It differs from the
Multimode most significantly by the extremely small core size 
(8-9 µm).

With the small core, the light signal can only travel in a single path
(mode) from one end to the other. Single-mode fiber requires a light
source that is very small and accurate, such as that of an optical
Laser transmitter.

Single-mode fiber is only available in a 9/125 µm size. The optimum
operating windows are 1300 mm and 1550 mm.

Single-mode Applications 
The cost of a Single-mode system is much higher than that of
Multimode as lasers and specialized receivers must be utilized.
Without the use of optical repeaters, Single-mode systems can
reach distances greater than 80 km. Data transmission rates on
Single-mode systems are in the gigahertz (GHz) range, thereby
making it ideal for long-distance communications.

Factors That Affect Optical Fiber System Performance
The most common factors that affect system performance are:

• attenuation
• bandwidth
• optical fiber construction.

Attenuation
Attenuation is the difference in the transmitter output power and sig-
nal level at the receiver end. Scattering and absorption are the two
chief causes of attenuation.

Glass has an intrinsic property that causes it to deflect or scatter
light as the light passes through it.

Absorption is caused by the impurities of the glass absorbing some
of the light signal.

Macro and micro bends also affect attenuation and are caused by
improper installation or termination techniques.
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